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ABSTf�ACT 

Bruising in lambs processed for human consumption is a significant 

economic problem. A reduction in the prevalence of bruises could be 

achieved relatively efficiently if their important places of occurrence 

could be identified by ageing these lesions with respect to the known 

times of occurrence of events of pos�ible aetiological signifi cance . 

To this end efforts were made to age experimental bruises in lambs by 

objectively asse5sing semi-quantitative histopatholog i c al data using 

a mathematical model based on Bayes' theorem of inverse probabilities, 

by enzyme histochemical and isoelectric focussing studies and by 

measurement of muscle pH. 

The Bayesian method for objective histopathological ageing was 

developed and tested on data representing 178 bruises. It was success­

ful in identifying bruises as either 1-20 hours or more than 24 hours 

old. The 'accuracy' \'!ith whi ch a bruise of kn01<1n age could be identified 

as such depended on the nature and number of tissue samples studied. 

The degree of 'confidence' with which an individual bruise of unknown 

age could be aged, however, depended both on the 'accuracy' of the 

method and on the rel ative number of bruises estimated to belong to 
each of the two age categories considered. In general a degree of 

'confidence' of 80-90% can be ex pected i� pra cti ce , and in this respect 

the performance of the Bayesian method is superior to that achieved by 

purely subjective m ea ns. A pilot survey involving 107 bruises collected 

from an export meat works established both the practical value of the 

objective ageing method and its superiority over alternative epidemio­

l ogical approaches to the problem of utilising data pertaining to 

trucking times and holding times in meat works yards. Of the bruises 

studied, 60% 1vere estimated to have been inflicted \'Jithin the \'torks, 

and 40% prior to arrival. 

Enzyme studies on bruises aged 4-144 hours old revealed no detectable 

relationships bet1·1een observed changes in either histochemical or 

isoenzyme activities and bruise ages. In light of contradictory 

publishr=d r esul ts pertaining to o ther types of vtOuncls, this lack of 

success was thought to reflect the relatively mild nature of the tissue 

reaction ir, bruises. 
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Statistically significant relationships could not be demonstrated 

between ab solute or relative muscle pH and the ages of bruises from 

4-48 hours old. 

A ne�tJly recognised condition of 'subcutaneous h aemorrha g i c  spcckling' 

in the carca se adipo se tis sue of young lambs processed fat� humtln 

consumption v1a s inve stigated. From histopathological and epidemio­

logical evidence� the primary cause of the le sions wa s shown to be 

electrical stunning. However, secondary aetiological factors were 

proposed as having influenced the prevalence and severity of lesion s. 

Attempts to elucidate the pathogenesi s of ' speckling' with the 

intention of formulating a rational approach to its prevention were 

un successful . 
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phosphatase s ta i n i n g of i nfi l trating macrophages . 
X 500 

A l ka l i ne phosphata se  zymogram of brui sed musc l e ,  
sma l l i n tes t i ne and  l i ver  after i soel ectri c 
focus s i ng a t  25 wa tt constant  power for 1.5 hours 
i n  PAG wi th ampho l i ne buffer range pH 3.5-9.5. 
The gel wa s i ncuba ted i n  aqueous s ubs trate med i um 
for 30 1ni nu tes a t  37°C. 

Brui se 144 hours o l d .  
l euci ne ami nopepti dase  
mus c l e fi bre ,  a ctua l l y  
macrophages . 
X 320 

Apparent ly  pos i t i ve 
s ta i n i n g of a necroti c 
due to i nfi l t ra t i n g  

Bru i se 4 hours o l d .  Pos i t i ve l euc i ne 
ami nopepti dase  s ta i n i ng i n  the a bsence of 
i nfi l tra ti n g  macrophages . 
X 320 

Bru i se  144 hours o l d .  Moderate l euc i ne 
ami nopept idase  s ta i n i n g of fi brobl a s ts i n  
connec t i ve t i s sue septum . 
X 500 

Leuc i ne ami nopept i da se  zymogram of bru i sed 
mus c l e homogenates a fte r i soe l ec tr i c  focus s i n g 
a t  25 watt con s tant  power for 1 . 5 hours i n  PAG 
wi th  ampho l i ne buffer range pH 3 . 5-9 . 5 .  The gel  
wa s i ncubated i n  aqueous  substrate med i um for 
30 mi nu tes a t  37°C .  
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3 . 46 

Bru i se 4 hours o l d .  Negat i ve or s l i gh t l y  
pos i t i ve non-spec i fi c  es terase s ta i n i ng of  
a pparent l y  norma l mus c l e fi bres . 
X 320 

Bru i se 24 hours o l d .  
non - s pec i fi c  es tera se  
mus c l e f i bres . 
X 320 

Unchanged and i ncreased 
s ta i n i ng  i n  necroti c 

Bru i se  48 hours o l d .  S tron g l y  pos i t i v� 
non- specifi c e s terase  s ta i n i ng i n  i n tersti t i a l  
fi brob l a s ts . 
X 320 

Esterase zymogram of bru i sed mus c l e a fter 
i soel ectri c focus s i ng at 25  watts constant  
pm;er for 1 .  5 hours i n  PAG wi t h  ampho l i ne 
buffer ra nge pH 3 . 5 - 9 . 5 .  The gel  wa s 
i ncuba ted i n  aqu9ous substra te medi um for 
15 mi nu tes a t  25 C .  

E s te rase  zymogram of bru i sed musc l e  after 
i soel ectri c focus s i n g at 25 watts con s tant  
power for 2 . 5  hours i n  PAG wi th ampho1i ne buffer 
range pH 4 . 5-6 . 5 .  The g e l  was incuba ted in 
aqueous · subs trate medi um for 1 5  mi n utes a t  25°C .  

A rep resentati ve dPn s i tometer scan o f  e l ectro­
focus sed  non - s pec i fi c  esterase  i scenzymes 
obta i ned  from bru i sed mus c l e ,  s howi n g  the 1 7  
pea k s  represented i n  a l l t he  mu sc l e sampl es . 
Th i s  pa rt i c u l a r  bru i se was 24 hours o l d .  
The gel  had  a n  ampho l i ne buffer range of  
pH  4 . 5 - 6 . 5  

Bru i se 144 hours o l d .  Moderate d i ffuse  and  
s tron g  punctate creat i ne phosphok i nase  
s ta i ni ng i n  a ppa rent ly  norma l mus c l e  fi bres . 
X 500 

Bru i s e  24 hours o l d .  Unchanged creat i ne 
pho s pho k i na se  s ta i n i n g i n  s evere l y  necro t i c  
mus c l e fi bres . 
X 320 

Brui se  48 ho urs o l d .  Decreased creat i ne 
phospho k i nase s ta i n i ng i n  necrot i c musc l e  
fi bres . 
X 320 

Bru i se 144 hours o l d .  Strongl y pos i t i ve creat i ne 
phos phok·i rJa se act i v i ty i n  the l eucocyti c exuda te . 
The necroti c fi bres s how decrea sed act i v i ty .  
X 320 
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3 . 47 Bru i se  48 hours o l d .  S trong l y  po s i ti ve creat i ne 1 3 5  
phosphok i nase  s ta i n i n g of  fi brob l a s ts i n  connect i ve 
ti s s ue septum .  
X 320 

3 . 48 Creat i ne phospho k i nase  zymogram of bru i sed  musc l e ,  1 3 5  
l eucocytes , p l a sma and  erythrocytes a fter i soe l ectri c 
focus s i ng at 25 watt  cons tant  power for 1 . 5  hours i n  
PAG w i th amphol i ne buffer range pH 3 . 5-9 . 5 .  The 
s ub s tra te wa s i ncorporated i n  a 2% a garose gel  wh i c h 
was agpl i ed to the e l ectro-focussed  ge l for 30 mi nutes 
at 37 C .  

3 . 49 Crea t i ne phos phok i na se  zymogram of  b ru i sed musc l e ,  1 36 
l eucocytes and  erythrocytes a fter e l e ctrophores i s  
a t  250 vo l ts for 90 mi nutes i n  cel l u l o s e  acetate 
p l a tes . The s ubs trate wa s a pp l i ed to a second 
c e l l ul o se acetate pl a te as a 0 . 5% nobl e agar ge l . 
Th i s  p l a te was fi rml y a pp l i e d  to the f i rs t and 
the pa i r  i ncubated for 20 mi nutes a t  37°C .  

3 . 50 Bru i se 48 hours o l d .  Var i a t i o n  i n  a denos i ne 1 36 
tri phosphatase  s ta i n i n g  i n  norma l musc l e  fi bres  
accordi ng to f i bre type i n  a ppa rentl y norma l musc l e .  
X 50 

3 . 5 1 Bru i se 24 hours o l d .  Va r i a t i on of  adeno s i ne 1 36 
tri phospha ta se  s ta i ni n g a ccord i ng to fi bre 
type i s  ma i n ta i ned i n  areas  of musc l e  necro s i s .  
X 125  

3 . 52 Bru i se 24  hours o l d .  Very mi l d  a n d  thel�efore 136 

4 . 1  

4 . 2  

4 . 3  

equ i voca l adenos i ne tri phosphatase  s ta i n i n g  of  
fi brob l a s ts i n  connect i ve t i s sue  s eptum . 
X 500 

Sequentia l pH mea s urements  of norma l muscl e 
sampl ed 1 hour pos t mor tem a nd homogen i sed 
in 5mM sodi um i odoaceta te .  

Sequent i a l  pH meas urements o f  norma l musc l e 
samp l ed 24 hours pos t mortem and  homo geni sed  
i n  5mM sodi um i odoacetate . 

Ra nges of fore and  h i nd l i mb pH  va l ues i n  3 hour 
pos t mortem samp l es  o f  bru i s es of  d i fferent  a ges . 
H i nd l i mb val ues are o ffset  to the ri ght  for 
c l ari ty .  
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4 . 4  Ra nges of fore a nd  h i nd l i mb pH va l ues  i n  24 hour Page 146 
pos t mortem samp l e s  of bru i ses  of d i fferent  a ges . 
H i nd  l i mb va l ues are offset  to the ri ght  for 
c l a ri ty .  

4 . 5  Ra nges o f  urui se/contro l  pH  d i fferences for Page 149 
3 hour pos t mortem fore and h i nd l i mb musc l e  
samp l es o f  brui ses of  d i fferent  ages . H i nd  
l i mb va l ues are  offset to  the ri ght  for c l ari ty .  

4 . 6  Ra nges o f  brui se/contro l pH d i fferences for Page 146  
24 hour pos t mortem fore a nd h i nct l i mb musc l e  

5 . 1  

samp l es of  bru i se s  of  d i fferent  a ges . H i nd  l i mb 
va l ues are offset  to the ri ght  for c l ar i ty .  

Petech i a l  haemorrha ges occurri ng i n  a d i pose 
t i s s ue but not i n  mu sc l e .  

5 . 2  Di s c rete haemorrha ge i n  ad i pose t i s s ue and  
i ts assoc i a ted  fa sc i a .  

5 . 3  

5 . 4  

5 . 5  

5 . 6  

( Paraffi n secti on ,  H+E x 65 ) 

A cap i l l a ry thrombus wi th c l o s e l y  a s s oc i a ted 
l eucocytes . 
( Paraffi n sect i on , p i cro-Ma l l ory x 1250 ) 

The week ly  i nc i dence of  petech i a ti on i n  carcas e  
a d i pose t i s sue  i n  compari son  wi th  t h a t  o f  
conventi ona l  bru i s i n g .  

Changes i n  a rteri a l  pre s s ure fo l 1 owi n g  e l ectri ca l  
s tunn i ng  us i ng a ' Thorn to n  Mk  I I ' hea d - to-back  
current app l i ca tor . 

Changes i n  a rteri a l  pre s s u re fo l l owi n g  e l ectri ca l 
s tunn i ng us i n g a ' Para l ec ' head- o n l y  current  
app l i ca tor . 
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I NTRODUCT I ON 

Bru i s i ng i n  l i ve s tock  i s  a n  i mportant  source of  economi c l os s  to the 

New Zea l a nd mea t  i ndustry .  Dur i ng the 1978/ 79 k i l l i ng season the 

prob l em i n  s heep was est i ma ted to have cost $ 1 . 3  mi l l i on ( Mi l l a r and 

Gl over , 1980 ) and dur i ng the 1976/77  season bru i s i ng i n  cattl e cost  

appro x i ma te l y  $2 m i l l i on ( Mars ha 1 1 ,  1977 ) .  L o s ses of $22 . 3  mi l l i on 

a nd $45  mi l l i o n per annum have been recorded i n  Austra l i a  a nd the 

Un i ted S tates  of Ame r i ca respecti ve ly  ( R i c h , 1 973 ; Anon , 1975 ) . 

Ep i demio l og i ca l  i nvesti gat i ons  i n  Au stra l i a  have shown the preva l ence 

of  bru i s i ng to be a ffected by both a n i ma l  assoc i a ted and extri ns i c  

factors ( Ano n , 1972 ; Me i schke  et a Z . , 1974 ) . The former i nc l uded 

sex , temperament , age  and  t he presence or  absence of horns , wh i l s t 

the l atter i n cl uded s tockyard des i gn ,  a n i ma l  ha ndl i ng tech ni ques  and  

methods o f  trans port . Transport a s soc i a ted factors such  a s  truck  

des i gn ,  d i s tance  trave l l ed ,  number o f  s top s  and  dri ver s k i l l s  were 

found to be part i cu l ar ly  i mportant i n  Queens l a nd , where a n i ma l s a re 

freq uentl y hau l e� over l o ng d i stances ( Wythes ,  1 98 1 ) . The  preva l ence 

of brui s i ng i n  Nev1 Zea l and ha s l i kewi se been shown to be a ffected by 

such  factors a s  s tock  handl i ng tech n i ques , yard des i gn ,  truck i ng 

d i s ta nces , woo l l ength a nd the number o f  t i mes  a n i ma l s are wa shed 

pri or  to s l a u g hter ( Mars ha l l ,  1977 ; Petersen , 1978 ) . Ep i demi o l og i ca l  

s tud i es have t h u s  h i gh l i g hted  a range of  pos s i bl e  factors i n  the  

aeti o l ogy o f  bru i s i ng .  Howeve r ,  the data col l e cted ha s been 

i ns uffi c i en t  to a l l ow the rel a t i ve i mportance of each of these factors 

to be a scerta i ned . I f  bru i ses  coul d be a ged i n  rel a t i on to known 

t i mes of occurrence  of events of spec i f i c  i nteres t ,  the var i o u s  

aet i o l og i ca l  fac tors cou l d b e  defi ned a nd ranked i n  order o f  

i mporta nce w i th a degree of certa i nty prev i ous l y  u nach i evab l e .  

The mos t  e sta b l i shed method of  age i ng wounds for forens i c  purposes i s  

to ma tch the i r  g ro s s  and h i s topathol og i ca l  c haracteri s t i c s  \vi th those 

i n  s i mi l ar wounds  of  known ages  ( Wa l cher , 1930 ; Raeka l l i o ,  1977 ) .  

Neverthe l e s s , ma ny of the  cri teri a used for \vound age i ng i n  humans  

have  been b a sed o n  r·e l a t i v e l y  few and  w i de ly  varyi ng  observat i ons . 
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From exper iments on  l a boratory a n i ma l s ( Rae ka l l i o ,  196 1 ;  H i rvonen , 

1968a ; Oj a l a ,  1968 ) i t  a ppea rs that the two mo st  important  sources 

o f  var i a t i on when a ge i ng bru i ses are d i fferences between observers 

and between the spec i es of  a n i ma l s s tu d i ed ( Raeka l l i o ,  1973 ) . I n  

th i s s tudy the react ion  to bru i s i ng i nj ury wa s therefore c ha racteri sed 

us i ng l es i ons i nfl i c ted on  sheep , s i nce th i s  wa s the spec i e s of 

pract i ca l  i n terest . Those features j udged as bei n g  of potent i a l  va l ue 

for a ge i ng purposes were u sed to age  bru i ses  o bj ect i ve l y  u s i ng  a 

mathemat i ca l  model  ba sed on  Bayes ' theorem o f  i nverse probab i l i t i e s a s  

adapted for use i n  co�puteri sed med i ca l  d i agnos i s  ( Ba i l ey ,  1968 ) . Once 

devel oped , the model wa s tes ted i n  a p i l o t survey carri ed out under 

norma l opera t i n g  cond i t i ons  i n  a n  export mea t  works . 

Wounds can  a l so be a ged a ccord i n g to the i r h i s tochemi ca l l y  and  

e l ectrophoreti cal l y  determi ned enzyme profi l es .  Thi s approach i s  of 

parti c u l a r  i nterest  i n  that these profi l e s a ppear to change mos t  

dramati ca l l y  dur i ng the ear ly  s tages o f  wound heal i ng when rout i ne 

h i s topathol og i ca l  changes  a re mos t  ambi guous  { Raekal l i o ,  1977 ) . 

H i s tochemi cal l y  demo nstra ted enzyme acti v i t i es a nd i soenzyme patterns 

were therefore determi ned i n  bru i ses  of k nown ages , a nd the resu l ts 

i nterpreted i n  rel a t i on to the dura t i on of  i nj ury . 

Loca l  t i s s ue pH changes  are known to occur duri ng  i nfl amma t i o n  

( Wa l ter and  I s rae l , 1974 ) . A n  a ttempt wa s therefore made to esta b l i s h 

a corre l at i on  between the pH a nd the age of  bru i sed musc l e .  Th i s 

a s pect  of  wound age i ng  has not been reported previ ou s l y .  

The  f i na l part of  th i s  thes i s  deta i l s  a n  i nvest i gat i on  i nto a 

previ ous l y  u r.recogn i sed haemorrhag i c  l es i on a ffect i n g  the ad i pose 

t i s s ue of the carcases  of  l ambs s l a ughtered i n  a n  export meat works . 

The l es i ons  were descri bed , the i r  aet i o l ogy defi ned and a ttempts  made  

to  el u c i da te the i r  pathogenes i s .  
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CHAPTER I 

REV I EW - THE AGE I NG OF  WOUNDS 

There i s  a rel at i ve pauc i ty of i nforma t i on rel a t i ng s pec i fi ca l l y  to 

the a ge i ng  of bru i ses , so  the fo l l owi n g  rev i ew perta i n s to the a gei ng 

of  wounds i n  genera l . I t  i s  d i v i ded i n to four  ma i n  sect i ons . I n  the 

fi rst  secti o n , factors tha t may affect the t ime-course of the t i s sue 

react i on  to i njury are descri bed , a nd the imp l i cat i ons o f  fa i l i ng to 

cons i der these factors when extra po l at i ng  from the l i terature are 

noted . I n  the second sec t i o n  the gro s s  and  chemi ca l  changes 

c haracteri s t i c  of bru i ses a re descri bed , and  i n  the thi rd a nd fourth 

sec t i ons  respect i vel y h i s topatho l og i ca l  a nd enzym i c  changes  i n  wo unded 

ti s sues are d i scu s sed . 

I .  FACTORS AFFECT I NG THE T IME-COURSE OF THE 

T I SSUE REACT I ON TO I NJURY 

T i s sue react i ons to  i nj ury encompas s  stages  of  degenera t i o n , necros i s ,  

repa i r  and  regenerati on . Certa i n  chemi ca l  or  morpho l og i ca l  features 

are a s soc i ated w i th each of  these stages a nd after determi n i ng the 

t imes a fter i nj u ry a t  wh i c h  they occur it i s  po s s i b l e  to use  them to 

age  wounds ( Wa l c her , 1930 ; Raeka l l i o ,  1 977 ) . Unfortuna tel y th i s 

method of  a gei ng cannot be u sed wi thout  1 ·eserva t i on , s i nce a l though  

the  sequences of  change fo l l owi n g  i nj u ry a re constant  ( f i shback  and  

F i  s hbac k ,  1932 ; Godman , 1 9 57 ; Pr ice  e ·t a l .  , 1964a ; Ordman and  

G i l l ma n , 1966 ; Veress  e t  a Z . , 1 966 ; Hurl ey , 1 972 ; P u l l a r ,  1973 ; 

Sc i uba et  aZ . ,  1978 ) , both thei r magn i tudes  and  t i me-courses  may be 

affected by such vari a b l es  a s  the type of  i nj ury , i ts severi ty ,  the 

ti s s ue affected a nd the s pec i es of  a n i ma l  i nvol ved . The i nfl uence of 

each of  these factors , a l ong  wi th the effects  of  contri butory vari ab l es  

s uc h  a s  the age  of  the  a n i ma l , prev i ous  i nj ury a nd d i fferences i n  

i nterpretat ion  of observa t ions  mu s t  therefore be con s i dered when  

rev i ewi n g  pub l i s hed observat i ons  of  the  tempora l changes  i n  wound s . 
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1 .  The effect of  __!Y.pe and sever i ty of i nj ury on  the t ime-course  of  the 

ensu i ng ti s sue reac ti on 

The characteri st i cs  of  an  i nfl ammatory respon se  may vary accord i ng to 

the type and severi ty of i njury i nf l i cted ( Hur l ey ,  1972 ) . There has  

been l i tt l e d i rect comment on the effec t of  type of i nj ury on the 

ti me-course of the ensu i ng ti s sue reacti on , but Hurl ey a nd Edwards 

( 1 969 ) a ttri buted observed d i fferences  i n  t i mes of  onset  of va scu l ar 

permeab i l i ty i n  burns a s  compared to cru s h  i nj ur i es to the type of  

i nj ury a s  wel l a s  i ts severi ty .  H i rvonen ( 1 968b ) , on the  other hand , 

noted tha t the t ime-course of the i nfl ammatory react i on  i n  ad i pose  

t i s s ue was  i ndependent of  the  type of  i nj ury . 

A pos i t i ve rel at i ons h i p  genera l l y  ex i s ts  between the severi ty of  

i nj ury and  both  the degree of the  ensu i ng t i s sue reacti o n  ( Mi l l a r , 

1 934 ; Godma n , 1957 ; S i mpson , 196 5 ;  Oj a l a ,  1968 ; Hurl ey and  

Edwards , 1969 ; Stee l e a nd Wi l he l m ,  1970 ) and  i ts rate of  progres s i on 

( M i l l a r ,  1934 ; Veres s ,  1966 ; Hu r l ey et  a l . , 1967 ; H i rvonen , 1968a , 

Hur l ey and  Edv;ards , 1 969 ) . I f  po s s i b l e the severi ty of  i nj u ry s hou l d 

therefore be ta ken i nto account when s tudy i ng  react ive  ti s sue changes  

i n  wound s . 

2 .  The effects of spec i e s  o f  a n i ma l  and  type o f  ti s sue a ffec ted on 

the t ime-course of  the ti ssue reacti on to i nj ury 

The  re l a ti on s h i p between the rate of hea l i ng a nd the spec i es of 

a n i ma l  a ffected cannot be c l ea r l y  defi ned becau se of a pa uc i ty of  

pub  1 i s hed experi menta 1 evi denc e .  Both Hamdy et a Z . ( 1957a ) and  

McCa u s l a nd a nd Dougherty ( 1 978 ) have observed s i m � l a r rates of  heal i ng 

between bru i ses  i n  d i fferent spec i es  of  l i vestoc k . Bru i ses  i n  pou l try ,  

however , are sa i d  to hea l between two and three t i mes  fa s ter tha n  

equ i va l ent l es i ons  i n  mamma l s ( Hamdy e t  al . , 1961a ) .  Reo.c t i o n s  to a 

var i ety of types o f  i nj ury appea r to proceed fa ster i n  rodents than 

i n  man ( Fatte h , 1 96Ga ; Berg a nd Ebel , 1969 ; Oj a l a et a l . , 1 969 ; 

P u l l a r ,  1973 ) , a l though  Rae ka l l i o ( 196 5 ) ha s recorded s i mi l a r react i on  

rates to i nc i s i o n  i njur i es i n  human s  a nd g u i nea p i g s .  On ba l a nce ,  
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the probab i l i ty ex i s ts  of  there bei ng s i gn i fi cant  d i fferences between 

the react ion  rates to i nj ury i n  d i fferent s pec i e s of a n i ma l s ,  and  for 

th i s rea son a need for cau ti o n  has  been recogn i sed when extra po l a ti ng 

resu l ts from l a boratory an i ma l s to man for forens i c  purpo ses ( Fatteh , 

1966a ; Pu l l a r ,  1973 ; Rae ka l l i o ,  1 977 ) . 

I t  i s  genera l l y  agreed that  react i ons  to i nj u ry proceed fa ster i n  

ad i pose  t i s s ue than i n  musc l e a nd fa ster i n  musc l e  tha n i n  s k i n 

( Ordman and  G i l l man � 1966 ; 

1968 ; Oj a 1 a et  a l .  , 1 969 ; 

H i rvonen , 1 968a ; H i rvonen and Oja l a ,  

Robertson  and  Hod ge , 1972 ; Pu l l o. r ,  1973 ; 

S c i u ba e-t- a l . , 1 9 78 ) , notwi thstand i ng the fac t  that McCa u s l and and  

Dougherty ( 1978 ) , when  s tudyi ng  bru i ses  i n  l ambs and ca l ves , noted no 

d i fferences between the rates of the react i ons  i n  musc l e  and ad i pose  

t i s s ue . T he  rea sons  for t he  rel a t i on s h i p  between rate of hea l i ng a nd 

t i s s ue type are open to conj ecture , b u t  the degree of t i s sue va scu l ar­

i ty a ppears to  exert a n  effect ( S i mp son , 1965 ; Ordman and Gi l l ma n , 

1 966 ; H i rvone n  and  Oja l a ,  1 968 ) . 

3 .  The  effect s  o f  s ubject  age , mu l t ipl e woun d i ng a nd observer 

vari a ti on on the ra te of  the t i ssue  react i on  to i nj ury 

As j ud ged by gros s  a ppearance , bru i ses  reso l ve more s l owl y i n  o l der 

peopl e ( Smi t h , 1 965 ; S i mpson , 1979 ) . By mea s ur i ng t i s sue b i l i rub i n 

l evel s ,  Hamdy e t  a l .  ( 1 957c ) have demons trated a n  a pparent decrea se  

i n  the  rate o f  hea l i r.g o f  brui ses i n  o l der a s  compared to  younger 

pou l t i'Y and rabb i ts . Raeka l l io { 1972 ) , on the other hand , found 

that the  h i s to l og i ca l  react i o n  to i nj u ry wa s noti cea b l y  retarded 

o n l y  i n  cases  o f  adva nced sen i l i ty wi th  cachex i a , a nd McCaus l and  

and  Dougherty ( 1978 ) expre ssed the op i n i o n  tha t a ge wa s un l i kel y to 

be a fac tor affect i ng  the ra te of the h i stol og i ca l  react i on to 

bru i s i ng i n  l i vestoc k .  I t  a ppears , therefore , that the age of the 

an i ma l  affected has  rel a t i ve l y l i tt l e effect on  the h i s to l og i c a l  

react i on t o  i nj ury . 
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Raeka l l i o ( 196 5 ) found that severe a nd mul t i p l e wo und i ng cau sed a n  

i mpa i rment  of  the l oca l  ti s sue response t o  i nj ury b u t  h e  wa s unabl e 

to expl a i n  h i s  observati ons . I n  contra s t ,  Hamdy et al .  ( 1957c , 196 1a ) ,  

by measur i ng ti ssue  b i l i rubi n l evel s ,  demons tra ted i ncreased rates of  

hea l i ng i n  bru i ses i n fl i cted on prev i ou s l y  brui sed rabb i ts or pou l try ,  

a nd these authors c l a i med to have been ab l e to pJ s s i ve l y  tra n s fer a 

' hea l i ng factor ' present i n  b l ood from bru i sed a n i ma l s .  

Due to the subjecti ve nature of  h i s topa tho l o g i ca l  j udgements , t imes 

recorded for react i ve c ha nges i n  i nj ured t i s s ue refl ect a component 

o f  observer vari ati on . Th i s  factor s hou l d be borne i n  mi nd i f  ti mes  

of  occurrence for the h i s to l o g i c a l  fea tures of  wound heal i ng are to 

be est ima ted u s i ng a number of d i verse sources . 

I I .  THE GROSS APPEARANCE  OF BRU I SES 

Bru i ses  are wounds  c haracter i sed by haemorrhage i nto i n terst i t i a l  

s paces ( Raekal l i o ,  1 973 ) . Th i s  haemorrhage  u s ua l l y  occurs from 

ves se l s damaged by trauma from a b l unt  objec t , a l though i nc i denta l 

bru i s i ng may occur i n  t i s sues adjacent to i nc i s i ons a nd l acerati ons  

( S i mpson , 1979 ) . Al though  the  severi ty and  d i mens i ons of  a bru i s e 

depend pr imari l y  on the nature of  the stri k i n g  obj ect  a nd i ts force 

of i mpact ,  i ts characteri st i cs  are a l so  i nf l u enced by such factors  

a s  t i s s ue va scu l  ari  ty , t i s sue dens i ty ,  support f1·om adjacent t i s sues , 

depth o f  under lyi ng  bone and t i me el a psed from i nj ury { Smi th , 1936 ; 

Hamdy e t  al . , 1957a ; S i mpson , 1979 ) . I n  i ts gro s s  a ppearance 

therefore , a bru i se  doe s not neces sari l y  prov i de accurate i nformat i on  

a s  to  i ts s pec i fi c  cause ( S i mpson , 1979 ) . 

The co l our c hanges so character i s t i c o f  bru i ses  represent accumu l at i ons  

of  haemog l ob i n or i ts brea kdown products ( S i mpson , 1979 ) . The s equence 

of  change i s  constant  ( Hamdy et  a l . , 1957c ) but  the ra te may va ry 

accord i ng to severi ty o f  haemorrhage ( Smi th , 1936 ; Hamdy et a l . , 
1957c ) , s i te ( S i mpson , 1965 ) , v i ta l i ty of t i s sue  a ffected ( S i mpson , 

1979 ) , spec i es of  a n ima l  ( Hamdy e t  a l . , 196 1c ; �1cCa u s l and and  

Dougherty ,  1968 ) a nd po s s i b l y  envi ronmental  temperature ( Hamdy e t  al . , 
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1957c ) . Neverthel es s ,  co l our c hanges a re u seful  i nd i cators of age  a nd 

Hamdy et a l .  ( 1957a ) have recorded the fo l l owi ng  sequence i n  bru i s ed 

ca ttl e ,  s heep , p i gs a nd rabbi ts : dark  red u p  to two days , green- purpl e 

a t  three days , yel l ow-green at  four days , orange at  fi ve days , l i gh t  

orange a t  s i x  days and  a return t o  norma l co l our a t  seven days . 

Cauti on  mu s t  be exerc i sed i f  exami n i ng  bru i s e s  i n  dead s ubjects , 

s i nce the above col ours  fade ra p i d l y  a fter death and thus  become 

unrel i a b l e as a mean s  of est imat i ng  age  ( May and Hamdy , 1966 ) . 

I l l . BLOOD DEGRADAT I ON PRODUCTS AND 

T I SSUE CONDUCT I V I TY I N  BRU I SES  

Hamdy et  a l .  ( 1957a ) noted tha t haemog l ob i n  concentrat i ons  in  cattl e 

bru i ses  i ncrea sed 1 5  mi nutes after trauma a nd conti nued to i ncrea se  

for the  next  5 days . A return to  pre· · b ru i  se  l evel s had  occurred by 

day 9 ,  wh i c h  wa s 2 days a fter v i sua l  evi dence of  resol ut i on .  

I norga n i c i ron  wa s not rel eased from the extravasated haemog l ob i n 

unt i l 2 days after bru i s i ng .  They a l so u sed a sens i t i ve col our imetri c 

techn i que to mea s ure b i l i rub i n concentrat i ons  i n  norma l and bru i s ed 

mu sc l e .  They cou l d not detect b i l i rub i n i n  norma l musc l e but  

demonstra ted i t  i n  2 day ol d bru i ses . Concentrati ons  i ncrea sed 

thereafter wi th b ru i s e age , pea k i ng a t  4 days and return i ng to pre­

bru i se l evel s by day 9 .  A l es s  sens i t i ve b u t  con s i dera b l y  more 

s i mp l e tes t  wa s ab l e to detect b i l i rub i n  i n  bru i ses 60  hours and 

o l der ( Hamdy et a l . , 1 958 , 196lc ) . 

T i s s ue conduct i v i ty ,  a s  mea s ured by i ns erti n g  el ectrodes i nto musc l e ,  

h a s  been s hown to i ncrea se i n  bru i ses  ( Hamdy e t  a l . , 1 957a ) . The 

conduct i v i ty vari ed a ccord i ng to ti s s ue fat content and  sever i ty of  

i nj ury ,  but avera ge va l ues represent i n g  severa l bru i ses  i ncrea sed 1 5  

m i nutes after i nj ury , pea ked a t  40 hours and  returned to norma l by 

day 7 .  
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I V .  H I STAM I N E  AND SEROTON I N  LEVELS I N  WOUNDS 

Vasoact i ve ami nes are rel ea sed i n to t i s s ue spaces  earl y i n  the patho ­

genes i s o f  mos t  i nfl ammatory react i ons  ( Wa l ter and  I srae l , 1974 ) . For 

thi s reason  Ra eka l l i o  and Ma ki nen ( 1 966 , 1969a , 1969b , 1970 ) mea sured 

free h i s tami ne and seroton i n concentrat i ons i n  s k i n  i nc i s i ons  a ffecti n g  

l a boratory a n i ma l s a nd huma n s .  H -i s tami ne concen trat i ons  i ncrea sed 

s i gn i f i cant l y w i th i n  30  mi nutes of  i nj ury and  returned to norma l 

wi th i n 60  mi nu tes , wherea s seroton i n concentra t i ons  i ncreased 

s i gn i fi cant l y w i th i n  15 mi nutes of  i nj ury and  returned to norma l 

s everal hours l ater . Because  both  the re l ea s e  and  degradati o n  o f  

these compounds  are enzyme-regu l a ted proces ses  requ i r i ng oxygen , 

the i r  t i s s ue concentra t i o ns d i d  not r i se i n  wounds i nfl i c ted post 

mortem. Ante mortem concentrat i ons  rema i ned s tab l e for a t  l ea s t  

5 days a fter death . Raeka l l i o a n d  Mak i nen therefore concl uded that 

h i s tami ne a nd seroton i n  l evel s were of  va l u e for e st ima t i n g  the ages  

of s k i n wounds  too young to be a ged us i ng convent i ona l  h i s to l og i ca l  

cr i teri a .  However , they empha s i sed the  need to  mea sure concentra t i ons  

of  the se  compounds rel a t i ve to  tho se  i n  contra l a tera l contro l  t i s s ues , 

s i nce both s eroto n i n a nd h i s tami ne concentrat i ons  exh i b i t wi de 

i nd i v -i dua l a n i ma l  and s i te var i a t i ons . 

V .  THE H I STOPATHOLOGY OF WOUNDS 

A .  The h i s topa tho l ogy of wou nds i nvol v i ng s ke l etal  musc l e 

1 .  Degenerat i ve chnnges i n  musc l e f i bres fo l l owi ng i nj ury :  

Fo l l ow i n g  i nj ury , musc l e undergoes progres s i ve degenera t i on , the 

severi ty o f  wh i ch i s  i nd i cated by the h i sto l og i ca l  a ppearance of 

affected f ·i b l�e s  ( F i shback  and  F i s h back , 1932 ; Veres s et a l . , 1966 ) , 

but  the sequer.ce o f  \'lh i c h i s  a l mo s t  i ndependent of the type of i nj ury 

( Adams et  al . , 196 7 ;  Carl son , 1973 ) .  Musc l e fi bres a l�e u s ua l l y  

descr i bed a s  hav i ng undergone ei ther c l oudy swe l l i ng  ( cel l swel l i ng ) , 

hya l i ne ,  vacuo l a !� , granu l ar or  fatty degenera t i on , but  o ther cr i ter i a  

s u c h  a s  l o s s  o f  cros s  s tr i a t i o ns , contra c t i o n  of  sarcopl asm and 
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nuc l ear degenerat i on  have a l so been u sed to i nd i cate the severi ty of 

c hange from norma 1 ( F i  shback  and F i  s hba c k , 1932 ; V ere s s  et a l .  , 1 966 ; 

Adams et a l . , 1 96 7 ) . S i nce the h i s to l og i ca l  a ppearance of dama ged 

musc l e fi bres a l ters w i th t ime ,  the pos s i b i l i ty ex i s ts  of  u s i ng  the 

type of degenerat i ve change present  to e st ima te the a ge of wounds  

i nvol vi ng  mu sc l e .  However , the  morpho l ogy of degenerat i ng mu sc l e 

fi bres depend s  not o n l y  on  the t ime e l apsed s i nce i nj ury but a l so on  

the  severi ty of  the  i nsu l t ,  s i nce  th i s  fac tor  a ffects  both  the  rate 

of  degenerati on ( Veress  e t  a l . , 1966 ; Hurl ey and  Edward s , 1 969 ; 

Josza and  Reffy , 1 978 ) a nd the u l t i mate severi ty of the degenerat i ve 

change ( Pri ce et al. . , 1 964a ; Veres s e t  a l . , 1 966 ; .1\dams e t  a l . , 

1 96 7 ) . The severi ty of i nj u ry i s  rare l y  un i form wi th i n  or  between 

mu sc l e fi bres , so s evera l s ta ges  of  degenera t i o n  and necros i s  u s ua l l y  

co-exi s t  a t  a ny one t ime ( Veres s  e t  a l . , 1 96 6 ; Ad0.ms e t  a l . , 1 96 7 ; 

Beno i t and  Bel t ,  1970 ; McCa u s l and  and Dougherty , 1 9 78 ;  Jos za and  

Reffy , 1 9 7 8 ;  Al i ,  1979 ) . Furthermore , degenera t i ve changes i nduced 

by the or i g i na l  i nj ury are mod i fi ed by the effects of  de l ayed i sc haemi a 

( Hop k i nson  and Watts , 1 96 3 ) . For these  reasons  degenera t i ve changes  

i n  mu sc l e a re un l i ke l y  to  be  of  great va l ue for est imati n g  the a ges 

of  wound s . Th i s . i s  s ubstant i ated by the wide vari at i o n  in t imes 

reported for the onset and durati o n  of degenera t i ve changes  in a 

vari ety of \.,rounds , i nc l ud i ng bru i ses  ( McCa u s l a nd and Dougherty ,  1 978 ; 

Josza and Reffy , 1 978 ) , i nc i s i on s  { Oj a l a ,  1 968 ) , burns ( Hurl ey e t  al . , 

1 96 7 ) , i sc haemi a ( Moore e t  a l . , 1956 ; Scu l l y  and  Hughs , 1 956 ) , co l d 

i nj ury ( Pri ce e t  a l . , 1964 ; Vere s s  et a l . , 1966 ) , chemi ca l i nj ury 

( Veress  e t  al . , 1 966 ; Adams e t  a Z . , 1967 ; Beno i t a nd Bel t ,  1970 ) , 

cru s h  wounds ( Hurl ey and  Edwa rd s , 1969 ) and bu l l et wounds  ( Hop k i n son 

and  Watts , 1963 ) . 

2 .  The l eucocyt i c  react i on  fo l l ovJ i ng i nj u t'Y to musc l e :  

Sma l l numbers of po l ymorphonucl ea r and mononuc l ear l eucocytes are 

re l ea s ed i n to ti s s ue spaces i mmed i ate l y  after i njury as components of 

haemorrha ge , but  wi th i n  hours these cel l s  compr i se on ly  a sma l l 

proport i on  of the i nter sti t i a l  l eucocyte popu l at i on , due  to the 

a rri val  of th2 cel l u l a r exuda te ( Oj a l a ,  1 968 ; McCa u s l a nd and  

Dougherty ,  1 978 ) . T imes recorded for the arr i va l  and su bsequent 
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changes i n  the numbers of  

the  fi rst  cel l s  to  appear 

neutroph i l s  ( Oja l a ,  1968 ; 

l eucocytes vary , but  i t  i s  accepted tha t 

i n  s i gn i fi cant  numbers are pol ymorphonuc l ear 

Oja l a  and Lemp i nen , 1969 ) . These  are 

noted i n  ti s s ue sect i ons  from 30-60 mi nutes a fter i nj ury and i ncrea s e  

i n  number over a per i od of a pprox imate ly  1 2 - 24 hours ( Hop k i n son and  

Watts , 1963 ; Hurl ey et al . , 1967 ; H i rvonen and Oja l a ,  1968 ; Oja l a ,  

1 968 ; Hurl ey a nd Edwards , 1969 ; Oja l a et al .  1969 ; McCa u s l and  

and Dougherty ,  1978 ) . Thei r numbers then dec l i ne ,  but  sma l l numbers 

of neutroph i l s  may pers i s t among i nters ti t i a l  macrophages  for a t  

l ea s t  3 days a fter i nj u ry ( Oj a l a ,  1968 ) . Macrophages a rri ve i n  

s i gn i f i cant  numbers l a ter than neutroph i l s  ( Raeka l l i o ,  1977 ) but  

may be observed a s  ear ly  a s  1 - 2  hours after i nj u ry .  They i ncrea s e  i n  

numbers for 48- 72 hours thereafter , dur i n g  much o f  wh i ch t ime they 

are the predomi na nt  cel l i n  the exudate ( Oj a l a ,  1968 ; Ha l l - Cragg s ,  

1 974 ; McCa u s l and a nd Dougherty ,  1978 ) . Abso l ute numbers of 

l eucocytes vary accord i ng to the severi ty of  i nj ury ( Hurl ey and  

Edwards , 1969 )  but McCa u s l and  and Dougherty ( 1978 )  found rel a t i ve 

numbers of macrophages and  neutroph i l s  a u sefu l i nd i cat i on of age  

i n  a s  much  a s  the macrophage/neu troph i l  rati os  i nverted i n  b�u i ses  

o l der tha n 24 hours . Leucocytes i nvade and phagocytose  damaged 

musc l e ti s s ue but  reported t imes for th i s  event vary wi del y from 

4 hours  ( Oj a l a ,  1968 )  to 72 hours ( Ha l l -Cra g g s , 1974 ) a fter i nj ury . 

I t  thus  appears that t imes of  arr iva l  of  macrophages and  neutroph i l s ,  

the i r  rel at i ve numbers a nd the peri od of  t ime before wh i c h they i nvade 

damaged mu sc l e fi bres  are a l l factors of potent i a l  va l ue for e st imati n g  

t he  a ge s  of  wounds . 

3 .  F i bropl as i a  a nd va scu l a r  changes fo l l owi ng i nj ury to mu sc l e :  

Us i ng l i g ht mi croscopy ,  regenera ti ve c hanges  i n  vascu l ar endothe l i um 

become v i s i b l e  wi th i n  2-3  days of i nj u ry to mu sc l e ( Le  Gro s  C l a r k , 

1946 ; Hopk i nson and Wa tts , 1 963 ; F i s hbe i n  et  a l . , 1978 ; McCa u s l a nd 

and Dougherty ,  1978 ) . Affected endothel i a l cel l s  become p l ump and  

rounded a nd po s s e s s  swo l l en ves i c u l ar  nuc l e i  s howi ng  occas i onal  

mi to t i c  fi gures . U l tra s tructura l  changes precede tho se  v i s i b l e by 

1 i ght  mi croscopy .  Hurl ey and  Edwards  ( 1 969 )  observed e 1 ectron  

m i c roscop i c  evi dence of damage to  endothel i a l  ce l l s  4 hours  a fter 
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cru s h  i nj u ry ,  and  regenerat i ve changes  were detected a fter 24 hours . 

By 48 hours regenerat i ve cha nges were more common , but  the u l tra ­

structura l  c haracter i s t i c s  of  affected endothel i a l  ce l l s  were no 

d i fferent to those observed at 24 hours . F i bro bl a s ts are u s ua l l y  

observed i n  endomys i a l , fa sc i a l and  per i va s cu l a r  s i tes wi th i n  2-3  days 

of i nj ury ( Le Gros C l ark , 1 946 ; Godma n , 1957 ; Hopk i nson  and Watts , 

1963 ; F i s hbei n et a Z . , 1 978 ; McCaus l and  and  Dougherty ,  1978 ) , but 

they have a l so been  detected i n  wounds o n l y  2-4  hours  o l d ( Oj a l a ,  

1968 ; Oja l a  et  a l . , 1969 ) . Over s ubsequent  days they a re observed 

i n  i ncreas i n g  numbers throughout i n terst i t i a l  spaces  and are mos t  

numerou s  i n  areas of  more severe damage ( Le Gras Cl ark , 1 946 ; Oja l a ,  

1968 ) . F i ne s tra nds of  newl y synthes i s ed co l l a gen may be detected i n  

c l o s e  a s so c i a t i on w i th fi brob l a s ts a t  from 3 - 7  days fol l owi ng  i nj ury 

( Hopk i nson  and  Watts , 1963 ; Oj a l a ,  1968 ; F i s h be i n et a l . , 1 978 ) . 

Fi brop1 a s i a  may become a promi nent feature of i nc i s i o n or  cru s h  

i nj ur i e s  to muscl e ( Le Gros C l ark , 1946 ; Oja l a ,  1968 ) b u t  i t  i s  not 

usua l l y  a promi nent feature i n  bru i ses  ( Robertson and Man sfi el d ,  1 9 5 7 ) . 

4 .  Regenera t i ve changes i n  mu sc l e fi bres fo l l owi ng i nj u�.::t_: 

Musc l e fi bres beg i n to regenerate wi th i n  2-4  days of i nj ury ( Carl son , 

1973 ) . The regenera t i ve process  i s  descri bed a s  bei n g  e i ther 

' cont i nuous ' or  ' d i sconti nuous ' accord i ng to whether new fi bre s a re 

formed by exten s i o n  from v i ab l e rema i ns o f  i nj ured fi bres or  by fu s i on 

of  i nd i v i d ual  mu sc l e precursor ce l l s  ca l l ed myob l a sts ( Al i ,  1979 ) . 

The mod e  of regenera ti on depend s on the  extent to wh i c h musc l e 

arc h i tecture has  been d i s rupted and hence on  both the type a nd degree 

of i nj ury . ' Conti nuou s ' regenera t i o n  occurs i f  sarcol emma l s heaths  

have been destroyed , wh i l s t ' d i scont i nuou s ' regenera t i on occurs  i f  

the i r  i ntegr i ty has  been preserved . S i nc e  musc l e i s  rare l y  damaged 

un i form l y  fo l l  0\vi  ng  i njury ,  both type s  of  regene rat i on  are  u s ua l l y  

found i n  the same l es i on ( A 1 i ,  1 979 ) . 

Myob l a s t s  can  be recogn i s ed by the i r ba soph i l i c cytopl a sm a nd 

enl arged ova l nuc l e i  w i th promi nent nucl eo l i ,  but  they are often 

d i ff i cu l t to d i st i ngu i s h from macrophages  by l i ght  mi croscopy . They 
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are usua l l y  observed i mmed i atel y benea th sarc o l emma l ba sement 

membranes wi thi n 2-3 days of i nj ury ,  but have been noted after o n l y  

2 - 4  hours fo l l owi ng chem i c a l  i nj ury where t h e  vascu l ar  a n d  supporti ng 

arc h i tecture of musc l e  were preserved i ntac t  ( Beno i t  and Bel t ,  1970 ; 

Dol w i c k  e t  a Z . , 1977 ) . Numbers of  myob l a sts  i ncrea se  rap i d l y  to 

pea k at 3 days , by whi ch  t i me they extend throughout sarcol emma l 

tubes , coexi st i ng a l ongs i de phagocytos i ng  macrophages . After 3 days 

the i r  numbers decl i ne as they fu se to form mu l t i nucl eate sacropl a smi c 

s traps ca l l ed sar·cobl a s ts or myotubes ( Car l son , 197 3 ; Al i ,  1 9 79 ) . 

Duri r.g  the ' conti nuous ' mode of regenera t i on sma l l buds of  i nten s e l y  

ba sophi l i c sarcop l a sm are observed wi th i n  3 - 4  days of i nj ury , proj ect� 

i ng from the ends of  s urv i v i ng mu sc l e fi bres . These buds su bsequentl y 

e l ongate a nd by the 5th day have become i nves ted wi th a centra l c ha i n  

o f  immature myonuc l e i  (M i l l a r ,  1934 ; Al i ,  1 9 79 ) . I n  ' conti nuou s ; 

regenera t i o n  sarcob l a s ts thus  form by a process  of exten s i o n . 

Regard l e s s  of whether they are formed by the processes  of  exten s i on or 

fus i o n ,  sarcob l a sts are characteri sed at an e a r l y  stage i n  the i r 

forma ti on a s  thi n straps of rel at i vel y basoph i l i c sarcop l a sm po s ses s ­

i ng centra l cha i n s of  i mma ture myonuc l e i  and  l ong i tud i na l  stri a t i o n s  

(Al i ,  1 9 79 ) . They a r e  observed i n  regenerat i n g  mu sc l e from the 3rd 

day after i nj u ty a nd over the next few days become the pr·edomi nant  

regenera t i ve  feature ( Car l son , 1973 ) . After the  4th  day they i ncrea s e  

i n  wi dth ( Le Gros C l  ark , 1946 ) . Cro s s  str i a t i o n s  do not become v i s i bl e  

by l i ght  m i croscopy unt i l 6- 10  days after i nj ury , depend i ng en  the rate 

at wh i c h  myofi l aments aggrega te to form myofi bri l s  (M i l l a r ,  1 934 ; 

Godman , 1957 ; Ha l l - Craggs , 1 974 ) . 

As they ma ture , sarcob l a sts become l es s  ba soph i l i c a nd more cro s s ­

s tr i a ted , thei r nucl e i  decrea se  i n  s i ze a n d  the i r  nuc l eo l i become l es s  

promi nent . Eventua l l y  sarcobl a s t  nuc l e i  mi gra te to the peri phery of 

the myotube , a t  wh i c h t ime the sarcob l a s ts , though  th i nner than norma l 

musc l e  f i bres , become i n  other res pects morpho l og i ca l l y  i nd i sti ngu i sh­

ab l e from them ( Car l son , 1973 ) . Th i s  process  takes  in  excess  of  

20 days to  comp l ete ( Beno i t  a nd Be l t ,  1970 ; Do l wi c k  et  aZ . , 1977 ) . 
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B .  The h i stopa thol ogy of wounds i nvol v i ng ad ipose  ti s sue  

Subcutaneous  ad i pose ti s sue is  parti cu l ar ly  prone  to  traumati c i nj ury 

beca use  of i ts superfi c i a l pos i t i o n  a nd i ts rel at i ve l ac k  of  connecti ve 

ti s sue s upport . Moreover , the ti s s ue reacti o n  fo l l owi ng  i nj ury i s  

genera l l y  fl or i d ,  probab l y  because of the h i g h ly  vascu l ar  nature of  

th i s  ti s s ue ( Roberts et  a Z . , 1956 ; H i rvonen , 1968 b ) . A s tudy of  the 

react i o n  to i nj ury i n  ad i pose t i s s ue i s  therefore of potenti a l  va l ue 

for wound  age i ng  p�rpose s .  

1 .  Dege nerat i ve changes i n  ad ipocytes fo l l O\<Ji ng i nj ul2:_: 

Fol l owi ng  bru i s i n g of the ad i po se t i s s ue of  gu i nea p i gs , H i rvonen 

( 1968b ) noted tha t a proporti on  of  ad i pocytes i mmed i a te l y  ruptured , 

re l ea s i ng thei r l i p i d  contents i n to ti s s ue  spaces . Less  severe l y  

damaged adi pocytes became sv1o l l en a n d  rounded , a n d  some o f  these cel l s  

ruptured wi th i n 2-4  hours of  i nj ury . H i rvonen d i d  not detect degen­

erati ve c ha nges i n  a d i pose  cel l nuc l e i , but  Pa nabo kke ( 1958 ) observed 

karyo l ys i s  wi thi n 2 hours of i nduc i ng  fat necros i s  i n  rats . 

Degenerat i ve c hanges i n  the l i p i d component  of fa t cel l s  occur soon 

after i nj ury .  W i th i n  1 mi nute , damaged a nd norma l ad i pocytes cou l d be 

c l earl y d i s t i ngu i s hed by U/V l i gh t ,  due to the appearance  of b i refri ng­

ent  crysta l s i n  the  l i p i d  of  damaged ce l l s  ( H i rvonen , 1968b ) . These  

crys ta l s pers i s ted for up to 2 weeks , but  had  fi na l l y d i sappeared by 

4 week s  a fter i nj ury . Wi th conventi onal  l i ght  mi croscopy and  

haematoxyl i n  and eos i n  s ta i n ( H+E ) , i nj ured a d i pocytes were observed 

to become foamy a nd c l oudy 2-4 hours after i nj ury , though the ti me 

depended to s ome extent on  severi ty of damage ( H i rvonen , 1968b ; 

F l ock e t  a Z . , 1973 ) . The a l tered appearance wa s due to crystal  

forma t i o n  wi th i n the l i p i d  dropl e t .  W i th s pec i a l  s ta i ns , d i s ti nct  

changes i n  the  l i p i d  component of i nj ured ad i pocytes were detected i n  

wounds o n l y  10 mi nutes o l d .  Neutra l  l i p i d  s ta i ns changed col our or  

became l es s  i n tense  and  fa tty ac i d  crys ta l s  cou l d be demonstra ted i n  

the centres  of  l i p i d  dropl ets . These fea tures became more ma rked wi th 
t ime .  Eventual l y  a proport i o n of necro t i c  ad i pose cel l s  came to s ta i n  

o n l y  for fatty ac i ds 3 e i ther i n  l i qu i d o r  so l i d  form ( ! to ,  1973 ) . 
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Sapon i fi cat i o n  has  been recorded a s  a n  ear l y  fea ture of fat necros i s 

i n  rats ( Roberts e t  a l . , 1956 ) , b ut  soaps are not a promi nent  

component  of  bov i ne fat necros i s  ( I  to et al . , 1968 ) . 

More chron i c degenera t i ve changes  i nc l ude ca l c i f i cati o n , the forma t i o n  

of  cho l e sterol  c l efts a nd the formati o n  of  1 0 i l  cys ts 1 •  Ca l c i fi cat ion  

of  necrot i c  ad i pocytes a nd the connecti ve t i s sue  s troma ha s  been noted 

wi thi n 24-48 hours of i nj ury i n  rats ( Panabokke , 1958 ; Storck a nd 

Bjorntorp , 1 9 7 1 ) .  I n tense  ca l c i f i c a t i o n  wa s a common fea ture of  

chron � c  fa t necro s i s l es i o ns i n  cattl e a nd p i g s  ( I to et  al . , 1968 ; 

I to ,  197 3 ) . Chol es terol c l efts s urrounded by h i s ti ocytes have been 

observed i n  5 day o l d l es i o n s  of fat necro s i s  i n  rats ( Cameron and 

Ma l l i k ,  1 954 ) . O i l cysts , wh i c h a re s paces l i ned by h i st i ocytes or  

g i a n t  ce l l s  a nd conta i n i ng degrad i ng l i p i d ,  a re a feature of  o l der  

l es i ons  ( Senev i ratne , 196 3 ) . They appear to  form from 1-2  weeks  after 

i nj ury ( H i rvone n , 1 968 ; Panabok ke , 1968 ) , and may pers i s t for severa l  

mon ths  ( Cameron a nd Mal l i k ,  1 954 ) before be i ng repl aced  by fi brous  

t i s s ue . 

Regenera t i o n  i s  _not a sequel  to fa t necros i s ( Cameron and  Ma l l i k ,  1 954 ; 

H i rvonen , 1968b ; I to ,  1 973 ) . Necroti c a d i pocytes e i ther pers i s t for 

l o ng periods  of t i me i n  macrophage-fi l l ed s paces ,  ca l c i fy ,  or  become 

repl aced by f i brous  t i s s ue { Ri be l i n  and  De Eds , 1960 ) . 

2 .  The l eucocyti c react i o n  fo l l owi ng i nj ury to ad ipose  ti s s ue : 

Leucocyte i nf i l tra t i on may be the earl i es t  react i ve change seen  

fo l l owi ng  dama ge to  a d i pose ti s sue { Oja l a e t  a l . , 1969 ) . A neutroph i l  

exuda te has been  observed wi th i n  30 mi n utes of  i nj ury to th i s  t i s s ue ,  

a nd  the a rr i va l o f  macrophages has  been noted a fter 60 mi nutes 

(Hi  rvonen , 1968a ; Oja l a  e t  al .  , 1969 ) . The neutroph i l  s became absent  

from 5 day o l d b ru i ses but  macrophages a nd l ymphocytes \vere present  i n  

l a rge numbers for up  to 2 mon ths , after wh i ch t ime the i r numbers 

decl i ned . T i mes recorded for g i an t  ce l l format i on vary from 1 - 5  days 

after i nj ury ( Cameron a nd �,la l l i k ,  1954 ; H i rvonen , 1 968b ) . They 

become very numerous i n  areas of s evere damage and pers i s t for i n  

excess  of  4 mon ths  a fter i nj ury .  
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3 .  F i bropl a s i a  a nd va scu l ar  changes fo l l owi ng i nj ury to ad ipo s e  ti s s ue : 

F i brop l a s i a  i s  a promi nent feature of c hro n i c  fat necros i s  ( Farr , 1923 ; 

Cameron and  Ma l l i k , 1954 ; I to ,  1973 ) . F i brob l a s ts have been noted i n  

h uman a nd gu i nea p i g  ad i pose ti s sue a s  earl y a s  2-4 hours after 

bru i s i ng a nd i nc i s i o n  i nj ury ( H i rvonen ,  1968a , 1%8b ; Oja l a  et a Z . , 

1969 ) . They were fi rst  observed peri va scu l a r l y  and  a djacent  to 

connec t i ve t i s sue septa , but  after 8 hours were wi despread throughout  

i nterst i t i a l  s paces . Maxi mum numbers of  fi brob l a s ts were noted wi th i n  

2-3  days of i nj u ry ,  but  after 5 days n umbers decrea sed  a s  they matured 

to fi brocytes ( H i rvonen , 1968b ) . I n  contra s t  to the a bove , where 

fi bropl a s i a  wa s no ted w i th i n a few hours of i nj ury , Cameron a nd Ma l "l i k  

( 1954 ) fi rst  observed f i brobl a s ts 48 hours a fter l oca l  freez i n g i nj ury 

to rats . Numerous f i brob l a s ts were s ti l l  present  i n  wounds  2 week s  

o l d .  

Mucosubsta nces have been detected wi th i n  f i brob l a s ts 1 -8  hou rs after 

bru i s i n g or  i nc i s i on i nj ury to gu i nea p i g  a d i po s e  ti s s ue  ( H i rvonen , 

1968a , 1968b ) . These s ub s tances were a l so present  extrace 1 l u l ar l y i n  

wounds  mo re than 8 hours o l d .  Oja l a et  a l .  ( 1969 ) , however ,  were not 

a b l e to demonstrate mucosubsta nces  i n  human a d i pose ti s s ue i n  wounds  

up  to 4 hours  o l d ,  wh ich  wa s the  l a tes t  a ge s tud i ed . 

I n  gu i nea p i g ad i pose t i s s ue ,  ret i cu l i n  f i bres were fi rs t noted i n  

c l o se  a s soc i a t i on wi th fi brobl a s ts i n  8 hour o l d wounds  ( H i rvone n , 

1968a , 1968b ) . By 12-24 hours these fi bres  had  matured i nto 

recogn i sab l e co l l agen . By 7 days after free z i n g , col l a gen fi bres 

had e i ther formed dense connec t i v e  t i s sue bund l es  repl a c i ng  ruptured  

ad i pocytes , or they exi s ted a s  l i ght  networks  around damaged but  

unruptured ad i pose ce l l s .  Cameron a nd Ma l l i k  ( 1954 ) fa i l ed to detect 

reti cul i n  fi bres i n  rats unt i l 5 days after freez i n g  i nj ury .  Newl y 

formed col l a gen wa s detected after 7 days . 

Vascu l ar  l es i ons  are not commo n l y  ment i oned  i n  descri pti ons of  the  

h i sto l og i ca l  react ions  of  a d i pose  t i s s ue to  i nj ury .  I to et  aZ. .  ( 1968 ) 

observed hya l i ne degenera t i on of  b l ood ve s se l s i n  ac�te a nd chro n i c  

porc i ne fat necros i s ,  b u t  remarked o n  the l ac k  o f  va scu l ar  i nvol vement  
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i n  bov i ne l es i ons . Cameron a nd Ma l l i k  ( 19 54 ) observed swo l l en 

endothel i a l cel l s  24 hours after freez i n g i nj ury to ra ts . H i rvonen 

( 1968b ) observed cap i l l a ry pro l i fera t i o n  i n  2 - 3  day o l d bru i ses  i n  

g u i nea p i gs , and  noted that  a r i c h  capi l l ary network pers i s ted for 

2-4 weeks  after i nj u ry .  

C .  The h i s topatho l ogy of wounds i nvo l v i ng s k i n 

When s tudyi ng  the t ·l me-ccurse of h i s to l og i ca l  events fo l l ow i n g  i nj ury ,  

foren s i c patho l og i s t s  have concentrated ma i n l y  o n  react i ons  i n  s k i n ,  

desp i te the fact  that react i ve changes occur fa s ter and are more 

pronounced i n  mu sc l e or ad i pose t i s s ue ( H i rvonen , 1968a , 1968b ; 

Robertson and Hedge , 1972 ) . Th i s preoccupat i o n  wi th s k i n ma i n l y  

refl ects  the fac t  tha t i t  i s  cons i s tent ly  i nvol ved i n  wounds  o f  

forens i c  i mportance ( S i mpson , 1979 ) , a l though Robertson a nd Hodge 

( 1972 ) s tud i ed a bras i on s  i n  preference to bru i ses  because  they found  

the react i o n  s equence more cons i s tent i n  the former . I f  the epi thel i um 

i s  excl uded from con s i derat i o n ,  the h i s to l og i ca l  react ion  i n . s k i n can 

be rega rded a s  compri s i n g those changes a s soc i a ted wi th  l eucocyte 

popu l a t i o n s , ground s ub s tance , connect ive  t i s s ue and b l ood ve s s e l s .  

Each  of  these wi l l  be cons i d ered separa te l y .  

1 .  Degenerat i ve changes i n  s k i n fo l l ow i ng i nj ury :  

The morpho l o gy a n d  s ta i n i n g  properti es o f  mature derma l connecti ve 

ti s s ue have been observed to a l ter fo l l owi n g  i nc i s i on i nj ury ( Ordman 

a nd Gi l l ma n , 1966 ; H i rvonen , 1968a ; Oja l a  e t  al . , 1969 ; Robertson 

and Hedge , 1972 ) .  Wi th i n  2-8 hours co l l agen  f i bres became swo l l en 

and  homo geneous . They a l so  became more eo s i noph i l i c wi th  H+E s ta i n  

but  l o s t  the i r affi n i ty for connecti ve t i s s ue s ta i n s . The a bove 

c hanges  were accentuated dur i ng the fi rst  1 6 - 24 hours a fter i nj u ry 

( H i rvonen , 1 968a ) . However ,  they are not  pecu l i a r  to ante mortem 

wounds , s i nce Robertson and  Hodge ( 1972 ) a l so observed s i mi l a r 

fea tures i n  a gona 1 a. nd post mortem wounds 1 eft for severa 1 hours 

before proces s i ng .  
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Accord i ng to Fu rukava ( 1959 ) , el a s t i n  fi bres retracted from l i nes  

of  i nc i s i o n  i n  ante mortem \'Jounds ,  a nd thus  a ppeared wavy , wherea s i n  

pos t mortem wound s  they rema i ned s tra i g h t . Fatteh ( 197 1 ) however , wa s 

una bl e to confi rm these res u l ts ,  and  he cons i d ered the l i gh t  mi croscop­

ic  a ppearance of e l a s ti n  fi bres of  no  va l ue i n  determi n i n g whether a 

wound was i nfl i c ted pri or  to , or a fter death . 

2 .  The l eucocyte react i on fo l l owi ng i nj 1 1 ry to s k i n :  

Leucocyte marg i na t i o n  has  been observed wi th i n  30 m ·i nu tes of  i nj u ry and  

i s  thus  one o f  the earl i es t  react i ve c hanges a ffecti n g  s k i n ( Wa 1 c her ,  

1930 ; H i rvonen , 1968a ) . I t  i s ,  however , a d i ffi cu l t cr i ter i o n  to 

a s s e s s  ( Pu l l a r ,  1 973 ) and furthermore , i t  ha s  been observed i n  wounds  

i nfl i c ted i mmed i a te l y  a fter death  ( Raeka l l i o ,  1 977 ) . Leucocyte 

ma rg i na t i on i s  therefore of l i ttl e pra c t i ca l  va l ue for wound agei n g  

purpo5es . T he  ear l i es t  rel i a bl e l eucocyt i c  response  to  i nj ury i s  

neutroph i l exuda t i on . Usua l l y  th i s  commences from 1 -8  hours a fter 

i nj u ry ,  a l though  de l ays of up to 24 hours  have been recorded ( Fatteh , 

1966a , 1966b ; Raeka l l i o ,  1 965 ; H i rvonen , 1968a ; H i rvo nen and  Oja l a ,  

1 968 ; Oja l a e t  a Z . , 1969 ; t·1a l i k ,  1 970 ; Robertson and  Hedge , 1972 ) . 

The neutroph i l s  .accumu l a ted i n  i nters t i t i a l  s pa ces ra pi d l y ,  a nd 

max i mum n umbers were usua l l y  reached wi th i n  24 hours of i nj ury . After 

th i s ,  thei r numbers decl i ned i n  favour of mac rophages ( Ro s s  a nd  Bend i t t ,  

196 1 ;  Fa tteh , 1966b ; S teel e and W i l he l m ,  1970 ) . I n  s k i n wounds , the 

mac rophage exudate u s ua l l y  a rri ves approx ima te l y 8 hours a fter i nj ury 

and  becomes a promi ne n t  feature by 24 hours . The dec l i ne i n  numbers 

i s  s l ow c ompa red to that of  neutroph i l s ,  and  a v i gorou s res ponse  may 

be observed for a t  l ea s t  8 days a fter i nj u ry ( Robertson and  Hedge , 

1 9 72 ) . Regard l e s s  of  actua l l eucocyte numbers , macrophages tend to 

be i n  exce s s  of neutroph i l s  i n  the exuda te of wounds more than 1 2 -24 

hours o l d ( Ro s s  and  Bend i tt ,  1 96 1 ; Sc i uba e t  a l . , 1978 ) . 

Eo s i nophi l s  a re not u sua l l y  a fea ture of  the h i s to l og i ca l  react i o n  to 

i nj u ry but  they have been obse1·ved i n  both i nc i s i o ns and  a bra s i on s . 

F l or i d eos i noph i l exuda tes have been observed i n  4-6  hour o l d 

abra s i on s  a ffect i ng dog s  and i n  2 day o l d i nc i s i on s  i n  p i g s ( R i ddl e 

and  Barnhart , 1964 ; Ordman and G i l l ma n , 1966 ) . Stee l e a nd W i l he l m 

( 1970 ) observed t hem a l so i n  gu i nea p i g i nc i s i ons , where thei r 
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a rr i va l  2-6  hours a fter i nj u ry co i nc i ded wi th  tha t of neutroph i l s .  I n  

contra s t  to the neutroph i l s  however , the eos i nophi l s  a ggregated 

peri pheral  to areas  of damage . Max i mum numbers  of  eo s i noph i l s  had 

accumu l a ted wi th i n  5- 15 hours of  i nj ury , but  the subseq uent  decl i ne i n  

popul a t i o n  wa s s l ow ,  and eo s i noph i l s  s t i l l  pers i s ted a t  the marg i n  of  

wounds  50 days o l d .  By thi s t i me o ther l eucocytes had d i sappea red . 

Eos i noph i l s  have a l so been observed amongs t and  peri phera l  to scar  

t i s sue  i n  ra t i nc i s i o ns  ( Ba s sett et a Z . , 1977 ) . Numbel�s  i ncreu. s ed 

rap i d l y  from day 6 - 1 2  and rema i ned e l evated for i n  exces s of 30 days , 

a t  wh i ch t i me the exper iment  wa s termi nated . These authors suggested 

tha t the eo s i noph i l s  shared a funct ion  i n  the synthes i s  of  s u l phated 

gl yco sami nog l ycans  or  i n  the remodel l i ng  of  co l l agen . 

3 .  The h i s tochemi s try of ac i d  glycosami noglycan s  i n  s k i n  wou nds : 

Ac i d  g l ycosami nog l ycan s , formerl y ca l l ed a c i d mucopo l ysaccha r i de s , 

a re components of ground substance produ ced l oca l l y  by connect i ve  

t i s s ue ce l l s .  They ca n be demonstrated h i s tochem i ca l l y  wi th  a var i ety 

of  sta i ns , o f  wh i ch a l c i an b l ue  i s  one of  the mo s t  5peci fi c .  The  

s ta i n i ng properti es  of  ac id  g l ycosami nogl ycan s  a l ter rap i d l y  fo l l owi ng 

i nj ury ,  proba b l y  becau se  of  changes  i n  confi gura t i on caused by a l tered 

l oca l  pH and e l ectrol yte concentra t i on s  ( Gers h  a nd Catchpol e ,  1 960 ) . 

Los s  of  s ta i n i ng ha s  been observed i n  1 hour  o l d bru i s e s  a s  we l l a s  i n  

abra s i o ns , i nc i s i ons  a nd e l ectrocu t i on wound s  ( Raeka l l i o ,  1 9 6 1 ; 

Neve l os  and  Gee , 1 970 ) . Nevel os  a nd Gee ( 1 970 ) bel i eved the change  was 

caused  by haemorrhage , a nd c i ted i n  ev i dence the fact  that ac i d  

g l yco sami nog l ycan  s ta i n i ng rema i ned a s  norma l i n  b l ood l e s s  wou nd s such  

a s  those  caused by s trangu l at i o n  and hangi n g . The i n i ti a l  pha s e  of  

decrea sed ac id  g l ycosami nogl ycan s ta i n i n g i s  general l y  superceded by 

a peri od of  i nc reased s ta i n i n g ,  the i nten s i ty of wh i c h may cause the  

wound to  become c l earl y del i neated from s urroundi ng t i s sue  ( H i rvo nen , 

1 968a ) . Th i s  change  may occur a s  earl y a s  2 - 6  hours a fter i nj ury 

( Gers h and Catchpo l e ,  1 949 ) , i n  wh i c h case  i t  refl ects  further 

s tructura l  a l tera t i o n s  to pre-ex i s t i n g  a c i d g l ycosami nog l ycan po l ymers . 

U s ua l l y ,  however , i t  occurs l ater , wi th  the  advent  of  repa i r ,  and  i s  

due to the synthe s i s of new mater i a l  by fi bro b l a s ts ( Raeka l l i o ,  1973 ) . 

I ncrea sed i ntraf i brob l a s t i c a nd extracel l u l a r s ta i n i n g has  thus  been 

observed ma i nl y  i n  wounds from 16-72  hours o l d ( Dunphy and Udu pa , 1955 ; 
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Raeka l l i o ,  1 96 1 ; H i rvonen , 1 968a ) . Subjec t i v e l y  a s s e s sed ac i d  

g l yco sami nog l ycan l evel s rema i ned e l evated for u p  to 6 days i n  rat 

i nc i s i ons , a fter wh i ch t i me there wa s a s harp decrea se , co i nc i d i ng 

wi th  the appearance of  new l y  synthes i s ed co l l agen  ( Dunphy and  Udupa , 

1955 ) . 

I n  contra s t  to the a bove observat i ons , Pu l l ar ( 1 973 ) found h i s to ­

chemi ca l s ta i n i ng o f  a c i d  g l yco sami nogl yca n s  to  be  of  l i mi ted va l u e 

a s  a techni que for a ge i ng wound s ,  a s  subject  age  and nutri ti ona l  

s ta tu s  were o f  equa l  i mportance  i n  determi n i ng the  character of the 

react i on . 

4 .  F i bropl a s i a  a nd vascu l a r  changes fo l l owi ng i nj ury to s k i n :  

F i brobl a s t s  a re fi r st  observed i n  s k i n  wounds  from 16 hours to 3 days 

after i nj ury ( Raeka l l i o ,  1 96 1 ;  Ro s s  and Bend i tt ,  1 96 1 ; Ordman and  

G i l l man , 1966 ; H i rvonen , 1 968a ; Raeka l l i o ,  1 9 7 7 ) . They i ncrea se  

rap i d l y  i n  number a nd to  some extent i n  s i ze ,  unt i l approx imate l y day 

7 ,  after wh i c h  t i me the fi brob l a s t  popu l a t i o n  decreases . F i ne 

argyroph i l i c reti cu l i n  fi br i l s  have been observed i n  1 - 5  day o l d 

wounds ( Levenson et a l . , 1965 ; Robertson a nd  Hodge , 1 972 ; Ba s set  

et al . , 1 977 ) . I n i t i a l l y ,  these  fi bri l s  were c l o s e l y  a s soc i a ted 

wi th  fi brob l a s ts , but they eventua l l y  formed a l oose  network through­

out  i nters t i t i a l  s pace s . Reti cu l i n  had begun to mature i nto van Gi eson 

pos i t i ve co l l a gen fi bri l s  by days 4-7  after i nj ury ( Raeka l l i o 1 96 1 ; 

Ro s s  and Bend i tt ,  1 96 1 ; Ordman a nd G i l l man , 1 966 ; Robertson and  

Hedge , 1 972 ; Rae ka l l i o ,  1 9 77 ) . The amounts  of  co l l agen i ncrea sed 

rap i d l y  thereafter as  the amounts  of  ret i cu l i n  decrea s ed .  At fi r st  

the col l a gen  wa s formed a s  a l oo se  network of  fi bri l s  wi th i n t he  

i nters t i t i um ,  but  i n  \..,rounds  more than 5 days o l d maturi ng  f ·i br i l s  had 

condensed i nto coa rser ,  more deep l y  s ta i n i n g fi bres . These i n  turn 

condensed fur ther to form compac t  connect i ve t i s sue  bund l es  o f  scar 

t i s s ue ( Ro s s  a nd Bend i t t ,  1 961 ) . 

N ewl y formed e l a s t i n i s  not a promi nent feature of heal i ng wou nd s . 

Ordman and  G i l l man ( 1966 ) o bserved a few fi ne , wavy e l a s t i n  fi bri l s  

i n  wounds  1 5  days o l d ,  but  these had i n crea s ed 1 i tt1 e i n  number  or  

matur i ty b_y day 49 . 
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U s i ng l i ght  m i c ro scopy ,  pro l i ferat i ng  endothel i a l  cel l s  a re d i ffi cu l t 

to d i s t i ngu i sh  from fi brob l a s ts and  advent i t i a l  ce l l s  ( Levensen et a l . , 

1965 ) . I t  i s  not unt i l they have formed va scu l ar  c hannel s that new l y  

formed endothel i a l  ce l l s  a re c l ear l y i d ent i fi a b l e ,  a n d  i t  may be  for 

th i s  rea son that endothe l i a l  ce l l prol i fera t i on i s  usua l l y  observed 

l a ter than fi brobl a s i a . Au torad i ograph i c  as wel l as l i ght  mi croscopi c 

ev i dence of  endothel i a l  ce l l repl i ca t i on  ha s been detected wi th i n  32  

hours  of  necroti s i ng therma l i njury in  rats  ( Sho l l ey et a l . , 1977 ) . 

These  changes  reac hed maxi mum i nten s i ty wi th i n  48- 72 hours , dur i ng  

wh i ch t ime m i tot i c f i g ures were a l so detected . More commonl y ,  

however , newl y formed cap i l l ar i es ha ve been detected by l i gh t  

m i c roscopy from between 3 -8  days a fter i nj u ry ( Raeka l l i o ,  196 1 ; 

Ordma n and G i l l ma n ,  1966 ; Shol l ey et a l . , 1977 ) . Reva scu l ari sat ion  

of  the  react i ve s i te becomes obv i o u s  a fter day  1 2  ( Robertson a nd Hedge , 

1972 ) . 

V I . ENZYM I C  ACT I V I TY I N  WOUNDS 

Quant i tat i ve and  qua l i ta t i ve changes  i n  t i s s ue enzyme act i v i t i e s  

occur i n  wound s .  Such  changes  m i ght  be of  potent i a l  u s e  for the 

a ge i ng  of  bru i s e s . 

A .  Techn i ca l  con s i dera t i ons  i n  mea sur i ng t i s sue  enzyme act i v i t i e s  

T he  two branches  o f  enzyme s tudy i n  rel a t i o n to t i s s ue  i nj u ry are 

enzyme h i s tochem i stry a s  performed on t i s s ue  sect i on s  and  enzyme 

a s say techni ques  a s  performed on t i s s ue  homogena tes . Many tec hni ca l 

d i sadvantages  are a s so c i a ted wi th enzyme h i s tochemi s try ( Pears e ,  1 968 ) , 

yet des p i te these  the majo� i ty o f  data perta i n i n g to wounds  have 

stemmed from th i s  a pproac h .  Th i s l a rgel y refl ects  the advantages  of 

be i ng ab l e to correl ate  l evel s of enzym i c  act i v i ty wi th changes i n  

t i s sue  morpho l ogy , thus  permi tti n g  events to b e  mon i tored a s  they 

affect  i nd i v i dua l ce l l s  ( Dubowi tz a nd Pea r s e , 1 96 1 ; Mora l e s a r.d F i ne ,  

1966 ; Pu l l a r ,  1 9 73 ; Sha nnon et a l . , 1 974 ) . I n  so  do i ng a n  i nc rea sed 

degree of  soph i s t i ca ti o n i s  atta i ned i n  the i n terpreta t i o n  of  resu l ts . 
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Bi ochemi ca l  a s says  of tota l enzyme act i v i t i e s  a re i nfer ior  i n  th i s  

respec t ,  s i nce they are rel at i vel y i n sen s i t i ve to ti s s ue c ha nges a s  

they affect m i nor i ty cel l popu l a ti on s  ( Lojda a n d  Gutmann , 1976 ) . Th i s  

i s  a s i gn i f i cant  l i a b i l i ty con s i der i ng the compl ex and  s u btl e nature 

of  t i s sue  rea c t i on s  i n  wound s . I mprovements  i n  techn i ques  for 

demonstra t i ng i soenzymes have , however , grea tl y  enhanced the potent i a l  

u sefu l ness  o f  the pure l y  b i oc hemi ca l  a pproach  to wou nd age i ng ( B i s hop , 

1979 ; Mauro , 1 979 ) . Advantages of th i s  method not shared by enzyme 

h i s tochemi s try i nc l ude a n  i ncrea sed s ens i t i v i ty to c hange  and 

obj ecti ve , read i l y  mea sured a nd ea s i l y  i nterpreted resu l ts  ( Barka , 

1 96 1 ;  Da nnenberg e t  a Z . , 1963 ; Ho l mes  and Mu. s ters , 1 967 ; Ma k i nen 

and Rae ka l l i o ,  1968a , 1 973 ; Da hl e and From , 1 97 1 ; Bonte , 1 978 ) . 

W i th i n the known l i m i ta t i ons  of each  tech n i q ue , a good correl a t i o n 

ha s genera l l y  ex i s ted between h i s tochem i ca l  a nd b i ochem i ca l observa - · 

t i o n s  ( Hachmi as  a nd Padykul a ,  1 958 ; Beckett , 1962 ; Barron e t  c l . , 

1 966 ; Me i j er ,  1972 ; Max a nd Wagner , 1979 ; Radzun  e t  a l . , 1 980 ) . 

However , s i nce the two techn i ques  y i el d d i fferent types of  i nformat i on  

i t  i s  des i ra bl e to  emp l oy bo th when i nves t i g a t i ng the  enzymi c act i v i ty 

of  wounded t i s s ues ( Pea rson and Kar ,  1 966 ) . 

B .  The na ture of en�me changes i n  wou nds 

The major i ty of  reported exper i ments  have demonstrated h i s tochem i ca l  

and  b i oc hemi ca l  changes  i n  the enzymi c act i v i ty of damaged t i s sues  

( Pu l l ar ,  1 973 ; Mauro , 1 979 ) . These  changes  a ppear rel a t i ve l y non­

spec i fi c  for a wi de  var i ety of pathol og i cal  cond i t i ons  ( Jasmi n ,  1 966 ) , 

a l though va ri a ti o n s  between d i fferent k i nd s  o f  wounds  have occa s i o na l l y  

been recorded ( Mae i r  a nd Za i man , 1 966 ) . I t  therefore appears 

rea sonab l e to extra po l a te ,  wi th caut i on , between observa ti ons  ba sed on  

d i fferent types o f  i n su l ts . However , i n  common wi t h  morpho l og i ca l  

events , va r i a t i ons i n  the nature and  t i me s equence o f  enzymi c react i o n s  

vary accord i ng to  t he  t i s s ue  ( Raeka l l i o a nd  Levonen , 1 963 ) and  t he  

s pec i es of  a n i ma l  affected ( Markert and Hunter , 1 959 ; Raeka l l i o ,  1 96 1 ; 

Fatteh , 1 966a ; Ho l mes a nd Ma s ters , 1 9 68 ;  Hou-Jensen , 1 968 ; We l l er 

e t  a l . , 1 973 ; Bonte and  Hermann , 1 978 ; Ha ncoc k e t  a l . , 1978 ) . 

Controversy ex i s ts  over the effect of severi ty o f  i nj ury on subsequent 
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enzymi c act i vi ty .  B rovm and Hamdy ( 1 964 , 1 965a , 1965b ) ob served 

s i gni fi cant l y i ncrea s ed enzyme act i v i t i e s  wi th i ncrea sed sever i ty of 

bru i s i n g .  Others , however ,  have found the effec ts of severi ty of 

i nj u ry to be  i ns i gn i fi cant ( Shanno n et a l . , 1 974 ) . S i nce  the mos t  

fl or i d enzym i c  react i ons i n  wound s occur peri p hera l  to the a rea s of  

s evere t i s sue  damage  ( Fatteh , 1966a ; Rae ka l l i o ,  1977 ) , the s everi ty 

of i nj ury a ppears  l i ke l y  to i nfl uence the  degree of the response . 

Op i n i ons  d i ffer a s  to the nature , the degree a r.d the s i g n i fi cance  of  

enzyme cha nges i n  wounds . As a genera l i sa t i on , enzym i c  acti v i ty 

decrea ses  d ur i ng necros i s  then g radua l l y  i ncreases  dur i ng regenerati on  

( Smi th , 1965 ; F i ne e t  a l . , 1 965 ; Rae ka l l i o and  Ma k i nen , 1967 ; 

Oja l a ,  1 968 ; W i esma r.n  e t  a l . , 1969 ; Josza , 1 974 ; D i  Mauro et a l . , 

1 978 ; Jo sza e t  a l . , 1978 ) . However , both i nc rea sed ( Fatteh , 1 966b ; 

Ma k i nen n. nd Raeka l 1 i o ,  1967 ; H i rvonen , 1 968a , 1 968b ; Ha nco c k  et a l . , 

1 978 ; Me i j er a nd I s ra el , 19 79a ) and uncha n ged ( Ma e i r  and  Za i man , 

1966 ; McCa u s l and and Dougherty ,  1 978 ) enzyme act i v i t i e s have been 

recorded . The  t i me s equences , and to an extent the  nature , s en s i t i v i ty 

and degree of response , depends on the i nd i v i d ua l  enzyme s tudi ed 

( Fatteh , 1966a ; . F i ne er; a Z . , 1 966 ; Raeka l l i o ,  1 973 ) . I t  has  

therefore been recommended that the enzymi c act i v i ty of  wounds be 

s tud i ed u s i ng a battery of enzymes represent i n g  severa l d i fferent 

metabo l i c  pathways ( F i ne et a � . , 1966 ) . 

C .  The t i me co urse  of  enzyme changes i n  wou nds  

Opi n i ons  are d i v i ded a s  to  the u sefu l ness  of  enzyme s tud i e s  when  

a ge i ng wound s . The mi nori ty op i n i o n i s  that enzyme act i v i t i e:; mere l y  

accompany n1orpho l og i ca l  events s uc h  a s  c e l l exuda t i o n  a nd f i brobl a s t  

pro l i fera t i on and are therefore o f  l i lt l e p ra c t i ca l  advantage  for 

age i ng purposes  ( Hod son  et a l . , 1 962 ; H i rvonen , 1 968b ; Hou -Jensen , 

1 968 ) . The mo s t  conv i nc i ng a rgument i n  th i s respect comes from the 

\'JOrk of  Hou-Jensen  ( 1 968 ) who mon i tored h i s tochem i ca l  enzyme act i v i t i es 

i n  the wounds of  contro l  a nd X - i rra d i a ted rats . He reported a l ac k  of 

enzymi c acti v i ty i n  the wounds  of  the i rrad i a ted and therefore 

l eu ko paen i c  a n i ma l s ,  but observed a v i goro u s  response a s soc i a ted w i t h  
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the cel l u l a r exudate i n  the control s .  On th i s evi dence he a ttri buted 

the enzy�i c res ponse  i n  i njury so l e l y  to the i nfl ux  of enzymat i ca l ly 

act i ve l eucocytes . The majori ty o f  op i n i on ba sed on h i s tochemi ca l  

and  b i oc hemi ca l  evi dence , however , i s  t hat  enzymi c react i ons  

s i gn i fi cant ly  precede the  ear l i es t  unamb i guous response  to  i njury and  

that  they prov i de a u seful too l for wound age i ng  purposes  ( Fa tteh , 

1966a , 1966b ; F i ne e t  a Z . , 1966 ; ��a k i nen and  Raeka l l i o ,  1967 ; 

H i rvonen , 1968a ; Rae ka l l i o a nd Ma k i nen , 1 967a , 1969a , 197 1a , 1 9 7 1 b ; 

Danse  and  S teenberger-Botterwerg , 1974 ; Hancock  et a Z .  , 1978 ; 

Wagner e t  a Z . , 1978 ; Max a nd Wagner , 1979 ) . They are es pec i a l l y  

usefu l  d uri n g  the earl i es t  s ta ges  o f  the t i s s ue re s ponse  ( Pu l l a r ,  1973 ; 

Raeka l l i o a nd N i emi nen , 1 979 ) . 

D .  Observa t i on s  o n  spec i fi c  en zyme act i v i t i e s  i n  wounds 

L i ttl e i s  k nown o f  the  mechan i sms by wh i c h enzymes are act i vated by 

i nj ury ,  a nd ava i l ab l e exp l ana t i ons for the i r  be i n g  so are l a rge l y 

s pecu l a ti ve ( Hol mes a nd Ma s ters , 1967 ; Di Mauro e t  a Z . , 1978 ; 

Bock i  n g  and  Ri  ede , 1979 ; Mauro , 1979 ; t� i rand a e t  a Z .  , 1979 ) .  

However , i t  i s  l o g i ca l  to a s s ume that  a l tered t i s s ue enzyme act i v i t i es 

refl ect c hanges  i n  the metabol i sm of  dama ged ce l l s .  Deta i l ed 

observa t i on s  on i nd i v i dua l  en zyme act i v i ti es  are therefore cons i dered 

be l ow accord i ng to the major metabo l i c  func t i ons  i n  wh i ch they 

parti c i pate . These a re grouped a s  fo l l ows : g l ycol yti c pathway , 

c i tri c a c i d cyc l e ,  pentose pho sphate pathway , hyd ro l a ses  and 

mi sce l l a neous . Several  enzymes  are a s soc i a ted w i th each of  these 

pathways , but the major i ty of s tud i es on damaged t i s s ues have 

concentrated on  a few so-ca l l ed ' marker ' enzymes , the act i v i t i es  cf 
wh i ch a re i nd i ca t i ve of  the funct i ona l  s ta tes  of  the i r  a ppropri ate 

metabo l i c  pathways . 
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1 .  The glycolyt i c  pa thway : 

For wound a ge i ng purposes  the mo s t  wi de l y i nve st i ga ted g l yco lyt i c 

enzymes  are a l do l a se , g l ycogen  phosphoryl a s e  a n d  l acta te dehydrogena se . 

( a ) Al do l a se : H i s tochemi ca l  observa t i ons  perta i n i ng to a l do l a se mu s t  

b e  i nterpreted w i th caut ion  because  of  the so l ub i l i ty of  th i s  enzyme 

and the marked effects  that techn i que can  therefore have on  v i s i b l e  

act i v i ty ( Beckett , 1962 ) . H i s tochemi ca l  a c t i v i ty has  been observed 

to decrease  from between 1-5 days a fter rupture of  s ke l e ta l  musc l e 

( Josza , 1974 ) . Rever s i on s  to foe ta l  i soenzyme patterns  have been 

observed i n  vari ous  neuromuscu l ar  and  dys troph i c  d i sea. s e s  ( M i randa 

et a l . , 19 79 ) . 

( b )  Glycogen phosphor·yl a se :  Due to i ts l a b i l i ty and  so l ub i l i ty ,  the 

h i s tochem i ca l  demon stra t i o n  of g l ycogen phosphoryl a se  i s  a ffec ted by 

techn i ca l  factors s uch a s  the type of  f i xa t i ve empl oyed and the 

compo s i t i o n  of  the i ncuba t i ng med i um ( Ta keuch i  and  Kuri a k i , 1955 ; 

Ogata , 1968 ) . I n  add i t i on , t h i s en zyme i s  read i l y i nact i vated dur i ng  

a u to l ys i s  ( Mora l es a nd F i ne , 1966 ) . Neverthe l e s s , prov i ded t i s s ue s  

a re proce s sed exped ·i t i ou s l y ,  a nd s tandard methods  of demon stra t i o n  

are empl oyed , a good correspondence between b i oc hemi ca l l y  and 

h i s tochemi cal l y  mea s ured act i v i t i es can  be a c h i eved ( Beckett , 1962 ) . 

G l ycogen phos phoryl a se  act i v i ty i s  one of the f i rs t  to a l ter i n  

wound s . I t  undergoes a ra pi d and  pronounced decrea se  po s s i b l y  w i thi n 

m i nutes , but  a l mo s t  certa i n l y  wi th i n 1 2  hours  a fter i nj ury ( Smi th , 

1 96 5 ; F i ne et a l .  , 1966 ; Mora l e s and F i ne , 1966 ; Snow , 1973 ; 

Jo sza et a l . , 1978 ) . Act i v i ty does not return u nti l musc l e  

regenera t i on  i s  a l mo s t  compl ete , desp i te the pers i s tence or earl i er 

reappeara nce of  other g l ycol yti c enzymes ( Smi th , 1955 ; Snow , 1973 ) .  

The l a c k  of  g l ycogen phos phoryl a se  act i v i ty i n  regenera t i ng  musc l e 

has  been ta ken to i nd i cate the rel a t i ve u n i mportance of  anaerob i c 

g l yco l ys i s  dur i ng mu sc l e d i fferenti a t i on  ( Snow , 1973 ) . Th i s  v i ew ha s 

been c ha l l enged , however , by Wagner et a l .  ( 1976 ) who demonstra ted 

norma l l acta te product i on i n  regenera t i n g  musc l e des p i te a 60% l os s  

i n  b i  ochemi e a  l l y demonstrated phosphoryl a s e  a c t i v i ty . 
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Al tera t i on s  i n  the number and  rel at i ve act i v i t i e s  of  g l ycogen 

pho sphoryl a se  i soenzymes occur wi th i n  2 hours  i n  s k i n  wounds  ( Bonte , 

1978 ) . Th i s  a ppears to refl ect a revers i on to foeta l i soenzyme 

pa tterns  ( Di Mauro et a l .  , 1978 ) . 

( c ) Lacta te dehydrogena se : Norma l mu sc l e s hows s trong  l ac tate 

dehyd rogena se act i v i ty ,  1-1 i th vari a ti on s  i n  i ntens i ty accord i n g to 

fi bre type ( Dubowi tz a nd Pearse , 196 1 ;  Kar and  Pearson , 1963 ) . 

Fo l l owi ng  va ri ous  types of  i nj ury i nc l ud i ng i s c ha emi a ,  i nc i s i ons  

and  bru i s i ng ,  there i s  a progres s i ve decl i ne i n  both  h i s tochem i ca l l y  

and  b i  ochemi ea l l y demon strab 1 e 1 acta te dehydrogenase act i v i ty 

( Wi esmann  et a Z . , 1969 ; Wagner et a l . , 1976 ) . When mea s ured h i s to ­

chem i ca l l y ,  th i s decrea se may be  preceded by a trans i en t  i ncrease  i n  

ac t i v i ty ,  but  t h i s  i s  an  a rtefact  caused  by mi tochondr i a l  swel l i ng 

( Josza , 1974 ) . The c hange i n  act i v i ty frequent l y  precedes 1 i g ht  

mi cro s cop i c  e v i d ence of t i s s ue damaye and  i n  th i s  respect l ac tate 

dehyd rogena se  i s  one  of  the earl i e s t  en zymes to a l ter fo l l ow i n g  i nj ury 

( Josza , 1 974 ) . The s peed of  the decrease  var i es accord i ng to the 

nature of  the i ns u l t ,  but  has  genera l l y  been observed to commence 

wi t h i n 2 hours of  i nj ury ( F i ne et  a l . , 1966 ; Mora l es and Fi ne ,  1966 ; 

Oj a l a ,  1968 ; Jos za , 1974 ) . Act i v i ty then dec l i ne s  progres s i ve l y  and  

ha s  u s ua l l y  d i sappeared from degenera t i n g  mu s c l e fi bres wi th i n  72 hours . 

Lacta te dehydrogena se  i s  a l so one of  the fi rs t  enzymes to rega i n  

a cti v i ty wi th ti s s ue regenerati on , i nd i ca t i n g  the i mportance of 

anaerob i c g l yco l ys i s  dur i n g  th i s  phase of hea l i ng ( Oj a l a ,  1968 ; 

Snow , 1 973 ) . A return of act i v i ty has  been observed a s  ear ly  a s  

24  hours  i n  bru i ses  ( Jo sza , 1974 ) , but  i n  mo s t  wounds  t he  progres s i ve 

i ncrea se  ha s been observed to commence much  l a ter - a t  l ea s t  4 days 

a fter i nj ury ( Oj a l a ,  1968 ; �J i esma nn  e t  a l . , 1 969 ; Snow , 1973 ; 

Wagner e t  a l . , 1976 ) . 

Norma l musc l e pcsses ses  fi ve e l ec trophoret i c a l l y  demons trab l e  l actate  

dehydrogena se  i soenzymes , w i th a predomi nance of the LDH 5 cathoda l  

type ( Ka r and  Pearson , 196 3 ;  Harri s and  Hop k i nson , 1976 ) . Vari a t i on 

i n  i soenzyme compo s i t i on  exi sts  between  d i fferent  musc l es and  between 

fi bre types , but th i s norma l vari a t i o n  i s  mi nor i n  degree compared to 

the changes  that  have been observed i n  abnorma l musc l e ( Dubowi tz and  
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Pea rse , 196 1 ;  Kar a nd Pearson ,  1963 ; Pearson and  Kar ,  1966 ) . Duri n g  

musc l e deve l o pmen t  t he  i soenzyme compos i t i o n o f  norma l fi bres cha nges 

i n  a reproduc i b l e  manner from a foeta l to a ma ture pa ttern , wi th a 

predomi nance of  a noda l  and  ca thodal  ba nds  res pect i ve l y  ( Mauro , 1979 ) . 

A revers i o n  to a foeta l  pattern of  acti v i ty h a s  been observed i n  

necrot i c and  regenera t i ng musc l e fo l l ow i ng  anoxi a and  phys i ca l  i nj ury 

( Mauro , 1979 ; Bo n te and  Bode , 198 1 ) . I t  has  not , however ,  been 

pos s i bl e  to e s tab l i s h a rel at i ons h i p between l ac ta te dehydrogena se  

i soenzyme patterns and  the  dura t i o n or the sever i ty of t i s s ue damage . 

2 .  The c i tr i c  a c i d  cyc l e :  

When s tudyi n g  i nj ured t i s s ues the enzyme usua l l y  se l ected to represent  

the  c i tri c a c i d cyc l e  i s  s ucc i nate dehydrogenase . Other enzymes from 

th i s  pathwa y ,  s uc h  as ma l a te dehydrogenase and  i soc i trate dehydrogena s e ,  

have proven l es s  useful  i n  th i s  respec t  ( Pearson  and  Kar ,  1966 ) . 

( a ) Suc c i nate dehydrogenase : H i s tochemi ca l  a nd  b i oc hemi ca l  a s s ay data 

perta i n i ng  to s ucc i na te dehydrogena se a ct i v i ty a re i n  genera l a greement 

( Nachmi a s  and  Padyku l a ,  1958 ) . Norma l mu s c l e s hows a moderate h i s to­

chemi ca l  reac ti o n  for the enzyme , wi th vari a ti on accord i ng to  fi bre 

type ( Dav i es a n d  Gun n , 1972 ) . Ac ti vi ty may a l so  exi s t  i n  l eucocytes , 

fi brob l a s ts a nd f i brocytes , depend i ng o n  the s pec i es of  a n i ma l  

con s i dered ( Oja l a ,  1968 ) . 

When o bserved , c ha nges i n  succ i na te dehydrogena se  act i v i ty u sua l l y  

occur l a ter t han  tho se for other dehydrogena se s . A progres s i ve decl i ne 

to a compl ete absence of  enzyme acti v i ty has  been reported between 

2 hours  and  6 d ays after i nj ury ( Raeka l l i o ,  196 1 ;  Bec kett , 1962 ; 

Smi th , 1965 ; F i ne e t  a Z . , 1966 ; H i rvonen , 1968a ; Oj a l a ,  1968 ; 

Josza , 1974 ; Bonte and Bode , 1981 ) . Th i s  decrea se  cou l d genera l l y  

b e  re l ated t o  t h e  onset  a n d  s ever i ty o f  mi tochondr i a l  d i s so l ut i on 

( Becket t ,  1 962 ) . Succi nate dehydrogena se  act i v i ty reappears  i n  

regenera t i ng mus c l e fi bres a t  from 2 - 1 4  days  a fter i njury .  The t ime 

for i ts reap pearance a ppears to depend on the nature of  the i ns u l t 

and  the  s pec i es o f  a n i ma l  a ffected ( Smi th , 1965 ; Oja l a ,  1968 ; Snow , 

1973 ) . Leucocytes a nd fi brob 1 a s ts demons trate an  i nc rea se  i n  

succ i n a te dehydrogena se  acti v i ty i n  wounds , commenci ng  from 4- 1 2  hours 
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after i nj ury ( Raeka l l i o ,  1964 ; Oja l a ,  1 968 ) . These ce l l s  may 

contr i bute s i gn i fi ca n tl y to the overa l l en zyme act i v i ty i n  the a rea 

of  damag e  ( Raeka l l i o ,  1964 ) . 

3 .  The  pentose  phosphate pathway : 

The pentose  phosphate enzyme pathway synthe s i s es nuc l e i c  a c i ds  from 

g l ucose-6 - phos phate and  i s  thus an i mportant  metabo l i c  pathway i n  

devel op i ng  a nd regenera t i n g  t i s sues  ( Metz l er , 1 9 77 ) . I t  compri se s  

a s equence of  two oxi dat i ve enzymes , name l y  g l ucose-6- phos pha te 

dehydrogena s e  a nd 6 - phosphog l uconate dehydrogena s e , fo l l owed by fi ve 

non-ox i da ti ve e n zymes . The non-oxi dati ve  enzymes demons trate o n l y  a 

mi nor i ncrea s e  i n  regenerat i ng  t i s s ues . Both o f  the ox i dat i ve e n zymes , 

on the o ther hand , a re capab l e of respond i ng rap i d l y  to regenerat i ve 

s ti mu l i ,  and  a ppea r to be the rate determi n i ng s teps for the pentose 

phos p h a te pa thway ( Max a nd Wagner , 1979 ) . Both  g l ucose-6-phosphate 

dehydrogena se  and  6 - phosphog l uconate dehydrogenase  s how s i mi l a r 

responses  fo l l ow i n g  t i s sue  damage . The former i s  the mos t  frequent ly  

s tud i ed .  

{ a )  Gl ucose-6-phosphate dehydrogena s e : Al though  a h i gh  l evel  of  

g l ucose-6-phosphate dehydrogenase act i v i ty can  be detected both 

h i s tochemi ca l l y  a nd b i oc hem·i ca l l y  i n  foeta l musc l e ,  act i v i ty i s  

pre sent  o n l y  i n  very l ow l evel s i n  norma l adu l t vertebrate mus c l e 

( Oga ta and  Mor i , 1964 ; Max a nd Wagner , 1 979 ) . Fo l l owi ng  i nj u ry ,  

however , the e n zyme i s  ra p i d l y  synthe s i sed . W i th i n 2 hours g l ucose-

6-phosphate dehydrogena se  l evel s may doubl e ,  a nd  by 24 hours  they may 

have i nc reased  n i nefol d ( Snow ,  1973 ; Max and  Wagner , 1979 ) . Maxi mum 

va l ue s  co i nc i de  w i th maxi mum l evel s o f  regenerat i ve acti v i ty a s  j udged 

h i s to l og i ca l l y ,  but  the earl i es t  detectab l e i ncreases  i n  act i v i ty 

occur very soon  a fter i nj ury and may precede h i s to l og i ca l  evi dence 

even of de  genera t i ve change ( Wagner e t  al .  , 1 9 78 ) . Enzyme 1 eve 1 s 

return to norma l a pproxi mate ly  14 days a fter i nj ury ( Smi th , 196 5 ; 

Snow , 1973 ) . E xtravascu l ar  macrophages  may acq u i re g l ucose-6- pho sphate 

dehydrogena s e  act i v i ty approx i mate l y  10  hours  a fter i nj ury to mus c l e ,  

but th i s  so urce of  e n zyme has  been s hown to be m i nor i n  compa ri son to 

the muscu l ar  component  ( Max and Wagner , 1979 ) . 
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4 .  Hydro l ases : 

The mos t  common ly  s tud i ed hydro l ases  i n  damaged  ti s sues  have been ac i d  

phosphata s e , a l ka l i ne phosphata s e , l euc i ne ami nopept i da se  and  non ­

s pec i f i c  e s tera se . 

( a ) Ac i d  phosphatas e : H i s tochemi ca l  observa ti on s  have frequentl y 

s ugges ted t ha t  ac i d phosphata se  i s  e i ther a b sent  from , or ex i s t s  o n l y  

i n  trace  amounts  i n  s ke l e ta l  mu sc l e ( Mae i r  a n d  Za i man , 1966 ; Oja l a ,  

1 968 ; Shannon e t  a l . , 1974 ) . More soph i s ti cated h i s tochem i ca l  

techn i ques des i gned to mi n i mi s e  the l os s  o f  ac i d  pho s phata se  act i v i ty 

through enzyme i nh i b i t i o n  or  d i ffu s i o n  i nto the  s ubs trate med i um have , 

howevet· , cons i s tentl y demonstrated modera te amounts  of  act i v i ty i n  

th i s t i s s ue ( Lojda and  Gutmann , 1976 ; Engel , 1979 ; Oh iyumi a nd 

Oh iyumi , 1 9 79 ) . Ac i d  phos phata s e  i s  a l so  pres ent i n  l eucocytes , 

fi brobl a s t s  a nd fi brocytes ( Raeka l l i o ,  1964 ; Fatteh , 1966b ; H i rvonen , 

1968b ; Rudo l ph and  Schnabl e ,  1979 ) . 

H i s tochemi ca l l y  detected ac i d phosphata se  a c t i v i ty has  genera l l y  been 

s hown to i n crea se  i n  damaged mu sc l e f i bres ( Mae i r and Za i man , 1 966 ; 

Neerunj un  a nd Dubowi tz , 1 974 ; S hannon et a l . , 1974 ; Engel , 1 9 79 ; 

Mei jer  and I s rae l , 1 9 79a ) , though  th i s has  not a l ways been the case  

( Oja l a ,  1968 ; McCa u s l and  and  Dougherty , 1 9 78 ) . The  i ncrea s e  occurs 

duri n g  regenerat ion  a nd has u sua l l y  been noted between 2-7  days after 

i nj ury .  The magn i tude o f  the res ponse  a pprox i ma tes the s everi ty of  

musc l e damage and  i s  bel i eved to  refl ect  a n  i ncrea se  i n  the  number 

of sarcop l asmi c l ysosomes ( Brown and Hamdy , 1964 ; Mae i r and Za i man � 

1 966 ; O h iyumi and  Oh iyumi , 1 9 79 ) . A return to norma l l evel s occurs 

approx ima te l y  14  days after i nj ury ( Shannon  e t  a l . , 1974 ) . 

Accord i ng to the maj or i ty of  observat i on s  on  wounds , the earl i es t  

h i s tochemi ca l l y detectab l e ac i d pho s phata s e  re s ponse  occurred i n  l oca l  

·i n terst i ti a l  fi brob l a s ts a t  between 2-6  hours  a fter i nj ury , depend i n g  

on the s pec i es o f  a n i ma l  affected ( Fatteh , 1 9 66a , 1966b ; Oja l a ,  1968 ; 

Mal i k , 1 970 ; Raeka l l i o ,  1 9 77 ) . Th i s  i ncreas e  pre-dated the arri val  

of  the ac i d  phosphatase  r i c h  ce l l u l a r exuda te by s evera l hours and  

was therefore cons i dered a u seful mean s  of a g e i ng  wound s . Others , 

however , have fa i l ed to substant i ate these o b s erva ti on s  ( H i rvonen ) 
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1963a ; Hou-Jensen , 1968 ) . The l a tter two authors have a ttri buted the 

i ncreases  i n  enzyme acti v i ty ent i re l y  to l eucocytes and  have therefore 

conc l uded tha t  the h i s tochemi ca l eva l uat i on of ac i d phosphata s e  act i vi ty 

offers no advantages  over routi ne h i s to l ogy for wound age i ng  purposes . 

B i ochemi ca l  a s says of  ac i d  phos phatase  a cti v i ty i n  wound homogenates 

have genera l l y  concurred wi th  h i s tochemi ca l  ob servat i on s , a l though 

d i fferences have ar i sen  in  cases  where the ce l l u l a r exuda te has 

contri buted s ub s ta nt i a l l y  to the overa l l act i v i ty ( Brown and Hamdy , 

1964 ; Shannon et a Z . , 1974 ; Mei j er and  I s rae l , 1979b ) . The l i mi ted 

amoun t  of data ava i l a b l e has  a l so s u gges ted the potent i a l  val ue  of  

i soenzyme s tud i es when  age i ng  wounds .  Certa i n  e l ectrofocu s s ed ac i d  

phosphata se  i soenzymes demonstrated a n  i ncrea s ed acti v i ty wi th i n  2 

hours i n  s k i n wounds  ( Bonte , 1979 ; Bonte and  Bode , 1981 ) , and  the 

re l ati ve  a cti vi ti es  of e l ectrophoreti ca l l y  s epa rated i soenzymes i n  

s ke l e ta l  mu sc l e have been shown to a l ter  wi th the onset  of  necros i s  

( Mei j er  a nd I s rae l , 1979b ) . Ma k i nen and Rae ka l l i o ( 1 9 7 1 ) , on  the 

other hand , fa i l ed to detec t changes i n  e l ectrofocu s sed ac i d  

phos phata s e  i soenzyme pa tterns i n  s k i n wound s . 

( b ) Al ka l i ne phospha ta s e : Al kal i ne pho sphata s e  acti v i ty cannot  be 

detected h i s tochemi ca l l y  i n  norma l , necro t i c  or  regenerat i ng  mu sc l e  

f i bres ( Ogata and  Mori , 1 963 ; Oj a l a ,  1968 ) . The act i v i ty of thi s 

enzyme i n  fi brob l a s ts may i ncrea s e  from between 3-8 hours  a fter 

i nj u ry ,  dependi ng  on the  s pec i es of a n i ma l  a ffected ( Rae ka l l i o ,  1 964 ; 

Fatteh , 1 966a ; Oj a l a ,  1 968 ; Ma l i k ,  1970 ; Hancock et a Z . , 1 9 78 ) . 

However ,  because  th i s  i ncrea se  usua l l y  co i nc i ded wi th the  arr i val  of  

a n  enzyme pos i t i ve l eucocyte exuda te , the  h i s tochemi ca l  eva l uat ion  of 

a l ka l i ne pho s phata se  act i v i ty wa s cons i dered of l i mi ted  val ue  for 

wound a ge i n g  purposes . McCaus l and  and  Dougherty ( 1 9 78 ) fa i l ed to 

observe changes i n  enzyme act i vi ty i n  bru i se s  of d i fferent ages . 

The total  a l ka l i ne phos phatase act i v i ty of  wound homogenates  may 

i ncrea se  w i th i n  6 hours o f  i njury ,  but  the res u l ts  are  d i ffi cu l t to 

eva l uate for a ge i n g  purpo ses because  of the var i a b l e contri but i on 

mad
.
e by i nfi l tra t i ng l eucocytes ( Ma nn i n g  and  D i  Pa squa l e ,  1967 ) . 

The re l a t i ve act i v i t i es of  e l ectrofocussed a l ka .l i ne pho sphata s e  
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i soenzymes have been found to d i ffer between s k i n  wounds a ged from 

2 hours  to 5 days o l d ( Ma ki nen and Raeka l l i o ,  1973 ) . I soenzyme 

s tud i es may t herefore prove useful  for a gei n g  wounds , e s peci a l l y  

s i nce t h i s  a p proach  enab l es the contri but i on s  o f  i nd i v i dua l  t i s sue 

components  i n  the overa l l react ion  to be eva l ua ted separa te l y .  

( c ) Non- spec i fi c  es teras e :  S l i gh t  to modera te non- s peci fi c es tera se  

act i v i ty can u sua l l y  be demons tra ted h i s tochem i ca l l y  wi th i n  norma l 

mu sc l e fi bres ( Ogata and  Mori , 1963 ; Mei jer  a nd I s rael , 1 979a ) , 

a l though  a n  absence of  act i v i ty has  been record ed ( Maei r and  Za i man , 

1966 ; Snow , 1973 ) . The enzyme ha s u sua l l y  i nc rea sed i n  act i v i ty 

wi th i n  7 days of  i nj ury , and the degree o f  the i ncrea se  has  a p prox­

i ma tel y para l l e l l ed the s everi ty of i nj ury ( Mae i r and Za i man , 1 966 ; 

Snow , 1 9 7 3 ;  Me i j er and  I s rael , 1979a ) . Occa s i o na l l y ,  however , 

unchan ged ( Mora l es and  F i ne , 1 966 ) or decreased ( Barron e t  a Z .  1966 ; 

Oja l a ,  1968 ) act i v i ty has  been recorded . Oj a l a  ( 1968 ) observed a 

compl ete l os s  of  enzyme from musc l e fi bres w i t h i n 8 hours of  i nc i s i on 

i nj ury . 

I nters t i t i a l  f i brob l a s ts  have commonl y s hown i ncreased es tera s e  

a cti v i ty i n  wound s . The t ime-course o f  th i s  response h a s  var i ed from 

10-60 m i nutes accord i ng to the observer and  the s pec i es of  a n i ma l  

affected , but  i n  each ca se  i t  preceded the arr i va l o f  the enzyme r i ch  

cel l u l ar exudate and  wa s therefore cons i dered u s efu l for wound agei n g  

purpo se s  ( Raeka l l i o ,  1 964 ; Fatteh , 1966a ; Ma l i k ,  1970 ; Ha ncock 

e t  a Z . , 1 978 ; Raeka l l i o and N i em i nen , 1979 ) . Th i s  conc l u s i on i s  not ,  

however , una n i mou s .  Nei ther H i rvonen ( 1 968b ) nor Hou-Jensen ( 1968 ) 

observ ed a n  i ncrease  i n  fi brob l a s t  e stera s e  act i v i ty i n  s k i n  wounds  

unti l a fter l eucocytes had arri ved , and Oja l a ( 1 968 ) fa i l ed to  observe 

any f i brobl a s t  enzyme act i v i ty i n  musc l e wound s . E s tera s e  act i v i ty i n  

l eucocytes has  been observed i n  wounds 8 hours a nd o l der ( Oja l a ,  1968 ) . 

I soe l ectr i c focus s i ng techn i ques  have demons trated both new es tera s e  

i soenzymes a nd a l tered re l a ti ve a cti v i t i es of  p re-exi s t i n g  i soenzymes 

i n  wounds  from 30 m i n utes to 4 hours  o l d ( Jarec k i  e t  a l . , 1970 ; Bonte , 

1 9 78 ) . There wa s a good correl a t i on of res u l t s  between wounds of  

s i mi l ar ages . 

30 



( d ) Leuc i ne ami nopepti da se : Ami nopept i d a se  act i v i ty has  not been 

detected h i s tochemi ca l l y  i n  the norma l s tr i ated  musc l e fi bres of 

tho se  a n i ma l  s pec i es i n  whi ch  wounds have been s t ud i ed ( Ogata and 

Mor i , 1963 ; Oj a l a ,  1968 ; Mei j e r  and I s rae l , 1 9 79a ) . Foc i  of 

act i vi ty have occas i ona l l y  been observed i n  dama ged fi bres ( Mae i r  

and  Za i ma n , 1966 ; Me i j er and I s rae l , 1 979a ) ,  b u t  th i s  has  not a l ways 

been the ca se  ( r�cCa us l and a nd Dougherty ,  1 978 ) . f�oderate enzyme 

acti v i ty exi s ts both  i n  l eucocytes and  i n  i nterst i t i a l  fi brob l a s ts 

( Raeka l l i o ,  1964 ; Fatteh , 1966a ; Hou-Jensen , 1968 ; Rudo l ph and  

Schnab l e ,  1979 ) . F i brob l a st i c ami nopept i da s e  a ct i v i ty ha s been 

observed to i ncrea s e  at a vari ab l e t ime after i nj ury ,  from 2 hours 

t o  7 days depend i n g on the observer , the na ture of  the i nj ury and 

the s pec i es of an i ma l  affected ( Raeka l l i o ,  1960 , 1 964 ; Mon i s ,  1 963 ; 

Raeka l l i o and  Ma k i nen , 1 967a ; H i rvonen , 1 968b ; Mal i k , 1 970 ) .  

Enzyme act i v i ty i n  i nd i v i dual  l eucocytes has  a l s o  been observed to 

i ncrease  w i th i n 8 hours of i nj u ry to mu sc l e ( Oj a l a ,  1968 ) .  

Ma k i nen a nd  Raeka l l i o ( 1967 , 1 968a ) mea sured a progre s s i ve i ncrea se  

i n  tota l enzyme act i v i ty i n  homogenates of s k i n wound s  a ged from 

2 - 24 hours o l d . · After 24 hours , enzyme act i v i t i es dec l i ned . 

H i s tochen1 i ca l  obs erva t i ons  on t i s s ue samp l es from the same wounds  were 

i n  agreement  w i th  the enzyme a s says . New am i nopept i da se  i soenzymes 

and  a l tered rel a t i ve i soenzyme act i v i t i es have  been observed i n  s k i n  

wounds  30 mi nutes to 8 hours o l d ( Raeka l l i o a nd Mdk i nen , 1967a , 1967b , 

1969a , 197 1a ) . These c hanges were not due  to extravasated b l ood or  

l eucocytes , so  cha n ges  i n  ami nopept i dase  i s oenzyme patterns  were 

con s i dered potent i a l l y  u sefu l for wound  age i n g  purposes . 

5 .  Mi scel l a n eous cnz�es : 

Two enzymes , name l y  creat i ne phospho k i na se  and  myos i n  adenos i ne 

tr i phos phata se  have been grouped under  the hea d i ng of ' m i scel l aneous 

enzymes ' becau se  they do  not bel ong  to any of the  enzyme sys tems 

former ly  con s i dered . Both are present  i n  h i gh concentra t i on s  i n  

mu sc l e .  
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( a ) Creat i ne phosphok i nase : Few publ i s hed observat i ons  ex i s t 

concern i ng the h i s tochemi cal  acti v i ty of crea t i ne  phosphok i na se  i n  

damaged musc l e fi bres because  th i s  enzyme cou l d not be accura te l y  

demon strated i n  t i s s ue sect i ons p r i o r  to t h e  i n troduct i on  o f  a 

' react i ve f i l m '  tec hn i que by Khan et a l .  ( 1 9 7 1 a ) . Jo sza et al .  ( 1978 ) 

observed a decrea se  i n  crea t i ne phospho k i na s e  act i v i ty i n  mus c l e 

f i bres that had been ruptured for between 1 - 5  d ays . 

Crea t i ne phospho k i na se  act i v i ty as  mea s ured i n  musc l e homogena tes 

fa l l s  dur i ng the f i rst  4 days after i nj ury , then r i s es to reac h  

norma l va l ues  d ur i ng the subsequent regenera t i ve  per i od ( Wi e smann 

et  al . , 1969 ) . A revers i o n  to a foeta l  i soenzyme pattern may occur 

duri n g  mu sc l e regenera t i on , fo l l owed by a gradua l  return to norma l 

d ur i n g  the proce s s  of  ma tura t i  on ( M i  ra nda e t  a Z .  , 1979 ) . 

( b ) Myos i n  adenos i ne tr i pho spha ta se : Mos t norma l musc l e has  a 

' chec kerboard ' s ta i n i ng pa ttern for adeno s i ne  tr i phosphata s e ,  wi th  

i nd i v i dua l  f i bres s ta i n i n g e i ther s trong l y  or  wea k l y  a ccord i ng to 

the i r metabol i c  type s ( Dav i es and Gunn , 1 972 ; Ka l dor and Di . Ba tt i s ta ,  

1 975 ) . The enzyme act i v i ty i n  necrot i c fi bres u sua l l y  decrea s e s  

between 2 hours to 3 days after i njury ,  res u l t i n g  i n  a u n i forml y weak 

s ta i n i ng react i on i n  a l l f i bres  ( Raeka l l i o a nd Levonen , 1 96 3a ; Mora l e s  

and  F i ne ,  1966 ; Ri l ey ,  1973 ; Jo s za e t  a l . , 1 9 78 ) . Occa s i ona l l y ,  

however , adeno s i ne tr i p hospha tase  act i v i ty i n  n ecrot i c f i bres rema i ns 

u nchanged ( Neerunj un  a nd Dubowi tz , 1 974 ) . Earl y i n  the course of  

regenera t i on , mu sc l e fi bres acqu i re a un i forml y s trong  adeno s i ne 

tri phosphata se  t'eact i on w i th no d i s t i nct i on  between fi bre types 

( Smi th , 1965 ; Ri l ey ,  1 973 ; Engel , 1979 ) . Var i a t i o n  ·i n s ta i n i n g 

rea ppears a s  the new l y  formed fi bres  mature ( Neerunjun  and  Dubow i tz ,  

1974 ) . 

Both l eucocytes a nd f i brob l a s ts po s s e s s  moderate  a denos i ne tri pho spha­

ta se  a cti v i ty i n  l a boratory a n i ma l s ( Raeka l l i o and  Levonen , 1 96 3a ; 

H i rvonen , 1 963b ; Ra ekal l i o and N i em i nen , 1 9 79 ) . The fi brobl a s t i c  

act i v i ty i ncrea sed i n  wound s over a peri od of  1 - 24 hours , a nd the 

l eucocyt i c  act i v i ty i ncrea sed dur i ng phagocytos i s .  
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CONCLUS I ON 

The sequent i a l  morpho l og i ca l  res pon se  of  i nj ured t i s sues  prov i des  a 

rel i ab l e a nd wel l documented means  of  a ge i ng  wounds  des p i te var i a ti ons  

i n  t i mes  reported for recogn i sab l e h i s to l og i ca l  events to  occur .  A 

l i m i ta t i o n  w i th the h i s to l og i ca l  or rout i ne h i s tochem i ca l  approach , 

however , i s  the ex i s tence of a so-ca l l ed ' l a g p hase ' dur i ng  wh i ch t i me 

no morphol o g i ca l  c hanges car. be detected . The  durat i on of the ' l ag 

pha s e ' va r i es , but  accord i ng to Raeka l l i o ( 1977 ) the earl i es t  

u namb i guous morpho l og i ca l  events occur from between 4 - 8  hours a fter 

i nj ury .  P r i or to th i s  t i me wounds cannot be a ged us i ng rou t i ne 

h i s to l o g i c a l  tech n i ques . 

Damaged t i s s ues a l so  s how s equen t i a l  changes i n  enzyme act i v i ty .  

The s u i tab i l i ty o f  these for wound agei ng  purposes  i s  not wel l 

e s tab l i s hed but  they have proven of some use  i n  th i s re spec t .  The 

mos t  pronounced enzym i c  cha nges have occurred w i th i n  the fi rst  few 

hours of i nj ury , i . e .  dur i ng the h i stol o g i ca l  ' l ag pha se ' ,  and  for 

thi s rea son  t he va l ue of enzyme s tud i es has been mos t  apparent when 

they have  been app l i ed to age wounds i nfl i c ted c l ose to the t i me of  

death . 

3 3  



CHAPTE R  I I  

AGE I NG BRU I S ES ACCORD I NG TO THE I R  GROSS AND 

H I STOPATHOLOG I CAL CHARACTER I ST I CS 

I NTRODUCT I ON 

Wounds  a nd bru i ses  a re u s ua l l y  aged  by compar i n g the i r g ro s s  and  

h i s topatho l o g i ca l  c haracteri s t i c s  wi th tho s e  i n  s i mi l a r l es i o ns  of  

known ages . Such  me thods are l a rge l y s ubjec t i ve  and ma ny of  the 

e s tab l i s hed a ge cri ter i a  i n  use have been based  on  l i m i ted numb ers of 

wi de l y  vary i n g  observa t i ons  ( a s  re v i ewed i n  C ha p ter I ) . One of the 

mos t  commo n s ources of  va r i a t i o n  i s  s pec i es d i ffere nces i n  rates of 

hea l i ng .  For th i s rea son  the ti me-course  of  the  ti s s ue react i on  to 

bru i s i ng l nJ ury wa s s tud i ed i n  s heep , s i nce  t h i s wa s the spec i es of 

pra c ti ca l  i n teres t .  

The brui ses  s tud i ed were o f  known ages  a nd compr i sed  both the ' i mpact ' 

type  as  caused  by s tr i k i ng  o r  crus h i ng  i nj u ry ,  and  the ' woo l  pu l l ' 

type  a s  caused when s hee p  are l i fted by the i r  wool . Var i ou s  h i s to­

pa tho l og i ca l  c hanges  i n  these  bru i ses  have  been  descri bed and  sco red 

semi -quant i tati vel y accord i ng  to the i r degrees  o f  cha nge from norma l . 

Th i s i n forma ti o n  ha s then been used  to deve l o p  a mathemat i c a l  method 

for a gei ng  brui ses  a ccord i ng to h i s topatho l o g i ca l  changes . The 

usefu l ness  of  th i s me thod i n  prac t i ce has  been eva l ua ted i n  a p i l o t 

su rvey o f  bru i ses  samp l ed from a n  export mea t works . 

MATERIAL S  AN D METHODS 

I .  I MPACT BRU I S E S  

1 .  E xpe r i menta l a n i ma l s 

F i fty hea l thy ma l e ,  ma l e- cas trate or  fema l e  New Zea l and Romney and  
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Perenda l e  l ambs were used . They ra nged i n  a ge from 3 - 1 2  mo nths o l d .  

2 .  Product i on  of  bru i se s  

I n  a n  attempt to produce a rel at i ve l y  s tandard i mpact-type b ru i s e ,  

woo l over the su rface to b e  bru i s e d  wa s parted and  a 1 500g l ea d  

wei ght  wi th  a 0 . 8  cm2 s tri k i ng surface wa s dropped onto t h e  s k i n 

through  a perforated p l a s t i c tube l . Om i n  l ength  ( F i gure 2 . 1 ) . Up  

to s i x  b ru i ses , u s ua l l y  of  d i fferent a ges , were produced on  each 

a n i ma l . The s i tes  bru i sed  were a s  fo l l ows : 

( i ) The  fore l i mbs over the l atera l a s pec t of  the d i s ta l  th i rd 

of the h umerus ; 

( i i )  The  h i nd l i mbs  mi dway over the l a tera l a s pect  of the femur ; 

( i i i )  Appro x i ma te l y  5 . 0cm each  s i de of  the do rsa l  processes  of 

the  vertebra l co l umn and i mmed i ate l y  c ra n i a l  to a l i ne 

d rawn betwee n the two i l i ac crests . 

I n  thi s way a to ta l of  178 bru i ses aged 1 ,  2 ,  4 ,  8 ,  1 2 , 1 6 , 20 , 24 , 

30 , 36 , 48 , 60 and  7 2  hours o l d  were i nfl i c ted ( Tab l e 2 . 1 ) . 

Or i g i na l l y  there were to have been fi ve bru i s e s  of each  a ge , s i nce  

equa l w i th i n -group  numbers cons i dera b l y s i mp l i fy mos t  s tat i s t i c a l  

ana l yses . However , i nequa l i ty o f  numbers d i d  n o t  pres ent  d i ffi cu l t i e s  

w i th  the s tat i s t i ca l a na l yses  eventua l l y  u s e d , s o  a l l a va i l ab l e data 

have been i nc l uded . The  extra bru i ses  came from three sources : 

( i ) Bru i se s  produced wh i l s t perfect i n g bru i s i n g tec hn i q ues  and 

methods  of fi xa t i on ; 

( i i )  Part i a l l y  s ucce s s fu l  bru i ses , where haemo rrhage wa s v i s i b l e  

gros s l y  i n  ad i pose  t i s s ue  but  where mus c l e appeared not to have 

been bru i s ed . These cases  were proces sed fo r h i s to l ogy and the 

dec i s i on whether o r  not to rej ect data res ted l a ter on the 

prese nce o r  ab s ence o f  h i s to l og i ca l  e v i dence of haemorrha ge , 

i . e .  of brui s i ng ;  

( i i i )  Bru i se s  a dded l a ter i n  the exper i ment  when , i n  order  to e s t i mate 

the i r ages , i t  became neces sary to re-defi ne the a ge categor i e s  

i nto wh i c h  bru i s es were p l aced a s  e i ther  1 - 8 ,  1 2 - 20 , 24 -36 , 48 , 

60 o r  7 2  hours  o l d .  
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F I GURE 2 . 1 The wei ght , and  p l a s t i c  tube , a l ong  w i th the  hand v i ce 

u sed  to i n fl i ct i mpa ct  and  woo l  p u l l bru i s e s  res pecti ve l y .  

The wooden  ru l er i s  40cm l on g . 





TABL E  2 . 1  THE AGES , NUMBERS AN D POS I T I ONS OF I MPACT BRU I SES  

I NFL I CTED  ON EXPER I MENTAL LAMBS . 

AGE POS I T I ON OF BRU I S E ON 
( hours ) LF RF LL RL 

1 3 1 1 0 

2 1 4 0 0 

4 1 4 2 1 

6 0 4 0 0 

8 2 0 1 1 

1 2  0 2 0 2 

16 I 3 1 0 3 
20 2 0 0 0 

24 1 2 1 1 

30 1 2 0 0 

I 36 2 2 0 2 

I 48 5 6 3 1 

60 9 3 1 2 

7 2  4 7 2 0 

LF , RF - l eft a n d  r i g h t  fo re l i mbs 

LL , RL - l e ft and r i ght  l umbar a reas 

LH , RH - l eft a nd r i ght  h i nd l i mbs  

CARCAS E NUMB E l< 
OF 

LH RH BRU I SES  

1 2 8 

0 3 8 

2 2 12  

0 1 c:; 

3 2 9 

3 2 q 
4 3 14 

3 2 7 

1 2 8 

3 4 1 0  

2 4 1 2  

4 3 22 

8 6 29 

2 1 0  2 5  
-

TOTAL 1 78 

I n  add i t i on to the a bove , two 96 hou r ,  two 1 20  hour  and two 144 hou r 

o l d bru i ses  were sampl ed . Data from these  l e s i o n s  were not i nc l uded 

i n  s ta t i st i ca l  ana l yses  but  the i r  h i s to l o g i ca l  features were no ted . 

3 .  P roces s i ng of  bru i sed t i s s ues  

At  predetermi ned t i mes  a fter bru i s i ng the l ambs  were  k i l l ed by a 

tra n s verse  i nc i s i o n t hrough  the soft t i s s ues  o f  the  neck  and  a n  

a l mo s t  s i mu l ta neou s s everence of  the s p i na l cord  t hrough  the a t l a n to­

-occ i p i ta l  j o i nt . After the  s k i n wa s removed from each  a n i ma l  i ts 

36 



•' 

bru i ses  were exami ned  gro s s l y  and  the i r  co l ou r , cons i s tency , 

d i mens i ons  and  severi ty o f  haemorrhage were recorded . Th ree sampl e s  

a pprox ima te l y  7 . 0mn th i c k were taken from mo s t  o f  t h e  bru i ses , b u t  

l es s  than th ree samp l es  were ta ken from a few o f  t h e  sma l l er l e s i ons . 

Where po s s i b l e ,  both mu sc l e  and ad i pose  t i s s ue  were i nc l uded i n  the 

same sampl e .  Contro l  t i s s ues obta i ned from u nbru i sed mu sc l e were 

trea ted i n  the same way , except tha t o n l y  o ne sampl e wa s ta ken from 

each s i te .  The  fi xed t i s s ues were embedded i n  pa raffi n and s ec t i ons  

cut  a t  appro x i ma tel y 7 . 0 J.lm th i cknes s .  The maj o r i ty of  sect i ons  were 

s ta i ned u s i n g o n l y  haema toxyl i n  and  eos i n  ( H+E ) , van G i eson  and Per l ' s  

s ta i n  fo r i ron . However , a number of  sec t i o n s  were exam i ned  u s i ng the  

fo l l ow i n g  a dd i t i ona l  s ta i ns :  

Gi emsa , peri od i c  a c i d S c h i ff/a l c i a n bl ue ,  von  Ko s sa ' s  s ta i n  fo r 

ca l c i um a nd e i ther Ma l l ory ' s  pho s pho tun g s t i c a c i d - haemotoxyl i n  ( PTAH ) 

or  t�a rt i us  scarl et b l ue ( MS B )  s ta i ns ( L u na , 1 968 ; Lend rum , 196 9 ) . 

4 .  Exami na t i o n a nd sco r i ng of  t i s s ue s ec t i on s  

T i s s u e  s ect i ons  were exami ned w i thout  pr i or k nowl edge o f  bru i s e ages  

and  the  obs erva t i ons  were rel ated to  age  on ly  after a l l t he  bru i ses  

had been  proces sed . The  sa l i ent  h i s topa tho l og i ca l  features of  each 

sec t i on were noted and  u s ed retro s pect i ve l y  to comp i l e  a desc r i p t i o n  

o f  the sequent i a l  t i s s ue changes i n  bru i ses  wi th  age . I n  add i t i o n , 

a number o f  h i s topatho l o g i ca l  fea tures a s soc i a ted wi th degenera t i ve  

c hange , i nfl amma t i on , repa i r  a nd regenera t i o n  i n  mu s c l e and  a d i pose  

t i s s u e  we re scored s emi -quant i ta t i ve l y o n  a s ca l e of 1 -5 .  A score 

of 1 i nd i ca ted no c hange from the norma l s ta te a s  noted i n  contro l  

t i s sues , a nd a s co re o f  5 i nd i c a ted the mo s t  s evere change  from 

norma l . The fea tures thus  scored , a nd an examp l e  of  the score sheet  

used  a re s hown i n  F i gure 2 . 2 .  Most  of these  degenera t i ve and react i ve 

c ha n ges wet'e stud i ed i n  H+E sta i ned paraff i n s ec t i ons , but  Perl ' s  

s ta i n  wa s used  to detect haemo s i der i n ,  and  G i emsa s ta i n  wa s u s ed to 

i dent i fy ma st  cel l s  a nd eo s i noph i l s .  I n  add i t i on to the s em i ­

qua n t i ta t i ve scori ng , ce l l counts  were carr i ed  out  i n  o rder to 

ca l c u l a te ma cropha ge/neutroph i l ra t i o s bo th i n  i n ters t i t i a l s paces  

and w i th i n degenera te mu sc l e fi bres . Th ese  ra t i o s were s ubsequent l y  
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--- ------------

S L I DE NUMB ER --------

AGE OF BRU I S E  ( en tered retro spec t i ve l y ) ------

Macropha ge/neutroph i l ra t i o  i n  exudate musc l e 

- a d i pose  ti s s ue 

H I STOPATHOLOG I CAL FEATURE S CORE 

-----

Mus c l e Ad ipose  ti s s ue 

Phys i ca l  d i s rupti on  of t i s sue 

Severi ty of  haemorrhage 

Degenerat i on/necro s i s 

Regenerat i ve cha nges i n  mus c l e 

E xuda t i o n  of neutroph i l s  

Exuda t ion  of mu.c rophages 

Exudat ion  of eo s i noph i l s  

Hypertrophy of endothel i a l  cel l s  

M i tot i c fi gures i n  endothel i a l  ce l l s  

Pro l i ferat i o il of  new capi l l ary l oops  

F i brop l a s i a  

Haemos i deri n i n  macrophages  

Ca l c i fi cat i on 

Ma s t  ce l l s :  I ntact 

F I GURE 2 . 2  

Degranu l ated 

An examp l e  of the score s h e e t s  u se d  whe n  
stud y i ng h i s topatho l o g i c a l  c h a n g e s  i n  bru i s e s . 
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a s s i gned scores  from 1 - 3 accord i ng to whether they were l e s s  tha n o r  

equa l t o  1 . 00 , from 1 . 0 1 - 2 . 99 or  from 3 . 00 u pwa rd s . Lymphocytes were 

not scored s i nce  they a ppea red to occur i n  pa s s i ve a s soc i a t i o n w i th 

ha emorrhage . 

5 .  Ana lyses  of  data c:.nd methods u sed to  e s t i ma te the aaes  o f  bru i se s  

I�ned i a te l y  a fter they had  been sco red i n terpre t i ve l y ,  bru i ses  were 

a ged accord i ng to exper i e nce acq u i red d ur i n g  the deve l opment of the 

experi men t . These  subj ec t i ve e s t i ma tes  of age  we re l a ter compared 

wi th object i ve e s t i ma te s  ba sed on semi -qua n t i ta t i ve data . When 

a na l ys i ng  d a ta or  est i ma t i ng  bru ·i s e a ges  objec t i ve l y ,  musc l e a nd 

ad i po s e  ti s s ues  were cons i dered separa t e l y  and  da ta were u sed o n l y  from 

t i s s ues  wi th h i s to l o g i ca l  e v i dence of haemorrhage . Bru i ses  were grouped 

i n to s i x  c a tegor i e s : 1-8 , 1 2- 20 ,  24 - 36 , 48 , 6 0  and  7 2  hours o l d .  Al l 

ava i l abl e da ta were used  to construct cont i nge ncy ta b l e s  ( e . g .  Ta b l e 2 . 2 )  

rel a ti ng score s from the h i s topathol o g i ca l  fea tures stud i ed to the  known 

a ges  of bru i s e s . Score ca tegori es 4 and  5 were s ubsequen tl y merged so  

a s  to  m i n i mi s e  the number o f  cont i ngency ta b l e s  ce l l s  conta i n i ng 

i nfo rma ti o n  f rom l e s s  than f i ve t i s s ue sec t i on s . 

H i s topa tho l o g i ca l  parameters l i ke l y  to be o f  u s e  for e s t i ma t i ng  the 

a ges  of bru i s e s  were se l ected a fter c h i - square ana l yses  of data i n  

the above tab l e s . These a na l yses  were performed by a Burroughs  6300 

compu te r ,  u s i ng a programme ava i l a b l e i n  the computer  pac kage known 

a s  ' S ta t i s t i c a l  Package for the Soc i a l  Sc i ences ' ( N i e  et a l . , 1975 ) . 

The extent to wh i c h  scores from the potent i a l l y  usefu l  fea tures were 

me re l y  a s soc i a ted w i th ti s s ue  haemo rrhage ra ther than age wa s then 

i nves t i gated u s i n g a further seri es  o f  c h i - squa re ana l yses i n  wh i c h 

severi ty o f  haemorrhage wa s ta ken i n to account . Features w i th 

s i gn i f i cant  re l a t i o n s h i ps between scores  a nd a ges  were u sed i n  two 

ma thema ti ca l  mode l s des i gned to e s t i ma te the a g e s  of  bru i ses . These 

were : a Baye s i a n probab i l i ty model  and  a mu l t i p l e  l i near regres s i o n 

model . Both model s were ' devel o ped ' u s i ng d a ta from one  t i s s ue 

sec t i o n  se l E c ted from each  o f  20 bru i s es  per  a g e  ca tegory . The best  

model  wa s then  ' tes ted ' us i n g data from the rema i n i ng t i s s ue sec t i ons . 
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TABLE  2 . 2 EXAMP L E  OF A CONT I NGENCY TAB L E  U S E D  FOR CH I - SQUARE 

ANALYS I S . I N  TH I S  CAS E  THE RELAT I ONSH I P  BETWEEN 
B RU I S E  AGES AND SCORES FOR MACROPHAGE E XU DAT I ON I S  

I NVESTI GATED . 

AGE SCORE TOTAL 
( hours ) 1 2 3 4 NO . S L I DES 

1 - 8  1 8  42  20  3 83 

1 2 - 20 3 1 3  2 8  1 4  58 
-

24-36  3 1 5  24 7 49  

48 0 6 9 1 1  26  

60 0 4 9 1 7  3 0  

72  0 5 8 1 2  2 5  

C h i  · - square 

Degrees of freedom 

= 88 . 84 

= 1 5  

Level  o f  s i gn i fi ca nce = 0 . 0001 , i . e .  there wa s a s ta t i s t i ca l l y  
s i gn i fi ca n t  a s soc i a t i on  between 
bru i s e  age a n d  the degree of 
mac rophage  exuda t i on 

( a )  The Bayes i n r.  pro ba b i l i ty mode l : Th i s  mode l  i s  based  on  Bayes ' 

pro ba b i l i ty theorem a s  adapted fo r u s e  i n  a ma thema t i ca l  method of  

med i ca l  d i a gnos i s  ( Ba i l ey ,  1965 ) . Bru i ses  had  been grouped i n to one  

of  s i x  a ge categor i es ( D 1_6 ) ,  a nd dur i n g  the s em i -qua nt i ta t i ve  

h i s to l o g i ca l  study each h i s topatho l og i ca l  fea ture had been  a s s i gned a 

s core ( Sx ) for each bru i se .  The  Baye s i a n  proba b i l i ty model wa s 

' devel oped ' i n  three s teps , cu l mi nat i n g  i n  the  a pp l i ca t i o n  of  Bayes ' 

equati on . The ca l c u l a t i ons  perfo rmed i n  eac h  s tep are out l i ned bel ow . 

( i ) For each  s core ( 1 - 5 )  of  each  h i s topa thol og i ca l  fea ture , 

the  proba b i l i ty P ( S  I D . )  of  tha t s co re occurr i n g  i n  bru i se s  X J 
represent i ng  a part i c u l a r  a ge catego ry \va s c a l cu l a ted for 

each  of  the s i x  a ge categor i es i n  turn , u s i n g  da ta from 

20 bru i ses  per age ca tegory . These  proba b i l i t i es were 

c a l c u l a ted as fol l ows : 
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Proba b i l i ty o f  a part i cu l a r  

s core from a part i cu l a r  h i sto­

patho l o g i ca l  fea ture occu rri ng  

i n  a b ru i se i n  a g i ven age  

ca tegory 

= 
No . bru i ses  wi th that  

score + 1 

Tot .  No . bru i ses  i n  a ge 
c a tegory + No . s core 
ca tegori es  ( i . e . 4 )  

I n  mathema t i ca l  terms - P ( S  I D . ) X J 

where 

a . k + 1 = XJ  
nxj + l ( x ) 

P ( Sx i Dj ) i s  the pro ba b i l i ty o f  o b s erv i n g  score Sx i n  a 

b ru i se  from age  category Dj 

- axj k i s ,  for a part i c u l a r  h i s to pa tho l og i ca l fea ture ( x ) , 

the number of  bru i ses  wi th s co re ( k )  i n  a ge c a tegory o .  J 
- nxj i s  the to ta l number of bru i s e s  s cored fo r h i sto­

patho l og i c a l  fea ture ( x )  i n  a ge ca tegory Dj 
l ( x ) i s  the numbe r o f  s core ca tego r i e s  i n  a ge c a tegory Dj 

( i i )  The �ro ba b i l i ty P ( Sc i Dj )  of o b s erv i ng i n  a b ru i s e  a ny 

part i c u l a r  comb i na t i o n  of sco res  ( Se ) repres ent i n g s evera l 

h i s topatho l o g i ca l  fea tu res was c a l c u l ated for each  age  

ca tegory a s  the product  of  the  pro ba b i l i ty o f  observ i ng 

each  of  the s cores i n  the comb i na ti o n , 

i . e .  P ( S  I D . ) = P ( S l i D . ) . P ( S2 1 D . )  . . .  P ( S I D . )  
C J J J X J 

The h i ghes t proba b i l i ty fi gure thus  ca l c u l a ted i nd i ca ted 

the a ge group i n  wh i c h  the comb i na t i on  of scores  wa s mo s t  

l i ke l y  t o  be observed . I t  wa s not , howeve r ,  the  a c tua l 

p ro ba b i l i ty of  tha t  set  of  scores  rep resen t i n g  a bru i s e i n  

that  a ge catego ry .  Th i s  proba b i l i ty f i gure was ca l c u l a ted 

i n  the f i na l  s tep . 
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( i i i )  The a c tua l  probab i l i ty P ( Dj j Sc ) ,  rel a t i ve to those  o f  the 

o ther a ge ca tegor i es , tha t a bru i s e wa s of  a g i ven  a ge wa s 

ca l cu l ated by a pp l y i ng  Bayes ' equa t i o n to the proba b i l i t i e s 

o f  o bserv i ng  the comb i na t i on of  scores  i n  bru i se s  from eac h  

a ge c a tegory . The a ge o f  the b ru i s e  wa s i nd i ca ted by the 

h i ghe s t  p ro ba b i l i ty fi gure thus ca l cu l a ted . 

Bayes ' equat i on  - P ( D . i S  ) J c 

where 

= P ( S  j D . ) c J 
I 6P[S . I D . ) 

j = l c J 

- P ( D .  j S  ) i s  the re l a t i ve probab i l i ty that  a set  o f  J c 
scores ( S

e
) represents  a b ru i s e  i n  a ge ca tegory Dj 

- P ( Sc j D ; )  i s  the proba b i l i ty o f  ob serv i ng a set  of  
v 

scores  ( Se ) i n  bru i ses  from a g e  ca tegory Dj 

- I P ( Sc j Dj ) i s  the  s um o f  the a bove probab i l i ty va l ues , 

wh i c h have been ca l cu l ated fo r each  o f  the s i x  a ge 

�a tegor i es  i n  turn 

To i l l u s trate the a bove , a worked  examp l e fo r one  bru i s e i s  

reproduced i n  resu l ts ( Tab l e 2 . 9 ) . 

When deve l o p i ng the model  i t  wa s nece s sa ry to perform a l l 

three o f  the a bove s teps . However ,  fo r a l l s u bsequent  

appl i ca t i on s  i t  wa s nece s s a ry to  perfo rm on ly  steps  ( i i )  

and ( i i i ) . 

( b )  L i near regres s i on a na l ys i s :  I n  th i s  mode l  the  a ges  o f  i nd i v i dua l  

bru i s es were e s ti mated d i re c t l y  by en teri n g  scores  fo r the se l e c ted 

h i s topatho l og i ca l  fea tures  i nto a mul t i p l e regre s s i o n equa ti on wi th 

age as the dependent  va r i ab l e .  The equa t i o n  had been fi tted to the 

raw data by a computer , u s i n g a progra�ne i n  the  computer package  

known a s  ' S ta t i s t i ca l  Pa c ka ge for  the Soc i a l  S c i e nces ' ( N i e  e-t a l . , 
1975 ) . 
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Al though the mathema t i ca l  mode l s were o bj e c t i ve  a nd the i r  resu l ts 

therefo re repeata b 1 e ,  the s cores for the degrees  of  h i s topatho l o g i c a l  

change  were a s s i gned s ubj ect i ve l y . The repe a ta b i l i ty o f  s co r i n g  wa s 

therefore a s ses sed  by re- scori ng  the 120  s ec t i o n s  u s ed fo1� devel o p i ng  

the  mathema t i ca 1  mode l s .  The ages  of  bru i s e s  were  then  re - es t i ma ted 

by a pp l y i ng the s e l ected mathema t i c a l  mode l  to the new scores , a nd  

the res u l ts comoared w i th  t hose  obta i ned u s i ng  t he  or i g i na l  data . 

I I .  WOOL PULL  BRU I S ES 

1 .  P roduc t i o n  o f  bru i se s  

Up to four 1 woo l  pu l l 1 bru i ses  per  a n i ma l  were i nf l i c ted on  t he  do rsa l  

s urfaces of  20  of the  l ambs used i n  the  1 i mpac t 1 bru i s e  study . Each  

brui s e  wa s produced by pu l l i ng v i gorou s l y  o n  a c l ump o f  woo l gra s ped 

f i rml y i n  a h and-v i ce ( F i gure 2 . 1 ) . I n  th i s  way 60 l es i ons  ra ng i n g 

i n  a ge  from 1 - 72 hours o l d were c rea ted for h i s to pa t ho l og i ca l s tu dy .  

Mus c l e a nd a d i pos e  t i s s ue samp l es  were co l l e c ted and  proce s sed  a s  for 

i mpact  bru i se s . 

2 .  Ana l ys i s  o f  the h i s topatho l og i ca l  data 

H i s topatho l og i ca l  d ata were i nterp reted u s i ng  the  Bayes i a n  probab i l i ty 

method devel oped fo r i mpact  bru i se s . Les i o n s  were a ged a s  e i ther 

1-20  ho urs or  24 - 72 hours  o l d .  
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RESULTS 

I .  GROSS AND M I C ROSCOP I C  APP EARANCE  OF I MPACT B RU I S ES 

1 .  Gros s  appeara nce of bru i ses  

There wa s l i ttl e var i a t i o n  i n  the co l our  of  mo s t  bru i se s  from 1 - 7 2  hours  

o f  a ge . A l l were e s sent i a l l y  red , a l though 5/76  of  the 48- 72 hour  o l d 

bru i ses  a l s o  had yel l ow- t i nged exuda tes . The  exudate wa s ora nge-yel l ow 

i n  one  o f  the two 9 6  hour  bru i ses , g reen i n  o n e  of the two 1 2 0  hour 

bru i ses  and o ra n ge- red i n  one  of  the two 144 hour bru i s es . These  

d i sco l o u ra t i on s  were mo s t  no t i cea b l e i n  a d i pose  t i s s ue . Occas i o na l l y ,  

bru i s ed musc l e a ppea red brown and  i ndu rated , b u t  th i s  wa s not a n  

a ge-dependen t observa t i o n . 

Bru i s es i n  the l i mbs  were u s ua l l y  more s evere tha tl tho s e  i n  the l umbar 

a rea . However ,  the bru i s es i n  each  pos i t i on on  the carca se  were not of 

u n i fo rm s everi ty a nd i t  wa s not poss i b l e  to produce  a b ru i s e of s ta ndard 

sever i ty by the me thod used . The haemorrhage  i n  s urfa ce  fa t . or fa s c i a  

often a ppea red more s evere than t h a t  i n  under l y i n g musc l e ,  b u t  the 

h aemorrhage i n  affec ted mu s c l e wa s frequent l y more exten s i ve than that 

i n  the s urface t i s s ue a nd u s ua l l y  extended to a d e pth of  up to 5 . 0cm . 

Haen1orrhage and  exuda te were present between fa s c i a l  p l anes , some t i mes  

extend i ng beyond  the  i mmed i ate l i m i ts of tra uma t i s ed t i s s ue .  

2 .  The h i s topa tho l ogy o f  bru i ses  

The fo l l ow i n g h i s topatho l o g i ca l  descr i pt i on  i s  ba sed on  a s tudy of  

1 78 bru i s es i n f1 i cted by a s tandard i mpac t force  ( Ta b l e 2 . 1 ) . S pec i a l  

s ta i n s  ut i l i s ed i n  t he s tudy are l i s ted i n  Ta b l e 2 . 3 .  Mo s t  b ru i s es 

ra nged i n  a ge from 1 - 7 2  hours  o l d ,  but i n  a d d i t i on there were two 

each  of bru i ses  96 , 108 , 1 20 and  144 hours o l d .  The descr i pt i on  i s  

des i gned to s erve a s  a g u i d e  to the i n terpret i ve  age i n g  of  bru i s es , 

b ut  a l s o  serves to demon strate the ra t i o na l e beh i nd the  c ho i c e of  the 

h i s topatho l og i ca l  features even tua l l y  scored  s em i -quant i ta t i ve l y .  
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TABL E  2 . 3 

Gi emsa 

PAS/Al c . B l . 

van  G i e s o n  

PTAH 

von  Ko s sa 

A L I ST OF THE S P EC I AL STAI NS US ED ON T I SSUE  S E CT I ONS FROM I MPACT BRU I S E S , SHOW I NG THE NUMBERS OF 

BRU I SES  OF EACH AGE STA I NE D . 

I I AGE ( h o u r s ) 
I CONTROL 1 2 4 6 8 1 2  16  20 24 30 36  48 60 72  96  120  144  T OTAL 

1 6  1 1  1 1  15  7 E 10  12  5 7 6 1 1  1 0  8 7 2 3 1 1 54 

16 7 6 10 4 6 9 7 1 - 4 7 6 8 7 2 2 2 104 

16  3 1 9 3 1 3 - - - 5 6 3 3 2 1  2 2 1 I 79  

1 6  3 5 2 1 5 6 6 1 - - 2 4 5 3 - - - 59 
I 

1 6  - 3 2 1 1 1 3 1 3 7 1 1  5 5 20  - - 2 8 1  

M S B  

I 
I 

16  5 r 5 5 5 5 5 5 56 :) -· .. - - - - - - -

Per 1 1 s i ro n  16  8 8 1 2  5 9 9 14  7 8 1 0  1 2  2 2  29 2 5  2 2 2 I 200 

.;::. <..r1 



-- ------------------------ - -

Mi c roscop i c ev i dence o f  haemorrhage wa s a l ways present  i n  gros s l y  

dama ged t i s sues  and  wa s frequent l y de tected i n  t i s s ues  j udged gro s s l y  

not to have  been bru i s ed . The extravasated eryth rocytes had  u s ua l l y  

s pread extens i vel y thro ugh  i n ters t i t i a l  s paces  a n d  a reas  of  dama ge , 

where they rema i ned mo rpho l o g i ca l l y  i nta c t  a t  l ea s t  fo r the s i x  day 

per iod  of the exper imen t .  Eryth ropha gocyto s i s by mac rophages  wa s 

fi r s t  observed i n  8 hour  o l d bru i s es  a nd became i ncrea s i ng l y  common 

wi th  t i me . The ra te of  removal  of  erythrocytes  by tn i s  mea ns  however ,  

d i d not appear s uff i c i e n t  to cau se  a dec rea se  i n  the  a p parent  sever i ty 

o f  haemo rrhage a s  observed i n  o l der b ru i ses . I n  add i t i on to 

erythrocytes , sma l 1  numbers of neutro p h i  1 s ,  1 ymphocytes a nd monocytes 

had a l so been rel eased from b l ood vesse l s dur i ng  ha emorrhage . The 

presence of  a few i nters t i ti a l  l eucocytes there fo re preceded the  

arri va l  of a true  cel l u l a r exudate . 

Degenera t i ve c ha nges were ob served i n  the mu s c l e fi bres of  mos t  b ru i se s . 

These  changes  ap peared to be  c hara c teri s ed by a progres s i on of  h i s to ­

l og i ca l  e vents rang i n g  from swel l i ng  a nd  eos i no ph i l i a through  to 

va cuo l at i on , fragmenta t i on a nd even tua l l i quefa c t i on of s arco p l a sm .  

However , the morpho l o gy o f  a ffected f i bres var i ed w i de l y both 1v i th i n  

and  betweer1 fi bres i n  the same b ru i s e and d i d  not  a ppea r to be c l o s e l y  

re l a ted t o  age . Cros s s t r i a t i ons  and  myofi b l' i l s  usua l l y  became 

i nd i s t i nc t  soon a fter the onset  of degenera t i ve change  but the c ro s s  

s tr i a t i o n s  occa s i o na l l y  pers i s ted , s ta i n i n g d i s t i nc t l y  wi th PTAH even 

i n  s ome necrot i c fra gments  of  musc l e .  Sma l l PTAH po s i t i ve granu l es 

were arrayed i n  para l l e l l i nes  betv.Jeen myof i br i l s  i n  some nec rot i c 

f i bres . Some endomys i a l  s heaths  i n  nec rot i c a rea.s  rema i ned i n ta ct , 

wh i l s t o thers had fragmen ted . 

Necro s i s  of a d i pos e  t i s s ue overl y i ng  bru i s ed mu s c l e wa s noted i n  

a ppro x i ma tel y 25% o f  bru i s es up  to 72  hours o l d .  I n  mo s t  cases , 

necros i s  i nvo i ved i nd i v i dua l  wi del y sca ttered a d i pocytes . b ut  focct l  

l es i ons  i nvol v i ng s evera l a d i pocytes were not  u nconm10 1 1 . �1ore extens i ve 

a reas  of  fa t necro s i s  were rare however , even  i n  s tea t i t i s a s soc i a ted  

wi th the o l der bru i ses . The mo s t  common ma n i fe s ta t i ons  o f  necro s i s  

were degenera te fa t depo s i ts wi th i n  the rema i n s of  dead  fa t cel l s .  

These  depos i ts va r i ed i n  extent a nd morpho l ogy betwee n a ffec ted c e l l s ,  
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b e i n g  e i t h e r  s l i g h t l y eo s i no p h i l i c o r  b a s o p h i l i c a n d  e i t h e r  n o n ­

g ra n u l a r ,  g ra n u l a r  o r  c ry s ta l l i ne i n  n a t u r e . L e u c ocytes h a d  i n f i l ­

tra ted ma ny a rea s of necros i s  a n d were t h e  s o l e i n d i ca tors o f  d e g e n e ra ­

t i v e  c h a n g e  i n  t h o s e  n e c ro t i c c e l l s  wi tho u t  a n  i n tra c e l l u l a r d e p o s i t .  

Some ma c ro p h a g e s  w i t h i n c e l l s p a c e s  po s s e s s ed l a r g e  amo u n t s  o f  

cyto p l a sm ,  a nd t h ey h a d , o n  o c c a s i o n s , fu s ed to fo rm g i a n t  c e l l s .  

U s i n g vo n Ko s s a ' s  s ta i n ,  m i l d  c a l c i f i ca t i o n  wa s o b s e rved i r 1 mo s t  a rea s 

o f  fa t necro s i s  b u t  o n l y a few a re a s  were s ev e r e l y c a l c i fi ed . T h e r e  

wa s n o  a pp a r e n t  a s so c i a t i o n  between t h e  p re s e n c e  o f  fat n e c ro s i s  a n d  

t h e  a ge s  o f  b ru i s e s , n o r  wa s there a �  a s s o c i a t i o n  between a g e  a n d  the 

h i s to l og i ca l  a p p e a r a n c e  o f  fa t necro s i s ,  wh i c h o ften va r i ed c o n s i d e ra b l y 

w i t h i n  t i s s u e s e c t i o n s . 

N e u t r o p h i l s  c o n s i dered to b e  p a r t  o f  a c e l l u l a r exuda te , ra t h e r  tha n a 

c ompo n e n t  of h a emo rrh a g e , were noted i n  some b ru i s e s o n l y  1 h o u r  o l d .  

D e s p i te v a r i a t i o n s  b e tween b ru i s e s  of t h e  s ame a g e , numbers o f  

n e u t ro ph i l s  i nc re a s e d  t h e reafter u n t i l 20  h o u r s , a fter wh i c h t i me t h ey 

tended to d e c r ea s e . Ma c ro p h a g e s  o n  t h e  o th e r  h a n d , f i r s t  a p p e a r e d  i n  

t h e  exuda te a t  4 h o u r s  a n d  t h e i r n umbers s howed a g e n e ra l  i n c re a s e  

w i t h  a g e . T h e  ra t i o  o f  ma c ro p h a g e s  t o  n e u t ro p h i l s  i n  t h e  e x u d a t e  

va r i ed wi d e l y b e tween b ru i s e s , b u t  ma c r o p h a g e s  u s ua l l y  predom i n a ted 

o v e r  n eu t r o p h i l s  i n  bru i s e s more t h a n  24 h o u r s  o l d .  I n ters t i t i a l  

e o s i n o p h i l s  were noted i n  mu s c l e a nd a d i po s e  t i s s u e  i n  1 0/ 138 b ru i s e s  

s ta i n e d  w i th G i emsa . T h e s e  bru i s es va r i ed w i d e l y i n  a ge b e i n g  1 ,  2 ,  

4 ,  8 ,  1 6 , 20 , 24 , 30 , 48 a n d  7 2  h o u r s  o l d ,  s o  t h e  p re s e n c e  o f  

eo s i no p h i l s  wa s c o n s i de red t o  he co i nc i d e n t a l  a n d  n o t  r e l a ted to t h e  

a g e  o f  the l e s i o n . t�a rg i na t i o n o f  l eu c ocy t e s  i n  sma l l b l ood v e s s e l s 

wa s o b s erved i n freq u e n t l y d e s p i te the fa c t  t h a t  exuda t i o n  o f  

1 e u co cytes wa s c omr:1c n .  Lym p hocytes r e p re s e n ted a srna l l  p ro po rt i o n o f  

i n t e rs t i t i a l  l e � cocy t e s  a nd t h e i r n umbers d i d  n o t  a p pea r t o  a l ter wi t h  

t h e  a g e  o f  b ru i s e s . T h ey were pres umed t o  h a v e  a rr i ved pa s s i v e l y 

d u r i n g  h a emorrha g e . 

L e u co cytes  had i n f i l trated mu s c l e fi bre s  i n  ma ny b ru i s e s , b u t  t h e  

p re s e n c e  o r  a b s e nce of a n  i n f i l tra t e  d i d n o t  i n  i ts e l f co rrel a t e  w e l l 

w i t h  a g e . W h e n  a n  i n f i l tra t e  wa s o b s e rv e d , i t s c ompo s i t i o n a pp ro x i ma te l y 

refl e c ted t h a t  i n  t h e  exuda te , i . e .  n e u t ro p h i l s  f i r s t  a pp e a re d  i n  t h e  
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degenera t i ve mu sc l e f i bres o f  some 1 hou r  o l d b ru i s es ,  i nc rea s ed i n  

numbers for a peri od of  t i me but became l es s  n umerous  i n  o l der  

bru i ses ; ma c ropha ges f i rs t  appea red wi t h i n f i bres  i n  4 hour o l d  

bru i ses  and  i nc reased  i n  numbers thereafter . T h e  a c tu a l  numbers of  

i nf i l tra t i ng macro phages  a n d  neu troph i l s  va ri ed  wi de l y  betwee n both 

fi b re s  a nd b ru i s e s  e v e n  o f  the s a m e  a g e , bu t mac rophages  u s u a l l y  

predom i na ted over  neu troph i l s  after 2 4  hours  ( F i g u res 2 . 3 ,  2 . 4 ) . 

A s e l ect i o n  of  bru i ses  from 1 - GO hours  o l d ,  a l l bru i ses  a ged 7 2  hours 

o l d a nd the two 144 hour  o l d  bru i ses  were s ta i ned  wi th  van  Ko s sa ' s  

s ta i n  for ca l c i um ( Ta b l e 2 . 3 ) . Ca l c i um depo s i t s  i n  mu sc l e were 

obs erved i n  o n l y  7/62 bru i s es : one fro� ea ch  of  the 6 ,  30 a r. d  48 

hour o l d bru i s e s  a nd two from each of tho se tha t were 72  a nd 144 hours  

o l d .  I n  the b ru i ses  u p  to and  i nc l ud i n g 72  h o u r s  o l d ,  c a l c i f i ca t i on 

wa s m i l d  a nd a ffe cted very few necrot i c  f i bres  b u t  i t  wa s more  s evere 

a nd extens i ve i n  the two 144 hour o l d bru i s e s . 

t�a s t  c e l l s  wer·e eas i l y  recogn i sed u s i ng G i emsa s ta i n  bu t fe¥/ were 

observed i n  e i ther mu sc l e or  ad i po se  t i s s ue . Degran u l a t i on ra re l y  

o c c u r re d , e v e n  i n  young  bru i ses . 

The s ta i n i n g c hara c ter i s t i c s  of f i b r i n were i nv e s t i gated i n  40 bru i s e s  

a ged from 1 - 7 2  h o u r s  o l d ,  u s i ng e i ther M S B  o r  PTAH s ta i n s ( Ta bl e 2 . 3 ) .  

W i th MSB � s t ra n d s  o f  f i br i n s ta i ned e i ther  red , o r ,  when the s trands  

were very f i n e , b l u e . F i b r i n l e s s  tha n 16  hours  o l d d i d  not  s ta i n  

yel l ow a s  s u gges ted by Ler.drum et a l .  ( 1 969 ) . W i th PTAH , f i br i n 

s tra nds  i n  bru i ses  of  a l l a g es s ta i ned purp l e .  

Mu sc l e re gene 1 ·a t i o n  wa s not detected pr i o r  to 3 6  hours  but  wa s observed 

regu l a rl y  therea fter . The mo s t  common regenera t i v e  c hange wa s the  

a pp ea ra nc e  8 f  ��ob l a s ts amongst  mac rophages  i n f i l tra t i n g  necro t i c 

fi bres  ( F i gure 2 . 5 ) . A p ro port i o n  o f  myobl a s ts  v1e re read i l y i de n t i fi ed 

by the i r l a rge , c l e a r  oval  o r  s l i gh t l y  i rre gu l a r  nuc l e i  wi th prom i nent  

nuc l eo l i ,  but  the i r overa l l resembl a n ce to  adjacent  ma crophages  mad e  a 

re l i a b l e d i s t i n c t i o n b e tween the two ce l l types  d i ffi c u l t by l i gh t  

mi cro scopy .  Hence  i t  wa s not po s s i b l e  t o  ca l c u l a t e  t h e  percenta ge  o f  

bru i se s  more t h a n  36 hours o l d s howi n g  ev i dence  o f  mu s c l e regenera t i on . 

48 



Fo l l ow i ng page 48 

F I GURE 2 . 3  The n umber of  neutro p h i l s  i n  the i nf i l tra te 

exceeds that of macrophage s , as wa s genera l l y  

the ca s e  i n  br u i ses  u p  to 2 0  hours  o l d .  T h i s 

bru i se wa s 16  hours  o l d .  

( Paraff i n s ec t i o n , H+E  x 260 ) 

F I GURE 2 . 4 The number o f  ma c rc p ha g c s  i n  th e i n f i l tra te  

exceeds that  of  neutroph i l s ,  a s  wa s g e n e ra l l y  

the c a s e  i n  bru i s es 2 4  hours  a nd o l der . T h i s 

bru i s e wa s 60  ho urs o l d .  

( Para ffi n sect i on , H+E x 260 )  
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FG l l ow i ng page 48 

F I GURE 2 . 5  Myob l a s t- l i k e ce l l s  i nd i cat i ve of ea l� l y 

regenera t i ve change . Th i s  bru i s e  wa s 

36 ho�rs o l d .  

( Paraffi n s ec t i on , H+E x 500 )  

F I GURE 2 . 6  Endothel i a l  hypertrophy i n  a 6 0  hour  o l d bru i se .  

( Paraffi n sect i on ,  H+E x 260 ) 





Al s o  pres e n t  i n  rege n e ra t i n g  mus c l e ,  b u t  l e s s  c o �non l y  o b s erved , were 

e n l a r ged , c l ea r ,  e l o n g a ted myo n u c l e i  w i t h  p rom i n e n t  n u c l e o l i b u t  no 

d i s c re te cy to p l a s m .  Mo s t  of t h e s e  n u c l e i  were c e n t ra l l y  p l a c ed i n  

o t h e rw i s e  a p p a re n tl y no rma l fi b r e s , t h o u g h  s om e  were o b s e rved i n  

n e c ro t i c  f i b re s . 

T h e  v i s i b l e  i n d i c a t i o n s  o f  rep a i r i n  b o t h  m u s c l e a nd a d i po s e  t i s s u e  

w e r e  e n d o t h e l i a l  hyp e r tro p hy ,  p ro l i fera t i o n  o f  c a p i l l a ry l o o p s  a nd 

f i b ro p l a s i a . P ro l i fe ra t i n g  c a p i l l a ry l oo p s were o b s erved i n fre q u e n t l y  

a n d  o n l y  i n  a few o l d e :"  bru i s e s  u n d e r�o i n g s e v e t� e  reo.c t i ve c h a n ge s . 

E n d o t h e l i a l  hyp e r trophy wa s o b s erved i n  7%  o f  b ru i s e s  l e s s  tha n 36 h o u r s  

o l d a nd i n  55% o f  bru i s e s  36 h o u r s  a nd o l d e r . I t  ma i n l y  i n vo l v e d  sma l l 

to med i vm s i z e d  v e n u l e s , t h e  e n do t h e l i a l  c e l l s  o f  wh i c h b e c ame ro u nd ed 

a n d  c o n t a i ned e n l a rged n u c l e i  w i th prom i n e n t  n u c l e o l i ( F i g u r e  2 . 6 ) . 

T h e  e a rl i e s t  e v i d e n c e  of f i bro p l a s i a  wa s hyp e r t r o p hy ,  hype r c h roma s i a  

and  p ro l i fe ra t i o n o f  f i bro b l a s t s  i n  c l o s e  a s s o c i a t i o n wi t h  b l o o d  

v e s s e l s ( F i g u re 2 . 7 ) . T h i s  wa s ra re l y  d e te c ted i n  b ru i s e s  l e s s  t h a n  

24  h o u r s  o l d b u t  wa s noted i n  a p p rox i ma te l y 20%  o f  bru i s e s  24 h o u r s  

a nd o l d e r . New l y  formed c o l l a g e n  wa s no t detected u s i n g v a n  G i e s o n  
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s ta i n  u � t i l a fter 72  hou rs , when i t  a p p e a red a s  f i n e  r e d  f i b r i l s  c l o s e l y  

a s s o c i a ted w i t h  f i bro b 1 a s t s . The f i bro p l a s t i c  r ea c t i o n  wa s u s ua l l y  m i l d  

a n d  mo s t  b r u i s es a ppea red l i ke l y  to h a v e  h ea l ed w i t h o u t  s i g n i f i c a n t  s c a r  

forma t i on . Howe v e r , i n  a few c a s es f i b ro p l a s i a  wa s s e v ere . H a emos i de r i n 

wa s rea d i l y  c e tec ted by P e r l  ' s  s ta i n  a s  b l ue i n t r a cytop l a sm i c g ra n u l e s 

o f  v a r i o u s  s i z e s  w i th i n  ma c r o pha g e s  ( F i g u re 2 .  � - I t  wa s o b s erved i n  
50% o f  b ru i s e s  4 8  h o u r s  a nd o l d e r  b u t  wa s r a r e l y d e tec ted p r i o r  to t h i s .  

U s u a l l y  o n l y  a s ma l l proport i o n of t h e  mac ro p h a g e s  p r e s e n t  c o n t a i ned 

haemo s i de �· i n .  

Ac i d  g l yc o s a m i no g l yca n s , a s  detec ted by PAS/ a l c i a n b l u e  s ta i n i n g ,  

we re o b s erved i n  t h e  i n ters t i t i a l  s pa c e s  o f  a l l o f  t h e  bru i s e s  exami n e d  

( Ta b l e 2. 3 ) . Howe v e r , t h e  a�o u n t s  de tec t ed were too sma l l to a l l ow 

d i fferen c e  b e tween bru i s e s  to b e  a s s e s s e d . 
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F I GURE 2 . 7 Hyp ertro p hy of f i brobl a s ts i n  a 60 h o u r  o l d bru i s e . 

( P a r a f fi n s e c t i c n , H+E x 500 )  

F I GU R E  2 . 8  Haemo s i d e r i n p o s i t i v e ma c ro p h a g e s  i n  a 7 2  h o u r  

o l d bru i s e .  

( P a ra ff i n s ec t i o n , P e r l 1 S  s ta i n ,  x 1 6 0 )  
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I I . S E L E C T I ON OF H I STOPAT HOLOG I CAL FEATU RES S U I TAB L E  

F O R  AGE I N G  I M PACT BRU I SES MATH EMAT I CA L L Y  

1 .  I n i t i a l  s e l ec t i o n o f  h i s topa t ho l ogi c a l fea t u r e s  

Mos t  o f  t h e  h i s to pa th o l o g i ca l  fea tures  d e s c r i b e d  i n  t h e  prev i o u s  

s ec t i o n  were s c o red s em i - q ua n t i ta t i ve l y  o n  a s ca l e  o f  1 - 5  a c c o rd i n g  

to t h e  degree o f  c ha n g e  from n o rma l , w i t h  a s c o r e  o f  1 repres en t i n g 

t h e  n o rma l  s ta t e . Ma c ro phage/ n e u t ro ph i l ra t i o s  were ca l c u l a ted from 

c e l l c o u n t s  a n d  s c o red as 1 - 3  a c c o rd i n g to w h e t h e r  ra t i o s  were < 1 . 00 ,  

1 . 0 1 - 2 . 99 o r  >3 . 00 re s pec t i ve l y .  

I t  b ecame a pp a r e n t  t h a t  the o r i g i na l  e x p e r i men ta l de s i gn ,  i n  w h i c h  

b ru i s e s  were t o  be c l a s s i fi ed a s  l ,  2 ,  4 ,  6 ,  8 ,  1 2 ,  20 , 24 , 30 , 36 , 

48 , 6 0  o r  72  h o u r s  o l d wa s too o p t i m i s t i c i n  a n t i c i pa ti n g  the a c c u racy 

w i t h  wh i c h b ru i s e s  m i g h t  be a ged . A s  a c o n s eq u e n ce , a n d  b e fo re the 

d a ta were e n a l y s ed , b r u i s es were g ro u pe d  i n to t h e  fo l l ow i n g  s i x  a g e  

c a te go r i e s : 1 -8 , 1 2 - 20 ,  24-36 , 48 , 60 a nd 7 2  h o u r s  o l d .  T h i s 

re s t ru c t u r i ng n ec e s s i ta ted t h e  prod u c t i o n  o f  e x t ra bru i s e s  to prov i d e 

a t  l ea s t  20  b r u i s e s  i n  each a ge c a t egory . Da ta from a l l a va i l a b l e 

t i s s u e  s e c t i o n s  s howi r. g  e v i dence o f  haemo r rha g e  were t h e n  u s ed to 

c o n s t ru c t  c on t i n gency Ta b l es ( e . g .  Ta b l e 2 . 2 ) r e l a t i n g  s co re s  from 

i nd i v i d ua l patho l o g i ca l  fea tu res to e a c h  of the s i x  a ge c a tego r i e s . 

T h e  tab l e s t h u s  c o n s t r u c ted for mu s c l e c o n ta i ned d a ta from 2 7 1  t i s s u e  

s ec t i o n s  repre s en t i n g  145  bru i s e s ; thos e c o n s tr u c ted for a d i po s e  

t i s s u e  c o n ta i ned i n fo rma t i o n  from 3 3 9  t i s s u E  s ec t i o n s  r e p r e s e n t i n g  

148 b r u i s e s . After i n s p ect i o n o f  t h e s e  t a b l es , fou r  h i s to p a t ho l o g i ca l  

fea tures were e x c l u d ed from further c o n s i d e ra t i o n  beca u s e  too few o f  

t h e i r a s s i g ned s c o res were grea ter than 1 ,  t h e  s core a s s i g n e d  to 

no rma l t i s s u e . T h e s e  were : marg i na t i o n  of l eu co cytes , p ro l i fera t i o n  

o f  c a p i l l a ry l oo p s , d e g ran u l a t i on o f  ma s t  c e l l s  a n d  c a l c i f i c a t i on . 

Mus c l e regenera t i o n  wa s a l so exc l uded from fu r t h e r  c o n s i de ra t i o n  

beca u s e  o f  the d i ffi c u l ty i n  d i s t i n gu i s h i ng b e t't1een myo b l a s ts a nd 

mac ro ph a g e s  by l i gh t  m i c ro s c o py .  
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2 .  Further s e l ect i on o f  h i s topa thol ogi ca l fea tures accord i ng to 

res u l ts  of  c h i - squa re ana lyses  on  data i n  cont i ngency ta bl es  

In  cont i ngency tab l es  for the rema i n i n g fea ture s , score categori es  

4 and  5 were merged so a s  to mi n i mi se  the number  of ce l l s  conta i n i ng 

i nforma t i on  from l e s s  than f i ve t i s s ue sect i ons . Da ta i n  these tabl es  

were then subjected to eh  ·i - squa re ana l yses to  i dent i fy tho se  features 

wi th  s i gn i f i ca n t  a s soc i at i ons  between scores and  the known ages  of 

bru i s e s . The res ul ts are  s umma r i sed i n  Tabl e 2 . 4 . Hi s topatho l og i ca l 

fea ture s  w i th sccre s  s ta t i s tica l l y  as soc i ated w i th age  a t  the P<0 . 05 

reject i on l eve l  were s e l ected a s  be i ng o f  poten t i a l  u s e  for e s t i ma ti ng 

the ages  of b r u i se s . I n  both mu sc l e and  ad i pos e  t i s s ue these  were : 

necro s i s ,  neut roph i l exudati on , macrophage exuda t i on , fi brop l a s i a , 

endothel i a l  ce l l  hypertrophy , haemo s i deri n and  ra t i o s  of  mac rophages 

to neutroph i l s  i n  the i nfl ammatory exudate . I n  musc l e ,  s ta t i s t i ca l l y  

s i gn i fi cant  a s soc i a t i ons a l so  exi s ted between bru i se ages and  s cores 

for s everi ty of  t i s sue  haemorrhage . Scores for s ever i ty of  d i s rupt ion  

of mus c l e ,  s e ve r i ty of  d i s rupt ion  of  a d i po se  t i s s ue a nd severi ty of  

haemorrha ge i n  a d i po se  t i s s ue were not  s i gn i fi c ant ly  re l a ted to  a ge . 

TABLE  2 . 4 : STAT I ST I CAL S I GN I F I CANCE OF ASSOC I AT I ONS BETWEEN SCORES 

FROM VAR I OUS H I STOPATHOLOG I CAL FEATURES AND BRU I SE AGES . 

THE RESULTS ARE FROM CH I -SQUARE ANALYSES OF THE 

RESPECT I VE CONTI NGENCY TABLES . 

S I GN I F I CANCE  OF TEST 

H I STOPATHOLOGI CAL FEATURE �1u s c l  e Ad i pose 
T i s s ue 

Phys i ca l  d i s rupt ion  o f  t i s s ue  0 . 279* 0 . 1 7 3* 

Severi ty of haemorrhage 0 . 00 1  0 . 2 10* 

Necros i s  0 . 00 1  0 . 029 

Neutroph i l  exudate 0 . 00 1  0 . 001  

Mac rophage exudate 0 . 00 1  0 . 00 1  

F i brop l a s ·J a  0 . 00 1  0 . 001  

Hypertrophy of endothel i a l  cel l s  0 . 00 1  0 . 001  

Haemo s i deri n i n  macrophages 0 . 00 1  0 . 00 1  

Macrophage/neu troph i l ra t i o  0 . 00 1  0 . 00 1  

* N o  s i gn i f i ca n t  a s soc i a t i on between score a n d  a ge o f  bru i s e 

5 1  



3 .  Rel a t i o n s h i ps betwee n  bru i s e age s  a nd s c o r e s  fo r h i s topa tho l ogi c a l 

fea t u r e s  w h i l s t c o n t ro l l i ng for the _ e ffec t s  o f  haemorr hage 

The d egree o f  haemorrhage may � i n  theo ry � a ffec t t h e  s ev e r i ty o f  t i s s u e  

reac t i o n s  to i nj u ry .  Fo r t h i s rea s o n  po s s i b l e i n d i rec t  effec t s  o f  

haemo rrhage were exami ned befo r e  d ec i d i ng o n  t h e  s i g n i f i c a n c e  o f  t h e  

r e l a t i o n s h i p s  b e twe e n  h i s to pa tho l o g i ca l  s c o r e s  a nd b ru i s e  a g e s . T o  

th i s  end � c o n t i n g ency ta b l e s  r e l a t i n g  s c o r e s  a nd b ru i s e a ge s  were 

a ga i n prepa r e d  for both mu s c l e a nd a d i p o s e  t i s s u e � b u t  th i s  t i me e a c h  

ta b l e wa s c o n s truc ted s o  tha t i t  c o n ta i ned i n f o rma t i o n  o n l y  from t i s s u e  

s ec t i o n s  w i th t h e  same s c o re for haemo rrh a g e . T h e  d a ta i n  t h e s e  t a b l e s  

were a ga i n  s u b j e c ted t o  c h i - s q u a re a na l y s e s  t o  d e term i n e  wh i c h 

h i s to pa tho l o g i ca l  fea tures  rema i ne d  s i g n i f i c J n tl y  a s so c i a ted w i th a ge 

( P<0 . 05 )  o n c e  the d i r e c t  effec t s  o f  haemo n·ha g e  h a d  been n e ga ted . The 

re s u l t s  from th i s  s er i e s  of a na l y s e s  a re p re s e n te d  i n  Ta b l e 2 . 5  a n d  

2 . 6  fo r mu s c l e  a nd a d i po s e  t i s s u e  re s pec t i v e l y .  Mo s t  o f  t h e  o r i g i na l  

c o nc l u s i o n s  c o ncern i n g a s s oc i a ti o n s  b e tween s c o re s  a n d  b ru i s e  a g e s  

we re s t i l l  va l i d  after t h e  effec t s  o f  haemo r r h a 9 e  were a c co u n ted fo r �  

b u t  the c o n c l u s i o n s  p e r ta i n i n g to mu s c l e n e c ro s i s  a n d  fa t nec ro s i s  

were n o t  c o n f i rmed . The s e  fea t u r e s  were t h e re fo �e c o n s i d ered 

u n s u i ta b l e for � s t i ma t i n g  the a ge s  of br u i s e s  . 

. 4 .  H i s topa th�q i c a l  fea tures  e v e n tua l l v  c h o s e n  fo r u s e  w h e n  

e s t i ma t i ng the age s  o f  b r u i s e s  

Fo l l ow i n g  t h e  s e l ec t i o n  proc e d u re s  d e s c r i bed a b o v e � s i x  h i s to pa tho l o g i c a l  

fea tu r e s  i n  m u s c l e a nd a d i p o s e  t i s s ue were c h o s e n  a s  o f  poten t i a l  u s e  

fo r e s t i ma t i n g  t h e  a g e s  o f  b ru i s e s . 

T h e s e  were : The ne u tro p h i l  exuda te 

The ma c ro p h a ge exuda te 

F i bropl a s i a  

E n d o t he l i a l  c e l l hype rtrophy 

Haemo s i d e r i n i n  ma c ro ph a g e s  

The �a c ro p h a g e/ n e u tro p h i l  ra t i o i n  the e x ud a t e  

Fo r a l l o f  t h e  a bo v e  fea tures  e x c e p t  hae�os i d e r i n �  s co r e s  4 a nd 5 were 

me r ge d  to m i n i m i s e  the n umber of s co re c a te go r i e s  r e p r e s e n ted by s ma l l 
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numbers of brui ses . For haemos i deri n ,  score ca tegor i e s  2 - 5  were 

merged , i . e .  haemos i deri n wa s scored as be i ng present  or  not presen t .  

TABLE  2 . 5  : STAT I ST I CAL S I GN I F I CANCE OF ASSOC I AT I ONS BETWEEN  SCORES 

FOR VARI OUS H I STOPATHOLOG I CAL FEATURES I N  MUSCLE AND 

BRU I S E  AGES , WH I LST CONTROLL I NG FOR THE EFFECTS OF 

HAE�10RRHAGE . 

H I STOPATHOLOG I CAL FEATURE STAT IST I CAL S I GN I F I CANCE OF TEST 
SCORED 1 - 5  FOR EACH DEGREE  O F  HAE�lORRHAGE 

1 2 3 4 + 5 
( 107 ) ( 158 )  ( 35 )  ( 20 ) 

Di s rupt i on of  musc l e  fi bres 0 . 854 0 . 1 5 7  0 . 968 0 . 430 

Necros i s  of musc l e fi bres 0 . 426 0 . 539 0 . 009 0 . 4 18 

Neutroph i l  exuda te 0 . 676 0 . 002  0 . 00 1  0 . 082 

Macrophage exudate 0 . 369 0 . 00 1  0 . 003  0 . 3 20 

F i brop l as i a  0 . 5 32  0 . 00 1  0 . 00 1  0 . 001  

Hypertrophy of  endothe l i a l  cel l s  0 . 39 1  0 . 003  0 . 00 1  0 . 0 12  

Haemos i deri n 0 . 249 0 . 0 0 1  0 . 00 1  0 . 07 1  

Macrophage/neutroph i l  rat i o  0 . 664  0 . 00 1  0 . 00 1  0 . 004 

( ) Number of t i s s ue s ect i ons  cons i dered 

TABLE  2 . 6  : STAT I ST I CAL S I GN I F I CANCE OF ASSOC I AT I ONS BETWEEN SCORES 

FOR VARI OUS H I STOPATHOLOGI CAL FEATURES IN ADI POSE T I SSUE  

AND BRU I S E  AGES , WH I LST CONl ROL L I NG FOR THE  E FFECTS OF 

HAEMORRHAGE .  

H I STOPATHOLOG I CAL FEATURE STAT I ST I CAL S I GN I F I CANCE OF TEST 
SCORED 1 - 5  FOR  EACH DEGREE OF  HAEMORRHAGE 

1 2 3 4 + 5 
( 19 ) ( 160 ) ( 109 ) ( 70 ) 

D i s rupti on  of  ad i pocytes 0 . 47 1  0 . 206 0 . 363  0 . 600 

Necros i s  of  ad i pocytes 0 . 233  0 . 06 1  0 . 336 0 . 9 75 

Neutroph i l exuda te 0 . 07 2  0 . 002  0 . 00 1  0 . 00 1  

Macrophage exudate 0 . 209 0 . 00 1  0 . 00 1  0 . 00 1  

F i bropl a s i a  0 . 268 0 . 00 1  0 . 00 1  0 . 00 1  

Hypertrophy o f  endothe l i a l  ce l l s  0 . 062 0 . 00 1  0 . 005  0 . 0 13  

Haemos i deri n 0 . 184 0 . 00 1  0 . 00 1  0 . 00 1  

Macrophage/neutroph i l ra t i o  0 . 097  0 . 00 1  0 . 00 1  0 . 00 1  

( ) Number cf t i s s ue sect ions  con s i dered 

53  



I l l . DEVELOPMENT OF A MATHEMAT I CAL MODEL FOR AGE I NG 

I MPACT BRU I SES OBJ ECT I VELY  

The  h i s topa tho l ogi ca l fea tures potenti a l l y  of  use  for a ge i ng bru i se s  

had  been  s e l e cted as  above . I t  rema i ned to choo se  a mathema t i ca l  

n�del  wi th wh i ch to objecti ve l y  eva l uate and  i n terpret the  s emi ­

qua n ti tat i ve s cores for these  fea ture s . Two d i fferent mode l s were 

cons i de red : A Bayes i a n probab i l i ty mode l  ( Ba i l ey ,  1965 ) a nd  a mul t i p l e 

l i near regres s i o n model  ( N i e e t  a l . , 197 5 ) . Both  model s were ' deve l oped ' 

us i ng i dent i c a l  da ta from 1 20 ti s s ue s e ct i o n s . The mos t  s u i tab l e mode l  

wa s then  chosen  accord i ng to  i ts a b i l i ty to  correc t l y  age  the  bru i ses  

that furn i s he d  the  deve l o pmenta l data , s i nce  t h i s  prov i ded  a n  i nd i cat i on  

of  the maxi mum potent i a l  perfor·mance of the  mode l . 

A .  Deve l opi ng the Bayes i a n proba b i l i,_,!y_  mode l  

I n  deve l op i n g  th i s model , da ta were der i ved from one t i s s ue s ect i on  

from each  o f  2 0  bru i ses  per  a ge  category s tud i e d . Musc l e  and  ad i pose 

t i s s ue \tere con s i dered separate l y .  The probab i l i ty P ( Sx
i D

j
) o f  a 

score occurr i n g  i n  bru i ses  representi n g  a part i c u l a r  age category was 

ca l cu l a ted for each s core from each of  the c ho s e n  h i s topatho l og i ca l  

features for each  o f  the  s i x  a ge categor i e s  i n  turn . These  probabi l i ty 

fi gures  a re presented i n  Tab l es  2 . 7 and  2 . 8  for mus c l e and ad i pose 

t i s s ue  res pec t i ve l y .  The probab i l i ty P ( S I D . )  of observ i n g  a comb i na -c J 
ti on  of  s core s  represent i ng  severa l h i s topatho l o g i ca l  fea tures was 

ca l c u l ated for each a ge category as the product  of  the probab i l i ty o f  

observ i ng  e a c h  of  the separate s cores i n  t h e  comb i nat ion . The h i ghe s t  

probab i l i ty f i gure th iJ S  ca l cu l a ted i nd i ca ted t h e  a ge group i n  wh i ch t he 

comb i nat i on  o f  s cores wa s mo s t  l i ke l y  to be  ob served . The actua l  

probabi l i ty P ( Dj
i Sc

) , rel a ti ve to the  o ther age  categori e s , that  the 

comb i nat i o n o f  s cores represented that age ca tegory wa s then ca l cu l a ted 

us i ng Bayes ' equa ti on , 

i . e .  

A worked examp l e for one bru i se i s  s hown i n  Tab l e 2 . 9 .  
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TABL E  2 . 7  

AGE 
( ho u rs )  

1 -8  

1 2 - 20 

24- 36 

48 

60 

I 7 2  

P ROBAB I L IT I ES O F  OBSERV I NG I N DI V I DUAL SCORES FOR SELECTED H I STOPATHOLOG I CAL FEATURES O F  B RU I SED  

MUSCLE ,  CALCULATED FOR  EACH OF S I X  AGE CATEGORI ES OF B RU I SES . 

NEUTROPH I L  MACROPHAGE F I BROPL.AS I A  ENDOTHEL I AL HAEMO- MACRO/NEUT 
EXUDATE EXUDATE 

1 2 3 4 , 5 1 2 3 4 , 5 1 2 

. 24 . 3 1 . 38 . 07 . 27 . 48 . 2 1 . 03 . 33 . 10 

. 04 . 2 5 . 54 . 1 7 . 04 . 38 . 38 . 2 1 . 7 1 . 2 1  

. 13 . 50 . 29 . 08 . 08 . 33 . 4 2 . 17 . 38 . 29 

. 33 . 50 . 13 . 04 . 04 . 29 . 2 5 . 4 2 . 04 . 2 1 

. 46 . 46 . 04 . 04 . 04 . 1 7 . 33 . 46 . 08 . 08 

. 67 . 1 7 . 13 . 04 . 04 . 2 1 . 33 . 4 2 . 08 . 25 

HYPERTROPHY 

3 4 , 5 1 2 3 

. 03 . 03 . 90 . 03 . 03 

. 04 . 04 . 88 . 04 . 04 

. 29 . 04 . 7 5 . 13 . 08 

. 38 . 38 . 38 . 1 3 . 29 

. 33 . 46 . 25 . 2 1 . 29 

. 13 . 54 . 46 . 13 . 29 

S I DE R I N 

4 , 5 1 2+ 

. 03 . 93 . 07 

. 04 . 9 1 . 09 

. 04 . 9 1  . 09 

. 2 1 . 6 1 . 36 

. 25 . 3 2 . 68 

. 1 3 . 14 . 86 

1 

. 7 7  

. 6 7  

. 28 

. 07 

. 1 7 

. 06 
- --

RAT I O  

2 3 

. 18 . 05 

. 19 . 14 

. 56 . 1 7 

. 5 3 . 40 

. 22 . 6 1  

. 19 . 7 5 1 

(.)1 
U1 



TABLE  2 . 8  

I AGE 
( hours ) 

1 - 8  

1 2 - 20 

24-36 

48 

60 

72 

P ROBAB I L I T I ES OF OBSERV I NG I N D I V I DUAL SCORES FOR SELECTED H I STOPATHOLOG I CAL FEATURES OF BRU I SED  

AD I POSE T I SSUE , CALCULAT E D  FOR EACH OF  S I X  AGE CATEGOR I ES O F  BRU I SES . 

NEUTROPH I L  MACROPHAGE F I B ROPLAS IA  ENDOTHEL I P.. L  HAEMOS I DER I N 
EXUDATE EXUDATE HYPERTROPHY 

1 2 3 4 , 5 1 , 2 3 4 , 5  1 2 3 4 1 ') 3 , 4 I 1 2+ L. 

. 03 . 3 1 . 3 1  . 34 . 54 . 36 . 1 1 . 90 . 03 . 04 . 03 . 88 . 08 . 04 . 92 . 08 

. 04 . 29 . 42 . 2 1 . 35 . 5 2 . 13 . 6 7 . 25 . 08 . 04 . 86 . 14 . 05 . 76 . 24 

. 04 . 38 . 42 . 17 . 17 . 48 . 39 . 38 . 2 1 . 2 5 . 1 7 . 52 . 17 . 30 . 74 . 26 

I . 4 2  . 38 . 17 . 04 . 26 . 44 . 30 . 13 . 2 1 . 33 . 33 I . 5 2 . 33 . 14 . 50 . 50 

. 54 . 29 . 1 3 . 04 . 2 2 . 6 1  . 1 7 . 1 7 . 1 3 . 38 . 33 . 35 . 39 . 26 . 3 2 . 68 

. 6 3 . 2 1  . 1 3 . 04 . 30 . 43 . 2 2 . 17 . 33 . 2 1 . 29 . 50 . 18 . 32 . 14 . 76 

(.}1 
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TABLE  2 .  9 THE CALCULAT I ONS REQU I RE D  WHEN US I NG H I STOPATHOLOGI CAL DATA TO AGE BRU I SES ARE SHOWN FOR ONE 

BRU I S E  I N  MUSCLE . �UTROPH J L  MACROPHAGE F I BROPLAS IA  ENDOTHEL I AL HACMOS I DER I N 
EXUDATE EXUDATE CELL HYPERTROPHY - . 

Score a s s i gned to h i s topa tho l ogi ca l  fea ture 
2 3 3 1 " {_ 

AGE Proba b i l i ty of observ i ng score a bove i n  each  age category from ( hours ) Tabl e 2 . 7 

1 - 8  . 3 1 . 2 1 . 03 . 90 . 07 

1 2 -20  . 25 . 38 . 04 . 88 . 09 

24-36 . 50 . 42 . 29 . 75 . 09 

48 . 50 . 2 5 . 38 . 38 . 36 

6 0  . 4 6  . 33 . 38 . 25 . 68 

7 2  . 17 . 33 . 13 . 4 6  . 86 

Tota l for th i s  bru i s e 
--- -- --- ··- - --- - ---- - ---------- ---------------------
* Mos t  l i ke ly  a ge for comb i na t ion  of scores 

** C a l cu l ated u s i ng Bayes 1 formu l a 

Rel at i ve probab i l i ty Product  o f  of bru i se  bei n g  of  probab i l i t i es s tated age** 

. 0001  . 00 

. 0003 . 0 1 

. 0041 . 14 

! . 0065 . 2 2 

I . 0093 . 33* 

! . 0087 . 30 

0 . 0295  1 . 00 

! 

U"l 
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1 .  The performance of the Bayes i a n  proba b i l i ty model u s i ng data 

from musc l e :  

The term ' accuracy ' a s  used i n  su bsequent s ec t i o n s  i s  defi ned as  the 

percentage o f  bru i ses o f  known ages correctl y a ged a s  such . When o n l y  

two a g e  categor i es were cons i dered the a bove mea s ures became c l ose l y 

ana l o gous to the ep i dem i o l o g i ca l  concepts o f  sen s i t i v i ty a nd s pec i fi c i ty 

a s  used to descri be the performance of  d i sease  tes t i ng procedures 

( Schwabe e t  a Z . , 197 7 ) . The potent i a l  ' accuracy ' of  the Baye s i a n  

probab i l i ty rnode l \va s  a s sessed by app l y i n g  i t  t o  data from the 120  

bru i ses from wh i ch the probab i l i t i es of  observ i n g  s cores  were ca l c u l ated . 

Separate scores for the macropha ge and  neutroph i l  exudates and  score3 

for macrophage/ neutroph i l  ra t i os were con s i dered i n  two separate a n a l yses 

s i nce a theoret i ca l  requ i remen t  when us i ng Bayes ' equat i o n  i s  tha t the 

probab i l i t i es o f  observ i n g scores for the parameters i n  the equa t i on  be 

causa l l y  i ndependent  of each other . The �ges of  bru i ses e s t i mated us i ng 

s cores for the h i s topa tho l o g i c a l  fea tures i n  Ta b l e 2 . 9 ,  i . e .  separate 

mac rophage and neutroph i l scores � � re compared to the i r known a ges i n  

Tab l e 2 . 10 .  The ages of  bru i ses es t i ma ted us i n g the scores for 

macrophage/ neutroph i l  ra t i os a re compared to the i r actua l ages i n  

Tab l e 2 . 1 1 .  Not a l l age  catego r i es i n  thes e  tab l es conta i n 20 bru i ses . 

T h i s i s  because  the proba b i l i t i es a s s i gned to some comb i nat i o n s  o f  

scores t i ed on  two o r  more a g e  ca tegori es , caus i ng the a ffected bru i ses  

to be rej ected from cons i dera ti o n .  The ' accurac i es ' a ch i eved by the two 

app l i ca t i on s  of the Bayes i a n  proba b i l i ty mode l are  compared for each age  

group  i n  Tabl e 2 . 1 2 .  From i ns pec t i o n  of  Tabl e s  2 . 10 ,  2 . 1 1 a nd 2 . 1 2 the  

fo l l ow i n g  conc l us i o ns  were drawn : 

( i ) The Bayes i a n  probab i l i ty model a s  app l i ed to  data from musc l e wa s 

not very ' accura t e '  i n  p l ac i n g  bru i ses i n to one  of  s i x  a ge 

categor i es . 

( i i ) The model  wa s more ' accurate ' a nd  l es s  bru i ses  were rejected 

because  of t i ed res u l ts when sepa rate scores  for macrophage and  

neutroph i l  exuda tes were used rather than scores a s s i g ned to  

mac ropha ge/neutroph i l ra t i o s . 

Because  of these con s i dera t i ons  the use  of  rat i o s  wa s d i scont i nued 

and the number of a ge ca tegor i es wa s reduced . 
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TABLE  2 . 1 0 

ACTUAL 
AGE 

( hours ) 

1 -8  

1 2 - 20 

24 -36 

48 

60 

72 

THE EST I MATED AGES OF E XPER IMENTAL BRU I SES , AS 

DETERM I NED  BY APPLY I NG THE BAYES I AN PROBAB I L I TY 

MODEL TO H I STOPATHOLOG I CAL DATA FOR MUSCLE , ARE 

COMPARE D  W I TH THE I R  KNOWN AGES . MACROPHAGES AND 

NEUTROPH I LS WERE SCORED SE PARATELY RATHER THAN 

AS RAT I OS .  

EST i t�ATED  AGE ( hours ) TOTAL I 
NUMBER  

1 -8 1 2 - 20 24-36 48 60 72  OF 13RU I SES 

17  2 1 - - - 20 

6 I 1 3  - - - - 19* 

4 1 1 1  1 - 1 18* 

- - 5 9 3 ? 20 ..J 

- - 1 3 1 2  4 20 

- - - 2 2 J 1 5  19* 

* Some bru i s es  rejected beca t J se  of t i ed age e s t i ma tes  

TABLE  2 . 1 1  : THE  EST I MATED  AGES  OF  E XPER IMENTAL BRU I SES , AS 

DETERM I NED  BY APPLY I N G  THE BAYES I AN PROBAB I L ITY  

MODEL  TO H I STOPATHOLOGI CAL DATA FOR  MUSCLE ,  ARE 

COMPARED W I TH THE I R  KNOWN AGES . TH I S  T IM E  MACRO­

PHAGES AND NEUTROPH I LS AR� SCORED AS RAT I OS .  

ACTUAL EST I MATED  AGE ( hours ) TOTAL 
AGE f-----r--· NUMBER 

( hours ) 1 -8  1 2 - 20 24-36 48 60  72  OF BRU I SES  

1 -8 13 1 1 - - - 1 5* 

1 2- 20 12  4 4 - - - 20 

24-36 2 1 9 2 - 1 15* 

48 - - 3 6 4 4 17* 

60  - - 1 5 8 5 19* 

72  - - - 2 4 12  18* 
- -

* Some bru i se s  rejected because  of t i ed a ge e s t i mates  
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TABLE 2 . 1 2 THE  PERCENTAGE 1 ACCURAC I ES 1 OF THE BAYES IAN 

PROBAB I L I TY MODEL I N  AGE I NG BRU I S E S  U S I NG 

H I STOPATHOLOG I CAL  DATA FROM MUSCLE  OR AD I POSE 

T I SSUE ARE SHOWN FOR THE 120 BRU I S ES  USED  TO 

DEVELOP THE MODEL . 

ACCURACY 

AGE MUSCLE AD I POSE  T I SSUE ( hours ) 
s eparate scores* ra t i os** separa te scores�  

1 -8 85% 87% 80% 

1 2 - 20 68% 20% 4 5% 

24 -36 6 1% 60% 40% 

48 45% 3 5% 25%  

60  60% 42% 50% 

7 2  79% 67%  60% 

* Separa te s cores  for the macrophage and neutroph i l exudates 

** Scores a s s i gned to macrophage/ n eu troph i l  ra t i os 

2 .  The performa nce of  the Baye s i an probabi l i ty model  when u sed to 

pl ace bru i ses i nto one of  o n ly  two broad age categor i es : 

The effect o f  reduc i ng the number of  age  catego r i es on  the  1 accuracy 1 

of  a g e i n g  bru i s e s  wa s expl ored i n  two ways . I n  the f i r s t , the s i x  

a ge categor i es i n  Tabl e 2 . 10 were s i mp ly  merged to form two groups  

represent i ng bru i ses 1 - 20 hours a nd 24-72  hours  o l d .  I n  the s econd , 

new probab i l i ti es o f  observi ng  scores for h i s topa thol og i ca l  fea tures 

were ca l cu l a ted for a ge groups 1 -20 hours and  24-72 hours  and  Bayes 1 

equat i o n  wa s u s ed to age bru i ses  d i rect l y  a s  s u c h .  The i ncrea s es i n  

1 accura cy 1 thu s a tta i ned �re s hown i n  Tab l e 2 . 1 3 .  I t  wa s concl uded 

that the Bayes i an probab i l i ty model  wa s more 1 ac cura te 1 when u s ed to 

p l ace  bru i ses  i nto one of two rather tha n s i x  a g e  categor i es . 

However , the greatest  overa l l 1 accuracy 1 i n  so  do i ng wa s ach i eved by 

f i r st  pl ac i ng bru i se s  i nto one  of  s i x  age  groups  then regroup i ng  them , 

rather than  by p l ac i ng them d i rec t l y  i nto one  o f  on l y two age  ca tegor i es . 
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TABLE 2 . 13 THE PERCENTAGE • ACCURAC I Es • OF THE BAYES I AN PROBAB I L I TY 

MODEL I N  AGE I NG BRU I SES I N D I RECTLY OR D I RECTLY I NTO TWO 

BROAD AGE CATEGOR I ES ARE CALCULATED  U S I NG H I STOPATHOLOG­

I CAL DATA FROM THE 1 20 BRU I SES USED  TO DEVE LOP THE MODE L . 

ACCURACY 

AGE MUSCLE ADI POSE T I SSUE ( hours ) 
i nd i rec t* d i rect i nd i rect* 

1 - 2 0  97% 100% 93% 

24-72 94% 82% 83% 

* Bru i ses  f i r s t  p l aced i nto one  of s i x  age  ca tegori es  

3 .  The performa nce of  the Baye s i a n  proba b i l i ty model  u s i ng data 

from ad ipose  ti s s ue : 

· -

For ad i pose t i s s ue , the model  wa s a pp l i ed to scores equ i va l ent  to tho se  

u sed for mu sc l e ,  but wi thout cons i d er i ng scores for macrophage/ neu tro­

ph i l rat i o s . Compar i sons  between e st imated and  actua l ages  of bru i ses  

are shown i n  Tab l e 2 . 1 4 .  The • accuracy • of the model  for each  age  

category i s  presented for compar i son wi th  musc l e i n  Tab l e 2 . 1 2 .  The 

• accuracy • of the model  after bru i ses  had been regrou ped i n to age 

categori es 1 - 20 hours a nd 24 -72  hours i s  compared  i n  Tabl e 2 . 13 wi th 

that for mu sc l e .  

6 1  

4 .  The effects of  re- scor i ng of  t i s s ue sect i ons  on  bru i se age e s t i ma te s : 

The repeata b i l i ty of semi -qua nt i ta t i ve h i s topatho l og i ca l  scor i ng  wa s 

expec ted to be l es s  than perfect . Var i a bi l i ty wa s therefore mea sured 

by re- scor i n g the 1 20 mu sc l e secti ons  u sed when deve l opi ng the Baye s i a n  

proba bi l i ty model . A s  i nd i ca ted i n  Ta bl e 2 . 1 5 ,  repeatab i l i ty for a l l 

fea tures o ther than ha emos i deri n wa s rel a t i v e l y  poor , a l thoug h  scores 

for the mo s t  part devi ated by o n l y ± 1 score u n i t from the or i g i na l s .  



TABLE 2 . 14 THE EST I MATED AGES OF EXPERIMENTAL BRU I SES , AS DETERM I NED  

BY APPLY I NG TH E BAYES I AN PROBAB I L I TY  MODE L TO H I STOPATHO­

LOG I CAL DATA FOR AD I POSE T I SSUE , ARE COMPARED W I TH THE I R  

KNOWN AGES . 

ACTUAL EST I MATE D  AGE ( hours ) TOTAL 
AGE NU I�BER 

( hours ) 1 -8 1 2 - 20  24-36 48 60 7 2  OF BRU I SES  

1 -8 16  4 - - - - ?.0 

1 2 -20 8 9 2 - I 1 ·- 20 

?.4 -36 4 
I 

4 8 2 2 20 -

48 2 1 � 5 3 5 20 "t 

60 2 - 1 1 10  6 20  

72  - 1 2 1 4 1 2  20 

TABLE 2 . 1 5 THE PERCENTAGES OF SCORES DUP L I CATED  AFTER RE-SCOR I NG 

T H E  1 20 B RU I SE S  U S E D  WHEN DEV E LO P I NG THE BAY E S I AN 

PROBAB I L I TY  MODEL . 

H I STOPATHOLOG I CAL FEATURE PERCENTAGE OF DU P L I CATED S CORES 

Neutroph i l  exudate 59% 

Macrop hage exudate 57% 

F i bropl a s i a  6 3% 

Endothe l i a l  ce l l hypertrophy 7 7% 

Haemos i deri n i n  mac rophages 100% 

The new scores were used to re-es t i mate the  a ges of  bru i ses  i nto two 

broad a g e  categor i es , u s i ng the  probab i l i ty fi gures P ( Sx
! Dj ) 

ca l cu l a ted from the ori g i na l  data for the s i x  age  catego r i e s . 

The res u l ts are compured i n  Ta bl e 2 . 1 6 .  
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TABLE 2 . 16 COMPAR I SONS BETWEEN THE 1 ACCURAC I ES 1 OF THE BAYES IAN 

PROBAB I L I TY MODEL I N  AGE I NG  BRU I SES  U S I NG THE ORI G I NAL 

AND NEW SCORES FOR THE 120  MUSCLE SECT I ONS USED TO 

DEVE LOP THE MODEL . 

AGE ACCURACY 

( hours ) Ori g i na l  scores New scores  

1 -20 g n; 92% 

24-72  94�� 90% 
- · 

As can  be seen , the 1 accuracy 1 of  the model when e s t i mat i ng  ages  from 

the ne� scores wa s of the same order of mag n i tude  a s  that ach i eved 

u s i ng the or i g i na l  scores (Tabl e 2 . 1 3 ) . I t  wa s conc l uded tha t a l t hough  

scores a s s i gned to i nd i v i d ual  h i s topa tho l og i ca l  features frequent l y  

d i ffer ed from t h e  o r- i g i na l s ,  t h e  effects  of these  var i a t i ons  were not 

grea t when sets  of  scores represent i ng s evera l features were u sed  to 

e s t i ma te the ages of  bru i ses . 

B .  Devel opi ng the mu l t ipl e  regres s i on mode l  

A mu l t i p l e regre s s i o n  equc t i on wa s der i ved for  mu sc l e ,  u s i ng the data 

representi ng  t he same 120  bru i ses  used to devel o p  the Baye s i an  

probab i l i ty mode l . The equa t i on wa s f ·i tted by the  method of  l ea s t  

squa res , u s i ng a sub- programme ava i l a b l e i n  t h e  computer package 

known as  � s ta t i s t i ca l  Package for the Soc i a l  S c i ences 1 ( SPSS ) . 

The equa t i o n  so  der i ved wa s -

where 

y = 0 . 58x1 + 0 . 7 1 x2 - 0 . 07x3 -0 . 64x4 + 0 . 4 9x5 + 1 . 1 1 

- y wa s the  e st imated age  of  the bru i s e .  T h i s took  va l ues  from 

1 -6 accord i ng to whether the bru i se wa s e s t i ma ted a s  be i n g 

1 -8 ,  1 2 -20 , 24 -36 , 48 , 60  or  72 hours o l d respec t i ve l y .  
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were the semi -quanti tat i ve scores ( 1 -4 ) for fi bropl a s i a , 

haemo s i deri n i n  macrophages , hypertrophy of endothel i a l ce l l s ,  

exudat i o n  of neutroph i l s  a nd exuda t i on o f  macrophages 

res pecti vel y .  

The a bove equat i o n  was used to e s t i mate i nd i v i dua l b ru i s e a ges  d i rect l y  

from s cores for the fi ve  sel ected h i s topa tho l o g i ca l  features . I ts 

max i mum poten t i a l  • accuracy • wa s a s ses sed by a p p l y i ng i t  to the data 

from wh i c h i t  had been deri ved , i . e .  tha t from the  1 20 bru i ses . 

Compari sons  between e st imated a nd actua l  a ges o f  bru i ses  a re presented 

i n  Tab l e 2 . 1 7 .  The • accuracy • of the l i near reg res s i on model i s  

compared to that of the Baye s i a n  probab i l i ty model i n  Tab l e 2 . 18 .  

Exami nat ion  of  th i s tabl e s hows tha t the • a ccuracy • of  the regre s s i o n  

equa t i on wa s l e s s  than tha t o f  the Bayes i a n  mode l  when bru i ses were 

parti t i oned i n to one of s i x  age  ca tegor i e s . As wa s the case  wi th  the 

Bayes i an model  howeve r ,  the • accu racy • wa s cons i der� b l y  i ncreased i f  

bru i ses were s ubsequent l y  re-c l a s s i fi ed a s  1 - 20 hours or  24-72  hours 

o l d .  

I t  wa s conc l uded that the mul t i p l e  regres s i on  equat i o r . had no pract i ca l 
advantages over the Buyes i an proba bi l i ty mode l . For th i s  reason ,  a nd 

because  of  certa i n  theoreti ca l  fac tors d i scus sed l a ter , the Baye s i a n  

proba b i l i ty model wa s sel ected a s  the model  of  c ho i ce for further 

a ge i ng  of  bru i ses . 

C .  Asses sment o f  the performa nce of the Bayes i a n proba bi l i ty mode l  

when  appl i ed to da ta not prev i ou s l y  u s e d  t o  devel op the mode l  

The age of each  new t i ssue  sec t i o n  of a bru i s e wa s est ima ted by 

app l yi ng  the Baye s i a n  probabi l i ty model to s co res  for the fi ve 

prev i o u s l y  se l ected h i s topatho l o g i ca l  features . Where a s i ng l e 

bru i se wa s represented by more than one sect i o n , eac h  s ect i on wa s 

trea ted a s  a separa te bru i s e .  E s t i mated and  a c tua l  ages  of  t i le  new 

sec t i ons  of bru i ses are compared i n  Ta bl e 2 . 1 9 and  2 . 20 for mu sc l e  

and  ad i pose t i ssue respecti vel y .  I n  Ta b l e 2 . 2 1  the performance o f  

the Bayes i a n  probab i l i ty model  when a ppl i ed to the new data i s  
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TABLE 2 . 1 7  THE  EST H1ATED AGES OF EXPERI MENTAL BRU I SES , AS  DETERr H NED  

BY APPLY I NG THE  MULT I PLE REGRESS I ON MODEL TO H I STOPATHO­

LOGI CAL DATA FOR MUSCLE , ARE COMPARED W I TH THE I R  KNOWN 

AGES . 

ESTIMATED  AGE ( hours ) TOTAL 
NUMBER 

( hours ) 1 -8 1 2- 20 24-36 48 60 72 OF BRU I SES 

1 -8 8 1 1  1 - - - 20  

1 2-20  1 1  I 9 - - - - 20  

24-36 2 ��� 8 - - - 20  

48 - 6 6 6 - 20 

60 - - 2 9 8 1 20 

72 - - 6 2 1 2  - 2 0  

TABLE 2 . 1 8 THE PERCENTAGE ' ACCURACY ' OF THE MULT I PLE  L I NEAR 

REGRES S I ON MODEL I S  COMPARED W I TH THAT OF THE BAYES I AN 

PROBAB I L I TY MODEL , US I NG THE SAME DATA FOR MUSCLE . 

AGE ACCURACY 

( hours ) 
Mul t i p l e regress i on Baye s i a n  mode l  

1-8  40% 85% 

1 2-20  4 5% 68% 

24 -36 40% 6 1 %  

48 30% 45% 

60 40% 60% 

7 2  0% 79% 

1 -20 98% 97% 

24 -72  83% 94% 

-
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TABLE  2 . 1 9 COMPAR I SONS BETWE EN EST IMATED AND ACTUAL AGES  OF 

EXPER I MENTAL BRU I SES . AGE ESTIMATES  WERE MADE BY 

APPL Y I NG THE BAYES I AN PROBAB I L I TY MODE L TO H I STO­

PATHOLOGI CAL DATA FROM MUSCLE SECT I ONS NOT PREV I OU S LY 

USED  FOR DEVELOP I NG THE MODEL . 

ACTUAL 
AGE 

( hours ) 

1 -8 

1 2- 20 

24-36 

48 

60  

L 72  

TABLE  2 . 20 

ACTUAL 
AGE 

( hours ) 

1 -8 

12 -20  

24-35 

48 

60 

72 

EST IMATED AGE ( hours ) TOTAL 
NUMBER  

1 -8 1 2 - 20 24-36 48 60 72  OF BRU I SES  

31  18  5 - - 2 56 

10  1 7  5 - - 1 33 

J. O - 1 3  5 - 1 29  

1 - 4 2 3 - 1 0  

- - - - 9 1 10  

- - 1 3 4 2 1 0  

COMPARI S ONS  BETWEEN EST I MATED  AND ACTUAL AGES  OF 

EXPER IMENTAL BRU I SES . AGE EST I MATES WERE MADE BY 

APPLY I NG  THE BAYES I AN PROBAB I L I TY MODEL TO H I STO­

PATHOLOG I CAL DATA FROM ADI POSE T I SSUE  SECT I ONS NOT 

PREV I OUSLY  USED FOR DEVE LOP I NG THE  MODEL . 

EST I MATED AGE ( hours ) TOTAL 
NUt�BER 

1 -8 12-20  24-36  48 60 7 2  OF BRU I SES  

58 16 2 - - - 76  

26  9 4 2 - 1 42  

5 10  25 5 6 - 5 1  

4 3 2 3 3 - 1 5  

1 1 2 3 7 4 18 

- 2 2 5 6 2 1 7  
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TABLE  2 . 2 1  THE 1 ACCU RACY 1 O F  T H E  BAYES IAN PROBAB I L I TY MODEL  WHEN  

APPL I ED TO DATA PREV I OUSLY  USED  FOR I TS DEVELOPMENT I S  

COMPARED W ITH THAT ACH I EVED  W I TH NEW  DATA . 

ACCURACY 

AGE MUSCLE ( hours ) 
ori g i na l * new** 

1 - 20 97% 85% 

24-72 94% 81%  

* Data u sed for  devel opi ng the  model  

** New data 

AD I POSE T I SSUE  

or i g i na l * new** 

93% 93% 

83% 75% 
- -

compared to i ts max i mum perfo rmance a fter i t  had been app l i ed to the  

data  from wh i c h  i t  wa s devel oped . 

As expected , the model  wa s s l i gh t l y  l es s  1 accura te 1 when app l i ed to 

the new data , but  t h i s woul d be a more real i s t i c a s sessment of i ts 

1 accuracy 1 i f  i t  wa s a pp l i ed to data from bru i s es of u nknown ages . 

1 .  I nvestiga t i on i n to the advantages of  cons i deri ng more than one 

sampl e per brui se : 

I t  wa s l og i ca l  to a s sume that bru i ses  woul d be a ged wi th greater 

1 accuracy 1 i f  more than one samp l e of musc l e  or  ad i pose t i s s ue wa s 

cons i dered for each bru i se , or  i f  i nd i v i duc l  bru i s es were a ged o n l y  

when there wa s concordance between a g e  est imates  made from both mu sc l e 

and  ad i pose  t i ssue . Both of  these opt i ons  were exp l ored . 

( a ) The effect of duo l i ca te wi th i n-bru i s e sampl i ng on the 1 accuracy 1  

o f  age i ng bru i ses : The po s s i b l e  advantages  of dup l i ca te w i t h i n­

bru i se sampl i ng were expl ored u s i ng 62 pa i red musc l e sampl es  a nd 80 

pa i red a d i po se  t i s s ue sampl es . Prev i ou s l y ,  eac h  pa i r  of sec t i o n s  had 

been trea ted a s  represent i n g two separate bru i s es .  I nd i v i dua l  bru i ses  

were aged on ly  when there  wa s a greement between the  est ima ted ages  of  

samp l e pa i rs ,  wi th musc l e and a d i pose t i s s ue  b e i ng  con s i dered separa te l y .  
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Concorda nce of est i ma ted ages occurred i n  o n l y  7 2% and 73% o f  bru i ses  

when cons i der i ng data from mu sc l e  and ad i pose t i s s ue res pec t i ve l y .  

The �ccuracy ' o f  age i ng i nd i v i dua l bru i ses u s i ng pa i red w i th i n-bru i se 

sampl es  ( Ta b l e 2 . 22 ) wa s s l i ghtl y h i gher tha n when bru i ses  were a ged 

on the ba s i s  of one sampl e o n l y  ( Tab l e 2 . 2 1 ) . However , when con s i der­

i ng pa i red sampl es , 18% of data had to be rejected because of  a l ac k  

of  concordance between a ge e st ima tes . 

TABLE  2 . 22 : THE ' ACCURACY ' OF THE BAYES I AN PROBAB I L I TY MODEL I N  

AGE I NG BRU I S ES WHEN THERE WAS CONCORDANCE BETWEEN 

PA I RED  I� I TH I N-BRU ISE  SA�1PLES . 

AGE ACCURACY 

( hours ) 
MUSCLE* AD I POS E  T I SSUE** 

1 - 20 93% 95% 

24-72  86% 8 1% 

* 1 8% of bru i ses rejected for l ac k  of  concordance 

** 1 7% of brui ses rej ected for l ac k  of  concordance 

( b ) The ' a ccuracy ' o f  age i ng bru i ses when there wa s concordance 

between age esti ma tes from musc l e and  ad ipose  t i s sue : Sect i on s  

from those  bru i ses  w i th data ava i l ab l e for both mu sc l e  and  ad i pose  

ti s s ue were a ged on l y i f  there vta s agree1nen t  bet\veen age es t ima tes  

from the two t i ssues . A tota l  of  1 18 ti s sue sec t i ons  fu l fi l l ed th i s 

cr i teri on . Wi th concordance of  age between the two t i s sues , the 

' accuracy ' of  a ge i ng brui ses wa s enhanced con s i derab l y ( Tabl e 2 . 23 )  

re l a t i ve to that when e i ther musc l e or  ad i pose t i s sue were con s i dered 

separa te l y  ( Ta bl e 2 . 2 1 ) . However , th i s  i ncrease  l n  ' accuracy ' was 

ga i ned at the cost  of  hav i ng to reject 1 3% o f  musc l e and a d i po se  

t i s s ue pa i rs from cons i dera t i on because of  a l ac k  of concordance 

between age e s t i mates  from the two t i ssues . 
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TABLE  2 . 23 THE ' ACCURACY ' OF THE BAYES I AN PROBAB I L I TY MODEL I N  

AGE I NG BRU I SES W ITH CONCORDANCE BETWEEN ESTIMATES 

MADE FROM MUSCLE  AND AD I POSE T I SSUE . 

AGE ACCURACY* ( hours ) 

1 - 20 96% 

24-72  97% 

* 13% of  sec t i ons were rejected for l ac k  of 
concordance 

2 .  Compar i sons  between the ' accurac i es ' of i nterpreti ve and  

Bayes i a n methods of age i ng bru i ses : 

The Bayes i a n  probab i l i ty mode l  wou l d be of  pract i ca l  va l ue fo1� a ge i n g 

bru i ses o n l y i f  i t  wa s more ' accura te ' than a patho l og i s t  ma k i ng 

i nterpret i ve a s sessments of  a ge based on fi rs t pr i nc i p l es and  personal 

exper i ence . I mmed i a te l y  after scori ng  t i s s ue secti ons  not used  when 

' deve ·l op i ng ' the Baye s i a n  probab i l i ty mode l , b r·u i ses  had been a ged 

i nterpre t i v e l y  accord i ng to h i s topatho l og i ca l  c ha nges i n  both mu sc l e 

and  ad i po se  t i s s ue . Compa ri sons  between the ' accurac i es ' of  the 

i n terpret i ve and Baye s i a n  methods of  a ge i ng bru i ses  a re presented i n  

Tab l e 2 . 24 .  

TABLE 2 . 24 : THE ' ACCURACY ' OF  THE BAYES I AN PROBAB I L I TY MODEL I N  

AGE I NG BRU I SES I S  COMPARED TO THAT OF I NTERPRET I VE  

AGE I NG .  

ACCURACY 

AGE I NTERPRET I VE METHOD BAYES I AN METHOD ( hours ) 

MUSCLE  AD I POSE T I SSUE  

1 - 20 78% 85% 93% 

24-72 72% 81% 7 5% 

The above tabl e s hows mathema t i ca l  a ge i ng to have been more ' accura te ' 

than i nterpreti ve a ge i ng .  
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I V .  APP L I CAT ION OF THE BAYES I AN PROBAB I L I TY MODEL 

TO WOOL PULL BRU I SES 

1 .  Gro s s  pa thol ogy 

I t  wa s pos s i b l e to d i s t i ngu i sh  gros s l y  between exper i menta l i mpact  and  

' woo l  pu l l ' bru i ses  s i nce haemorrhage i n  the l a tter wa s more d i ffuse  

and  l arge l y  confi ned to  the  subcutaneous fa s c i a . Even though the 

fa sc i a l  haemorrha ge wa s qu i te s evere i n  the major i ty of  the ' wool pu l l ' 

brui se s , o n l y  mi l d  haemorrhage was usua l l y  observed i n  the u nderl yi n g  

ad i po se  t i s s ue .  Musc l e  usua l ly  a ppeared unaffected gros s l y .  

Haemorrhage i n  the ' w,Jo l  pu l l ' bru i ses  was u s ua l l y  very mi l d ,  w i th 55% 

of ad i pose  t i s s ue s ec t i o n s  be i ng a l l o tted the l owes t  haemorrhage s core 

of  2 .  Musc l e was affected i n  o n l y  1 5% of cases . The t i s s ue reac t i ons 

i n  many o f  the bru i ses  were s l i gh t  and  therefore rel a t i ve l y  un i nformati ve .  

The data were proces sed  us i ng the Bayes i a n proba b i l i ty method and  the 

probab i l i t i es of observ i ng h i s topatho l og i ca l  scores  ca l c u l a ted for 

i mpact brui ses . The method wa s 100% ' accura te ' i n  a ge i ng 1 - 20 hour 

o l d bru i ses  but  on l y 57% ' accura te ' for bru i s e s  24-72 hours o l d .  

V .  THE ' CONF I DENCE ' OF AGE I NG BRU I SES OF  UNKNOWN 

AGES BY APPL I CAT I ON OF THE BAYES I AN 

P ROBAB I L I TY METHOD 

I n  prev i ous  sec t i ons  the performance of the Baye s i a n  probabi l i ty model  

has  been  descr i bed i n  terms of the ' accuracy ' of a ge i ng ,  wh i c h wa s 

defi ned a s  the  percentages  of bru i se s  of  known a ges  1 - 20 hours or  

24-72  hours o l d tha t  were correctl y a ged as  s uch . Th i s  concept  of  

' accuracy ' ta kes no  cogn i sance of the number of  i ncorrec tl y a ged 

bru i ses  from each a l terna te age category ,  and as s uch  wou l d be of 

l i m i ted va l ue i n  mea s uri ng the performance of the model  after i t  had 

been appl i ed to bru i ses  o f  unknown a ge s . A better mea s ure of  performance 
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i n  these s i tua t i ons  wou l d be the degree  o f  certa i nty wi th wh i c h  

i nd i v i dua l bru i ses  had been a ged a s  e i ther 1 - 20 hours o r  24-72  hours 

o l d .  Th i s  i s  referred to as  the ' confi dence ' o f  age i ng . The method 

o f  ca l cu l at i ng  ' confi dence ' i s  out l i ned after fi r s t  defi n i ng the 

d i fferent concepts o f  ' accuracy ' and  ' confi dence ' ma thema ti c a l l y ,  wi th 

reference to F i gure 2 . 9 .  

( a )  ' Accuracy '  �f the Baye s i a n  probab i l i ty model : ' Accuracy ' denotes 

the a b i l i ty o f  the model  to correct ly  i dent i fy as s uc h , bru i s e s  of  

known a9es  1 -20 hours and  24- 72  hours  o l d respec t i ve l y ,  i . e .  a/a+b  and 

cjc+d i n  F i gure 2 . 9 .  I n  probab i l i ty terms ' accuracy ' i s  defi ned a s  

' the probab i l i ty o f  a bru i se be i ng  a ged by the Baye s i a n  method a s  

1 -20 hours o r  24- 72  hours o l d ,  g i ven tha t i t  wa s actua l l y  o f  that a ge ' , 

i . e .  P ( E I A ) , where the symbo l s  s tand  fo r the proba b i l i ty ( P )  o f  

e s t i mated a g e  ( E )  g i ven ( I )  actua l  a ge ( A ) . The va l ues  fo r ' accuracy ' 

were determi ned expe r i menta l l y ,  u s i ng bru i se s  o f  known ages , and  a re 

a s s umed to rema i n  constant  fo r a l l fu ture a pp l i ca t i o n s  o f  the Bayes i a n  

me thod to bru i s es o f  un known ages . 

( b ) The  ' confi dence ' of  agei ng i nd i v i dua l  brui se s : ' Co nfi dence ' i s  

defi ned as  the percentage of  those  bru i se s  e s t i ma ted to be e i ther 

1-20 hou rs or 24-72 hours o l d that were ac tual l y  of  that  age , i . e .  

a/a+d and  c/c+b i n  F i gure 2 . 9 .  I n  proba b i l i ty terms , i t  i s  defi ned 

as the proba b i l i ty of a bru i se actua l l y  bei ng  1 -20  hours or 24-72  hours 

o l d ,  gi ven that i t  wa s e s t i mated as  s uch by the Bo.yes i a n method , 

i . e .  P ( A I E ) . Th i s  mathema t i ca l  defi n i t i on empha s i ses  the fundamenta l 

d i fference betwee n the c oncepts of  ' accuracy ' and  ' confi dence ' .  

1 .  Method of  ca l c u l a t i n g the ' confi dence ' wi th wh i c h i nd i v i d ua l  

bru i ses  have been aged 

When a n  app l i ed model  i s  l e s s  than 100% ' ac c ura te ' a propo rt i o n  o f  

1 -20 h o u r  a n d  24 - 7 2  h o u r  o l d bru i ses  wi l l  h a v e  been a g e d  i ncorrec t l y  

( e rror terms b and d i n F i g ure 2 . 9 ) . The ma gni tude of  th i s  e rror 

depends on  the degree of  ' accuracy ' .  Th i s  fac tor  therefo re i nf l uences  

the ' confi dence ' of  a ge i ng . ' Accuracy ' wa s found to va ry accord i ng  
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. b ·  . 
·' • " ( 1 -3) . 

Ac tua l age 24-72  hours 

c 
(48) 

nx = a�·b = 89 = c+d = 59 

- bru i ses  e s t imated a s  1 - 20 hou rs o l d  = a+d 

- bru i s es e s t i mated a s  24-72  hours  o l d = c+b 

Actua l age ( hours ) 

E s t i ma ted aae ( hours ) 1 - 20 24- 7 2  Tota l 

F IGURE � . 9  

1 - 20 

24 -72  

76  

1 3  

8 9  

1 1  87 

48 6 1  

59  148 

A d i agramm a t i c  and f ig u r a t ive repr e s e n·t a t io n  

o f  the pe r formance o f  the Baye s ian probab i l ity 

mode l i n  age i n g  a popu l a t i o n  of bru i s e s  o f  

age s  n a c tu a l l y  1 - 2 0  hou r s  o l d  a nd n a c tua l ly 

2 4 - 7 2  fio u r s  o l d . 
y 
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to the t i s s ues used for age i ng  purposes  and  the number of  sampl e s  

exami ned per bru i s e ,  but  i n  a l l ca ses va l ue s  were l es s  than 100% 

( Tabl e s  2 . 2 1 ,  2 . 22 , 2 . 23 ) . 

I rres pecti ve of the ' accurac i es ' of  a ge i ng ,  the l a rger the number of  

bru i ses  actua l l y  i n  one of  the  age  categor i es  re l a ti ve to  the othe r ,  

the l es s  s i gn i fi cant the error term ( b or  d i n  F i gure 2 . 9 )  from the 

a l ternate age  category - and vice versa . I n  order to ca l cu l a te the 

' confi dence ' of a gei ng  i ndi v i dua l  bru i ses  i t  i s  therefore nece s sary 

to ta ke i n to account the actua l number of  bru i s e s  i n  each a ge category .  

Wi th bru i ses  o f  un known ages these numbers cannot be known wi th 

certa i nty but  va l ues  can be e s t i ma ted g i ven  knowl edge of the ' accuracy ' 

of  the model  and the numbers o f  bru i ses  apparent l y of  each a ge . 

Because  of the a bove cons i dera ti ons , ' confi dence ' va l ues  mus t  be 

ca l c u l a ted afres h  a fter each a pp l i ca t i on of  the a gei ng  method to groups  

of bru i s es o f  unknown ages . The method of so  do i ng i s  i l l u s tra ted 

bel ow , ta k i n g as an exampl e the data prev i o u s l y  used to determi ne the 

' accuracy ' o f  the model  when app l i ed to data from mu sc l e o n l y  

( Tab l e 2 . 2 1 )  a s  presented i n  F i gure 2 . 9 .  

I n  pract i ce the fo l l ow i ng data from F i gure 2 . 3  wou l d  be known or  

a s s umed 

The ' accuracy ' of the mode l  i n  i denti fy i n g  1 - 20 hour o l d bru i se s  

i . e .  P ( Ex i A
x

) = 76/89 = 0 . 85 

The ' a ccuracy ' of  the model  i n  i dent i fy i n g  24-72  hour o l d bru i ses  

i . e .  P ( Ey i A
y

) = 48/ 59 = 0 . 8 1  

The number o f  bru i ses  e s t i mated to be 1 - 20 hours o l d = 87 

The number of bru i ses  e s t i mated to be 2 4 - 7 2  hours o l d = 6 1  

The to ta l  number o f  bru i se s  i n  the popu l a t i o n s tud i ed = 148 

The ' confi dence ' of a ge i ng bru i ses  i s  ca l c u l ated by app l y i n g  Bayes ' 

rul e to the a bove data a s  fol l ows . 
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The ' confi dence ' o f  a ge i ng  bru i se s  a s  1 - 20 hours  o l d = 

( 1 ) 

The ' confi dence ' of  age i ng  bru i se s  a s  24 - 7 2  hours o l d = 

( 2 )  

The va l ues  of  P ( Dx )  a nd P ( Dy ) i n  the a bove e�ua t i on s  c a n  be 

e s t i mated from t h� res pect i ve ' accurac i e s ' of the model  a nd the 

a pparent preva l ences o f  bru i ses  of  each ase  ( Schwabe et aZ .  � 1977 ) . 

= 
a pparent  preva l e nce of x + P ( Ey i Ay ) - 1 

P(Ey iAy) + P(Ex iAx) - 1 

= 1 - P ( D  ) X 

For the examp l e i n  F i gure 1 . 9 

P ( D  ) X ' = 87/ 148 + 48/ 59 1 
48/ 59 + 76/89 - 1 

= 0 . 6 1  

= 1 - 0 . 6 1  

= 0 . 39 

( 3 )  

( 4 )  
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Therefore -

P (Ax i Ex ) = ( 0 . 6 1 ) . ( 0 . 85 )  
(0 . 6 1) . (0 . 85) + (0 . 39)( 1 - 0 . 8 1 )  

- 0 . 88 --

P (Ay i Ey ) = ( 0 .  39 ) . ( 0 .  8 1 ) 
(0 . 39) . (0 . 8 1)  + (0 . 6 1) . rr-:  0 . 85 )  

= 0 . 78 --

I n  th i s  examp l e the percentage ' confi dences ' w i th  wh i c h bru i se s  were 

a ged by the Bayes i a n  proba b i l i ty r.1ode l  were 88% and 78% for 

1 - 20 ho ur and  24-72  hour o l d bru i ses  res pec ti ve l y .  I n  o ther word s , 

there wa s a n  88% l i ke l i hood of  hav i ng  correct l y  a ged i nd i v i dua l  

bru i se s  of  unknown ages  a s  1 - 20 hours  o l d a nd a 78% l i ke l i hood of  

hav i ng correc t ly  a ged them a s  24 - 7 2  hours o l d .  

The profound effect the re l a t i ve number of  bru i se s  actua l l y  i n  each  

age  category h a s  o n  the ' confi dence ' of  age i ng bru i ses  can  be  

demons tra ted by app ly i ng th2 a bove equ a t i ons  ( 1 - 4 )  to f i gures 

cons tructed for a hypothet i ca l  s i tua t i on repre s en ted i n  Tab l e 2 . 2 5 .  

TABLE  2 . 2 5 THE EFFECT VAR IATION  I N  THE RELAT I V E  NUMBERS OF B RU I SES 

ACTUALLY AGE D 1 - 20 HOURS or  24 - 7 2  HOURS OLD HAS ON THE 

' CONF I DENCE ' OF AGE I NG I ND I V I DUAL B RU I SES . THE ' ACCURACY ' 

OF THE MODEL I S  ASSUMED  CONSTANT AT 0 . 85 AND 0 . 81 FOR 

1 - 20 HOUR AND 24- 7 2  HOUR OLD BRU I SES RESPECT I VELY . 

ACTUAL NUMBER  OF BRU I SES ' CONF I DENCE ' OF AGE I NG I ND I V I DUAL BRU I SES 

1 - 20 24- 7 2  1 - 20  24- 7 2  
hours hours . To ta 1 hours hours 

1 50 5 0  200 93% 6 5% 
-

100 100 200 82% 84% 

50 1 5 0  200 6 1% 95% 
· -
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The l a rger the popu l a t i on of one age  group rel a t i ve to the other , the 

greater the ' confi dence ' w i th wh i ch bru i s es at that age wi l l  have been 

a ged  a s  s uch , and vice versa.  

2 .  Method of ca l cu l a t i ng the ' confi dence ' w i th  wh i c h  s i ngl e bru i se s  

have been a oed 

A s pec i a l  s i tua t ion  exi s ts when o n l y  a s i n g l e bru i se or  a sma l l number 

of  bru i ses a re cons i dered at  a ny one t i me . On these occa s i on s  the 

rea l , as opposed to the a pparent , age  d i s tr i buti ons  of  bru i se s  cannot 

be c a l cu l a ted w i th a n  acceptab l e degree of certa i nty . Each bru i s e  

mus t  therefore b e  a s sumed t o  have a n  equa l probab i l i ty of  bei n g  

e i t her 1 - 2 0  hours or  24 -72  hours o l d ,  i . e .  P ( D ) = P ( D ) = 0 . 50 .  X y ---
S i nce both the ' accuracy ' of the model a nd the preva l ences o f  bru i se s  

wi l l  now be  cons i dered a s  con s ta nts , t he  ' confi dence ' w i th wh i c h  the 

mode l  operates  w i l l  a l so be a con s ta n t ,  a b l e to be  c a l c u l a ted i n  

advance for each set  of  s amp l es  that may be used  for age i ng bru i se s . 

Appropr i a te ' confi dence ' va l ues  thus ca l cu l a ted  a re l i s ted i n  

Tab l e 2 . 26 ,  us i ng ' accuracy ' f i gures prev i ou s l y  e st ima ted for d i fferen t  

t i s sue  s amp l i ng reg i mens  ( Tabl e s  2 . 23 ,  2 . 24 a n d  2 . 25 ) . 

TABLE  2 . 26 THE ' CONFI DENCE ' W I TH WH I CH S I NGLE  OR  SMALL NUMBERS OF 

BRU ISES CAN BE AGED BY THE BAYES I AN PROBAB I L I TY MODE L , 

US I NG ' AC C U RACY ' F I GURES FROM TAB L E S  2 . 2 1 ,  2 . 2 2 AND 2 . 2 3 .  

' CONF I DENCE ' OF AGE I NG  
DATA CONS I DERED  FOR  AGE I NG 

1 - 20 hours 24-72  hours 

Musc l e  on l y  - one sect ion  per bru i se 82% 84% 

Ad i pose  t i s s ue o n l y  - one  secti on  per bru i s e  79% 92% 

Musc l e and  ad i pose t i s sue  ( concordance ) 97% 96% 

Pa i red musc l e samp l es  11  85% 93% 

Pa i red ad i pose ti s s ue samp l es  11  93% 94% 
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Comment : The ' confi dence ' w i th wh i ch a n  i nd i v i d ua l  bru i s e can  be a ged  

has  been  s hown to  depend on two i ndependent  but  i n teract i ng factors , 

name ly  the ' acc uracy ' of  the model  and  the age  d i s tri buti on  of  the 

bru i se s  under s tudy . The ' confi dence ' w ·i th wh i c h a bru i s e can  be a ged 

i s  therefore determi ned by a set  of  cond i t i ons  pecu l i ar to each group  

of  bru i ses  cons i dered . Neverthel e s s , at  a l l t i mes  four genera l 

pri nc i p l es wi l l  a c t  to enhance the ' co nfi dence ' w i th wh i c h the bru i se s  

from a ny one a ge category wi l l  have been a ged . These pri nc i pl e s  a re 

best  unders tood wi th reference to F i gure 2 . 9 .  

( i ) The greater the ' accuracy ' of  the mode l  i n  i dent i fy·i ng bru i ses  

of a part i cu l ar  a ge , the  greater the ' confi dence ' w i th wh i c h 

those bru i ses  w i l l  have been a ged . 

( i i ) The greater the ' accuracy ' of the mode l  i n  i denti fyi ng one 

parti cu l ar  a ge group of  brui ses , the grea ter the ' confi dence ' 

w i th  wh i c h  bru i �es  i n  the a l terna te age  category wi l l  have been 

aged . 

( i i i ) The l a rge1� the number o f  bru i ses i n  a ny one age category 

rel ati ve to the other , the grea ter the ' confi dence ' w i th  whi c h 

those brui ses  w i l l  have been a ged . 

( i v ) The l arger the number of  bru i s es  i n  a ny one  age c a teg0 1�y 

re l a t i ve to the other , the l ower the ' co n fi dence ' wi th wh i ch 

bru i se s  i n  the a l ternate a ge c ategory wi l l  have been a ged . 
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V I . PRACT I CAL APPL I CAT I ON OF THE BAYES I AN AGE I NG METHOD : 

THE AGE I NG OF BRU I SES I N  A P I LOT STUDY 

AT A MEAT �JORKS 

I NTRODUCT I ON 

A s emi -quant i tat i ve ma themati ca l  method had  been deve l oped to age  

bru i se s  object i ve ly  a s  e i ther 1 - 20 hours  or  24- 7 2  hours o l d .  Th i s  

wa s i ntended for u se  i n  determi n i ng the p l aces  o f  or i g i n of  bru i se s  

by compari ng the i r  e s t i ma ted a ge s  w i th t i me s  for events thought  l i ke l y  

to contr i bute t o  the bru i s i ng prob l em i n  New Zea l and . Al though certa i n 

expecta t i ons  and l i n1 i ta t i ons of  the method cou l d be deduced from 

expe r i menta l  d ata i t  rema i ned to a s s e s s  the u s efu l ness  of the techn i que 

·j n pract i ce . To th i s end a p i  1 ot  s urvey wa s conducted under norma l 

opera t i ng co nd i ti ons  i n  an  export mea t works . Read i l y  ava i l ab l e 

ep i demi o l og i ca l  da ta were col l ected dur i ng the s urvey i n  order- to 

compare the trad i t i o na l ep i demi o l o g i ca l  a nd obj ecti ve approaches  to a 

prob l em of  th i s k i nd .  

MATERIALS AND METHODS 

A tota l of  107 bru i s es , each of wh i ch wa s severe enough to requ i re 

tri mmi ng  under iVIi n i s try of Agr i c u l ture a 01d F i sher i es s u pervi s i o n ,  were 

co l l ected  from l ambs proces sed under norma l work i ng cond i t i ons  i n  an  

export mea t works . Al l such  brui s es i n  any parti cu l ar  mob of  l ambs 

under cons i de ra t i on were sampl ed . One t i s s ue s ampl e per bru i se was 

i mmed i a te ly  f i xed i n  forma l i n  then processed for h i s to l ogy .  T i s s ue 

s ec t i on s  were s ta i ned w i th H+E and  Perl  • s  i ron s ta i ns . Bru i s e s  were 

s ubsequentl y a ged as e i ther 1 - 20 hours or  24+ hours o l d by app l yi ng  

the  Bayes ·i an proba bi l i ty mode l  to  h i s topa t ho l og i ca l  data from musc l e  

and  a d i pose t i s sue cons i de red s eparate l y .  

The fo l l owi ng  i nformat i on wa s recorded for each bru i se :  gro s s  

appearance , farm of ori g i n ,  n umber of  l ambs from that farm , truc k i ng 

d i s ta nce  a nd ante m01'tem hol d i ng t i me i n  meat works yards . I n  add i t i on 
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the pos i t i o n  of  each  bru i s e  was c l a s s i fi ed accord i ng to F i gure 2 . 13 .  

RESULTS 

1 .  Gro s s  character i s ti c s of bru i ses  

Mos t of  the 107  bru i se s  sampl ed were more s evere than those i nfl i c ted 

exper i menta l l y but they were otherwi s e  gros s l y  s i mi l a r . The major i ty 

were ' i mpac t ' bru i ses , w i th  o n l y  5 l es i on s  gro s s l y  resembl i ng 

exper imenta l ' wool pu l l ' br;J i ses . I t  �ra. s not pos s i b l e to age  a ny of  

the bru i ses  gro s s l y  s i nce a l l of  them were red i n  co l our . 

2 .  H i s topatho l ogi ca l  c haracteri s t i c s  of bru i s e s  

T he  bru i s es sampl ed  were h i s topatho l og i ca l l y  s i mi l ar to  those i nf l i c ted  

experi menta l l y .  Brui s i ng i nj ury a ffec ted musc l e on ly  i n  8% , ad i pose  

t i s s ue  on l y i n  43%  a nd both  musc l e  a nd  a d i pose t i s s ue i n  49%  of  the 

107 brui ses  stud i ed .  

3 .  Agei ng of bru i ses  u s i ng the Bayes i a n  proba b i l -ity method 

Bru i ses  were aged object i ve ly  as e i ther 1 - 20 hours or  24+ hours o l d by 

app l yi ng  the Bayes i a n  probab i l i ty method to the a ppropri a te data . Of  

the bru i s es wi th  both  mu sc l e  and  a d i pose t i s s ue a ffected , on ly 6 7% of  

the  age  e s t i ma tes concurred . The ba l a nce were a ged accord i ng to 

res u l ts  from mu sc l e ,  s i nce  the  scori ng of h i s topa tho l og i ca l  changes  

wa s con s i dered to be more rel i ab l e i n  th i s  t i s s ue . 

From knowl edge of  the apparent  age  d i s tr i but i ons  for each  s et  of  d a ta , 

and  a s s umi ng  the res pecti ve ' accuraci es ' o f  the method rema i ned a s  

previ ou s l y  determi ned ( Ta bl e 2 . 2 1 ,  2 . 22 a nd 2 . 2 3 ) , ' confi dence ' i n  

age i ng  i nd i v i d ual bru i ses  wa s ca l cu l ated a s  prev i ou s l y  demonstrated . 

The res u l ts  are presented i n  Tab l e 2 . 27 .  
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TABLE  2 . 27 ' CONF I DENCE ' LEVELS OF AGE I NG I N DI V I DUAL BRU I S ES CALCULATED 

AFTER APPLY I NG THE BAYES I AN PROBAB I L I TY METHOD TO DATA FROM 

MUSCLE ,  ADI POSE T I SSUE OR BOTH . 

EST IMATED ' CONFI DENCE ' 

T I SSUE NU111BER AGE LEVELS 
OF BRU I SES 1 - 20 24+ 1 - 20 24+ 

HOURS HOURS HOURS HOURS 

Mu sc l e 26 19 7 0 . 96 0 . 56 

Ad i po se  t i s s u e  4 6  2 7  1 9  0 . 80 0 . 90 

Musc l e a nd 35  27  8 0 . 99 0 . 85 a d i pose t i s s u2 
-
107 

--

From the a bove f i gures , the Baye s i a n  method appeared  potent i a l l y  u seful  

for a ge i n g  bru i ses  observed i n  l ambs p roce s sed for export . However , to 

determi ne  the ca uses of bru i s i ng ,  the e s t i mated a ges  of i nd i v i dua l  

bru i ses  mu s t  be  re l ated to  the  t i mes of  occurrence of  events  thought  to 

contri bute to the bru i s i ng probl em .  l n  th i s survey the bru i se a ges  were 

cons i dered i n  re l a t i on to ho l d i ng t imes  i n  meat works yard s . 

4 .  Bru i se aqes con s i dered i n  rel a t i o n  to hol d i ng t ime s  i n  mea t 

works  yar� 

By cons i der i ng  bru i s e  ages  i n  rel at i on  to ho l d i ng ti me s  i n  meat works  

yard s , bru i ses  were d i v i ded i nto two categori e s : those  i nfl i c ted i n  

the meat works  a nd those i nfl i c ted pr i or to arr i va l . The res u l ts  of  

these  compar i sons  are  presented i n  Tabl e 2 . 28 .  
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TABLE  2 . 28 BRU I SES AGED AS 1 - 20 HOURS OR 24+ HOURS OLD ARE 

C LASS I FI ED ACCORD I NG TO THE KNOWN HOLDI NG T I MES 

OF LAMBS I N  MEAT WORKS YARDS PR IOR  TO SLAUGHTER 

HOLD I NG  T IMES 
EST I MATED AGES <20 hours 2 1 -23  hours  >24 hours  

1 - 20 hours  ( a ) 7% ( b ) 26% ( c ) 36�� 

24+ hours ( d )  9% ( e ) 1 5% ( f) 7% 

Tota l s 16% 4 1% 43% 
-------1 

Certa i n  shortcomi ngs  i n  the a pp l i cat i o n  of the Bayes i an p robab i l i ty 

method become a pparent when a ge e st imates and  ho l d i ng t i me s  a re 

cons i d ered i n  rel a t i o n  to each other . These a r i s e  becau se  the method 

ca n be u sed to age bru i se s  wi th an acceptab l e d egree of 1 Conf i dence 1 

on ly  a s  e i ther  l es s  than 20 hours or more than 24 hours o l d .  

Con sequentl y ,  the  p l aces  of or i gi n of bru i ses  ca nnot be determ i ned 

i n  the  fo l l ow i n g  c i rcums ta nces ( wi th reference to Tabl e 2 . 28 ) : 

( i ) Both ho l d i ng t i mes  and  e s t i mated a ges  a re <20  hours ( a ) ; 

( i i ) Both ho l d i ng  t i mes  and  e st imated a ges  are  >24 hours ( f ) ; 

( i i i ) Hol d i ng t i mes  a re from 2 1 -23  hou rs  ( b , e ) . 

On the  o ther  hand , the method i s  potent i a l l y  u sefu l  when : 

( i ) E st ima ted a ges  are < 20 hours  and  hol d i n g  t i me s  a re > 24 hours  ( c ) ; 

( i i ) E st ima ted a ges a re > 24 hours and  hol d i ng t i me s  a re <20  hours  ( d ) . 

The  percentage va l ues  ( a - f ) i n  Tabl e 2 . 28 depend on the i nterre l a t i on­

s h i ps between the  d i s tri but i o n  pa tterns for bru i s e a ge s  a nd  ho l d i ng  

t imes , a nd wi l l  therefore vary u npred i ctab l y  wi th each  s urvey . I n  

the present s u rvey o n l y  4 5% ( c+d ) o f  bru i se s  cou l d b e  c l a s s i f i ed  

accord i ng to  whether they occurred wi th i n  or  pri or  to  a rr i va l at  

the mea t  work s . No  fi rm dec i s i o n  as  to  p l aces  of  or i g i n  of the  

rema i n i ng 55%  o f  l e s i on s  coul d be made de sp i te the fac t  tha t a 

proporti on of these bru i se s  were a ged wi th a 1 COnfi dence 1 l eve l  of  

i n  exces s o f  90% . I n  future s urveys th i s percentage cou l d be reduced 
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substa nt i a l l y  by not cons i deri ng bru i s e s  from l ambs hel d i n  the meat 

works  for 2 1 -23  hours . Ha d th i s  pol i cy been fo l l owed i n  th i s  survey 

the percentag e  of  bru i ses  for wh i c h no f i rm dec i s i on cou l d  be mad e  

woul d have been red uced to on ly  24% . 

Bru i ses  cou l d o n l y  be cl a s s i fi ed a s  ha vi ng  occurred wi th i n  the mea t 

works when ho l d i ng t i mes were > 24 hours and  as  hav i ng  occurred pr i or  

to  arri va l a t  t he  works  when hol d i ng t i me s  were <20  hours . The 

proport i on o f  brui s es c l a s s i fi ed accord i ng to p l ace of or i g i n wa s 

therefore i nfl uenced by the d i s tr i but ion  of  the hol d i n g t i mes o f  the 

l ambs from wh i c h  bru i s e s  were sampl ed . S i nce  th i s  d i s tri but i on  wa s 

u neven i n  t he  present s urvey the e s t i mated rat i o of  9 : 36 ( d : c i n  

Tab l e 2 . 28 )  for bru i ses  i nfl i cted pr ior  to arr i va l  a s  compared to 

w i th i n  the meat works  woul d not have refl ected the actua l s i tuat i on . 

For va l i d  i nterpreta t i o n  the res u l ts had to be adju sted for a 

hypothe t i c a l  equa l ra t i o  of  50 : 50 for ho l d i ng t i mes  < 20 hours and 

> 24 hours res pect i ve l y . Th i s  was done as  fo l l ows : 

( i ) E s t i mated pl a ce o f  ori g i n  of bru i s e s  wi th  respect to the meat 

wo rks . 

( . .  ) \ 1 1  

P r i o r · to arr i va l  W i th i n  t h e  works 

9 36 

Actual  rat i o  of  hol d i ng t i mes i n  meat works  yards . 

<20  hours > 24 hours  

16 43  

( i i i ) Hypotheti ca l  rat i o  o f  ho l d i ng t imes in  mea t works  ya rd s to 

wh i ch resu l ts are to be adj u sted . 

<20  hours 

50 

>24 hours  

50  

( i v )  Proposed p l aces of occurrence of bru i ses . 

Pri or  to arr i va l  Wi th i n  the works  

9 X 50/ 16  = _g§_ 3 5 X 50/43 = � 

From the a bove  s i tua t i o n  i t  wa s proposed  that 40% of  bru i se s  were 

i nfl i cted pri or  to l ambs arri v i ng a t  the works  a n d  60% were i nfl i c ted 

wi th i n the works . 
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5 .  Epi dem i o l ogi ca l data 

Certa i n  read i l y ava i l ab l e ep i demi o l og i ca l  data were col l ected dur i ng 

the s urvey . These were u sed to compare the trad i t i ona l and  a ge i ng 

approaches  to determi n i n g the ori g i ns of bru i se s . 

( a )  Between - farn1 c l u s teri ng of  brui ses : The 107 bru i s es compr i s i n g 

the s urvey ori g i nated from o n l y  3 7  farms , wh i ch suggested a c l u s teri ng 

effect whereby bru i ses  predomi nant ly  affected l ambs from o n l y  a 

mi nori ty of  propert i e s . Th i s wa s confi rmed by exami n i ng  the d i fference 

between each mob- spec i fi c  percentage bru i s i n g preva l ence and  the  da i l y  

a verage bru i s i ng preva l ence for the day en  wh i ch that mob wa s k i l l ed 

( F i gure 2 . 1 0 ) . A pa i red ' t '  tes t  ana l ys i s  of the a bove data demon ­

s tra ted a s i gn i f i car.t l y i ncrea sed ( P<0 . 05 )  preva l ence of bru i s i ng i n  

the affected mobs  a s  compared to the da i l y averages  (Tabl e 2 . 29 ) . Th i s 

i nd i cated a tendency fo r bru i ses  to be u neven l y  d i s tr i buted between the  

mobs  of  l ambs presented for s l aughter , i . e .  a tendency for bru i ses  to 

occur i n  c l u s ters . 

TABL E  2 . 2 9 : RESULTS OF STU DENT ' S  PA I RE D  ' t '  TEST AS S E SS I NG THE 

S I GN I F I CANCE OF D I FFERENCES BETWEEN MOB-SPE C I F I C  AND 

A P P RO P R I AT E  DA I L Y AV E RAGE B RU I S I N G  P REVAL E NCE$ . 

Average da i l y  bru i s i ng preva l ence 

Average brui s i ng preva l ence i n  a ffected mob s  

Number of  pa i red sampl es  

Student ' s  ' t '  s ta t i s t i c 

Level  of  s i gn i fi ca nce 

0 . 83 

1 . 30 
37 

2 . 1  

<0 . 05 

( b ) Truc k i ng d i sta nce : Truc k i n g  d i s tances  were presumed to refl ect  

truck i ng  t i me s . Percentage preva l ence s  o f  bru i s i n g i n  a ffected mob s  

of  l ambs are p l otted a ga i ns t  tru c k i ng d i s ta nces i n  F i gure 2 . 1 1 .  
Wi th i n  the l i mi ts  of the s urvey the h i s togram s ugge s ts there wa s no 

rel at i ons h i p between truck i ng d i s tance and the preva l ence of  bru i s i n g .  
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( c ) Hol d i ng t i me s  i n  meat work s  yard s : For pra c t i c a l  a nd regu l a tory 

reas ons  a l l a n i ma l s are rested i n  export s l aughterhouses  for a var i a b l e 

per i od o f  ti me before s l aughter . Hol d i ng t i me s  for the l ambs i n  t h i s 

survey are shown i n  F i gure 2 . 12 ,  i n  wh i ch percentage preva l ences of  

bru i s i ng are  pl otted a ga i n s t  t i mes  he l d i n  the ya rd s . The range  of  

t i mes for l ambs i n  t h i s s urvey wa s from 19-4 1 hours , but hol d i n g t i me s  

may i n  fact  range from between 1 1 - 72  hour s . W i th i n the l i m i ts o f  th i s  

s urvey the h i s togram  i n  F i gure 2 . 1 2 suggests  there i s  no re l a t i on s h i p  

between ho l d i ng t i me s  a nd the preva l ence of bru i s i ng .  

(d ) Carca se  pos i t i o n  o f  bru i s es : Bru i se s  were c l a s s i fi ed a ccord i ng 

to t he pos i t i o ns  de l i na ted i n  F i gure 2 . 13 .  The percentage of  bru i s e s  

i n  each  po s i t i o n a n d  t h e  e s t i mated or i g i ns of  those bru i s e s  that cou l d  

b e  s o  c l a s s i f i ed a re presented i n  Tab l e 2 . 3 0 .  

TABLE  2 . 30 : THE CARCASE POS I T I ONS OF BRU I SES ARE COMPARED WITH  THE I R  

EST I MATED  PLACES OF OCCURRENCE , E I THER BEFORE OR AFTER 

ARRI VAL AT THE MEAT WORKS . 

POS I T I ON P E RC E NTAG E 
PLACE OF ORI G I N  

ON CARCASE OF TOTAL �� i th i n* \.J i thout* No Dec i s i on 

La tera 1 h i nd 1 eg 33% 14  3 1 7  

Med i a l h i nd l e g 27% 9 5 1 5  

Rump 7% 2 - 6 

Back  6% 1 - 5 

Shoul der/ thorax  9% 4 , 5 J. 

D i s ta l  fore l eg 13% 6 1 7 

Genera l i s ed 4% 2 - 4 
-- -- --

38 1 0  59 

( 36% ) ( 9% ) ( 5 5%)  
-- --- --

* The se  fi gu res are  not adjus ted for equa l ho l d i ng t i me d i s tr i buti o n s  

From t he  a bove tab l e i t  i s  appa rent that 73% of  bru i s es a ffected e i ther 

the fore or h i nd l i mbs . I n  th i s  survey the a ctua l numbers of  bru i s es 

affect i ng each carca s e  pos i t i on were cons i dered too sma l l to a l l ow 
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Mob-spec i f i c  minus perce ntage bru i s ing inc idence 

F I GU R [  2 . 1 0 

F I GURE 2 . 1 1  

P e r c e n t a g e s  o f  t h e  to t a l n umb e r  o f  b ru i s e d  mo b s  p l o t te d  

a ga i n s t  d i f f e re n c e s  b e tw e e n  mob - s pe c i f i c  a nd a p p r o p r i a t e 

da i l y a ve ra g e b ru i s i n g p re v a l e n c e s . Th i s  s hows the 

te n d e n cy fo r b ru i s e s  to  c l u s te r  w i t h i n c e r ta i n  mo b s  o f  

l ambs ra t h e r  t h a n to oc c u r  w i t h  e v e n  d i s t r i b u t i o n  i n  

a l l mo b s  s l a u g h te r e d . 

20 40 80 100 
Trucking d i s tance ( km )  

Percentage bru i s i n g i n  l am b s  s urveyed p l otted aga i nst  

truc k i ng d i s ta nce  to t h e  mea t works . 
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F I GURE 2 . 1 2 Perce nta ge bru i s i ng i n  l ambs surveyed p l otted aga i n s t  

hol d i n g t i me i n  mea t works yards . 

1 )  La tera 1 h i nd l eg 

2 )  t�ed i a l h i nd l e g 

3 ) Rump 

4 )  Back  

5) Thorax/ s hou l der 

6 )  Bri s ket  

7 )  D i  s ta 1 fore l e g  

8 )  Genera l i s ed  

F I GURE 2 . J. 3  Areas i n to wh i c h carcas�=;s  were d i v i ded when c l a s s i fyi n g  

bru i se s  accord i ng to carca s e  po s i t i o n .  
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a n  accura te adjustmen t  to be  made for equal  ho l d i n g  t i me d i s tr i but i o ns . 

No comment i s  therefore mad e  concern i ng the p l aces  of  occurrence of  

bru i ses  a ffect i ng spec i fi c  parts  of  l amb carca s es . 

D I SCUSS I ON 

I .  EXPERI MENTAL AN I MALS 

Bru i ses  a s  they affect l ambs , adu l t s h eep a nd  cattl e a l l c a u se  

s i gn i f i ca n t  econom i c  l os s  to  the New Zea l a nd mea t  i nd u stry ( Marsha l l ,  

197 7 ; Mi l l a r and  Gl over , 1980 ) . However , for l og i s t i ca l  reasons  thi s 

i nvest i gat i on i nto the agei ng  of  bru i se s  wa s res tri cted to on l y one  

c l a s s  of  s tock . Lambs  were sel ected as  the experi menta l a n i ma l  of  

c ho i ce for conven i ence of  hand l i ng and  because  brui s i n g i n  l ambs i s  

a re l at i ve l y more i mportant  source of  economi c l os s  tha n  i t  i s  i n  

adu l t s heep ( M i l l ar and  G l over , 1980 ) . The a pp l i cat i on of  expe r i menta l 

resu l ts  wou l d therefore be of  greater pract i ca l  s i gn i fi cance . The  

l ambs used were heal thy ma l e , fema l e or  ma l e  ca s tra te Perenda l e  or  

New Z ea l a nd Romn ey s  a ged from 3 - 1 2  mo nth s o l d .  I t  was not cons i dered 

neces s ary to contro l for s ex , breed or age  s i nce these factors  have 

been s hown not to affect h i s to l o g i c a l  react i ons  to i nj ury ( Raeka l l i o ,  

1972 ; McCau s l and  a nd Dougherty ,  1978 ) . 

I I .  PRODUCT I ON OF BRU I SES 

The maj ori ty of l ambs proces sed for export i n  New Zea l a nd mea t works  

a re k i l l ed w i thi n 72 hours  of  mu s teri ng  o n  thei r farms of  ori g i n .  I t  

wa s therefore s uffi c i ent  to s tudy exper i menta l bru i ses  wi th  a max i mum 

age  o f  on l y 72 hours . Each  a n i ma l  was bru i s ed s i x  t imes : o nce  o n  

eac h  l i mb and  twi ce i n  t he  l umbar regi o n . I t  has  been s ugges ted that 

mu l t i p l e i njury ei ther i ncrea ses ( Hamdy e t  aZ . , 1957c , 196 1a ) o r  

decrea s e s  ( Raekal l i o ,  1 96 5 )  rates o f  wound hea l i n g ,  but i n  both  

s t ud i es  the experi menta l ev i d ence wa s l i �i ted a nd the resu l ts 

i nconcl u s i v e .  Mul t i p l e bru i s i ng wa s therefore cons i dered un l i ke l y  to 

i nfl uence t i s sue react i on ra tes suffi c i e 11t l y to affect thi s exper i ment . 
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Neverthel e s s , potent i a l  w i th i n or between a n i ma l  va r i a t i o n s  were 

mi n i mi s ed by varyi ng  both the s i tes  a nd the a ge s  of  bru i s es i nfl i c ted 

on  each  a n i ma l . 

The a i m  when i nfl i ct i ng bru i ses  wa s to create l es i ons  s i mi l a r to tho s e  

exper i enced by t h e  meat i ndus try ,  but o f  constant  sever i ty .  T o  th i s 

end a l l i mpac t  bru i se s  were i nfl i c ted by dropp i ng a con s tant  we i ght  o f  

1500g wi th a s tr i k i ng s urface of 0 . 8cm2 through  a verti ca l  d i s tance  of  

l . Om .  Th i s tech n i q ue produced bru i se s  s i mi l a r i n  severi ty though  l e s s  

exten s i ve than those seen i n  pract i ce . Unfortunatel y i t  proved 

i mpo s s i bl e to i nfl i ct a ' s ta ndard bru i s e • beca u s e  i ntri n s i c  a n i ma l  

factors such a s  the depth o f  overl yi ng a d i po se  t i s s ue , t h e  th i c kness  

o f  musc l e a nd the  presence of  i n tra or  extra -mu scu l ar  fi brous  s eptae 

a l l i nfl uenced the f i na l  res u l ts . Of pa rti cu l ar importance wa s the 

need to stri ke musc l e d i rectl y over bone . Fa i l u re to do th i s  resul ted 

i n  a very m i l ci  bru i se .  The f l exi b i l i ty of  the s p i ne made bru i s i n g of 

the l umbar mu sc l es  d i ff i cu l t .  For th i s  rea son l umba r bru i s i ng wa s 

d i scont i nued and  bru i se s  were i nfl i c ted o n l y  on  t he l i mbs . 

I l l . GROSS APPEARANCE OF BRU I SES  

Mo s t  o f  the  exper i menta l bru i ses  were red , a l though 10% of  l es i on s  

4 8  hours a nd o l der  showed co l our  changes s i mi l a r i n  s equence t o  tho se  

descr i bed i n  c attl e ( Hamdy et  a l . , 1 957a ) , i . e .  from yel l ow to  green 

to orange . Occa s i ona l l y  therefore , i t  i s  po s s i b l e to age a bru i s e  

by i ts co l our , but  s i nce co l our changes  occur i n  o n l y  a sma l l 

proporti on of  bru i ses  th i s  cr i teri on  i s  of l i mi ted pract i ca l  va l ue .  

A l l of  the 1 07  bru i se s  sampl ed i n  a p i l o t freez i ng works  s urvey were 

red . 

I V . H I STOPATHOLOGY OF BRU I SES 

At f i rs t ,  t i s s u e  sec t i on s  were stud i ed u s i ng a battery of s ta i n s 

i ntended to demon s tra te more cl earl y certa i n  h i s topatho l og i ca l  features 

of wound s .  Mo st  of  t hese s ta i ns were progte s s i ve l y  d i scont i nued 
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because  they fa i l ed to prov i d e  u seful i n forma t i on , a nd on l y H+E and  

Perl ' s  i t·on s ta i ns were a ppl i ed to  a l l t i s s ue  sect i ons . Expecta t i ons  

a nd resul ts  for spec i a l s ta i n s are  d i scus sed  wi th  the  h i s topatho l og i ca l  

c ha nges they were i ntended to i l l u s trate . 

1 .  Haemorrhage a nd f i bri n 

Extravasated erythrocytes a ppeared to be removed from bru i ses  pr i ma r i l y  

by macrophage erythrophagocytos i s .  Th i s wa s observed a s  ear l y  a s  e i ght  

hours  after i nj ury , but  wa s unsu i tabl e as  a cr i ter i on of age  beca u s e  

i ts absence wa s d i ffi cu l t to ver i fy a nd i ts extent a ppeared t o  refl ect 

both the s ever i ty of  haemorrhage a nd macropha g e  numbers . There wa s no 

noti ceabl e d epl e t i o n  of erythrocytes i n  the o l der bru i s es , and s i nce 

i ntact red b l ood ce l l s  have been observed i n  the i n ters t i t i a l  s paces  

of bru i ses  s evera l weeks  o l d ( Robertson and  Man s fi e l d ,  1957 ) , s ever i ty 

of  haemorrhage wa s cons i dered a rel i a bl e mea sure of the severi ty of  

bru i s i ng i rres pect i ve of  the  dura t i o n  of  i nj u ry .  

Both  the s ta i n i ng c haracter i s t i c s  and the morpho l ogy of f i bri n have 

been u sed to age wounds . Accord i n g to Lendrum et  al . ( 1962 ) , recent l y  

depo s i ted fi br i n  sta i ns preferen t i a l l y  wi th  dyes  o f  sma l l mo l ecu l ar 

s i ze wherea s o l der f i br i n sta i ns better wi th dye s  of l arger mol ecul a r  

s i ze .  Us i ng th i s pr i nc i p l e  they devel o ped the Marti us  scarl et  b l ue 

( MSB ) s ta i n  wh i c h  they c l a i med woul d s ta i n f i bri n younger than 

16  hours  o l d  yel l ow a nd o l der f i br i n  red . Coo k ( 1964 ) s tud i ed fi bri n 

morpho l ogy i n  wounds u s i ng Lendrum ' s  ac i d p i cro Mal l ory and Ma l l ory ' s  

phosphotungst i c ac i d  haema toxyl i n  ( PTAH ) s ta i ns , and  c l a i med to be 

a bl e to age wound s wi th i n  broad l i mi ts accord i ng to the coarsene s s  

a n d  genera l  a ppearance of  fi bri n s tra nd s . I n  t h i s exper i ment 

f i bri n wa s s ta i ned w i th PTAH and MSB s ta i n s . I n  v i ew of the res u l ts 

obta i ned by Lendrum et a l .  ( 1962 ) o n l y  bru i s es from 1-20 hours  o l d 

were s ta i ned wi th MSB but  a wi der range of bru i se s  wa s s ta i ned  wi t h  

PTAH ( Tab 1 e 1 .  3 ) . N e i ther the a ge-dependent morpho l og i  ea l fea tures 

descri bed by Coo k ( 1964 ) , nor the yel l ow s ta i n i ng of  f i br i n  l es s  

than 16 hours o l d noted by Lendrum e t  a l .  ( 1962 ) were observed i n  

our  study . These resu l ts , wh i ch are i n  a ccord wi th those  of  McCau s l and  

and  Dougherty ( 1978 ) , i nd i cate  tha t for bru i se s  nei ther the morpho l ogy 

nor the s ta i n i ng propert i es o f  f i bri n are u seful  i nd i cators of  age . 
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2 .  H i s topa t ho l ogi ca l changes i n  mu sc l e fi bres 

Musc l e  necro s i s  wa s observed i n  6 5% of bru i se s  but there wa s no 

a pparent a s soc i a t i on between i ts s ever i ty a nd the age of  a ffected 

brui se s . There a ppea red to be a morpho l og i ca l  sequence of  degenerat i ve 

c ha nge  i n  i nj ured f i bres , ra ng i ng from ce l l swel l i ng wi th eo s i noph i l i a 

through to vacuo l a t i on ,  c l umpi ng , fragmentat i o n  a nd l i quefact i o n  of 

myotuba l contents . Howeve r ,  var i a t i on wi th i n and  between musc l e f i bres 

of  t he same bru i s e ,  a nd between f i bres i n  d i fferent bru i se s  of the sa 1ne 

age made i t  d i ffi cu l t to re l a te the stage of necro s i s to age . Th i s wa s 

not unexpected , s i nce  a l though  mu sc l e  f i bres do u ndergo a seri e s  of  

morpho l og i ca l  c hanges  fo l l owi ng i njury ( F i shback  and  F i s hbac k ,  1932 ; 

V ere s s  et al .  , 1966 ; Adams et c l .  , 1967 ; Car- 1  son , 1973 ) , the rates 

of  c hange  rnay vary accord i ng to the  s everi ty of dama ge ( Veres s et aZ . , 

1966 ; Josza a nd Reffy , 1978 ) , a nd th i s  i s  rarel y un i form even fo l l ow­

i ng a s tandard i n su l t ( Beno i t  ctnd Be l t ,  1 970 ; Al i ,  1979 ) . Furthermore , 

s econdary i s c haem i c  damage  may be s uperi mposed o n  tha t cau sed by the 

i n i t i a l  i nsu l t ( Hopk i nson  a nd Wa tts , 1973 ) . 

Mu sc l e regenera t i on wa s not expected to be a promi nent  feature i n  the 

bru ·i ses  s tud i ed because  i t  usua l l y  commences 2-4 days a fter i nj u ry 

( Ca rl son , 1973 ) . I t  wa s o bserved i n  o n l y  1 0% of our bru i ses  36 hour s  

a nd o l der  but  wa s not  detected ear l i er tha n th i s .  When observed , 

regenera t i o n wa s therefore a good c r i ter i o n of  a ge . Regenera t i ve 

c hange  wa s ma i n l y  characteri s ed by prol i fera t i n g  subsarco l emmal  

myob l a s ts ( ' d -i scont i nuou s ' regenera t i on ) . Sarcop l asmi c budd i ng 

( ' co nt i nuous ' regenera t i on ) wa s a l so observed , though l e s s  frequentl y .  

Accord i ng to Al i ( 1 979 ) , ' d i scon t i nuou s ' regenera t i on u sua l l y  fo l l ows  

myonecros i s  w i t h  s arco l emma l preserva t i o n , wherea s ' cont i nuou s ' 

regenera t i o n  predom i na te s  when necro s i s  i s  accompan i ed by s arco l emma l 

d i s rupti on . Both types of  necros i s  occurred i n  bru i s es so the  

a pparent predom i na nce of ' d i scont i nuou s ' regenera t i on proba b l y  

refl ected the l'e l at i ve ea se  w i th wh i ch myobl a s ts , a s  compa red to 

sarcopl a smi c buds , cou l d be detected . Myobl a s ts  can be d i s t i n gu i s hed 

by the i r  en l arged ova l nuc l e i  \·J i th  prom i nent nuc l eol i ,  but i t  i s  not 

a l ways po s s i bl e  to d i fferent i a te them from macro phages  by l i ght  

m i cro sco py ( Carl son , 1973 ; Rezn i k ,  1973 ) . Th i s i na b i l i ty to  conf i rm 

the ab sence of  musc l e regenera t i on w i th  confi dence by l i g ht  mi c roscopy 
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decrea sed the u sefu l ness  of  thi s h i s topatho l o g i c a l  feature a s  a 

cr i ter i on for age i ng bru i se s . 

Dystroph i c  ca l c i f i c ati on i s  an  ear ly  fea ture of  myonecro s i s  a nd may 

i n  fac t  be the f i r s t  l i ght  mi crosco p i c  s i gn of d egenera t i v e  change  

( Oberc a nd Enge1 , 1977 ) . A se l ect i o n  of  bru i se s  rang i ng i n  a ge  from 

2 - 1 44 hours o l d were s ta i ned wi th  von Kc s sa ' s  s ta i n  ( Ta b l e 2 . 3 ) i n  

order to a scerta i n  the u sefu l ness  of ca l c i f i c at i o n  a s  a cr i teri on  for 

age i ng  brui ses . Of the 62 bru i se s  s tud i ed , o n l y  seven , a ged 6 ,  30 , 

48 , 72  and  144 hours o l d ,  showed mu sc l e c a l c i f i ca t i on . Furthermore , 

i n  a l l except the 144 hour o l d  bru i ses  th i s  ca l c i f i ca t i o n  wa s very 

mi l d  and  affected o nl y  a few necro t i c  fi bre s . I t  wa s therefore 

conc l uded that ca l c i fi ca t i on , thot1 gh more l i ke l y  to occur i n  the musc l e 

of o l der  b 1�u i ses , wa s uncommon i n  l es i ons  up  to 7 2  hours o l d a nd wa s 

thus of  l i ttl e va l u e for a ge i ng bru i s e s . 

3 .  Fa t necro s i s 

Fat necros i s  wa s no t observed i n  control t i s s ues  but  i t  wa s pre sent  i n  

25% of  the expet' imenta l bru i ses . The necrot i c foc i var i ed wi d e l y  i n  

a ppearance both w i th i n  and between bru i s e s  of  the same a ge a nd there 

wa s no a pparent a s soc i a t i o n  between the i r  presence a nd bru i se age . 

4 .  The ce l l u l ar exuda tes 

Two o f  the more wi de l y a pp l i ed c r i ter i a  for age i ng  wound s  a re the 

presence and  re l at i ve numbers of neutroph i l s  and  macrophages  in  the 

ce l l u l ar exud a te . Some l eucocytes were present i n  i n terst i t i a l  spaces  

a s  components of haemonhage , but l eucocyte numbers i n  the i nf l ammatory 

exudates  were re l at i v2 l y  greater a nd  ther·e wa s l i tt l e d i ffi cu l ty i n  

d i fferent i a t i ng between act i ve a nd pa s s i ve i nfi l tra t i on . Th i s  i s  

i mportant  i n  a s  muc h  a s  Rae ka 1 1  i o ( 197  3 )  a ttri buted much  o f  the 

vari a t i on i n  the ti mi ng of h i s to l og i ca l  events  fo l l owi ng  i nj u ry to 

d i ffer i ng op i n i o n s  as  to what const i tuted a n  act i ve ra ther than a 

pa s s i ve c ha nge . 

9 1  



Exudat i ve neutroph i l s  were detected i n  both  1 hour a nd 72  hour o l d 

bru i ses  s o  the i r  presence or a bsence  cou l d not be u s ed a s  a ' cu t  off ' 

c r i ter i on of age . Macrophages , o n  the other ha nd , were u sefu l i n  t h i s 

respect s i n ce they were present  on ly  i n  bru i se s  4 hours a nd o l der . 

Both  the a ctua l and  re l a t i ve  numbers of  neutro p h i l s  and  macrophages  

a ppeared to  a l ter systema t i ca l l y  wi th age . The  extent a nd compo s i t i on 

of  the cel l u l a r exud a te wa s therefore of u s e  for age i ng bru i s e s . 

Sma l l to moderate numbers of  i nterst i ti a l  eos i noph i l s  were observed i n  

10  out  of  20 bru i ses , a ged 1 ,  2 ,  4 ,  8 ,  1 6 , 20 , 24 , 30 , 48 and  7 2  hou r s  

o l d .  Eo s i noph ·i l s  have been o b served i n  acute  and  c hron i c  i nf l ammat-i on 

i nduced by phys i cd l  trauma ( R i dd l e a nd Barnhart , 1 964 ; Ordman and  

G i l l man , 1 966 ; S tee l e a nd Wi l hel m ,  1 97 0 ;  Ba s sett  et aZ . ,  1977 ) , but 

i n  t h i s experi ment the s porad i c  i nc i dence and the  wi de range of a ges  

over wh i c h eos i noph i l s occurred s uggested that  t he i r  presence  wa s 

i nc i d enta l . 

5 .  T i s s ue  repa i r  

F i bropl a s i a  wa s scored accord i ng to the  rea c t i ve  morphol ogy of  fi bre­

b l a s ts rather than t he i r  numbers , s i nce the l a tter vary accord i ng to 

the severi ty of i nj ury ( Oj a l a ,  1 968 ; Robertson and  Hodge , 1 972 ) ,  

wherea s f i brobl a s t  morpho l ogy depends on i ts dura t i on ( Ros s  a nd 

Bend i tt ,  1961 ) . React i ve changes  were ea s i l y  d i scerned by l i ght  

m i c roscopy even though  very few fi brob l a sts  were observed i n  some 

brui s e s . E v i dence of f i bropl a s i a  wa s detected i n  80% of bru i s e s  

a ged from 24-72  hours o l d a nd  i n  18% o f  younger bru i ses . S i nce  on l y  

mi l d  cha nges were observed i n  bru i s e s  l es s  than  24 hour s  o l d ,  th i s  

h i s topa thol o g i c a l  feature wa s con s i dered u s eful  for a ge i ng purposes . 

Wi th v a n  G i eson sta i n ,  newl y formed co l l agen wa s detected on ly  i n  

bru i ses  more tha n 7 2  hours  o l d .  These res u l ts  concur wi th observa t i o n s  

from a var i ety of  wounds  i nvo l v i ng mu sc l e ,  a d i pose t i s sue  and  s k ·i n ,  

where newl y fo rmed co l l a gen ha s been observed from 3 - 7  days after 

i nj ury ( Oj a l a ,  1 9 68 ; Robertson and Hodge , 1 972 ; Raeka l l i o ,  1 977 ; 
F i s h be i n  et al . , 1 978 ) . On the other hand , newl y synthes i s ed co l l agen 
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ha s been detected w i th  va n G i eson s ta i n  i n  gu i nea p i g i nc i s i ons 1 2 -24 

hours o l d ( H i rvonen , 1 968a , 1968b ) . 

Endothe l i a l  hypertrophy wa s observed i n  the sma l l b l ood vesse l s of 

5 5% of 36-72  hour o l d bru i ses  a nd i n  7% of bru i se s  l es s  tha n  36 hours  

o l d .  These resul ts a re i n  acco�d wi th prev i ou s  observa t i ons  of  wounds  

affec t i n g  mu sc l e ,  a d i po se  t i s s ue a nd s k i n  ( H i rvonen , 1 968b ; Shol l ey 

et  a l . , 1 977 ; F i s hbe i n et a l . , 1 978 ; McCa u s l a nd a nd Dougherty ,  1 978 ) .  

The react i ve changes  i n  endothel i um were detected a pprox i ma te l y  1 2  

hours l a ter than thos e i n  f i brobl a s ts . T h i s ,  together wi th  t he  fact  

t h at  t he  d egrees of  change  were read i l y a s sessab l e ,  made  endothe l i a l 

hypertrophy a va l ua bl e cr i teri on of  bru i s e  age . M i to t i c  f i gures were 

u ncommon i n  endothel i a l  cel l s  a nd  because  of the m i l d  and d i ffu se  

nature of t he  t i s s ue rea c ti on i n  bru i s es , new ca p i l l ary l oops  were 

observed o n l y  i n  a few o l der a nd more s evere l es i ons . 

6 .  Haemos i deri n 

Haemos i deri n wa s detected i n  50% o f  bru i s es 24 hours or o l der , and  i n  

3% of bru i ses  l �s s  than  24 hours o l d .  U sua l l y  i t  wa s pre sent i n  on l y 

a few i nterst i ti a l  macro phages , but  w i th Perl 1 s  i ro n  sta i n  the se  cel l s  

were ea s i l y  detected . The presence or  ab sence of  haemo s i deri n wa s 

therefore cons i dered a u seful c r i ter i on for age i ng bru i ses . 

7 .  Ma st  ce l l s  a nd free h i s tami ne 

Ma s t  cel l s  a re very sens i ti ve to trauma and may degranu l a te immed i a tel y  

a fter p hys i ca l  i nj ury ,  thereby rel ea s i ng h i s tam i ne a nd other va soact i ve 

c hemi ca l s  i nto t i s s ue  spaces  ( Chev i l l e , 1976 ) . Th i s ha s been observed 

to occur w i th i n  m i nutes of app ly i ng heat i nj u ry to the s k i n of sheep 

{ Vegad , 1 9 79 ) . Unfortunatel y ,  there were too few ma s t  cel l s  i n  e i ther 

mu sc l e or  a d i po se  t i s s ue  to enab l e the p�esence of  w i de spread d egran ­

u l a t i on t o  be  rel ated to  age . 

El eva t i ons  i n  free h i s tami ne  concentra t i o n s , wh i c h refi ect the degree 

of  ma s t  ce l l degranu l a t i on , have been shown to occur i n  s k i n  wou nd s  
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aged 10-40  mi nu tes o l d ( Raeka l l i o and Ma k i nen , 1 966 , 1969a , 1 970 ) . 

These  exper iments  suggested the u se  of  h i stam i ne a s says for age i ng  

very young bru i s es . However , a p i l ot exper i ment  i nvol v i ng three
' 

co ntrol s a nd three bru i ses  a ged 1 0 ,  30 and  60 m i n utes o l d ( re su l ts  not 

i nc l uded ) s howed the amou nts of  free h i s tami ne  i n  bru i ses  to be a 

fac tor o f  ten bel ow the sens i ti v i ty of the a s say techn i que ( Shore 

et a l . , 1 959 ) empl oyed . Th i s presuma b l y  refl ected the sma l l number of 

ma s t  c el l s  i n  musc l e a nd ad i pose t i s s ue . I t  wa s cons i dered i mpract i c ­

a b l e to u s e  free h i s tami ne concentrat i ons  a s  a means  of  a ge i ng bru i s e s . 

8 .  Ac i d  glycosami noglycans  

I t  has  been  s hown , u s i ng PAS/a l c i a n  bl tl e ,  Ha l e ' s  col l o i da l  i ron and  

to l u i d i ne b l u e  s ta i ns ,  that  a c i d g l ycosami nogl ycans  in  bru i s e s  and  

i nc i s i ons  va ry i n  amount  accord i ng to  the age of  the wound  ( Rae ka l l i o ,  

1 96 1 ; H i rvonen , 1968a ; Nevel o s  a nd Gee , 1970 ) . Contro l  t i s s ues  and 

a s e l ect i on of bru i se s  of  var i ou s  a ges ( Tabl e 2 . 3 ) were therefore 

s ta i ned w i th  PAS/a l c i a n b l u e ,  wh i c h i s  reputed l y one of  the mo s t  

s e ns i ti ve h i s tochemi ca l  s ta i n s fo r ac i d  g l ycosam i nog l ycans  ( L endrum , 

1969 ) . However , the  amounts  detected i n  bru i s e s  were too sma l l to 

a l l ow d i fferences to be a s ses sed . Attempts  to mea sure changes  u s i ng  

Hal e ' s  co l l o i da l  i ron  sta i n  were s i mi l a r l y  unsucce s sfu l . T h i s a pproac h  

t o  t h e  a ge i ng o f  bru i se s  wa s therefore a bandoned . 

I n  conc l u s i on , the  fol l owi ng h i stopatho l og i ca l  features were cons i dered 

l i ke l y  to  be of u s e  for age i ng bru i se s : the neutro ph i l  a nd macrophage 

exudates , f i brop l a s i a ,  endothel i a l  hypertrophy , haemos i der i n  i n  macro ­

phage s , mu sc l e regenera t i o n  and po s s i b l y  musc l e n ecro s i s .  

V .  MATHEMAT I CAL METHODS AVAI LABLE FOR PROCESSI NG 

H I STOPATHOLOG I CAL DATA 

When h i s topa thol og i ca l da ta are u s ed to age  wound s s ubj ect i ve l y there 

are three pote n t i a l  sources  of  var i a t i o n , g i v i ng  r i s e  to samp l i ng ,  
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observa t i ona l  a nd i nterpreta t i onal  errors respect i ve l y .  The l a tter 

two are res pons i b l e  for mo s t  of  the d i screpanc i e s between res u l ts  

recorded i n  the  l i tera ture ( Raeka l l i o ,  1977 ) . Observat i ona l errors  

ca n be  reduced by mea sur i ng h i s topa thol og i ca l  c hanges  obj ec t i vel y ,  but 

the techn i q ue s  are exac t i n g  and  for routi ne a pp l i cat i on  i mpract i cab l e 

( Pearse , 1 968 ; Pette e t  a Z . , 1 979 ) . Errors  of  i nterpretat i on  can  be 

e l i mi na ted by u s i ng mathema t i ca l  mode l s to i nterpret data obj ect i ve l y  

( Rogel�s  et a Z . , 1979 ) ,  a nd  th i s pr'ocedure i s  rel at i ve l y  stra i ght­

forward . 

Mo s t  of  the ma the�a t i ca l  model s ava i l a b l e for i n terpreti ng b i o l og i ca l  

data are capabl e o f  hand l. i ng ord i na l  scores ( i . e .  data ran ked s ubj ec­

t i v e l y  rather than actua l l y  mea sured ) . I n  fac t ,  i t  i s  often ea s i er 

to d ea l  wi th th i s type of  i nforma t i on ( Ba i l y ,  1 965 ) . The h i s topatho­

l og i ca l  changes  i n  bru i se s  were therefore scored s emi -quant i ta t i ve l y 

o n  a s ubj ect i ve sca l e of  1 - 5 . The ma themat i ca l  mode l s i n  current u se  

are  of  two ba s i c  types : s ta t i s t i ca l  a nd l og i ca l  ( Rogers et a Z . , 1 97 9 ;  

Sher , 1 980 ) . The o pera t i ona l  pri nc i pl es o f  each wi l l  be  d i scus s ed i n  

genera l  terms , a nd the model s of  c ho i ce then d i s cu s sed i n  deta i l . 

1 .  Logi ca l  model s 

G i ven a set  of  data , l og i ca l  model s ,  a l so ca l l ed • dec i s i o n  tree • model s ,  

progre s s  to a d i agno s i s  d etermi n i s t i ca l l y  by l ead i ng the i n vest i gator 

through  a s er i es of  predetermi ned dec i s i o n  po i nts wh i c h  are u sua l l y  

b i nary ( H i l� schfel d et a Z . , 1974 ) . These mod e l s thus m i m i c  the proce s s  

of  d i fferenti a l  d i agno s i s  ( Sher , 1 980 ) . The i r  two ma i n  adva nta ges  are 

that  they do not have to be ba sed o n  l arge amounts  of  data and  they can  

be u sed to  d i fferent i a te between a l arge number of  a l terna t i ves , many 
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of wh i  eh may be  poorl y defi ned ( A l tman et a Z .  , 1 976 ) . For th i s rea son  

they are popu l ar i n  p syc h i a tr i c med i c i ne .  The d i sadvantages  wi t h  thes e  

mode l s a re that  a l though they c a n  d i fferent i ate  between many a l terna t i ves , 

they ma ke a s i ng l e c ho i ce wi th no i nd i cat i on  o f  the rel a t i ve l i ke l i hood 

of  that parti cu l ar  c ho i ce be i ng correct ( H i r schfe l d et a Z . , 1 974 ) . 



2 .  Stat i s t i ca l  model s 

Sta t i s t i ca l  mode l s o pera te by ma thema t i ca l l y  a na l ys i ng the s tructure 

of  a reference samp l e i n  order to determ i ne how be s t  to ca tegor i s e  a 

new obs erva t i o n presenti ng a g i ven comb i na t i on of c ha ra c ter i s t i c s . 

They are  more po pu l ar  than the i r  ' l og i ca l ' counterparts , partl y 

beca use  they are  rel a t ivel y s impl e to a ppl y and u nderstand  a nd partl y 

beca u s e  the type of data upon wh i c h dec i s i on s  are  made often exh i b i t 

a h i gh degree o f  var i a b i l i ty ,  wh i c h  stat i s t i ca l  mode l s are  wel l 

equ i pped to hand l e ( Anderson and  Boyl e ,  1 968 ) . Three c ha racteri s t i c s  

of  stat i s t i ca l  model s s tand  i n  contra s t  to tho se  o f  l og i ca l  mode l s :  

( i )  The data u pon wh i c h  they are ba sed mu s t  be rea sona b l y  extens i ve ,  

s i nce  i t  mu s t  be a n a l ysed mathemat i c a l l y ;  

( i i ) They are mos t  succes sfu l  when u sed to d i fferent i a te between 

rel a t i ve l y  few ( 2 - 1 0 )  c l ear l y defi ned a l ternat i ve s . Of great 

advantage , however , i s  the i r  a b i l i ty to c a l cu l a te the l i ke l i hood 

of each propo sed a l terna ti ve . A measure of certa i nty i s  th u s  

a ttached to  eac h  dec i s i o n .  Th i s  a ttri bute can  be d evel oped 

i nto con s i dera t i ons  of the re l at i ve i mportance of mi s ta ken 

dec i s i on s , a nd to prov i d e  the opt i on for a ' non-dec i s i o n ' 

s hou l d the degree of  r i s k  exceed that s t i pu l a ted by the 

opera tor ;  

( i i i ) I n  general  the s ta t i s t i ca l  model s are ea sy to des i gr. and  a pp l y ,  

espec i a l l y  wi th the ready ava i l a b i l i ty o f  co�puter packages  

(Anderson � nd Boyl e ,  1 968 ; A l tman et aZ . , 1 976 ; Rogers e t  a Z . , 

1979 ; Sher , 1980 ) . 

There are four k i nds  o f  s ta t i s t i ca l  mode l s ,  name l y  Bayes i an probab i l i ty ,  

d i scr i mi nant  funct i o n  a na l ys i s ,  matc h i ng and  regres s i on a na l ys i s .  

( a ) Bayes i a r, probab i l i ty model : The Baye s i an proba bi l i ty mod el i s  

one  of the more popu l a r  mode l s ,  be i ng both w i de l y app l i ca b l e ,  s tra i ght­

forward a nd  s ta t i s t i ca l l y  robu s t  ( Ba i l ey ,  1965 ) . It  u ses  the frequen­

c i es wi th wh i c h i nd i v i dua l  events occur i n  a popu l a t i on to ca l cu l ate  

the proba b i l i ty that a g i ven comb i nat i o n of  events wi l l  occur . Data 
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can be s ubj ec t i ve , o bj ecti ve  or  both , and  a l a rge number of  symptoms 

may be cons i d ered e i ther a l l a t  once or i n  a s tepwi s e  manner accord i ng 

to the ca l cu l a ted u sefu l ness  o f  each ( Kn i l l -Jones  et al . , 1 973 ) . I t  

i s  the mos t  common mode l  u s ed to dea l wi th h i s tol og i cal  da ta ( Rogers 

et a l . , 1979 ) . 

( b ) D i scr i mi nant  funct i on ana lys i s :  D i s cr im i nant  funct i on  a na l ys i s  

wa s p i o neered by F i. s c her i n  1 929 , a nd i s  mo s t  common l y  u sed i n  

numer i ca l  taxonomy . A ser i es of  a ttri butes thc. t  cha racter i s e  a n  

obj ect or  a l terna t i v e  a rQ cons i dered a s  exi s t i n g  i n  a mu l t i d i mens i ona l  

space . T hey c an  thus  be v i s ua l i sed a nd descr i bed ma themat i ca l l y  a s  

c l u s ters , a n d  each c l u ster , though i t  may overl a p  to a var i a bl e extent 

wi th o ther c l u s ters , denotes a part i cu l a r  a l terna t i ve .  From 

con s i dera t i on s  of the  mean s  a nd var i a nc e s  of sets  of c l u s ter  i n  

re l a t i o n  to eac h  other , a new set  of  a ttri butes can be  a s s i gned a 

score a nd accord i ng to the  score ' s  magn i tude the set  of a ttr i butes 

ca n be a s c r i bed to a part i cu l ar  a l ternat i ve ( Anderson and  Boyl e ,  

1968 ) . I n  i ts general  a pproach  d i scr im i nant  fu nct i on a na l ys i s  i s  

thus  s i mi l a r to  the  Bayes i a n  proba b i l i ty model . 

( c )  Data matc h i ng model s :  Da ta match i ng model s u se  the ' nearest  

nei ghbour s a pproac h .  I n  the i r  s i mpl e s t  form th ey match a set  o f  data 

a s  c l o se ly  a s  po s s i bl e  to sets  of  data compri s i ng a reference s ampl e .  

However , con s i derab l y  more soph i s t i cated var i a n t s  ex i s t ,  i n  wh i c h 

symptom compa r i sons  a re we i ghted accord i ng to the i r  d i agno st i c 

i mporta nce , a nd f i na l  dec i s i ons  ba sed o n  compos i te scores ( Rogers  

et a l . , 1 979 ) . The ma i n  drawbac k  w i th ma tc h i ng techn i ques  i s  the 

l a rge reference samp l e needed to ma ke va l i d  compar i sons . 

( d ) Regres s i o n  a na lys i s : G i ven va l ue s  for one  or  more i ndependent 

var i ab l es , regres s i on  equa t i ons  can  be ca l cu l a ted to est imate  the 

va l ue o f  a dependent  var i a b l e .  The equa t i ons  may be l i nea r or  non­

l i near ,  s i mp l e o r  mu l t i p l e ,  a nd they are f i tted by max im i s i ng the 

proport ion  o f  the var i a nc e  of  the dependent var i a b l e expl a i ned by the 

i nd ependent va r i a bl e s  o f  i ntere st  ( N i e  et al . , 1 97 5 ) .  Regres s i on 

a na l ys i s  i s  popu l a r  for s evera l  rea sons , not the l ea s t  of  wh i c h i s  the 

fac t  tha t the i nd ependent vari ab l es  a re wei ghted accord i ng to the i r  

u s eful n es s .  Howeve r , the equa t i ons  are  ca l cu l a ted o n  the fol l owi ng  
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a s s umpti ons : 

( i ) The d ata i s  mea sured ra ther than s ubj ect i ve l y  a s s e s sed ; 

( i i ) The data i s  b i var i a te norma l i n  d i s tr i bu t i on ; 

( i i i ) The vari ance of the d ependent var i ab l e i s  the same for every 

va l ue of the i ndependent va r i a b l e . 

. B i o l og i ca l data often fa i l  to ful f i l the se  cond i tons , but the 

Pearson corre l a t i on coeff i c i en t  ( r ) upon wh i c h  the equa t i on s  a re 

ba s ed i s  s ta t i s t i ca l l y  robu st  a nd the u sefu l ne s s  of regre s s i o n  

a na l ys i s  ha s been d emonstrated des p i te theoret i ca l  non-compl i a nce 

of  d ata ( Munford , persona l communication ) .  

The  s uper i or i ty of  one type of  model  has  not been u nequ i voca l l y  

d emon stra ted ( Rogers e t  a Z . , 1 979 ) .. When the a ppropr i ate  vari a b l e s  

h ave  been control l ed a l l model s h ave  performed s i mi l a r l y  and i t  h a s  

been s u gges ted that the type of  da ta rather t h an  the type  of mode l  

has  the  greatest  i nf l uence on the  resul ts . E i ther the Baye s i a n  

proba b i l i ty model or  d i s cr im i nant  funct i o n  a na l ys i s were cons i dered 

theoret i ca l l y  mos t  su i tab l e for the amount  and type of data ava i l a b l e 

for age i ng bru i se s . Of these , .the former wa s favoured beca u s e  of the 

fo l l ow i ng two a s s umpt i ons  i n herent i n  a p p ly i ng  d i scr im i nant a na l ys i s :  

( i )  The da ta ba se  s hou l d be l arge so that s ta bl e d i scr im i na n t  

funct i on s  ca n b e  ca l cu l a ted ; 

( i i ) The d i stri but i o n  of  the data s hou l d  be mu l t i var i a te norma l 

wi th equa l  covar i ance  matr i ce s  ( N i e  e t  a Z . , 1975 ) . 

For the a bove rea sons  And erson and Boyl e ( 1 968 )  recommended the use  

of  the  Bayes i a n  model  rather than d i scr im i nant  ana l ys i s  when  dea l i ng 

wi th d i screet data ( such  a s  our  s emi -quanti ta t i ve  scores ) . 
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V I . EST IMAT I NG THE AGES OF BRU I S ES MATHEMAT I CALLY 

US I NG SCORES FROM SEVERAL 

H I STOPATHOLOG I CAL PARAMETERS 

Two ma thema t i c a l  mode l s ,  the Bayes i a n  probab i l i ty model  and  a mul t i p l e  

l i near  regre s s i on equa ti o n , were u sed to e s t i ma te the ages  of  bru i se s  

objec t i ve l y ,  us i ng scores  from the se l ected h i s topa thol og i ca l  fea tures 

l i s ted i n  res u l ts . The Bayes i a n  probab i l i ty model  wa s chosen  for i ts 

s i mpl i c i ty ,  f l exi bi l i ty a nd s u i tab i l i ty for h i s to l og i ca l  data , wherea s 

the mu l t i pl e  l i near regres s i on equati on was tes ted because  of  i ts 

wi des pread use  and  proven s uccess  w i th b i o l o g i c a l  data ( N i e  e t  al . , 

1975 ) . 

I t  i s  a bas i c  precept when u s i ng ma thema t i ca l  model s for b i o l og i ca l  

c l a s s i fi ca t i on th a t  they fi rst  b e  1 deve l o ped 1 u s i ng data from a 

reference sampl e ,  then 1 te s ted ! on  new d ata ( Oyama and Tatsuoka , 1956 ; 

va n Woerkom a nd Bradma n ,  196 1 ;  Anderson and  Boyl e ,  1968 ; Boyl e a nd 

Anderson , 1963 ; Kn i l l -Jones e t  a l . , 1 973 ; Sher , 1980 ) . I t  i s  

i mpos s i b l e  to eva l uate the performa nce of  a modei  rea l i s t i ca l l y  wi tho u t  

so  do i n g ,  a nd not to do so may res u l t i n  overe s t i ma ti ng  i ts performance 

by a s  much  a�  2m� ( H i rschfe l d e t  a l . , 1974 ) . No nethel e s s , a mode l  may 

be te s ted bac k  on  i tse l f provi ded the a i m  i s  to a s s e s s  i ts potenti a l  , 

a s  o ppo sed to i ts actua l , performance ( Rogers et aZ .  ' 1979 ) . 

Ava i l ab l e data were therefore d i v i ded i nto two groups : a reference 

sampl e for devel opi n g  the mode l s a nd a s s es s i ng the i r po tenti a l  

performance s , and  a tes t i ng samp l e for a s s es s i ng the real  worth o f  the 

bes t  model . The reference sampl e cons i s ted of  data from one  t i s s ue  

s ec t i on se l ec ted a t  ra ndom from each  of 20 bru i ses  p er  age  c a tego ry ,  

i . e .  120 t i s s ue s ec t i o ns . The rema i n i ng d ata formed the tes t  sampl e .  

Data from mu sc l e a nd ad i po se  ti s s ue were cons i dered separa te l y  because  

both  t i s sues  a re not a l ways affec ted i n  pra c ti ce , and comb i ni n g  data 

wou l d  e l i mi nate these bru i ses  from cons i dera ti on . 

MASSEY UNIVERSITY 
L I BRARY 

99  



- ·- --- ---------------

1 .  Se l ec ti on  o f  h i s topa thol ogi ca l  fea tures  

The h i s to pa tho l o g i c a l  fea tures con s i dered for use  when  objecti ve l y  

a ge i ng bru i s e s  ( F i gure 2 . 2 )  were those conventi ona l l y  used to age 

wounds  s ubjec t i ve l y  ( Rae ka l l i o ,  1977 ) . The i r  scori ng on a sca l e of  

1 - 5  wa s neces s a r i l y  i mprec i se ,  but  the a ppl i ca t i o n  of  Bayes ' equa ti on 

to s uc h  data i s  non-controvers i a l ( Co l quhoun , 19 7 1 ) . As far a s  

pos s i b l e the scor i ng wa s unb i a sed , a nd t o  th i s  end bru i se s  were scored 

wi thout know l edge o f  the i r  a ges . On l y macrophage/neutroph i l rat i os  

were objec ti ve  mea surements , hav i ng been ca l cu l a ted from ce l l counts . 

Often , when qua nt i ta t i ve l y  scori ng h i s to l og i ca l  c hanges , a gri d pattern 

sys tem i s  adopted  to ens ure that t i s s ue s ec t i ons  are s tud i ed o n  a 

random ba s i s  ( Bas sett  et a l .  , 1 97 7 ) . Though des  i rab 1 e ,  th i s  a p proach  

woul d have been  unsat i s fac tory for brui ses  because  the  t i s s ue react i ons  

were frequent l y m i l d  a nd confi ned to  sma l l area s w i th i ri t i s s ue s ec t i ons . 

Scor i ng  wa s t herefore ba sed  on  a n  eva l uat i on of  the ent i re sec t i ons . 

Score s were a s s i gned accord i ng to the degree rather than the extent 

of  change , e . g .  scores  for l eucocytes depended on  the  dens i ty o f  the 

ce l l u l ar exud a te rather than on  overa l l numbers of  ce l l s .  The extent 

of  damage wa s a s s umed to refl ect  pr i mar i l y  the s ever i ty o f  i nj ury 

rather than i ts durat i on , though i t  wa s real i sed that the earl y s tages  

of reac t i ve c ha nge are  s e l f propaga t i ng ( Ryan , 1977 ) a nd that for 

mus c l e i n  par t i c ul ar , i schaem i c damage may become s uperi mposed on  that 

d i rect ly  due  to  the i n i ti a l  i ns u l t ( Hopk i nson a nd Watts , 1963 ) . 

H i s topa thol o g i c a l  fea tures w i th scores s i gn i f i cant ly  a ffected by the 

severi ty of i nj ury were eventua l l y  i dent i f i ed s tat i s t i ca l l y  by 

control l i ng  for sever i ty o f  i njury i n  c h i -square tes ts . 

Bru i se s  had to be  re-aggregated from fourteen to on l y s i x  a ge 

cate go r i e s  ( i . e .  1 -8 ,  1 2 - 20 , 24-36 , 48 , 60 a nd 7 2  hours ) s i nce  i t  

became obv i o u s  tha t they coul d not be a ged more a ccurate l y  than  th i s .  

At the s ame t i me numbers of  bru i ses  were i ncreased so  tha t for musc l e 

a nd a d i pose  t i s s ue con s i dered sepa ra te l y  there were data from a t  l ea s t  

2 0  bru i ses  per a ge category . Extra data acqu i red wh i l s t perfect i ng 

exper imenta l techn i ques or  from enzyme s tud i es were a l so i nc l uded i n  

the d a ta ba se  s i nce equa l i ty of numbers was not a prerequ i s i te for the 

method s of a na l ys i s  eventua l l y  used . 
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H i s topatho l o g i c a l  fea tures were se l ec ted accord i ng to the degree a nd 

va l i d i ty of  a s soc i a t i ons  between the i r  scores a nd bru i s e  ages . The 

se l ecti on proces s wa s effected by carryi ng out  two sets  of c h i - square 

a na l yses on data from ti s sues  w i th h i s to l og i ca l evi dence of  haemorrhage . 

T i s s ues  w i tho ut haemorrhage were exc l uded from a na lys i s  because  

haemorrhage wa s con s i dered the  fundamenta l  cr i teri on of a bru i se .  

When fea tures of potenti a l  use  for e s t i ma t i n g  bru i se ages  were se l ected , 

a l l va l i d  data were u sed to cons truct  conti ngency tab l es  re l a t i ng  scores 

and  bru i se ages . Al l data had to be u sed , wi thout  regard to pos s i b l e  

b i a s  from mul ti pl e sampl i n g ,  i n  order to ful f i l the c h i - s quare a na l ys i s  

req u i rement  tha t not more than 20% of  tab l e c e l l s  shou l d conta i n  l e s s  

than fi ve data u n i ts each ( N i e  et a l . , 1975 ) . Even so , i t  wa s neces sary 

to comb i ne score categori es  2 -5  for haemo s i der i n and  categori es  4 and  5 

for the o ther var i a b l es . The s i gn i fi cance l eve l s of c h i - squa re tests 

performed o n  those var i a b l es  not a l ready exc l uded because  of  

i n suffi c i ent  data are s hown i n  Tab l e 2 . 4 .  Scores for haemorrhage and  

t i s s ue d i srupti on  were i nc l uded a s  control s s i nce they were expected 
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not  to  be a s soc i ated wi th age . T he  s i gn i f i cance l evel s ca l c u l a ted for 

haemorrha ge were of parti cu l a r  i ntere st  because  both the magn i tude and  

pos s i b l y  the t i me-course of a t i s s ue react i o n  may b e  affected by the 

s everi ty of i nj ury (Stee l e a nd Wi l he l m ,  1970 ) , a nd scores  for haemorrhage 

were pres umed to refl ect  th i s factor . Al so , extrava sated b l ood can  

i ts e l f i nduce a t i s s ue react i on  i nd i s t i ngu i shab l e from that i n  bru i se s . 

Th i s  had been shown by a sma l l exper i ment  ( res u l ts not recorded ) 
whereby auto l ogous  b l ood had been i nj ected i n to l ambs a nd t i s s ues  

exami ned 16 , 48 , 1 20 a nd 144  hours l a ter . I t  had to be a s s umed 

therefore , tha t  haemorrhage woul d i tse l f account  for part of the t i s s ue  

rea c t i o n  i n  bru i se s . For th i s rea son  i t  wa s d i s turb i ng to fi nd a 

s i gn i fi cant  a s soc i at i on between age  and scores for the haemorrhage i n  

mu sc l e ,  s i nce i t  ra i sed the pos s i b i l i ty that the s i gn i f i ca n t  a s soc i a ­

t i o n s  between a ge a nd the rema i n i ng musc l e pa rameters were s puri ous : 

mere l y  refl ect i ng the rel a t i ons h i p between mu sc l e haemorrhage and  age . 

Three th i ngs had to be cons i dered i n  eva l ua t i ng  th i s po s s i b i l i ty :  



( i ) Wi th l a rge sampl es , s tat i s t i ca l  s i gn i fi cance  does not neces s ar i l y  

i mp l y  a s ub s tant i ve rel a t i ons h i p ( F i nch , 1 978 ) ;  

( i i ) The i n terpreta t i on of s ta t i s t i ca l  res u l ts mu s t  a l ways be w i th  

reference to  the knowl edge o f  the  i nves t i gator , i . e .  s ta ti s t i ca l  

s i gn i fi cance s uggests  but  does not d i c ta te a conc l u s i on 

( Col q uhoun , 1971 ) ; 

( i i i ) There was no rea son  to a s s ume a rea l  rel a t i ons h i p between mu sc l e  

haemorrhage a n d  age i n  the absence of  a s i gn i fi cant  paral l e l 

rel a t i on s h i p between haemorrhage i n  a d i pose t i s s ue and  age  

( P<0 . 2 1 ) . 

Neverthe l e s s , i t  wa s cons i dered necessary to cons truct a second s et  of 

cont i ngency ta bl e s  re l a t i n g scores to bru i se  a ge s , th i s  t i me contro l l i n g 

for the d i rect e ffects of  haemorrha ge ( Ta b l es  2 . 5 a nd 2 . 6 ) . I n  th i s  way 

i t  wa s s hown that except  for musc l e  and  fat necros i s ,  the rel a t i on s h i ps 

between bru i se a ges  and s cores for the fea tures i n  Tab l e 2 . 4 were 

va l i d desp i te the confound i ng i nfl uence of  haemorrhage . 

2 .  Deve l opi� the Bayes i a n proba b i l i ty model  

The Baye s i an proba b i l -i ty model  wa s deve l oped  by ca l c u l a t i ng the 

frequenc i es w i th wh i ch scores for fi brop l a s i a ,  e ndothe l i a l swel l i ng , 

haemo s i deri n a nd e i ther the ma crophage a nd neutroph i l  exudates or  

macrophage/neutroph i l ra t i o s  occurred i n  the reference sampl e .  The s e  

frequenc i es , a nd Bayes 1 equat i on , were then u sed t o  tes t the mode l  

bac k  on  i tse l f i n  order to  emp i r i ca l l y  ta. i l or i t  to  i ts bes t 

performance , i . e .  s e l ect the best  comb i na t i on o f  h i s topatho l og i ca l  

fea tures and  the mos t  effi c i ent  score ca tegor i es  to use , a nd the bes t 

age  categori e s  i nto wh i ch to c l a s s i fy bru i ses . The deve l op i ng process  

i s  d i scus sed progres s i ve l y  under subhead i ngs : ( a )  data ba se , 

( b ) s e l ect i on of  i ndi cants  u sed  for e s t i mat i ng ages , ( c ) a ge 

c l a s s i fi ca t i o n . 
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( a ) Da ta ba s e : The c ho i ce of  20 brui ses  per age  ca tegory for the 

reference sarap l  e \'/a s  to some extent  arbi trary and wa s partl y d i c ta ted 

by experi menta l  pract i cab i l i ty .  A l a rge reference samp l e i s  de s i rabl e 

s i nce frequenc i es o f  observa t i on can be ca l c u l a ted more re l i a b l y  

( F i nch , 1978 ) . Howeve r ,  Ba i l ey ( 1965 ) devel oped a s ucce s s fu l  Bayes i a n 

probabi l i ty model  u s i ng a reference samp l e of  l es s  tha n 100 cases  to 

d i s t i ngui s h  between 1 2 . d i sea s e  categori es , and Al tman et a l .  ( 1 976 ) 

found  that i ncrea s i ng  the reference samp l e for h i s model res u l ted i n  

on l y a 1% i mprovement  i n  performance . Ledl ey ( 1965 ) has  s hown that  

cond i t i ona l probabi l i t i e s ca l c u l a ted on  20 or  more observa t i o n s  are 

s tab l e .  There fore 20 brui ses  per age ca tegory wa s con s i dered a n  

adequate reference samp l e for o u r  mode l . 

( b ) Se l ect ion of  i nd i ca n ts u sed for a ge e s t i ma t i on : The vari ab l es 

used  i n  Baye s ' equa t i on s hou l d ,  i n  theory be s tat i s t i ca l l y  i ndependent  

of  each  other , b ut  wi th  b i o l o g i ca l  data th i s  requ i rement  i s  rare l y  met 

( H i rschfe l d e t  a l . , 1974 ) . S ta ti s ti cu l  non - i ndependence can be 

adj u s ted for ma t hemati ca l l y ,  but  the computa ti ons  are such  that un l e s s  

a l arge refere nce sampl e i s  avai l a b l e t he  res u l t s  are unre l i ab l e for 

pred i ct i ve purposes . W i th the reference s ampl es  u sua l l y  a va i l a b l e i t  

i s  therefore recommended that the a s s umpt ion  of i ndependence be 

d i sregarded u n l e s s  i t  i s  s trong ly  v i ol a ted ( Anderson a nd Boyl e ,  1968 ; 

Col quhoun , 19 7 1 ) .  Not to do so  may be counterproducti ve ( van  Woerkom 

and  Bradman , 196 1 ) . Fryback ( 1 978 ) has s hown that for sma l l s ampl es  

the  performance of  t he Bayesi an model i s  ' ma x i mi sed ' by us i ng a sma l l 

number o f  the mos t  i nformati ve vari ab l es  and  i gnori n g  s ta ti s t i ca l  

i nterdependence . 

F i ve h i s topathol og i ca l  var i ab l es were therefore used  when e s t i mat i n g  

the a ges  o f  bru i ses . The i r s tat i s t i ca l  i ndependence wa s not forma l l y  

eva l uated  a nd the o n l y  precaut i on  i n  th i s  res pect wa s not to i nc l ude 

scores for macrophage/neutroph i l rat i o s  i n  the same equa t ion  as those  

for the mac rophage and  neutroph i l  exuda tes con s i dered separa tel y .  

The term P ( Dj )  i n  Bayes ' equa t i o n  i s  the probab i l i ty o f  samp l i ng a 

bru i s e  of  a parti c � l ar  age by c ha nce . These probab i l i t i es cou l d have 

been cal c u l ated for both the reference a nd tes t samp l es , but s i nce they 
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cannot be ca l cu l a ted i n  practi ce they were a s s umed equa l . Th i s 

a pproach  i s  va l i d  and  not l i ke l y  to decrea se  the performance of the  

mode l  apprec i ab ly  ( Ba i l ey ,  196 5 ; Al tman et  a l . , 1 9 76 ) . 

( c ) Age c l a s s i f i ca ti on and the potenti a l  performance of  the mode l : I n  

order to max i mi se  the performance o f  a model , the a l terna ti ves between 

wh i c h  i t  mu s t  d i st i ngu i s h  s hou l d be c l ea r l y  defi ned ( Rogers et a l . , 

1979 ) . For th i s  rea son  brui ses were a ggregated i nto d i screet rather 

than conti nuous a ge ca tegori es , i . e .  1-8 , 1 2 -20 hours etc . I n  th i s  way 

data were more c l ear ly  po l ari sed , thus enhanc i ng the i r predi ct i ve 

worths . I n  s o  doi ng , however , bru i ses  of between -ca tegory ages  were 

art i fi c i a l l y  forced i n to one or other adjacent  age categor i es . Th i s 

wa s a source of  error , but errors i n  age i ng  bru i ses  a t  i n ter faces  are 

unavo i dab l e and  the pri me concern wi th the Baye s i a n  model  wa s to have 

c l ear ly  defi ned score/age rel a t i onsh i ps .  

U s i ng Bayes 1 equat ion , the probab i l i ty tha t a combi na t i on of scores 

represented a brui se of  a g i ven age  ( i . e .  P ( Dj
i Sc

) )  wa s ca l c u l a ted 

for each age category i n  turn , a nd the age of the bru i se wa s ta ken 

as be i n g the ca tegory a s s i gned the h i ghest  probabi l i ty va l ue .  Th i s 

probab i l i ty wa s not a measure of  the 1 accuracy 1 of the mode l ; i t  wa s 

a mea s ure of  how 1 S ure 1 the model wa s o f  i tse l f when a gei ng the bru i s e  

( H i rs chfe l d ,  1974 ) . 

The 1 accuracy 1 of  the model  coul d have been i ncrea sed by a ge i n g  on l y  

those brui ses  i n  whi c h  P ( D . IS ) wa s  grea ter than a predetermi ned J c 
arbi trary fi gure ( Col l en e t  a l . , 1964 ; Anderson and Boyl e ,  1968 ; 

Kn i l l -Jones e t  a l . , 1 973 ) . However ,  th i s wou l d have meant  rej ect i ng  

some bru i ses from con s i derat ion  a nd for our model  i t  was emp i r i ca l l y  

determi ned tha t  the l os s  o f  i nforma t i on v1a s  o u t  o f  proport i o n to the 

ga i ns i n  1 accuracy 1 • Al l brui ses  were therefore aged , regard l e s s  of  

the magn i tude of the probab i l i ty a s s i gned to  the age category of cho i ce . 

The model demonstrated o n l y  a l i mi ted a bi l i ty to as s i gn bru i ses  to o ne 

of  s i x  age categori es ( Tabl e 2 . 1 2 ) . The s i x  age  categori es were there­

fore re-a ggregated i nto two , i . e .  1 -20 hours a nd 24 -72  hours o l d ,  and  

the bru i ses  p l aced i nto one of  these  accord i n g  to  the magn i tudes of 
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the combi ned probab i l i t i es for each group . Comb i n i n g probab i l i t i es i n  

th i s way i s  theoreti cal l y  va l i d ( Kni l l -Jones e t  a l . , 197 3 ) . The model  

wa s a l so redes i gned so  that brui ses  were a ged  d i rect ly  a s  e i ther 1 -20 

hours or  24 -72  hours o l d .  However ,  greater • accuracy • wa s obta i ned i f  

bru i ses  were fi rst  p l aced i nto one of s i x  age  categori es then 

re -aggregated , so  thi s was the method adopted . When u s i n g  sepa ra te 

scores for macrophage and  neutroph i l  exudates 3% of  bru i ses  cou l d  not 

be a ged because  the i r  age probabi l i t i es were equa l . Hi th macrophage/ 

neutroph i l  rat i os the equ i va l ent  fi gure wa s 1 2% , and s i nce  the use  o f  

ra t i os d i d  n o t  enhance t h e  performance of t h e  model  (Tabl e 2 . 1 2 )  thei r 

use  wa s d i s conti nued . 

Hi s topathol og i cal  features were scored s ubjecti ve l y ,  and a s  such , 

scor i ng  vari a t i o n  wa s expected . For thi s rea son  mus c l e for the 120 

brui ses  compr i s i n g the reference sar.1pl e were re - scored . As i s  ev i dent  

from Tab l e 2 . 15 the repeatab i l i ty o f  scor i n g  wa s poor . The  new scores  

u sua l l y  dev i a ted . by ± 1 from the  or i g i na l s .  However ,  when bru i ses  

were a ged us i ng combi na t ions  of the  new scores the  • accuracy • of the 

�odel changed by on ly  5% . I t  wa s therefore concl uded that  a l though 

i nd i v i dua l  s cores frequent ly  d i ffered from the or i g i na l s ,  the net  

effects  of  scori ng  var i at i on were s l i gh t  when  sets  of scores  were u sed , 

a nd  the • ac curacy • of  the mode l  wa s not l i mi ted by scori ng error . 

4 .  Devel opi ng the mul t ipl e l i near regres s i o n model  

A l i near mu l t i p l e regres s i on eq ua t i o n wa s f i tted to the same data u sed 

to devel op  the Bayes i a n  probab i l i ty mode l . The equati on  deri ved wa s 

then tes ted bac k on i tse l f i n  order to a s s es s  i ts max i mum poten t i a l  

• accuracy • . Theoret i ca l l y  the type of  data wa s i nadequate for 

regres s i on a na l ys i s ,  but  i n  p ract i ce thi s model  ha s been s hown to 

work des pi te v i o l at ion s  of s tat i s t i ca l  a s s umpti ons . The Bayes i a n  

probab i l i ty model  was compared wi th  regres s i o n a na l ys i s  becau se  the  

techn i que i s  rel a t i v e l y  s i mpl e to  a pp ly  a nd i s  often succes s fu l . Of 
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the o ther s tat i s ti ca l  model s avai l abl e for compari son , d i scr im i nant  

a na l ys i s  was  unsu i tab l e for the type and amount  of data ava i l a b l e ,  

a nd  matc h i n g  model s req u i re l ar9e amounts  o f  data . 

The ' accurac i es ' of  the regres s i o n  equat i o n  and  Bayes i a n mode l s a re 

compared i n  Tab l e 2 . 18 .  When u sed to p l ace  bru i ses  i nto one of  s i x  

age catego r i es ,  regres s i o n a na l ys i s  wa s ma rked l y i nferi or to the  

Bayes i an mode l . When  used to age bru i ses  a s  e i ther 1 -20 hours or  

24-72  hours  o l d ,  however , i ts performance wa s comparabl e .  Neverthel e s s , 

the Bayes i a n  mode l  v;�a s  cons i dered the mode l  of  choi ce , ma i n l y  becau se  
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of i ts theoreti c a l  s u i tab i l i ty for the type a nd amount  of  data avai l a b l e .  

V i o l at i ons  o f  the theoreti ca l  a s sumpti ons  made i n  deri v i ng the regres s i on 

equat i on woul d render th i s  a pproach l es s  re l i ab l e wi th sma l l sampl es  of  

new data . 

5 .  Asses s i ng the rea l i s t i c  ' accuracy ' of  the Bayes i a n  probabi l i ty 

modP. l  

I n  a l l ,  there were 27 1 mus c l e sec t i ons  represent i n g  145 brui ses , and  

339 a d i pose  t i s s ue sect i ons representi n g  148 bru i ses . For  both  mu s c l e  

and a d i pose  t i s s ue cons i dered separatel y ,  o ne t i s sue sect i on from each  

of 1 20 bru i ses  had  been used to ' devel op ' the Bayes i an probab i l i ty 

mode l . I t  i s  a fundamen tal pri nc i p l e that  a ma themat i ca l  mode l  be 

tes ted on  data other than that  used to devel op  i t  ( Rogers e t  a Z . , 

1979 ) , a nd the  rema i n i ng t i s s ue s ect i ons  formed a conven i ent  poo l  of  

s uch  da ta . For musc l e there were 1 51  sect i ons  representi ng  79 bru i ses , 

of wh i c h  62 had a t  l ea s t  two s l i des  per brui s e ;  for ad i pose t i s s ue 

there were 219 t i s sue secti ons r·epresenti ng  1 1 7  bru i se.s ,  of  wh i ch 80 

had at l ea s t  two s l i des  per bru i se . Th i s  tes t samp l e wa s acqu i red 

ma i n l y  by m�l t i p l e sampl i ng rather than the product i on of  extra bru i s e s  

both  for l og i s t i ca l  rea sons  a nd t o  prov i de i nforma t i o n  about  the 

effects  of  wi th i n- bru i se var i at i on o n  the accuracy of  agei n g . The 

val i d i ty of thi s a pproach  res ts o n  whether or  not wi th i n-bru i se score 

var i a t i on s  were o f  s i mi l a r magn i tude to score vari a t i o n s  between 

bru i ses  of the s ame age . A seri es of Kru s ka l -Wa l l i s  a na l yses  of  

score vari a nces ( S i egel , 1 956 ) had  s hown tha t i n  a s tat i s t i c a l  sense  



samp l es  bel o nged to one of  on l y two bru i se  popu l a t i ons : e i ther 1 - 20 

hours or 24 - 7 2  hours o l d ( res u l ts not recorded ) . I t  wa s therefore 

theoret i ca l l y  accepta bl e to cons i der each t i s s ue s ect i on as i ndependent 

and  to poo l d ata regard l es s  of  mul t i pl e sampl i n g .  The rea l i s t i c  

' accuracy ' of  the Bayes i a n  probab i l i ty model  s o  a s ses sed i s  compared 

i n  Tabl e 2 . 2 1 to i ts max i mum potent i a l  ' accuracy ' . The decrea sed 

performa nce wi th the tes t  data was expected because  s tat i s t i ca l  mode l s 

u sua l l y  perform bes t when appl i ed to the reference data to wh i c h they 

have been ta i l ored ( Fl e i s s  et a l . , 1972 ) . Neverthel e s s , a t  85% and  

81% for mu sc l e ,  a nd  92% and  75% for ad i pose  t i s s ue ,  t he  ' accuracy ' of  

the mode l i n  age i ng 1 - 20 hour and  24 -72  hour o l d bru i ses  wa s a s  good 

as  that reported for other h i s topathol ogi ca l  data ( Rogers e t  a l . , 1979 ) . 

I n s pecti on of  Tab l es 2 . 10 ,  2 . 1 1 , 2 . 1 9 and  2 . 20 s how that the greates t 

so urces of erro r ,  both when deve l op i ng and  tes ti ng  the model , were i n  

agei ng  24-36 hou r o l d brui ses , i . e .  those  near the age  category i nter­

face . 

The po s s i b l e adva n tages  of  dup l i cate wi th i n - bru i se sampl i ng were 

i nves ti gated by exami n i ng  brui se age  e st ima tes from 6 1  pa i red musc l e 

o n l y  samp l e s , 80 pa i red a d i pose  t i s sue  o n l y  samp l es and  1 18 pai red 

mu sc l e and  a d i pose sampl es . The res pect i ve ' accurac i es ' of  the Baye s i a n  

probab i l i ty model  opera t i ng under these condi t i ons  are s hown i n  Tab l es  

2 . 2 2  and  2. 23 . Sma l l i ncrea ses i n  the ' accuracy ' of agei ng  were 

ga i ned by dup l i ca te samp l i ng of e i ther mus c l e or  a d i po � ! t i s s ue 

cons i dered separate l y ,  but  i n  so  do i n g 18% of  bru i ses  had to be 

rej ected from con s i dera t i on because  of a l ac k  of concordance between 

a ge es t imates . A grea ter i ncrea s e  i n  ' accuracy ' wa s a c h i eved by 

cons i deri ng musc l e and  ad i pose  ti s sue  together , but i n  do i n g so i t  

wa s s t i l l  nece s sary to rej ect 1 3% of the t i s s ue pa i rs because  of a 

l ac k  of concordance . Bru i ses  were thus  aged wi th greates t  ' accuracy ' 

by the Bayes i a n  probabi l i ty method when age e s t imates were ba sed  on  

concordances hetween res u l ts  from more than one ti s s ue samp l e .  Such  

ga i ns i n  ' accuracy ' were , howeve r ,  offset by the  neces s i ty of reject­

i ng a proport i o n of  brui ses  from cons i dera t i o n  because  of a l ac k  of  

concordance between age  e s t i mates from appropr i a te samp l e pa i rs . 

Whether or  not the extra work enta i l ed i n  process i ng more tha n one 

samp l e per bru i se woul d be  j u st i f i ed woul d depend on the purpose  for 
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wh i ch bru i ses  were to be a ged . 

For the meat i ndus try the ma i n  concern wou l d be to exami ne a s  many 

brui ses  as  pos s i b l e to e stab l i s h popu l ati on trend s . I n  th i s s i tua t i on 

ga i ns through  i ncrea s i ng the ' accuracy ' of  age i n g  by con s i deri n g  more 

than one sampl e per brui se woul d be offset  by the l og i s ti ca l  need , i n  

s o  do i n g ,  to l i mi t the number o f  bru i ses  cons i dered i n  any one s tudy . 

On the other hand , when agei ng  a n  i nd i v i d ua l  bru i se for foren s i c  

purposes , or  when i n ves t i gat i ng  a s pec i fi c  brui s i ng prob l em w i th i n  the 

mea t i ndustry , i t  woul d be i mportant  to age each bru i se as ' accura tel y '  

a s  pos s i b l e .  I n  s uc h  cases  the extra work l oad  wou l d be j u s ti f i ed and  

more than  one s ampl e s hou l d be cons i dered from each  bru i s e .  

6 .  Va l i da t i on of  the Baye s i a n  probab i l i ty model  

The Bayes i a n probab i l i ty model wou l d be of  l i ttl e pract i c a l  va l ue i f  

i ts ant i c i pated ' accuracy ' wa s l es s  than that  ach i eved a fter agei n g  

bru i ses i nterpre t i vel y .  A co�par i son  o f  res u l ts a fter mathemat i ca l  

a n d  i n terpret i ve . a ge i ng i s  therefore presented i n  Tabl e 2 . 24 .  

Mathemat i ca l  a ge i ng wa s more ' accurate ' than , and therefore s uperi or  

to , i n terpreti ve age i ng .  Th i s  i s  pa rti cu l a r l y  true beari n g  i n  mi nd 

the fact  tha t  the performance o f  the Bayes i a n proba bi l i ty model  cou l d 

have been i n crea sed s t i l l  further , a l bei t a t  the cos t of  hav i ng to 

d i scard data , by cons i deri ng o n l y  tho se age  e s t imates wi th probab i l i ty 

val ues P ( D
j i Sc

) for a ge e s t imates exceed i ng predetermi ned arb i trary 

va l ues . 

7 .  The ' confi dence ' of a ge i ng bru i ses  o f  unk nown a ges by appl i ca t i on 

of the Bayes i a n probab i l i ty model  

The performance of  a mathema t i ca l  model  a s  app l i ed to  b i o l o g i ca l  d ata 

can be a s s es sed i n  four  ways , each of  wh i c h  i s  expres sed i n  terms  of  

the  tab l e bel ow ( Ra nsohoff a nd Fei n stei n ,  1 978 ) . 

--- ----
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EST IMATED AGE 
ACTUAL AGE OF BRU I SE 

OF BRU I S E  1 - 20 hours 24- 72  hours TOTAL 

1 - 20 hours a b a+b 

24-72  hours c d c+d 
- - -
a+c b+d N 

( a ) ' Accurncy • i n  detecti ng  1 - 20 hour  o l d bru i s e s  = a 
a+c 

( b ) ' Accuracy • i n  detect i ng  24 -72  hour o l d b l'u i ses  
d = -

b+d 

( c ) ' Co nfi dence • of  age i n g  1 - 20 hour o l d br-ui s e s  = a 
a+b 

(d ) ' Confi dence • of  agei ng  24 -72  hour o l d bru i s e s  
d = 

c+d 

I n  pract i ce  performance i s  usua l l y  expre s s ed as percentages  of correct 

to a ttempted d i agnoses , i . e .  a/a+b and  d/c+d ( Rogers et a Z . , 1979 ) . 

Thes e terms have been referred to a s  the ' confi dence • of  agei ng i n  t h i s 

s tudy . ' Confi dence ' va l ues  v ary acco rd i ng to the  re l a t i ve numbers of  

brui ses  actua l l y  i n  each  age category ( a+c , b+d ) , but fortunatel y i ts 

va l ues c a n  be ca l c u l ated from knowl edge of  the • a ccuracy • of the 

mathemat i ca l  mode l  and the apparent  nu�ber of bru i ses  of  each age  

( a+b , c+d ) . I t  i s  therefore po s s i b l e to est i ma te the degree of 

certa i nty w i th wh i ch i ndi v i dua l bru i ses  co l l ected i n  a survey have been 

aged . Th i s  i nformat i on i s  u sefu l when determi n i ng the ori g i ns  o f  

brui s es by compa r i n g  thei r e s t imated ages  t o  t i mes  o f  occurrence o f  

events o f  i n tere s t  such  a s  truck i ng ,  wa s h i n g  etc . 
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V I I .  PRACT I CAL APPL I CAT I ON OF THE BAYES I AN AGE I NG METHOD 

TO BRU I SES  IN A P I LOT MEAT WORKS STUDY 

The p i l ot mea t works s urvey wa s u nderta ken i n  order to a s s es s  the 

pra c t i ca l  u s efu l ness  of the Bayes i a n  probab i l i ty method for age i ng  

bru i ses . To  th i s end  the bru i ses  were aged i n  rel a t i on to  hol d i ng 

t imes  i n  mea t works ya rds , thus  c l a s s i fyi ng them as  hav i n g  been 

i nfl i c ted e i ther after or  pri or  to arri va l  at the work s . Add i t i ona l  

epi demi o l o g i c a l  data were col l ected duri n g  the  s urvey i n  order to 

permi t a compari son between the agei ng and  more trad i t i ona l  i nferen­

t i a l  a pproa ches to a probl em of  th i s  k i nd .  

The  s urvey wa s conducted under norma l work i n g  cond i t i o n s  i n  a n  export 

meat works . On l y  brui ses  severe enough  to  req u i re tri mmi ng  under 

M i n i s try of Agri c u l ture and Fi sheri es s uperv i s i o n were col l ected , 

s i nce i t  wa s these l es i ons  that caused carcase  downgrad i n g . 

The ' confi dence ' wi th wh i c h i nd i v i dua l  bru i ses  can  be aged h i s to l og i c ­

a l l y  depends both o n  the t i s s ue cons i dered ( i . e .  mu sc l e or  a d i po s e  

t i s s ue or  both ) a nd t h e  a ge d i s tri but ion  of  t h e  bru i ses  co l l ected 

duri n g  the s urvey . The l a tter factor i s  s ubject  to chance but a 

degree of  control can be exerc i sed  over the former . I n  order to 

max i mi se  the ' confi dence ' of a gei ng , both mus c l e and ad i pose  t i s s ue 

were cons i dered . Neverthel es s ,  6 7% of  bru i ses  had to be  a ged accord­

i ng to one set  of data on l y ,  due ei ther to a l ac k  of concordance 

between a ge es t i mates or  beca use  on l y  one t i s s ue  wa s a ffected . Des pi te 

th i s ,  94% of bru i ses were a ged wi th  a ' confi dence ' l evel  i n  excess  of  

80% , wh i ch s u gges ted the potent i a l  u sefu l ne s s  of  the Bayes i a n agei n g  

method i n  pract i ce . 

The va l ue  of t he method must u l t i ma te ly  be mea sured i n  terms of  i ts 

a b i l i ty to age  brui ses  i n  rel a t i on to t i mes  of occurrence o f  

predetermi ned events of  i n teres t .  I n  th i s s urvey bru i ses  were 

cons i dered i n  rel at ion  to hol d i n g ti mes i n  mea t works  yard s . I n  so  

doi ng , i nherent defi c i enc i es i n  the a gei n g  approach became apparent . 

These aro se  from the l i mi tat ion  of  the Bayes i a n  method i n  bei n g  ab l e 
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to age  bru i ses  on l y a s  e i ther l - 20 hours or  24+ hours o l d .  One of  

s i x  s i tua ti ons  may ari s e  after bru i s es have been a ged a s  s uch  i n  

re l a t i o n  to hol d i ng t i mes  ( Tabl e 2 . 28 ) , a nd of these o n l y  two permi t 

brui ses  to be c l as s i fi ed accord i ng to p l ace of ori g i n .  A varyi ng 

proporti on of  the data processed for each future s urvey woul d therefore 

become redunda n t .  fortunate ly  the amount  o f  data thus  wa s ted c a n  be 

reduced by exc l udi ng  from cons i dera t i on tho se  bru i se s  co l l ected from 

a n i ma l s w i th hol d i n g t -i�:�es  from 2 1 - 23 holll�s .  I n  th i s way the 

eff i c i ency of  the a ge i ng me thod i n  terms of the i nput  requ i red i n  

order to draw va l i d  conc l u s i o ns can  be ra i s ed to an acceptab l e l evel . 

A further probl em arose  from the fac t  that bru i ses  coul d on ly  be 

c l a s s i fi ed a s  ha v i n g  occurred wi th i n  the mea t works  when ho l d i ng t imes  

were > 24 hours  and a s  havi ng  occurred pr i or to arr i va l  a t  the  works  

when  hol d i ng  t imes were <20 hours . The proport i on of bru i s es 

c l a s s i fi ed accord i ng to the pl a ce of  ori g i n was therefore i nfl uenced 

by the d i s tri buti on of ho l d i ng t i mes  of the l ambs from wh i ch the 

bru i s es were samp l ed .  I t  i s  po s s i b l e ,  as wa s done i n  th i s  survey ,  to 

adj u s t  the res u l ts retrospect i vel y from knowl edge  of the d i s tri buti on 

of  ho l d i ng t imes . I n  future s urveys , however , i t  woul d be more 

appropri ate to ens ure an  equa l  d i s tri but i on of ho l d i ng t i mes  

repres ented before proces s i ng the data . 

Add i t i ona l epi demi o l o g i c a l  data were col l ected i n  order to eval uate 

the u s efu l nes s  of  the Baye s i a n  agei ng method i n  rel a t i o n  to that of 

formerl y ava i l a b l e i nves ti gat i ve tec hn ique s . The between -farm 

c l u s teri ng  of bru i se s  ( Ta b l e 2 . 29 )  s trongl y su gges ted the acti on  of 

s porad i c  a nd therefore potent i a l l y  i denti fi a bl e i nc i dents  a ffect i n g  

i nd i v i dua l mobs of  l ambs , b u t  wi th  no i ndi ca t i on a s  to thei r na ture . 

Had bru i ses  been i nfl i c ted predomi nant ly  e i ther pri or  to or  a fter 

arr i va l  at the meat works , i t  wa s rea sonabl e to expect a re l a t i ons h i p 

to be man i fes t between the preva l ence of brui s i ng a nd e i ther truck i n g  

d i s ta nces or  ho1 d i ng t i mes respect i vel y .  Such  rel a t i on s h i ps were not 

observed . Th i s  may i nd i cate that the major i ty of  bru i se s  were 

i nfl i cted at a s i ng l e po i n t i n  t i me ,  e . g .  wh i l s t l oad i ng  or u n l oad i ng ,  

dur i ng wa s h i n g , i mmed i a te ly  pr i or to s l a u ghter etc . On the other 

hand , i t  may refl ect the sma l l samp l e s i ze of  the s u rvey ,  thereby 

expo s i ng a rel ati ve i n sens i t i v i ty i n  the i nferent i a l  a s  compared to 
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the more d i rect a ge i ng  approach  to thi s prob l em .  

A total  o f  73% o f  bru i ses  affected ei ther the fore or the h i nd l i mbs 

o f  l amb carcases . From thei r d i s tri but i on , extent and  sever i ty ,  

these bru i s e s  appeared to have been i nfl i c ted by a pro l onged i ns u l t 

such  a s  the trapp i ng  of l i mbs between two s urfaces . I f . so , the 

d i s t i n ct i ve  na ture of  th i s  type of  i n s u l t a nd the c ha racter i s t i c  

pos i t i o ns o f  the  res u l t i ng  bru i s es  woul d prov i de a u seful  add i tona l 

mean s  o f  i nves ti ga t i ng thei r p l aces  of  or i g i n  wi thout  the need to 

fi r s t  determi ne  t he i r ages . Th i s  a s pect  of the prob l em wa s not  

s pec i f i ca l l y  expl ored . 

The pi l ot s urvey demonstra ted the prac t i cab i l i ty of the Baye s i a n  

age i ng  method i n  determi n i ng t h e  l i ke ly  p l aces  of  or i g i n of  bru i ses  

observed in  l ambs proce s sed for export . Wi th i n  l i mi ts i mposed  by i ts 

a b i l i ty to a ge bru i s e s  o n ly  a s  e i ther 1 - 20 hours or  24+ hours o l d ,  

the potenti a l  worth of  the method i n  th i s respect  appeared to exceed 

that of formerl y  ava i l ab i e epi demi o l og i c a l  tech n i que s , whi c h  s uffer 

from bei ng p r imari l y  i nferenti a l  i n  nature and thus dependent on 

l a rger numbers of observa t i o n s  than are req u i red by the agei n g  

a pproach .  The  mo s t  seri ous  d rawbacks  wi th the  l a tter are  the 

vari a t i on s  i n  the l evel s of 1 Confi dence 1 wi th wh i c h  i nd i v i dua l  bru i ses  

ca n be a ged and  i n  t he proport i on s  of  da ta made redundant after 

proces s i n g .  E ven  wi th these factors  opera t i ng to decrea s e  i ts 

effi c i ency , however , the agei ng method i s  l i kel y to prove u seful  i n  

pra c ti ce . 

V I I I .  WOOL PULL  BRU I SES  

Expe r i menta l woo l pu l l bru i ses  G ged from 1 - 72 hours o l d were i nfl i c ted 

by gra s p i ng a tu ft of woo l  fi rml y i n  a hand -v i ce and v i gorou s l y  

s ha k i n g  the a n i ma l . The s ever i ty of  th i s  i ns u l t exceeded that u sua l l y  

experi enced i n  p ra c t i c e  but the l es i ons  s o  p roduced were neverthel e s s  

mi l d .  
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Gro s s l y ,  the woo l  pu l l bru i ses  cou l d be d i s t i n gu i s hed from i mpact 

bru i ses by thei r s uperfi c i a l  nature and  ' fl ared ' a ppearance . From 

ava i l a b l e ev i dence though , the sequence a nd t i mi ng of the t i s s ue 

react i ons i n  bru i ses was not expected to a l ter  s i gn i f i cant l y accord i n g 

to the type o f  i nj ury peP se ( H i rvonen , 1 968b ) . The Bayes i a n  

probab i l i ty model devel oped for i mpact bru i ses  wa s therefore app l i e d  

to da ta from the woo l pu l l bru i ses . The ' a ccu racy ' of  agei n g  1 - 20 
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hour o l d bru i s e s  wa s 100% but  i t  wa s on l y 57% fo r 24- 7 2  hour o l d bru i ses . 

Th i s  poor performance appeared to refl ect the  l ac k  of a s s urance wi th 

wh i c h  very mi l d  h i s topatho l og i ca l  c ha nges cou l d be s co red , a nd  s i nce  

woo l  pu l l bru i ses  a re chara c teri sed by mi l d  rea c t i on s , h i s to l o g i ca l  

age i ng  wa s deemed uns u i tab l e for th i s  type of  l es i on . Fortunatel y ,  

woo l  pu l l bru i ses are becomi ng  l es s  common i n  l ambs proce s sed for 

s l au ghter , a s  wa s s ub stanti ated by the fac t  that o n l y  5/ 107  bru i ses  

i n  the prev i o us l y  con s i dered s u rvey were s ug ges t ·i ve of th i s  type of  

l es i o n .  The  i na b i l i ty to age the  bru i ses mathemati co l l y was 

therefore of  l i ttl e prac t i ca l  concern . 



CHAPTER  I I I  

ENZYM I C  ACT I V I TY I N  BRU I S ED  MUSCLE 

MATER IALS  AND METHODS 

The h i s tochem ica l  a nd i soenzym i c  act i v i t i e s  of the fo l l owi ng ten 

enzy:nes were exar11 i ned i n  bru i sed mu sc l e :  ac i d  phosphata s e , a l do l a se , 

a l ka l i ne pho s phd tase , am i nopepti da se , c rea ti ne k i na se , g l ucose-6-

pho sphate dehydrogena se , l cc ta te dehydrogena se , myo s i n a denos i ne 

tri phos phatase, non - s pec i fi c  e stera s e  and succ i nate dehydrogena se . 

For l og i s t i ca l  rea sons  the i nve st i ga t i on s  were orga n i sed i n to two 

separate experi �en ts , i dent i ca l  i n  forma t but  each i nvol v i ng o n l y  

f i ve enzymes . I n  these exper i ments one i mpact  bru i se wa s i nfl i c ted , 

i n  the ma nner prev i o u s l y  descri bed , on each of  the l i mb s of  four  

l ambs . Each l amb wa s bru i s ed 4 ,  24 , 48 and  144 hours before death . 

The experiment wa s so de s i gned tha t each l i mb wa s represented by a 

bru i se of  a d i fferent age . Immed i ate l y  a fter s l a ugh ter by exangu i na ­

t i on , the bru i ses  were exc i sed , a s s i gned code numbers a n d  frozen i n  

l i qu i d  n i trogen . Part of  each bru i se vva s then removed to a c ryo s ta t  

for sect i o n i n g . The rema i n i ng t i s sues were s tored a t  -70°C unt i l the 

compl eti on of  the enzyme h i s tochem i s try part of  the exper iment , a fter 

wh i c h  t i me they were proce s sed for i soenzyme s tud i es . 

1 .  Enzyme h i s tochemi s try 

E l even frozen sect i o ns of  1 0�m th i c kness  were cut  from each bru i se .  

F i ve of  these were used for demonstrat i ng  the act i v i ty of  the fi ve 

enzymes under i nvest i ga t i on , fi ve were used  as the a ppropr i a te contro l s 

a nd the rema i n i ng sec t i on wa s s ta i ned wi th H+E . The tr·ea tr.1en t  of  the 

sect i on s  depended on the enzyme s tud i ed .  Deta i l s  for each enzyme 

arra nged a l phabeti ca l l y  are presented i n  a ppend i x .  Re l evant l i gh t  

mi crosco p i c  features a s soc i ated wi th each  enzyme were scored subjec­

ti vel y for each  bru i se a s  - ,  + , ++  or  +++ accord i ng to  the  degree of  
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enzyme act i v i ty .  Fea tures o f  · parti cu l a r  i n teres t were photog l�a phed . 

2 .  I soenzyme s tud i es 

( a ) Prepara t i on of t i s sues : The frozen t i s s ue s  were thawed and  

v i s i b l e  ad i pose t i s sue  remo ved . The bru i sed mu sc l e  wa s then we i ghed , 

c ut  up  f i ne l y  w i t h  s c i s sors , p l aced i n  a 1 : 5 w/v so l ut i on  o f  0 . 1% 

Tr i ton  X- 100 i n  d i s ti l l ed wa ter and homogeni sed i n  a n  i ce ba th for 

3 mi nutes , u s i ng a Sorva l l Omn i mi xer . Thereafter , the enzyme so l u t i o n s  

were ma i nta i ned a t  a temperature of 4°C or  l ower . The homogenates were 

fi rs t centri fuged for 30 mi nutes x 4 , 000g i n  o rder to prec i p i ta te the 

coarse  s ed i ment , then re-centri fuged for 30 mi nutes x 1 5 , 000g . The 

fi na l s u perna tant wa s d i a l ysed for 24 hours i n  100 vol umes of 1 %  

g l yc i ne ,  centri fuged for 30 mi nutes x 1 5 , 000g t hen  freeze d r i ed . The 

l yoph i l i s ed ce l l extracts were reconst i tuted wi th  d i s ti l l ed water to 

one tenth of the i r pre- freeze dryi ng  vo l ume , thus  effec ti n g  a 2- fo l d  

concentra ti on  o f  t i s sue enzyme . The reconst i tuted so l u t i on s  were 

centri fuged for 5 mi nutes x 3 , 000g then d i s pensed  a s  200�1  vol umes 

i nto p l a s t i c  v i a l s for s tora ge a t  -20°C unt i l requ i red . Hea r t , l i ver  

and  sma l l i nte s t i nes , whi c h  served a s  contro l t i s s ues , were prepared 

i n  the same way as bru i sed mu s c l e .  A poo l ed s amp l e of 20ml of b l ood 

per a n i ma l  had been co l l ec ted and mi xed wi th a g l ucos e/ c i trate 

ant i coagu l ant . Th i s  b l ood wa s centri fuged for 10 mi nutes x 3 , 000g i n  

order  to  s epa rate the pl a sma , buffy coat and erythrocytes . The p l a sma 

and  erythrocyte fract i on s  were freeze/ thawed three t i mes , d i a l ysed a s  

for musc l e a nd freeze d r i ed . The pl a sma was reconst i tuted to o n e  tenth 

of i ts pre -freeze d ryi ng  vol ume wi th 0 . 1% Tri ton X- 100 i n  d i s t i l l ed 

wate� but  the erythrocyte fra c t i on coul d o n l y  be reconsti tuted to i ts 

ori g i na l  vo l ume . The buffy coat ce l l s  were wa s hed  three t i mes  i n  0 . 9% 

pho s phate buffered s a l i ne pH 7 . 4 ( PBS ) a nd res u s pended to a pprox ima te l y  

600x 109 ce l l s/ l i tre . They were then son i cated for 3 0  second s , d i a l ysed 

a s  for musc l e ,  freeze d r i ed a nd recon s ti tuted to o ne twenti eth the i r  

pre-freeze dr i ed vol ume i n  0 . 1% Tri ton X- 100 . The l eucocyti c  enzymes 

were thus  concen tra ted to approx ima te l y  1 , 000 t i mes the i r  l evel s i n  

who l e b l ood . 
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( b ) I soe l ectri c focu s s i ng :  I s oenzymes were s e pa ra ted by i soe l ec tri c  

focuss i ng i n  pol yacryl ami de  gel s ,  u s i n g a 3 0  wa tt constant  power 

genera tor ( LKB* 1203 ) , a mu l t i phore hori zonta l e l ectrophores i s  u n i t 

wi th cool i ng p l a te a nd e l ectrode a ttachments  ( LKB 2 1 1 7 - 30 1 ) and 

Ampho l i ne PAGpl a tes , e i ther pH 3 . 5-9 . 5  ( LKB 1804 - 101 ) or pH 4 . 0-6 . 5  

( LKB 1804- 102 ) .  Immed i ate l y  pr i o ;� to each run , the requ i red number of  

samp l es were t hawed a nd absorbed onto squa re s of  b l ott i n g  paper  wh i ch 

were pl aced on  the ge l . For pH 3 . 5 -9 . 5  gel s the anoda l and cathoda l 

buffers were 1 . 0M phosphori c  ac i d and 1 . 0M sod i um hydrox i de res pect i ve­

ly ;  for the pH  4 . 0-6 . 5  gel s the correspond i n g  buffers were 0 . 1M 

g l u tami c ac i d/0 . 5M phos phori c ac i d a nd 0 . 1M B - a l a n i ne . A consta n t  

power of  2 5  wa tt  wa s a ppl i ed t o  each g e l  for a peri od of  1 . 5 hours 

for the pH 3 . 5-9 . 5  gel s and 2 . 5  hours for the pH 4 . 0-6 . 5  gel s .  The 

squares of  b l o tt i ng paper were removed 30 mi nutes  after a pp l i cat i o n  
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of  the current . At the compl et i on  of the run  the edges of  the gel s to 

wh i ch the e l ectrodes had been app l i ed were tr immed off and the i soenzyme 

patterns for each enzyme s ta i ned by the a ppropr i a te chromogen i c  techn i que 

a s  s pec i fi ed i n  a ppend i x .  After the gel s had  been i ncubated for the 

requ i red per i od i n  subs trate med i um they were f i xed a nd preserved by 

i mme rs i o n for 30 . mi n u te s  i n  a n  a q u e o u s  sol u t i o n  of 8% gl a c i a l  a c e t i c 

ac i d/ 10% g l ycero l / 25% ethanol . Th i s  fi xa t i ve denatured the enzymes ,  

thereby ha l t i n g  the chromogen i c react i on and  preventi ng  further 

d i ffu s i o n  of the i soenzyme band s . Each gel  wa s photographed and , i f  

necessary for ana l ys i s ,  scanned wi th a ' Qu i c k  Sca r. F l ur  V i s '  i ntegra t i n g  

dens i tometer ( Hel ena Laborator i es** ) . The sca r1ned ge l s were over1 ayed 

wi th pl a s ti c for s to ra g e . 

Creat i ne k i na se act i v i ty coul d not be demonstrated wi th  s uffi c i en t  

c l ar i ty i n  pol yacryl ami de gel s .  I ts act i v i ty wa s therefore demonstrated 

after e l ectrophores i s  i n  ' T i ta n  I I I ' c e l l u l o s e  a ce ta te p l a te s  ( H e l e n a  

Laborator i es ) . S i x  0 . 25�1 sampl es were p l aced on  each of three pl a te s  

* L K B - Prod u c ter AB , Box 305 ,  S - 1 6 1  2 6  Sweden . 

** Hel ena Labora tori es , P . O . Box  752 , Beaumo n t , Texas . 
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res t i ng on e l ectrode w icks  s ta nd i ng i n  0 . 06M sod i um barb i to l / 0 . 06%  

mercaptoethanol  buffer pH  8 . 6 .  E l ectrophores i s  wa s conducted a t  250 

vo l ts for 90 mi nutes . Enzyme act i v i ty v1a s v i s ua l i sed us i ng the 

chromogen i c  method out l i ned i n  a ppend i x .  

The zymograms o f  eac h o f  the enzymes s tud i ed were eva l uated v i s ua l l y  

a nd , for compl ex patterns , wi th  the a i d  o f  den s i tometri c trac i ngs . 

RESULTS 

I .  ENZYMES OF THE GLYCOLYT I C  PATHWAY 

The h i s tochem ica l  acti v i ti es and  i soenzyme compo s i t i ons  of two g l yco­

l yti c enzymes , a l do l a se  a nd l actate dehydrogena se , were demons trated 

and the resu l ts eva l uated as prev i o u s l y  descr i bed . 

1 .  Al dol ase  

( a ) Enzyme h i s tochemi s try : A s ummary o f  v i s ua l l y  a s sessed  enzyme 

act i vi t i es i n  bru i sed mu sc l e i s  presented i n  Tab l e 3 . 1 .  Norma l 

musc l e fi bres s ta i ned pos i t i ve l y  for a l do l ase , wi th an  expec ted 

var i a ti o n i n  i nten s i ty accord i ng  to fi bre type ( Fi gure 3 . 1 ) . The 

enzyme i s  a s soc i a ted wi th mi tochond r i a  a nd the punc tate s ta i n i ng of  

fi bres refl ected th i s fact .  There was  both a n  a bsence of  s ta i n i ng 

and  enhanced s ta i n i ng i n  d i fferent necroti c musc l e  fi bres ( F i gure 3 . 2 ) . 

The enha nced s ta i n i ng wa s i n terpreted as  mi tochondri a l  rather than 

cytopl a sm i c .  No a s soc i a t i on was detected between the i ntens i ty of  

s ta i n i ng ,  the  severi ty o f  necros i s o r  the a ge of the  bru i se . 

The l eucocytes a ssoc i ated wi th a rea s of frank  haemorrhage , and  wh i ch 

therefore had presumab l y a rri ved pa s s i ve l y ,  s ta i ned negat i vel y for 

a l do l a se . A number of neutroph i l s  a nd mac rophages compr i s i ng the 

cel l u l ar exuda te s ta i ned pos i t i vel y ,  but nei ther the proport i on of  

l eucocytes s how i n g  a l do l ase  act i v i ty ,  nor t he  i n tens i ty of the react i o n  
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i n  i nd i v i dua l  ce l l s  were rel a ted to bru i se ages . 

The maj or i ty o f  bru i ses  s howed moderate ly  pos i t i ve a l dol a se  a cti v i ty 

wi th i n connecti ve t i s sue septa l  fi brobl a s ts ( Fi gure 3 . 3 ) . Th i s  s ta i n ­

i ng wa s enha nced i n  the two 144 hour o l d bru i ses  i n  wh i ch coarse septa 

occurred ( Fi g .  3 . 4 ) . 

From cons i derat i on  o f  t he da ta s ummari sed i n  Tab l e 3 . 1 ,  i t  wa s conc l uded 

that the  h i s tochemi ca l  act i v i ty o f  a l do l ase  wa s a n  unsat i s factory means  

of  age i ng bru i ses , at  l ea s t  wi th i n  the age range s tudi ed . 

( b ) I soenzyme s tudi es : E l ectrofocussed  a l do l a se  i soenzyme act i v i t i es  

are s hown a s  p urp l e bands  i n  F i gure 3 . 5 .  I n  e l even of  the homogenates 

of  bru i s ed mu sc l e  on l y one a l do l a se  enzyme band wa s demonstra ted , each 

w i th the same i soel ectr i c  po i n t ( p i ) . An add i t i ona l band wa s focus sed  

i n  each  o f  the rema i n i n g  fi ve bru i se  sampl es  ( 824 , 848 , 04 , 024 , 048 ) . 

Th i s  add i ti ona l  band cou l d not be re l a ted to common fac tors e i ther of  

anatom i c a l  pos i ti o n  or  of  bru i se age . Al do l a se  i soenzyme patterns a s  

demonstra ted by i soel ectr i c  focus s i ng i n  pol yac ryl ami de ge l s therefore 

proved of no va l ue as  a means  of  agei ng  bru i ses . P l a sma s howed s trong 

a l do l a se act i v i ty re sol ved i n to four d i s t i nc t  ba nd s . Acti v i ty was very 

mi l d  i n  erythrocytes a nd rema i ned undetec ted i n  the puri fi ed  l eucocyte 

samp l e .  The u ncomp l i ca ted nature o f  the a l do l a s e  zymogram obv i a ted  

the need for a dens i tometer scan . 

2 .  Lacta te dehydrogenase  

(a ) Enzyme h i  s tochemi s tcz_: A summary of  v i sua l l y  a s sessed  enzyme 

act i v i t i es i n  brui sed musc l e i s  presented i n  Tab l e 3 . 2 .  Apparent l y 

normal musc l e fi bres demo ns trated fa i nt l y  pos i t i ve d i ffuse a s  wel l a s  

stro ng l y po s i t i ve punctate l acta te dehydrogenase act i vi t i e s , wi th a n  

expected vari a t i on i n  i ntens i ty of  the l a tter accord i ng t o  fi bre type 

( F i gure 3 . 6 ) . D i ffuse  s ta i n i ng wa s absent  from a l l necro t i c  f i bres , 

but punctate l ac ta te dehydrogenase s ta i n i ng wa s var i a b l e .  I n  some 

necro t i c  fi b res  i t  was enhanced , but  usua l l y  i t  wa s decrea sed o r  

absent  ( F i gure 3 . 7 ) . I n  genera l the extent of  the decrea se  was re l a ted 
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F I GURE 3 . 1  Bru i se  4 hours o l d .  Vari a t i o n  i n  a l do l a se  

s ta i n i n g accord i ng to  fi bre type i n  

a pparent l y norma l mus c l e .  

X 320 

F I GURE 3 . 2  Brui se  48 ho urs o l d .  Decrea sed a nd i ncreased 

a l do l a se  s ta i n i ng i n  necro t i c  musc l e fi bres . 

X 320 





TAB LE 3 . 1  : S UMMARY OF THE V I SUALLY ASS E S S E D  DEGREES O F  ACT I V I TY OF H I STOCH EM I CALLY DEMONSTRAT E D  ALDOLAS E I N  

VARI OUS T I SSUE COM P O N E NT S  OF B R U I S E D  MUSCLE . 

AGE 
S EV E R I TY OF I NJ U RY 

( hours ) ha. em . necro . wbc 

4 + - + 

4 I 
I +++ +++ ++ 

4 + - -

4 + - + 

24 +++ +++ +++ 

24 +++ +++ +++ 

24 ++ +++ +++ 

24 ++ + ++ 

48 ++ +++ +++ 

48 ++ - + 

48 +++ +++ +++ 

48 +++ +++ +++ 

144 +++ +++ ++ 

144 + - -

144 +++ ++ +++ 

144 + - ++ 
-----------.-- ----------- -----------

MUSCLE F I B RES 

norma l 

+ 

n . s . 

+ 

+ 

+ 

n .  s .  
+ 

+ 

n .  s .  

+ 

+ 

+ 

n .  s .  

+ 

n .  s .  

+ 
-- ----------- -

necrot i c 

+ , ++ 

- ' + 

+ 

+ 

- ' + 

+ 
- , + , ++ 

- , +  

- , + , ++ 

- ' + 

- , + , ++ 

- , + , ++ 

- ' +  

+ , ++ 

+ , ++ 

+ 
-----------

M U S C L E  I NF I LT RATE I NT E RST I T I AL E X U DATE I c . t .  

neu t . mononuc . neu t . mono nuc . S E  PTA 

n . s . n . s .  n . s .  - , + + 

n . s . n .  s .  n . s . - , + n . s . 

n . s .  n . s .  n . s .  + + 

n .  s .  n .  s .  + + + 

+ + - , +  - , + + 

+ + - + -

+ + - , + - ' + + 

n .  s .  n .  s .  - - + 

n .  s .  + + + + 

- - - - + 

+ + n . s .  + + 

+ + + + + 

n . s . - , + n .  s .  - , + n .  s .  

n . s .  n . s .  n .  s .  + - , + , ++ 

n .  s .  - , + n .  s .  + ++ 

+ + - , + - , + n .  s .  
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F I GU RE 3 . 3  B ru i s e  1 4 4  hours o l d .  Modera tel y  pos i t i ve 

a l do l a s e  s ta i n i n g of  f i brob l a s ts i n  connect i ve 

ti s sue  s eptum . 

X 320 

F I GU RE 3 . 4 Bru i se  144 hou l'S o l d .  Enhanced a l do i a s e  s ta i n i ng 

o f  fi brob l a s ts i n  c onnec ti ve t i s s ue s e p tum . 

X 320 
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F I GURE 3 . 5  Al do l a s e  zymogram o f  bru i sed musc l e ,  l eucocytes , p l a sma 

and e rythrocytes a fter i soe l e ctri c focus s i n g  at 25  watt 

consta n t  power for 1 . 5 hours  i n  PAG wi t h  ampho l i ne 

buffer range pH 3 . 5-9 . 5 .  Th e  ge l  wa s i ncubated i n  

aqueous s ub strate med i um for 30 mi nutes a t  37°C . 

F I GURE 3 . 6  Bru i se 4 hours o l d .  Vari a ti on i n  l ac ta te 

dehydrogena se  s ta i n i n g  a ccord i ng  to fi bre type 

i n  a pparentl y normal musc l e .  

X 320 





TABL E  3 . 2  : SUMMARY OF  THE  V I SUALLY ASSESSED  DEGREES OF ACT I V ITY OF H IS TOCHEMI CALLY DEMONSTRAT E D  LACTATE 

DEHYDROGENASE I N  VARI OUS T I SSUE COMPONENTS OF B RU I S E D  MUSCLE . 

AGE 
( hours ) 

4 
4 
4 
4 

24 

24 

24 

24 

48 

48 
48 
48 

144 
144 
144 
144 

j 
SEVE R I TY OF I NJURY I MUSCLE  F I BRES 

haem . I necro . l wbc 

+ 

+++ 

+ 

+ 

+++ 

+++ 

++ 

++ 

++ 

++ 

+++ 

+++ 

+++ 

+ 

+++ 

+ 

+++ 

+++ 

+++ 

+++ 

+ 

+++ 

+++ 

+++ 

+++ 

++ 

+ 

++ 

+ 

+++ 

+++ 

+++ 

++ 

+++ 

+ 

+++ 

+++ 

++ 

+++ 

++ 

no rma l l n ecrot i c  

+ , ++ 

n . s .  

+ , ++ 

+ , ++ 

+ 

+ , ++ 

+ , ++ 

n . s .  

n . s .  

+ , ++ 

n . s .  

+ 

+ 

- , ++ 

+ , ++ 

- + ' 

- , + , ++ 

- , + 

- , + , ++ 

+ , ++ 

- , +  I 
- , + 

n . s .  1 - , + , ++ 

+ , ++ I + , ++ 

+ , ++ I n . s . 

+ , ++ I + , ++ 

n . s .  + , ++ 

MUSCLE I NFI LTRATE I NTERSTI T I AL EXUDATE 

n e  u t .  I mo nonuc . l n eu t .  l mono nuc . 

n . s .  

n . s .  

n . s .  

n . s .  

+ 

+ 

++ 

+ 

++ 

+ 

++ 

n . s .  

n . s .  

n .  s .  

n . s .  

+ 

+ 

++ 

+ 

++ 

+ 

++ 

+ , ++ , +++! + , ++ , +++ 

++ I ++ 

n . s .  1, n . s .  

++ ++ 

+ + 

+ 

+ 

n . s .  

+ 

n . s .  

+ 

+ 

+ 

++ 

++ 

I ++ , +++ 
' 

+++ 

n . s . 

+ 

n . s .  

n . s .  

+ 

+ 

n . s .  

+ 

++ 

+ 

+ 

+ 

++ 

+ +  

++ , ++ +  

+++ 

++ 

+ 

n . s .  

+ 

c . t .  

SE PTA 

+ 

+ 

+ 

++ 

+ 

+ , ++ 

+ , ++ 

+ 

++ , +++ 

+ , ++ 

++ , +++ 

+ , ++� 
n . s .  j 

++ 
. 

n . s .  

n . s .  

I-' N 0 
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F GURE 3 . 7  Bru i se 24 hours  o l d .  Decreased  l ac ta te 

dehydrogenase s ta i n i ng i n  necrot i c musc l e  

fi bres . 

X 320 

F I GURE 3 . 8 Bru i se 24 hours o l d .  Var i a b l y  pos i t i ve l ac ta te 

dehydrogena se s ta i n i n g i n  the l eucocyte exudate . 

X 320 





to the s evet· i ty of  necros i s ,  but  punctate s ta i n i ng occa s i ona l l y  

per s i s ted even i n  necro t i c  fi bres undergo i n g d i s so l u t i o n . A l tered 

s ta i n i ng i n  damaged fi bres wa s unrel a ted to the factor  of bru i se age . 

On no occa s i o n wa s a l tered l ac tate dehydrogena se acti v i ty observed i n  

morpho l og i ca l l y  norma l fi bres . 

The majori ty of  l eucocytes s howed a degree of  pos i t i ve act i v i ty for 

l ac tate dehydrogena se  ( F i gure 3 . 8 ) . I ncrea sed  e n zyme acti v i ty wa s 

frequentl y observed i n  the cel l u l ar exudate ( F i gure 3 . 9 ) , but th i s 

wa s not c l ear l y  re l a ted to bru i se age . 

Both moderatel y po s i ti ve ( F i gure 3 . 1 0 )  a nd s trong l y  po s i t i ve ( F i gure 

3 . 1 1 )  s ta i n i ng wa s observed i n  connec ti ve t i s s ue septa l  fi brobl a s t s . 

The degree of  s ta i n i n g  wa s not , however , rel a ted to the a ge of the 

brui se . 

( b ) I soenzyme s tudi es : E l ectrofocu s s ed l ac ta te dehydrogena se  i soenzyme 

act i v i t i e s  a re s hown a s  purpl e bands  on F i gure 3 . 1 2 .  A l a rge number of  

i soenzyme bands  were re so l ved from each  homogenate of  bru i sed musc l e 

and  i t  wa s therefore nece s sary to ana l ys e  the zymogram wi th  the a i d  of  

a den s i tometer . The den s i tometri c scan  of eac h bru i se  samp l e cou l d be  

i nterpreted i n  terms of the 25  bands  s hown on  the  representat i ve 

trac i ng i n  F i gure 3 . 13 .  There \'Jas an overa l l s i mi l ar i ty between the 

scans of t he brui ses  but each one var i ed i n  deta i l .  These vari a ti on s  

cou l d  n ot  be  re l a ted to  common fac tors  of  ana tomi cal  pos i t i on , bru i se  

age or  the a n i ma l  a ffected . Lactate dehydrogena se  i soenzyme pa tterns 

as demons tra ted by i soe l ectr i c  focus s i ng therefore proved of no va l ue 

as a mea ns  of a ge i ng brui ses . 

The p l a sma and erythrocyte samp l es both s howed l actate dehydrogenase  

act i v i ty but  the  pos i t i on s  a nd sta i n i ng i n ten s i t i es of the  respect i ve  

i soenzyme bands  were s uch  a s  not to  i n terfere wi th the  i n terpreta t i on 

of  those  represent i ng  musc l e .  Enzyme act i v i ty \'Ja s  not detec ted i n  the 

puri f i ed l eucocyte samp l e .  

1 2 1  
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F I GURE 3 . 9  Bru i s e  24 hours  ol d .  I ncren sed l ac ta te 

dehydrogena s e  s ta i ni ng o f  i ntramu s c u l a r  

l eucocyte s . 

X 320 

F I GU RE 3 . 10 Bru i s e  24 hours  o l d .  Mod eratel y  pos i ti ve l ac ta te 

dehydrogena s e  s ta i n i ng of  fi brob l a s ts i n  connec t i ve 

ti s s ue s eptum . 

X 500 
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F I GURE 3 . 1 1 Bru i s e 48 hours o l d .  S tro n g l y  po s i t i ve l ac tate 

dehydrogenase  s ta i n i n g of  f i brob l a s t s  i n  

c onnec t i ve ti s s u e  septum . 

X 3 20 

F I GU RE 3 . 12 Lacta te dehydrogena s e  zymogram of  bru i s ed musc l e ,  

l eucocytes , p l a sma a nd  erythrocytes a fter 

i soe l ec tr i c foc u s s i n g  at 2 5  watt con s ta n t  power 

for 1 .  5 hours i n  PAG w i th ampho 1 i ne buffer ra n ge 

pH 3 . 5-9 . 5 .  The ge l  wa s i nc uba ted i n  aq ueous 

s u bs trate medi um for 30 mi n u tes  at 37° C .  
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F I GURE 3 . 1 3 A representa ti ve den s i tometer scan  of e l ectrofocussed  

l ac ta te dehydrogenase i soenzymes obta i ned  from 

bru i sed  musc l e ,  s how i ng  the 25 bands common to each 

samp l e of  bru i sed  musc l e .  Th i s parti cu l ar bru i se 

was 4 hours o l d .  The gel  had  ampho l i ne buffer 

ra nge pH 3 . 5-9 . 5 .  

F I GURE 3 . 14 Bru i s e  4 hours o l d .  Vari a t i on i n  succ i nate 

dehydrogena s e  s ta i n i ng accord i ng to f i bre type 

i n  a pparent ly  norma l musc l e .  

X 320 
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I I .  ENZYMES OF THE C I TR I C  AC I D  CYCLE 

The onl y c i tr i c ac i d cyc l e enzyme s tud i ed wa s s ucc i nate dehydrogena se . 

1 .  Succ i na te dehydrogenase  

( a ) Enzyme h i s tochemi stry: A s ummary of v i s ua l l y  a s ses s ed enzyme 

acti v i t i es i n  bru i sed musc l e i s  presented i n  Tabl e 3 . 3 .  Apparentl y 

norma l musc l e fi bre s demonstrated fa i n tl y pos i t i ve punctate s ta i n i ng 

for s ucc i nate dehydrogena s e ,  w i th a n  expected vari at i on i n  i n tens i ty 

accord i ng to fi bre type ( Fi gure 3 . 14 ) . Degenera t i ve change wa s 

usua l l y  accompan i ed by a decrease or  l os s  i n  enzyme acti v i ty ( Fi gure 

3 . 1 5 ) , a l though enhanced acti v i ty wa s occa s i ona l l y  observed ( Fi gure 

3 . 16 ) . The i ntens i ty of s ta i n i ng coul d not be re l ated e i ther to the 

s everi ty of necros i s  o r  t he age of  the brui s e . 

I n ters ti t i a l  l eucocytes l acked succ i nate dehydrogena se  act i v i ty and  

i n tramuscu l a r  l eucocytes s ta i ned po s i t i vel y i n  on ly three of  the 

s i xteen bru i ses  exami ned . Le ucocyte s ucc i nate dehydrogena se  act i v i ty 

cou l d not therefore be re l ated to age . 

Connecti ve  t i s sue septa l  fi brob l a s ts fa i l ed to s ta i n  for s ucc i nate 

dehydrogena s e . 

( b ) I soenzvme s tud i es : E l ectrofocus sed s ucc i nate dehydrogena se  

i soenzyme act i vi t i es  are s hown as  purp l e band s in  F i gure 3 . 1 7 .  A 

var i ab l e number  of  up to s i x  poor l y defi ned i s oenzyme bands were 

reso l ved from homogenates of bru i sed mu sc l e .  Vari at i ons  i n  i soenzyme 

patterns were not a ttri butabl e to anatomi ca l  pos i t ion  or  bru i s e a g e . 

Succ i nate dehydrogena s e  zymograms a s  demons trated by i soe1 ectr i c  

focu s s i ng t herefore proved o f  no va l ue a s  a means  of  a ge i ng bru i ses . 

Both the p l asma and erythrocyte samp l es s howed moderate s ucc i nate 

dehydrogenase acti v i ty d i fferent ia ted i nto severa l i soenzyme bands . 

No act i v i ty wa s detected i n  the puri f ied l eucocyte samp l e .  

1 22 



TABLE  3 . 3  : SUMMARY OF THE V I SUALLY ASS ESSED DEGREES OF ACT I V I TY OF H I STOCHEMI CALLY DEMONSTRATED SUCCI NATE 

DEHYDROGENASE I N  VAR I OUS T I SSUE COMPONENTS OF  BRU I S E D  MUSCLE . 

AGE SEVERITY OF I NJ U RY 

( hours ) haem . necro . wbc 

4 + - + 

4 I +++ +++ ++ 

4 + - -

4 + - + 

24 +++ +++ +++ 

24 +++ +++ +++ 

24 ++ +++ +++ 

24  ++ + ++ 

48 ++ +++ +++ 

48 ++ - + 

48 +++ +++ +++ 

48 +++ +++ +++ 

I 144 +++ +++ ++ 

144 + I - - I 
144  +++ ++ +++ 

144 + - ++ 

t�USCLE F I BRES 

no rma 1 necroti c 

+ , ++ + 

n . s .  - , + 

n .  s .  + , ++ 

+ + , ++ 

- , + - , + , ++ 

+ , ++ + , ++ 

- , + - , + 

+ - , + , ++ 

n . s . - , + , ++ 

- , + - , + , ++ 

+ , ++ - , + , ++ 

+ - , + 

n .  s .  ++ 

+ , ++ n .  s .  

n .  s .  - , + , ++ 

+ + , ++ , +++ 

MUSCLE I NF I LTRATE I 
neu t . mononuc . 

n .  s .  n . s .  

n .  s .  n .  s .  

n .  s .  n . s .  

n . s .  n . s .  

++ ++ 

- - , + 
- -

- -

- -

- -

- I -

- -

- -

n . s .  n . s . 
- - , + 

- -

I NTERST I T IAL EXUDATE 

n:u t . ton:nuc . 

- I -

n .  s .  n .  s .  
- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -
�� -

c . t . 
SEPTA 

-

n .  s .  
-

-

-

n .  s .  
-

-

-

-

-

-

n . s . 
-

-

-
--- - - --

I 

I 

1--' 
N 
w 
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F I GURE 3 . 15 Brui se  48 hours ol d .  Decreased s ucc i na te 

dehydrogenase a c ti v i ty i n  necroti c musc l e  

fi bres . 

X 320 

F IGURE 3 . 16 Brui se  144 hours o l d .  Enhanced s ucc i nate 

dehydrogenase s ta i n i ng i n  degenera ti ve musc l e  

fi bre . 

X 320 
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F I GURE 3 . 1 7 Succ i nate dehydrogena s e  zymogram of  bru i sed  musc l e ,  

l eucocytes , p l a sma a nd erythrocytes after 

i soel ectr i c focus s i ng at 25  watt  consta n t  power 

for 1 . 5  hours i n  PAG wi th ampho l i ne buffer range 

pH 3 . 5- 9 . 5 .  The ge l was i ncubated i n  aqueous 

s ubstrate medi um for 30 mi n utes at 37°C .  

F I GURE 3 . 18 Bru i se  4 hours o l d .  Absence of 

. g l  ucose-6 -phosphate dehydrogena se  a cti v i ty 

i n  a pparentl y normal mu sc l e f i bres . 

X 320 





I l l . ENZYMES OF THE PENTOSE PHOSPHATE PATHWAY 

The o n l y  pentose  phospha te pathway enzyme s tud i ed wa s g l ucose -6-

phosphate dehydrogenase . 

1 .  Gl ucose-6-phosphate dehydrogena se  

( a ) Enz_yme h i s tochemi stry :  A summary of  v i  s ua  1 1  y a s ses sed enzyme 

act i v i t i es i n  bru i sed musc l e i s  p resented i n  Tab l e 3 . 4 .  Apparen t l y  

norma l mu sc l e fi bres s howed n o  g l ucose- 6 - phosphate dehydrogena se  

acti v i ty ( F i gure 3 . 18 ) . The major i ty of f i bres undergo i ng degenerat i ve 

change i n  bru i ses  of  a l l ages , however , s howed a var i ab l e degree of  

punctate s ta i n i ng ( F i gure 3 . 1 9 ) . The i ntens i ty of th i s  react ion  cou l d 

not be rel a ted e i ther to the  sever i ty cf  necro s i s or to the age  of 

the bru i s e .  

Exudat i ve l eucocytes i n  the 4 hour o l d  bru i ses  l ac ked g l ucose-6-

phosphate dehydrogena se  act i v i ty but  a pos i t i ve react i o n  wa s observed 

i n  a proporti on o f  the i n terst i t i a l  l eucocytes i n  mos t  o f  the 24 hour 

and  o l der bru i s es . The act i va t i o n of  g l uco se-6- phosphate dehydrogena se  

i n  l eucocytes therefore appeared to  be t i me rel a ted and  therefore 

potent i a l l y  of u se  for age i ng  brui s es . Ne i ther the i ntens i ty of  the  

react i on nor the  re l a t i ve number of  i n tersti t i a l  l eucocytes affected 

wa s re l a ted to age . Leucocytes i nfi l tra t i ng mu sc l e f i bres i nvari a b l y  

sta i ned moderate ly  or  s trong ly  pos i t i ve for g l ucose-6-phospha te 

dehydrogena s e  ( F i gure 3 . 1 9 ) . 

F i brobl a s t s  w i th i n c onnect i ve t i s sue  septa fa i l ed to demon strate 

g l ucose-6-pho sphate act i v i ty in 4 hour o l d b ru i ses  but a proport i on of 

these ce l l s  showed a fa i n t l y  pos i t i ve rea c t i on i n  mo s t  of  the 24 hour 

and o l der bru i ses  ( F i gure 3 . 20 ) . The enzym i c  react i on in  fi brob l a s ts 

therefore a ppeared o f  poten t i a l  u se  for bru i se age i ng  purposes . 

( b )  I soenzyme s tud i es : E l ectrofocussed  g l uco se-5-phosphate 

dehydrogena s e  i soenzyme act i v i t i e s  are shown a s  purpl e bands i n  

F i gure 3 . 2 1 .  On l y two bru i ses , a ged 4 hour and 24 hour o l d a nd each 

1 24 



TAB LE 3 . 4  : SUMMARY OF THE V I SUALLY ASSESSED DEGREES OF ACT I V I TY O F  H I STOCHEMI CALLY DEMONSTRATED 

GLUCOSE-6- PHOSPHATE DEHYDROGENASE IN  VARI OUS T I SSUE COMPONENTS OF BRU I SED  MUS CLE . 

AGE SEVER ITY OF I NJURY MUSCLE F I BRES MUSCLE I NF I LTRATE I NTERSTI T I AL EXUDATE 

( hours ) 1 haem . necro . wbc norma l necrot i c  neu t . mononuc . neut . 111ononuc . 

4 + - + - + n .  s .  n .  s .  - -
4 +++ +++ ++ n .  s .  - n .  s .  n .  s .  - -
4 + I - I - - + n .  s .  n . s .  - -

4 + - I + - + n .  s .  n .  s .  - -

24 +++ I +++ +++ - , +  - , + ++ + - - ' + 

24 +++ +++ +++ n .  s .  - ' + ++ ++ - - ' + 

24 ++ +++ +++ - , +  - , + , ++ ++ ++ - ) + - ' + 

24 ++ + ++ - - , +  ++ ++ - , +  - ' + 

48 ++ +++ +++ - - , + , ++ ++ ++ - -

48 ++ - + - - ' + n .  s .  ++ - , +· - , +  

48 +++ +++ +++ - - , + , ++ ++ ++ + + 

48 +++ +++ +++ - - , + , ++ ++ ++ - , +  + 

144 +++ +++ ++ - - , ++ , +++ ++ ++ - I - , + , ++ 

144 + - - - n .  s .  n . s .  n .  s .  n .  s .  -

144 +++ ++ +++ - - , + , ++ n .  s .  ++ - , +  - , +  

144 + - ++ - - , + , ++ + n .  s .  + + 

c . t .  
SE  PTA 

-
-

-

-

+ 

-

- , +  

- , +  

- ' + 

- , +  

+ 

+ , ++ 

+ , ++ 

-
+ 

+ 

I 
I 

....... 
N 
(.)1 
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F I GU RE 3 . 19 Bru i s e  24 hours o l d .  Puncta te gl ucose-6-phosphate 

dehydrogena se  a c ti v i ty i n  degenerat ·i ve  mu sc l e  

f i bre . I ntramuscul ar  l eucocytes s how a 

moderatel y pos i t i ve react i on . 

X 320 

F I GURE 3 . 20 Bru i se 48 hours o l d .  Fa i nt l y pos i t i ve 

g l ucose-6-phosphate dehydro gena se  s ta i ni ng of 

f i brob l a s ts i n  connecti ve t i s s ue  s eptum . 

X 500 
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F I GURE 3 . 2 1 G l ucose-6-phos phate dehydrogena se  zymogram of  

brui s ed mus c 1 e ,  l eucocytes , p l a sma and  

erythrocytes after i soel ec tr i c focu s s i ng at  

25  watt  constant  power for 1 . 5  hours  i n  PAG 

wi t h  ampho l i ne buffer range pH 3 . 5- 9 . 5 .  The 

gel wa s i ncuba ted i n  aqueou s  s u b s tra te med i um 

for 30 mi nutes  a t  37°C .  

F I GU RE 3 . 22 Bru i s e  4 hours o l d .  Absence o f  ac i d phos phatase  

act i v i ty i n  apparent ly  norma l and degenera ti ve 

musc l e fi bres . 

X 125  
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from the same a n i ma l , s howed en zyme act i vi ty .  I n  both cases there wa s 

one fa i nt l y  s ta i ned  band wi th the same p i . G l ucose-6-phospha te 

dehydrogenase  i soenzyme patterns as demons tra ted by i soel ectri c 

focu s s i ng therefo re proved of no va l ue a s  a mean s  of agei ng  bru i s es . 

P l a sma s howed moderate g l ucose-6- pho sphate de hydrogena se act i v i ty 

reso l ved i nto fi ve d i s t i nc t  bands . A moderate degree of enzyme act i v i ty 

wa s a l so observed i n  erythrocytes but  t h i s wa s poorl y reso l ved i n to 

i soenzyme fract i ons . No act i v i ty wa s detected i n  the puri fi ed l eucocyte 

sampl e .  

I V .  HYDROLYT I C  ENZYMES 

Four  hyd ro l yt i c enzymes were s tud i ed .  These were ac i d  phosphata s e ,  

a l kal i ne phosphata s e ,  non- s pec i fi c  e stera s e  and l euc i ne ami nopept i dase . 

1 .  Ac i d  pho sphata se  

( a ) En zyme h i s tochemi stry: A s :.Jmmary o f  subject i vel y a s ses sed enzyme 

act i v i t i e s  i n  bru i sed musc l e i s  presen ted i n  Tab l e 3 . 5 .  Ne i ther 

a ppa rent l y norma l nor  necro t i c  musc l e f i bres showed ac i d  phosphatase  

act i v i ty ( F i gures 3 . 22 and  3 . 23 ) . Necrot i c fi bres occa s i ona l l y  

a ppeared to s ta i n  po s i ti ve ly  for enzyme but  th i s  wa s due to dense l y 

i nfi l tra t i ng mac ro phages ( F i gure 3 . 24 ) . 

Neutroph i l s  fa i l ed to s ta i n  for ac i d  phosphata s e .  Macrophages s howed 

a var i a b l e degree of act i v i ty ,  from negat i ve to strong l y  pos i t ·i ve 

( F i gures 3 . 23 and  3 . 25 ) . However , nei ther the i n tens i ty of s ta i n i ng nor 

the proport ion  of  macrophages  affected cou l d be re l a ted to the age  

of  the bru i se .  

I n  the maj or i ty o f  bru i s es , fi brob l a s ts i n  connec t i ve t i s s ue s epta fa i l ed 

to s ta i n  for ac i d  phos phata s e . I n  f i ve bru i s e s , however , a proporti on 

of  these cel l s  s howed a pos i t i ve react ion  ( F i gure 3 . 26 ) . Nei ther the 

i n ten s i ty of  th i s  react ion  nor the rel at i ve numbers of  connect i ve 



TABLE  3 . 5  : SUMMARY O F  THE V I SUALLY ASSESSED DEGREES OF ACT I V I TY OF H I STOCHEM I CALLY DEMONSTRATED AC I D  

PHOSPHATASE I N  VAR I OUS T I SSUE COMPONENTS O F  B RU ISED  MUSCLE . 

AGE SEVER I TY OF I NJURY MUSCLE F I BRES MUSCLE I N F I LTRATE I NTERST IT IAL EXUDATE c .  t .  
( hours ) 

haem . necro . wbc norma 1 j necrot i c ne u t  . j  mononuc . neu t .  I rr.ononuc . SE PTA 

4 + + + - - n .  s .  - ' + - - , + -
I 

4 I + + + - - - - - - ' +  n . s .  

4 + + + - - n . s .  - , + , ++ - - , + , ++ -

4 + + + - - n .  s .  n . s .  - - -

24 - - - - n . s .  n . s . - • n .  s .  n . s  . -

24 + - + - - n . s .  + , ++ - - , + , ++ - , + , ++ 

24 + + + - - n . s .  n . s .  n . s .  - , +  -

24 ++ ++ ++ - - - - , +  - - , + -

48 ++ +++ +++ - - - - , + , ++ - - , +  -

48 + +  + ++ +++ - - n . s .  - , + , ++ n .  s .  - , + , ++ n . s . 

48 + + + I -
j 

- - - , + - - , + - , +  

48 + + + - - - - , + , ++ , +++ - - , + , ++ - , ++ 

144 - - - - n . s .  n .  s .  n .  s .  n . s .  - , + -

144 + - + - - n . s .  +++ n . s . - , + , ++ -

144 + + + - - n . s .  - n .  s .  - , + , ++ - , + 

144 ++ +++ +++ - - - - , + , ++ - - , + , ++ - , + , ++ 

I-' 
N 
-.....J 
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F I GURE  3 . 23 Bru i s e  48 hours o l d .  Ab sence of  ac i d  phos pha tase  

act i v i ty i n  necro t i c  mu sc l e fi bres . I n tra­

muscu l ar  macrophages s how a pos i t i ve reac t i on . 

X 320 

F I GURE 3 . 24 Bru i s e  24 hours o l d .  Apparent ly  pos i t i ve a c i d 

phosphata s e  s ta i n i n g  of  a necroti c mus c l e  fi bre , 

actua l l y  due to i nfi l tra t i ng  macrophages . 

X 320 
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F I GURE 3 . 25 Bru i s e  144 hours o l d .  Ab sence of a c i d 

phosphata s e  sta i ni ng  i n  i n ters ti t i a l  po l ymJrphs , 

and a vari ab l y pos i ti ve react i on  i n  macrophages . 

X 320 

F I GURE 3 . 26 Brui s e  48 hours o l d .  Ac i d  phosphata s e  s ta i n i ng 

of  fi brobl a s t s  i n  connect i ve t i s sue septum . 

X 320 



-- --------



t i s sue ce l l s  a ffected coul d be re l a ted to bru i se age . Nonethel e s s , 

the fact  that four  of  the a ffected bru i ses  were a ged 48 hours or  o l der 

and the rema i n i ng one wa s 24 hours o l d i mp l i es that f i brob l a s t i c  ac i d  

pho sphatase act i v i ty may occur o n l y  i n  bru i s es  24 hours o r  o l der . 

( b ) I s oenzyme s tud i es : E l ec trofocus sed ac i d  pho sphata s e  i soenzyme 

act i v i t i es a re s hown a s  red bands i n  Fi gure 3 . 27 .  The control l i ver 

sampl e demonstra ted moderate ac i d  phosphata s e  act i v i ty poor ly  tesol ved 

i nto severa l i soenzyme ba nd s . The i soenzyme bands resol ved from 

homogena tes of bru i sed m�sc l e  were poor ly  focussed and  very mi l d  i n  

act i v i ty .  The resu l ts were thel�efore a na l ys ed wi th the a i d  o f  a 

dens i tometer . Ea ch  dens i tometer scan  cou l d be i nterpreted i n  terms of  

the  peaks  i n  the  representat i ve scan  presented  i n  Fi gure 3 . 28 .  

Con s i derabl e d i fferences exi s ted between bru i se sampl es but  these 

cou l d not be rel a ted to common factors of  anatomi ca l  pos i t i on ,  bru i se 

age or  the a n i ma l  a ffected . Ac i d  pho sphatase  i soenzyme patterns  a s  

demon strated by i soel ectr i c  focus s i ng therefore proved o f  n o  va l ue  a s  

a mea ns  of  agei ng  bru i ses . P l a sma ,  erythrocyte a nd l eucocyte fract i ons  

wet·e not exami ned for ac i d phosphatase  a cti v i ty .  

2 .  Al kal i ne phosphatase 

(a ) Enzyme h i s toc hemi s try : A s ummary of  s ubj ec ti ve l y  a s ses sed enzyme 

act i v i t i e s  i n  bru i sed mu sc l e  i s  presented i n  Tab l e 3 . 6 .  Ne i ther 

a pparent l y  norma l nor necrot i c musc l e f i bres s howed a l ka l i ne pho s phatase  

act i v i ty .  Necrot i c f i bres occas i o na l l y  a ppeared to  s ta i n  pos i t i ve l y  

but  th i s  wa s due to dens e l y  i nf i l tra t i ng mac rophages ( F i gure 3 . 29 ) . 

Cap i l l ary endothe l i um between  mu sc l e  f i bres s ta i ned s trongl y pos i t i ve . 

Th i s  act i v i ty wa s ma i nta i ned ·i n  a reas of  necros i s  ( Fi g ure 3 . 30 ) . 

Neutroph i l s  s howed moderate or s trong a l ka l i ne pho sphata s e  act i v i ty 

( F i gure 3 . 30 ) . Macrophages showed a varyi ng  degree of a c ti v i ty rang i ng 

from nega t i ve to s trong ly  po s i t i ve ( Fi gure 3 .  3 1 ) .  Nei ther the i ntens i ty 

of  l eucocyte s ta i n i n g nor the proport ion  o f  ce l l s  affected cou l d be 

rel a ted to the  age of  the bru i se . 

1 28 
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F I GURE 3 . 27 Ac i d  phosphata s e  zymogram of  bru i s ed musc l e ,  l i ver 

and  erythrocytes a fter i soel ectri c focus s i ng at  

25  watt  cons ta n t  power for 1 . 5  hours  i n  PAG wi th  

amphol i ne buffer range pH 3 . 5- 9 . 5 .  The gel  was 

i ncubated i n  aqueous  s ubstrate med i um for 30 mi nutes 

at 37°C .  

F I GURE 3 . 28 A repres entat i ve dens i tometer scan  of  

e l ectrofocu s s ed ac i d  phos phata s e  i soenzymes 

obta i ned  from homogenates of  bru i s ed musc l e ,  

s howi n g  the four  i soenzyme 

i n  a l l the  musc l e  sampl es . 

bru i se  wa s 144 hours o l d .  

ba nds  represented 

Th i s  parti cu l a r  

The u nmarked pea ks 

represent  haemogl ob i n or un i denti fi ed protei n .  





TABLE 3 . 6  : SUMMARY OF THE V I SUALLY ASSESSED DEGREES OF ACTI V I TY OF H I STOCHEMI CALLY DEMONSTRATED 

ALKAL I NE PHOSPHATASE IN VAR I OUS T ISSUE COMPONENTS OF B RU I SE D  MUSCLE . 

AGE SEVER I TY OF I NJURY MUSCLE F I BRES MUSCLE I NF I LTRATE I NTERSTI T I AL EXUDATE  

( hours ) 
haem . necro . wbc norma 1 necro t i c  neu t .  mononuc . neut . mononuc . 

4 + + + - - n . s .  - + , ++ - � + , ++ 

4 + + + - - n . s .  n . s .  + , ++ - , + , ++ 

4 + + + - - n .  s .  - , + n .  s .  - , + 

4 + + + - - n .  s .  n . s .  + , ++ - , + , ++ 

24 - I - - - n . s .  n . s .  n .  s .  n .  s .  ++ 

24 + - + - - n .  s .  n . s .  n .  s .  - , + 

24 + + + - - n . s .  ++ n . s .  + 

24 ++ I ++ ++ + + , ++ , +++ + , ++ - , + , ++ - -

48 ++ +++ ++-l- - - n . s .  - , + , ++ , +++ + - , + , ++ , +++ 

48 ++ +++ +++ - - + - , + , ++ + - , + � ++ , +++ 

48 I + + + - - + - , + , ++ ++ - , + , ++ I 48 + + + - - ++ ++ ++ ++ 

144 I - - - - n . s .  n .  s .  - n . s .  - , + 

144 + - + - - n .  s .  n .  s .  n . s .  -

144 + + I + - - n . s .  - , +  n . s .  -

144 ++ +++ +++ - - n . s .  - I n . s .  - , +  
I 

c . t .  
SE  PTA 

- , ++ 

n . s .  
-

- , +  

-

-

-

n .  s .  

- , ++ 

n .  s .  
-

+ , ++ 

-

-

-

-
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F I GU RE 3 . 29 Bru i s e 24 ho urs o l d .  Apparent ly  pos i t i ve a l ka l i ne 

phosphatase  s ta i n i ng of  a necroti c mus c l e fi bre , 

actua l l y  due  to i nfi l trat i n g  macrophages . 

X 500 

F I GURE 3 . 30 Bru i se 24 hours o l d .  S trong l y pos i ti ve a l ka l i ne 

phosphata s e  s ta i n i ng o f  cap i l l ary endothe l i um .  

• Neutroph i l s  are a l so s trong l y pos i ti ve .  

X 125  
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F I GU RE 3 . 3 1 B ru i s e  24 hours o l d .  Vari ab l e a l ka l i ne 

phosphatase  s ta i n i ng o f  i n fi l trat i n g  

mac ropha ges . 

X 500 

F I GURE 3 . 32 A l ka l i ne phosphatase zymogram of  bru i sed musc l e ,  

sma l l i ntes t i ne and  l i ve r  a fter i soel ectri c 

focus s i n g  a t  25  watt  consta n t  power for 1 . 5  hours 

i n  PAG w i th ampho l i ne buffer range pH 3 . 5- 9 . 5 .  

The ge l  was i ncuba ted i n  aqueous  substrate med i um 

for 30 mi nute s  at 37°C . 





I n  t he majori ty of  bru i s es , f i brobl a sts  i n  connecti ve t i s sue  septa 

fa i l ed to s ta i n  for a l ka l i ne phos phatase . However , modera tel y pos i t i ve 

s ta i n i ng wa s observed i n  a proporti on of connect ive  t i s sue cel l s  i n  

four bru i ses . S i nce two of these were 4 hours  and two were 48 hours 

o l d ,  th i s pos i t i ve s ta i n i ng react i on coul d no t be rel a ted to age . 

( b ) I soenzyme s tud_ies : E l ectrofocus sed a l ka l i ne phosphatase  i soenzymes 

s howed a s  red ba nd s  ( F i gure 3 . 32 ) . The contro l  sma l l i ntest i ne sampl e 

demonstra ted fa i n t  enzyme acti v i ty but  no a l kal i ne pho s phata s e  s ta i n i ng 

wa s detected i n  t he homogenates of bru i sed mu sc l e .  Al ka l i ne phospha­

ta s e  i soenz�ne patterns a s  demonstrated by i soel ectr i c focu ss i ng 

t herefore proved of  no va l ue a s  a mean s  of a gei n g  bru i ses . P l a sma ,  

e rythrocyte a nd l eucocyte fract i on s  were not exami ned for a l ka l i ne 

phosphatase  act i v i ty .  

3 .  Leuc i ne ami no�da se  

( a ) Enzyme h i s tochem i s try :  A s ummary of  v i s ua l l y  a s sessed enzyme 

a c t i v i t i es i n  bru i sed mu scl e i s  presented i n  Ta bl e 3 . 7 .  Apparen t l y  

norma l musc l e a nd t l1e majori ty of those fi bres undergo i ng degenera t i ve 

c ha nge s howed no l euc i ne ami nopept i dase  act i v i ty .  I n  e i ght  bru i ses , 

moderate enzyme act i v i ty wa s detected i n  one or severa l i so l a ted 

necro t i c  mu sc l e fi bres , bu t t h i s act i vity wa s not re l a ted to age  and  

a ppeared i n  mo st  cases to  be  caused by i nfi l trat i ng  macrophages 

( F i gure 3 . 33 ) . Occas i onal l y ,  however , pos i t i ve s ta i n i ng  occurred i n  

the  absence o f  a v i s i b l e  cel l u l ar exuda te ( F i gure 3 . 34 ) . 

Neutroph i l s  fa i l ed to s ta i n  for l euc i ne ami nopepti da se . Macrophages  

s howed a var i ab l e degree of act i v i ty ,  ra ng i ng from nega t i ve to  s tro ng l y  

pos i t i ve ( F i gure 3 . 33 ) . Nei ther the i n tens i ty of s ta i n i n g  nor the 

proport i on of  ce l l s  a ffected coul d be re l a ted to the  age of  the bru i s e .  

F i brob l a s t s  i n  the connect i ve t i s sue septa o f  mo s t  of the bru i se s  

fa i l ed to  s ta i n  for ami nopepti dase  acti v i ty .  A modera te degree of  

a ct i v i ty wa s observed i n  two of the  144 hour o l d bru i ses ( F i gure 3 . 3 5 ) . 
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TABLE  3 . 7  : SUMMARY OF THE V I SUALLY  ASSESSED DEGREES OF ACT I V ITY  OF H I STOCHEMI CALLY DEMONSTRATED 

LEUC I NE  AM I NOPEPT I DASE IN  VAR IOUS T I SSUE COMPONENTS OF BRU I SED  MUSCLE . 

AGE SEVE R I TY OF INJURY MUSCLE F I BRES MUSCLE I N F I LTRATE ! I NTERST I T I AL EXUDATE 

( hours ) haem . necro . wbc norma l necroti c neu t . mononuc . neut . rr.ononuc . 

4 + + + - - n .  s .  n . s . - + 

4 
I 

+ + + ·- - , + n . s .  n . s .  n . s .  + , ++ 

4 + + + - , ++ n .  s .  n .  s .  - , + , ++ , +++ 

I 
- -

4 + + + - -
,

++ n .  s .  n . s .  - +
,

++ 

24 - - - - n .  s .  n . s . n .  s .  n . s .  -

24 + - + - - n . s .  + n .  s .  -

24 + + + - -
,

+++ n . s .  ++ n . s .  -
,

+ 

24 ++ ++ ++ - -
,

++ - - - - , + , ++ 

48 ++ +++ +++ - - n .  s .  - - -

48 ++ +++ +++ - - - - n . s . - , ++ 

48 + + + - - n .  s .  - - - , + 

48 + + + - - n . s . - - - , + 

144 - - - - n . s .  n .  s .  n . s .  n . s . -
,

+ 

144 + - + - - , ++ n . s .  ++ n . s .  - , + , ++ 

144 + + + - - n . s .  n . s .  n .  s .  - , + , ++ 

144 ++ +++ +++ - - , ++ n . s .  - , + n . s .  - , + , ++ , +++ 
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-

-

-

-

-

-

-

-

-

-

-

-

-

-

- , + 

-
,

++ 

,__. 
w 
,__. 



Fo l l owi ng pa ge 1 3 1  

F I GURE 3 . 33 Bru i s e  144 hours o l d .  Apparent ly  pos i t i ve 

l euc i ne ami nopepti dase  s ta i n i ng of  a necro t i c  

musc l e fi bre , actua l l y  due t o  i nfi l tra t i ng 

macrophages . 

X 320 

F I GURE 3 . 34 Bru i se 4 hours  o l d .  Pos i t i ve l euc i ne 

ami nopepti dase  s ta i n i ng i n  t he absence of 

i nfi l tra ti  ng  macrophages . 

X 320 
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F I GURE 3 . 35 : Bru i se  1 4 4  hours o l d .  Moderate l eu c i n e  

ami nopepti dase  s ta i n i ng of  fi brob l a s ts 

i n  connect i ve t i s sue  septum . 

X 500 

F I GURE 3 . 36 Leuc i ne ami nopepti dase  zymogram of  bru i s ed 

musc l e homogenates a fter i soe l ectr i c  focus s i ng 

a t  25  watt consta n t  power for 1 . 5 hours i n  PAG 

wi th ampho l i ne buffer ra nge  pH 3 . 5- 9 . 5 .  The gel  

was i ncuba ted i n  aqueous subs trate med i um for 

30 mi n utes at 37°C .  



.· 



( b ) I soenzyme s tud i es :  E l ectrofocu s sed l eu c i ne ami nopept i dase  

i soenzyme act i v i ti es a re s hown a s  fa i n t b l ac k  bands  i n  F i gure 3 . 36 .  

One , or  occa s i onal l y  two , i soenzymes were reso l ved from the homogenates 

of  bru i sed muscl e .  Ne i ther the n umber , the pos i t i on nor the i ntens i ty 

of the ba nds coul d be rel a ted to common factors of anatom i ca l  pos i t i on ,  

bru i se age  or  the a n i ma l  affected . Leuc i ne ami nopept i dase  i soenzyme 

pa tterns a s  demonstra ted by i soe l ectr i c focu s s i n g  therefore proved of  

no  va l ue a s  a means  of a ge i n g  bru i ses . P l a sma , erythrocyte and  

l eucocyte fract i ons were not exami ned for l euc i ne ami nopept i dase  

act i v i ty .  

4 .  Non - s�ec i fi c  e s tera se  

(a ) Enzyme h i s tochemi s try: A summary of  v i sua l l y  a s sessed enzyme 

act i v i t i es i n  brui sed muscl e i s  presented i n  Tabl e 3 . 8 .  Norma l mu sc l e 

fi bres s ta i ned e i ther s l i ghtl y po s i t i ve or  nega ti ve for e s tera se  

act i v i ty ( F i gure 3 . 37 ) . Oegenel·a t i ve  f i bres s howed e i ther unchanged 

or  vari a b l y  i ncrea sed enzyme act i v i t i es ( F i gure 3 . 38 ) . The i n tens i ty 

of  the reac t i on cou l d not be rel a ted e i ther to the severi ty of  necro s i s 

or to the age  of  �he bru i s e .  

Es tera se  act i v i ty i n  l eucocytes ra nged wi de l y  from nega t i ve to s tro n g l y  

pos i t i ve .  Ne i ther t h e  i ntens i ty of  t h e  l eucocyt i c react i on nor the 

proport i on of ce l l s  affected coul d be rel a ted to the a ge of  the bru i s e .  

F i brobl a s ts w i th i n connecti ve t i s s ue septa showed a vari a b l y  degree of 

act i v i ty ,  rang i n g  from nega t i ve to modera te ly  po s i t i ve ( F i gure 3 . 3 9 ) . 

Nei ther the i n ten s i ty c f  th i s react i on nor the rel at i ve number of ce l l s  

a ffected cou l d be rel a ted to the a ge of  the bru i s e .  

( b ) I soenzvme s tud i es : E l ectrofocussed  non- spec i fi c  es tera se  

i soenzymes  a s  reso l ved i n  ampho l i ne gel s of  pH 3 . 5 - 9 . 5  are s hown as  

brown bands i n  F i gure 3 . 40 .  A l a rge number o f  i soenzymes were 

focu s sed i n  c l ose  a ppo s i t i on to one a nothe r and  wi th i n  a pH range of  

a pprox ima tel y 4 . 0- 7 . 0 .  To  fac i l i ta te a na l ys i s ,  e s tera se  i soenzymes 

were therefore separa ted u s i ng an  amphol i ne ge l  of pH 4 . 5-6 . 5 .  The 
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TABL E  3 . 8  

AGE 
( hours ) 

4 

4 
4 

4 

24 
24 

24 

24 

48 

48 

48 

48 

144 

144 

144 

144 

SUMMARY OF THE V I SUALLY ASSESSED DEGREES OF ACT IV I TY OF H I S TOCHEMI CALLY DEMONSTRATED 

NON-SPEC I F I C  ESTERASE IN VARI OUS T I SSUE COMPONENTS OF BRU I S ED  MUSCLE . 

SEVERITY OF I NJ U RY MUSCLE FI BRES MUSCLE  INF I LTRATE I NTERSTI T I AL EXUDATE 

haem . necro . wbc norma l necroti c neu t .  mononuc . neut . mononuc . 

+ + + - , +  - , + , ++ n .  s .  n .  s .  + - , + , ++ 

+ + + - , +  - , + , ++ , +++ n . s .  n .  s .  - , + - , + , ++ 
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F I GURE 3 . 37 Bru i se  4 hours o l d .  Negat i ve or s l i ght ly  pos i ti ve 

non - s pec i fi c  e s terase  s ta i n i ng of a pparentl y 

norma l muscl e f i bres . 

X 320 

F I GURE 3 . 38 Bru i s e  24 hours o l d .  Unchanged a nd i ncreased  

non- spec i fi c  e s tera se  s ta i n i n g  i n  necro t i c  

muscl e fi bres . 

X 320 
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F I GURE 3 . 39 Bru i s e  48 hours o l d .  Strong l y  pos i t i ve 

non - spec i fi c  e sterase  s ta i n i ng i n  i n terst i t i a l  

fi brobl a s ts . 

X 320 

F I GURE 3 . 40 E sterase  zymogram of bru i sed mu scl e after 

i soel ectr i c focu s s i ng at 25 watts constant  

power for 1 . 5  hours i n  PAG wi th amphol i ne 

buffer ra nge pH 3 . 5-9 . 5 .  The gel was 

i ncubated i n  aqueous substrate med i um for 

1 5  mi nutes at 25°C . 





resu l t i n g  zymogram i s  presen ted i n  F i gure 3 . 4 1 . The reso l u t i on of  

non- spec i fi c  es terase  i soenzymes wa s c l ear l y  super ior  i n  the pH  4 . 5-

6 . 5  gel . The res u l ts were ana l ysed wi th  the a i d  of a den s i tometer . 

The scan  of each  bru i se coul d be i nterpreted i n  terms of  the 1 7  bands 

i nd i cated i n  t he representa t i ve tra c i ng i n  F i gure 3 . 42 . Di fferences 

exi s ted between the scans  of  each bru i se samp l e but these cou l d not be 

rel a ted to common  factors of anatomi ca l  pos i t i on ,  bru i se a ge or  the 

a n i ma l  a ffected . Non-spec i fi c  estera se  i soenzyme pa tterns a s  demon ­

s tra ted by i soel ectr i c  foc u s s i ng therefore proved of no  va l ue a s  a 

means  of a g e i n g  bru i ses . 

V .  M I SCE L LANEOUS ENZYMES 

Two enzymes , crea t i ne pho spho k i nase a nd myo s i n  adenos i ne tri p ho sphata se  

are cons i dered bel ow u nder t he  hea d i ng of  ' mi scel l a neous enzymes ' .  

1 .  Crea t i ne phosphok i nase  

(a ) Enzyme h i s tochem i s try:  A s ummary o f  v i sua l l y  a s ses sed en zyme 

act i v i t i es i n  bru i sed muscl e i s  pre sented i n  Ta b l e 3 . 9 .  Norma l musc l e 

fi bres s howed moderate d i ffu se and s trong  puncta te creat i ne phospho­

k i nase act i v i ty ( F i gure 3 . 43 ) . I n  ma ny necrot i c fi bres th i s  act i v i ty 

pers i s ted unc ha n ged ( F i gure 3 . 44 ) , but  i n  o thers there wa s a decrea se  

i n  both  types of  s ta i n i ng ( F i gure 3 . 45 ) . There was no  apparent 

re l a t i onsh i p between the nature or i nten s i ty of  the h i s tochemi ca l  

rea c t i o n  a nd e i ther the sever i ty of  necros i s  or  the a ge o f  the bru i s e .  

Leucocytes demonstrated s trong  crea t i ne pho spho k i nase  a cti v i ty 

( F i gure 3 . 46 ) . F i brobl asts  i n  connect i ve  t i s s ue septa l i kewi se  showed 

a s trong l y po s i t i ve react i on i n  bru i ses  of a l l ages  ( Fi gure  3 . 47 ) . 

( b ) I soen z vme s tud i es :  Crea t i ne phospho k i na se  act i v i ty cou l d  not be 

detected i n  e l ectrofocu s sed po lyacryl ami de gel s i ncubated i n  aqueou s 

substrate med i um because  the en zyme d i ffu sed out  of the gel  a nd reacted 

w i th  the tetrazo l i um dye i n  so l u t i on . The s ub stra te wa s therefore 
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F I GURE 3 . 4 1 E s terase  zymogram of  bru i s ed muscl e after 

i soel ectri c focus s i ng a t  25  watts con s ta n t  

power for 2 . 5  hours i n  PAG wi th  ampho l i ne buffer 

range pH 4 . 5-6 . 5 .  The ge l  wa s i ncubated i n  

aqueous substrate med i um for 1 5  m i nutes a t  25°C .  

F I GURE 3 . 42 A representat i ve den s i tometer scan  of e l ectro­

focus sed non - s pec i fi c  e s terase  i soenzymes 

obta i ned from brui sed musc l e ,  s howi ng the 17  

peaks  represented i n  a l l the musc l e samp l es . 

Th i s  parti c u l a r  bru i se wa s 24 hours o l d .  

The gel  had  a n  amphol i ne buffer range of  

pH 4 . 5-6 . 5 .  
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TABLE 3 . 9 : SUMMARY OF THE  V I SUALLY ASSESSED  DEGREES OF ACT I V I TY OF H I STOCHEM I CALLY DEMONSTRATED 

CREAT INE  PHOSPHOKI NASE IN  VAR I OUS T ISSUE COMPONENTS OF BRU I SED  MUSCLE . 

AGE SEVERITY OF I NJURY MUSCLE F I BRES MUSCLE I NF I LTRATE I NTERST IT IAL EXUDATE 

( hours ) 
haem .  necro . wbc norma l necrot i c n eu t . mononuc . neu t .  mononuc . 

4 + -· + ++ ++ n . s .  n . s .  I +++ ++ , +++ 
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F I GURE 3 . 43  Bru i s e 144  hours o l d .  Moderate d i ffuse  and  

s trong punctate creat i ne phosphok i nase  

s ta i ni ng i n  a pparent l y  normal  musc l e f i bres . 

X 500 

F I GURE 3 . 44 B ru i se 24 hours o l d .  Unch anged  crea t i ne  

phospho k i nase  s ta i n i ng i n  severel y 

necro t i c mu sc l e  f i bres . 

X 320 





Fol l owi ng  page 135 

F I GURE 3 . 45 Bru i se 48 hours o l d .  Decreas ed crea t i ne 

phos�hok i na s e  s ta i n i ng i n  necro t i c  musc l e 

fi bres . 

X 320 

F I GURE 3 . 46 Bru i se 144 hours o l d .  S trong ly  pos i t i ve crea t i n e  

phosphok i na s e  act i v i ty i n  the l eucocyt i c exudate . 

The necro t i c  fi bres s how decrea s ed act i v i ty .  

X 320 
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F I GURE 3 . 47 Bru i se 48 hours o l d .  Stro ng l y  po s i ti ve 

crea t i ne phosphok i na s e  s ta i n i ng of 

f i brob l a s ts i n  connect i ve t i s sue septum . 

X 320 

F I GURE  3 . 48 Crea t i ne pho s phok i nase  zymogram of bru i s ed mu sc l e ,  

l eucocytes , p l a sma a nd erythrocytes a fter i so­

e l ectr i c  foc u s s i n g  a t  2 5  watt  consta n t  power for 

1 . 5  hours i n  PAG w i t h  ampho l i ne buffer range  

pH 3 . 5- 9 . 5 .  The s u bstra te wa s i ncorporated i n  a 

2% agarose gel w h i c h  wa s app l i ed to the el ectro­

focussed gel for 30  mi nutes  at 37°C . 





i ncorporated i nto a 2% a garose  gel  wh i ch wa s app l i ed d i rect ly  to the 

e l ectrofocu ssed  gel . The resu l t i ng  zymogram i s  s hown i n  F i gure 3 . 48 . 

Crea t i ne phosphok i na s e  act i v i ty wa s detected i n  bru i s e homogenates a nd  

p l a sma . However , d i ffu s i on rema i ned a prob l em ,  a s  wa s i nd i cated by 

res i dua l s ta i n i ng o f  the s ubstrate gel . I soenzyme pa tterns were 

therefore i nves t i ga ted a fter e l ectrophores i s  i n  cel l u l ose  aceta te 

p l a tes ( F i gure 3 . 4 9 ) . There was on l y one i soenzyme per bru i se ,  

s i tuated i n  a pos i ti on c haracter i s t i c  o f  that for norma l mature 

s tr i a ted mu sc l e .  D i fferences exi sted between the i n tens i ty of  

creat i ne phosphok i na se  act i v i t i es between bru i se s , but  these  cou l d not  

be  rel ated to cor.1mon fac tors of  anatomi ca l  pos i t i o n , bru i se a ge or  the 

a n i ma l  affected . Creat i ne phospho k i na se  i soenzyme patterns , a s  

demons trated both by i soel ectri c focu s s i n g  i n  po l yacryl am i d e  ge l s a n d  

by e l ectrophore s i s i n  cei l u l ose  acetate p l ates , therefore proved of  no 

va l ue a s  a mea n s  of a ge i ng brui ses . 

2 .  Myo s i ne adeno s i ne  tr iphospha ta s e  

( a )  E nzyme h i s tochem i s try: The norma l expected vari at i on  i n  adeno s i ne 

tri phosphata s e  acti v i ty accord i ng to f i bre type ( F i gure 3 . 50 )  wa s 

ma i nta i ned even i n  advanced s tages  of  myonecros i s  ( F i gure 3 . 5 1 ) .  

En zyme act i v i ty i n  l eu cocytes and  f i brobl a st s  wi th i n  connecti ve t i s sue  

septa wa s very m i l d  a nd therefore d i ffi cu l t to  eval ua te ( F i gure 3 . 52 )  

but there were no a ppa ren t  d i fferences between the s ta i n i ng c haracter­

i st i c s  of  these cel l s  i n  bru i ses  of d i fferent ages . 

( b )  I soenzyme stud i e s : No a ttempt wa s made to produce a n  adenos i ne 

tri pho s phata se zymogram s i nce prel i mi nary experi ments had revea l ed 

tec h n i cal  d i ffi cu l t i e s  i n  so  do i n g .  
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F I GURE  3 . 49 Crea ti ne phospho k i nase  zymogram of bru i s ed mu s c l e ,  

l eucocytes a nd erythrocytes a fter e l ectrophores i s  

a t  250 vol t s  for 90  m i nutes  i n  ce l l u l os e  acetate 

p l a tes . The s u b s trate wa s appl i ed to a s econd 

ce l l u l o se  acetate p l a te a s  a 0 . 5% nob l e agar ge l . 

T h i s  p l a te Has f i rm l y  a pp l i ed to the f i r st  and  

the  pa i r  i ncuba ted for  20 m i nutes at  37°C .  

F I GURE 3 . 50 Bru i se 48 hours o l d .  Var i a t i o n  i n  adeno s i ne  

tr i phosphata s e  s ta i n i ng i n  norma l mus c l e  fi bres 

a ccord i ng to f i bre type i n  apparentl y normal  

mu s c l e .  

X 50 
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F I GURE 3 . 5 1 Bru i s e 24 hour� o l d .  Vari a t i on  i n  adeno s i ne 

tri p ho s pha ta s e  s ta i n i ng a ccord i n g to f i bre 

type i s  ma i nta i ned i n  a reas of mu sc l e  nec ro s ·i s .  

X 1. 25  

F I GURE 3 . 52 Bru i se 24  hours o l d .  Very m i l d  a nd  therefore 

equ i voca l  adenos i ne tri phosphatase  s ta i n i ng of 

f i brob l a st s  i n  connec t i ve t i s sue  sept11m . 

X 500 





D I SCUSS I ON 

The act i v i t i e s  o f  1 0  enzymes were exami ned i n  bru i ses , and  i n  some cases  

l eucocytes , p l a sma a nd erythrocyte prepara t i ons . The  l a tter samp l e s  

were i nc l uded i n  case  a ge-dependent changes  occurred i n  the brui se s , 

whereupon i t  wou l d hove been des i rab l e to have i dent i fi ed the t i s s ue  

component to wh i c h th i s act i v i �y wa s a ttri butabl e .  Both  h i s tochemi ca l  

and  i soel ectr i c  focu s s i ng techn i ql! es were u t i l i s ed becau s e  separa te 

adva ntages  and  d i sadva n tages  are i n�erent i n  each  ( Dah l  a nd From ) 197 1 ; 

Pu l l a r ,  1973 ; Bac k i n g  a nd Ri ede , 1 9 7 9 ) . The enzymes s tud i ed were those 

wi th  previ ous l y  recorded ev i dence i nd i ca t i n g  a potent i a l  u seful ne s s  for 

wound a ge i ng purpo�es . The expe r i mental  bru i s es s tud i ed were a ged from 

4 - 144 hours o l d ,  thereby encompa s s i ng a range  of ti s s ue reacti o n s  from 

earl y degenera t i ve change  through to repa i r and  regenera t i on . On l y  

bru i sed musc l e  wa s s tud i ed because  ad i po se  t i s sue  has a non- spec i f i c  

a ffi n i ty for the major i ty of the chromogen i c  dyes used for detect i n g  

enzymes . 

Enzyme h i s tochemi s try 

A number of observa t i ons  have a ttes ted to the u sefu l ness  o f  enzyme 

h i s tochem i s try for age i ng wounds by v i rtue of s equent i a l  changes  i n  

t i s sue  enzyme act i v i t i es that occur i n  response  to i nj ury .  The recorded 

t i mes  of change  vary due to factors  such as the observer , the t i s s ue  

i nvol ved a nd the s peci es  o f  a n i ma l  affected , b ut  t he  a pprox i ma te order 

of a l tered enzym i c  ac t i v i ty rel ates  to g l ycogen phosphoryl a s e , 

non - spec i fi c  e s terase ,  a denos i ne tri phos phata s e ,  l euc i ne ami nopept i dase , 

a c i d  phospha ta se , a l ka l i ne phosphata se  and  va r ious  dehydrogena ses  

( Rae ka l l i o ,  1973 ) . The earl i es t  enzymi c changes  have usua l l y  occurred 

i n  f i brobl a s t s  ( Raeka l l i o and  N i em i ne n ,  1979 ) a nd these  have preceded 

other l i gh t  m i c roscop i c responses  to i r.j ury . Enzyme changes  i n  mu sc l e  

have u sua l l y  occurred l ater ,  concurrentl y wi th v i s i b l e  s i gns  of 

necros i s  and  regenera t i on of  damaged fi bres ( H i rvonen and Oja l a ,  1968 ) . 

I n  our  stud i es , var i a t i o n  i n  enzyme sta i n i ng wa s frequen t l y  o bserved 

i n  a pparen t l y  no 1·ma l musc l e fi bre s . Th i s wa s expected a nd can be 

137 



expl a i ned by the exi s tence of  two ma i n  types of mu sc l e  fi bres wi th  

d i fferent  enzyme profi l es accordi ng  to  whether they po s ses s  a predom­

i na n t l y  ox i dati ve or g l ycol yti c  metabo l i sm ( Me i j er ,  1 970 ) . Degenera­

t i ve musc l e f i bres genera l l y  showed decrea sed h i s tochemi ca l  act i v i ty 

for a l do l a s e ,  crea t i ne phosphok i nase , l acta te dehydrogena se , succ i nate 

dehydrogena s e  and  non-spec i f i c  estera s e , a nd i ncrea sed act i v i ty for 

l euc i ne ami nopept idase  a nd g l ucose -6-phosphate dehydrogena s e .  Ac i d  

and  a l ka l i ne pho sphata s e  act i v i t i e s  rema i ned unchanged i n  damaged 

fi bres . Leucocytes a nd connect ive  t i s sue fi brobl a s ts occa s i onal l y  

s howed i ncrea sed enzyme a c t i v i t i e s . However , patt�rns of change 

fa i l ed to  emerge i n  a ny of  these  t i s sues  and  no rel a t i o n s �ri p cou l d be 

e s ta b l i s hed between enzyme act i v i t i es and bru i se ages . 

I n  l i ght  o f  the body of  ev i dence su pport i ng the concept  that h i s to ­

chem i c a l  en zyme acti v i t i e s  show ti me-rel ated c hanges i n  wound s 

( Raekal l i o ,  1 977 ) , i t  i s  d i ffi cu l t to expl a i n  the l ac k  of a n  observed 

rel a t i o nsh i p  for the bru i ses  i n  th i s  experi ment . The procedures to 

wh i c h  mu sc l e wa s su bj ected when demo n s trati ng  the enzymes i nc l uded 

freez i ng ,  fi xat i o n ,  sect i on i ng and s ta i n i ng .  Each  of these can  exert 

a degree of  adve�se effect on  enzyme act i v i ty s uffi c i en t  to a ffec t the 

re s u l ts  of  a n  exper iment  of  th i s  nature ( Pear se , 1968 ) . Care wa s 

therefore ta ken to process  the bru i ses  s tud i ed u s i ng o n l y  rel i a b l e 

h i s tochem i c a l  techn i ques  of  proven sens i t i v i ty ,  a nd u nl e s s  more recent 

devel opments  d i c ta ted o therwi s e ,  preference wa s g i ven  to methods 

prev i ou s l y  u sed succes sfu l l y  for wound agei ng  purposes . For thi s 

rea son  the l ac k  o f  observed re l a t i on s h i ps between h i s tochemi ca l  enzyme 

act i v i t i es a nd  bru i se ages  a ppears  un l i ke l y  to refl ect tech n i ca l  

i nadequac i es i n  the exper iment .  

I t  i s  thought  more l i ke l y  that our fa i l ure to demonstra te age re l a ted 

c hanges  i n  enzyme acti v i t i e s  wa s a s soc i a ted wi th the re l a t i ve l y  n1i l d  

i nfl amma tory a nd repara t i ve react ion s  i n  the bru i ses  s tud i es , a s  

compared to t he more i nten s i ve rea c t i on s  i n  i nc i s i o n  a n d  th�rma l 

i nj uri es ( Fa tteh , 1 966a ; Fi ne et al . , 1966 ; Ma k i nen a nd Raeka l l i o ,  

1 967 ; H i rvonen , 1968a ; Rae ka l l i o a nd Ma k i nen , 1 9G9a , 1 97 1a ; Wagner 

et a l . , 1 978 ; Max a nd Wagner , 1979 ) . However , a ga i n s t  th i s  i s  the 

fac t  that we d i d  observe non-tempora l re l a ted changes i n  fi brobl a s ts , 
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the ce  1 1  type s howi n g  the most  s i  g n i  fi  cant  changes  i n  the other studi es , 

a nd the fact  tha t  Josza ( 1974 ) ha s recorded age  rel a ted h i s tochemi ca l  

enzyme c hanges  in  bru i ses . I t  i s  u nfortu nate that i n  the reports 

menti oned above the evi dence i s  l a rgel y descri pti ve a nd there i s  

i nsuffi c i en t  documentat i on of  qua nti ta ti ve  or semi -quant i tat i ve da ta 

to a l l ow i ndependent a s sessments of these exper iments  i n  the l i g ht  of  

our resu l ts . Our  conc l u s i ons  are i n  accord wi th  those  of  Hodson 

( 1 962 ) , H i rvonen , ( 1 968a ) , Hou-Jensen ( 1 968 ) and McCau s l a nd and 

Dougherty ( 1978 ) who expres sed the i r bel i efs tha t h i s tochem ica l  enzyme 

react i ons  fol l owi ng  i njury prov i de no adva n tage over conventi ona l 

h i s to l o g i c a l  methods  for age i ng  wound s . 

I soenzyme stud i es 

A number o f  exper iments have suggested the worth of i soenzyme s tud i es 

for wound  a ge i n g  pu rpos es , but these have l ac ked the sca l e and  method ­

i c a l  qua l i ty of  correspond i n g e:1zyme h i s tochemi ca 1  i nves t i gat i ons . 

The var i ous  techn i que s  for separa t i ng i soenzymes i nc l ude protei n 

prec i p i tat i on , c hromatogra phy , ge l  f i l tra ti on , e l ec trophore s i s a nd 

i soel ectr i c  focuss i ng .  Of these , i soel ectr i c  focu s s i n g ,  i n  wh i c h 

protei ns are separa ted accord i ng to thei r i soel ectr i c  po i nts , i s  one  

of  the mos t  sens i t i ve methods a nd has  the added a dvantage  of  techn i ca l  

s i mp l i c i ty ( Latner , 1973 ; Metz l er ,  1977 ) . Hhere pos s i b l e ,  the 

i soenzyme patterns of bru i sed mu sc l e homogenates were therefore 

ana l ysed a fter i soel ectr i c  focu s s i ng  i n  po l ya c ryl ami de ge l s .  Meas u res  

were ta ken  to  i n crea se  t he  i ntens i ty of  enzyme sta i n i ng and  to  mi n i m i se  

artefacts  s uch  a s  s kewi ng of  ba nds  a nd prote i n  s trea k i ng .  The se  

i nc l uded extract ion  of enzyme i n  0 . 1% Tri ton X- 100 , phys i ca l  remova l 

of  part i cu l a te ad i pose  t i ssue , concentra t i o n  of enzyme by freeze-dry i ng  

a nd d i a l ys i s  of  supernatants aga i n s t  1% g l yc i ne .  These  procedures were 

ba sed o n  methods  prev i ou s l y  emp l oyed i n  the i nves t i gat i o n  of wounds  and  

had been s hown i n  pre l i mi nary exper iments not  to  fundamenta l l y  a l ter 

zymogram patterns . 

For mos t  of  the enzymes , few or  no i soenzyme bands were resol ved from 
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the musc l e homogena tes . On l y  non - speci fi c  es tera se  a nd l ac ta te 

dehydrogena se  were separated i nto a l a rge number o f  bands . I n  no case  

cou l d a rel a t i o n s h i p be detected between e i ther the  pos i t i on or  the 

rel a t i ve i nten s i ti es of  i soenzyme bands and common fac tors of a na tom i c a l  

po s i ti on ,  bru i se  age  or  the a n i ma l  a ffected . 

The l ac k  of  a n  a s soc i a t i on between the a ges of bru i ses  and  i soenzyme 

pa tterns p l aces  the resu l ts of thi s exper i ment  i n  apparent confl i ct 

wi t h  the major i ty of  recorded observat i ons  of i soenzyme patterns i n  

both  s k i n and  musc l e wounds  ( Jarec k i  et al . , 1 970 ; Raeka l l i o a nd 

Ma k i nen , 19 7 1 b ; Ma k i nen a nd Raeka l l i o ,  1 973 ; Bonte , 1 973 ; Me i jer 

and I s rael , 1 979b ; M i randa et a l. ,  1 979 ; Bonte a nd Bode , 1981 ) . 

Undoubted l y  s ome enzyme act i v i ty wa s l os t  duri ng  the prepara t i o n  of  

the  zymograms . However , the  methods of  extract i on and  v i sua l i sa ti on 

of i soenzymes were c l o se ly  based o n , a nd i n  mos t  cases i dent i ca l  to , 

those  u sed i n  prev i ous  exper iments purporti ng  to have demonstra ted 

a l tered i soenzyme patterns i n  dama ged ti s sues . Cr i t i ca l  l o s ses of  

enzyme act i v i ty were therefore u n l i ke ly  to  have  occurred . Furthermore , 

compa r i sons between h i s tochem i ca l  a nd b i oc hemi ca l  ob servat i ons  revea l ed 

a n  overa l l correl at i o n  between these two sets  o f  resu l ts , suggest i n g  

that the zymogram res u l ts accura te l y  refl ected the true enzyme s tatus  

of  bru i sed mu sc l e .  Al so s i gn i f i cant  wa s the fac t  that even tho se  

enzyn1es wi th  s trong act i v i ty ,  e . g .  es tera se  and l actate dehydrogena s e ,  

s howed n o  a s soc i at i on between i soenzyme patterns a n d  bru i se ages . The 

a pparent  confl i ct between the resu l ts of th i s  exper i ment and other 

recorded observa t i o ns i s  u nl i kel y ,  therefore , to refl ect techn i ca l 

i nadequac i es i n  the methods used for demonstra ti n g  i soenzymes i n  

bru i ses . 

Pub l i s hed  concl u s i ons  concerni ng  i soenzyme patterns duri ng the ear l y  

s tages  of  wound hea l i ng have been ba sed o n  resu l ts for i nc i s i o n  wounds  

i n  s k i n .  Our i na b i l i ty to  reproduce these  resu l ts  i n  experi menta l  

bru i s e s  may t herefore refl ect d i fferences i n  the rel a t i ve i n tens i t i es 

of  the fi brob l a s t i c  re sponse  i n  the two types of wound s . I n  th i s  

respec t the s i tua t i on regard i ng i soenzyme s tud i es i s  s i mi l a r to that  

prev i ou s l y  cons i dered for enzyme h i s tochemi stry .  A regres s i on to 

foeta l i soenzym2 patterns has been demons trated i n  o l der wounds  a ffect-
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i ng musc l e ( Wagner et  aZ . ,  1978 ; M i randa e t  aZ . , 1979 ) , bu t the 

sever i ty of  i njury wa s s uch  that mu sc l e regenerat i on had become a 

prom i nent feature of the t i ssue  reac t i ons concerned . T h i s wa s not 

true of the exper imenta l bru i ses  i n  t h i s s tudy s i nce  regenera t i o n  

fa i l ed t o  become a prom i nent feature of  the react i on  even 144 hours 

after i njury .  The a bsence of  a l tered enzyme patterns characteri s t i c 

of  regenera t i ng mu sc l e i n  o l der wounds ( Mauro , 1979 ) wa s therefore 

not s urpri s i ng .  

The pub l i s hed exper iments from wh i ch concl u s i ons  regard i n g t i me-re l a ted 

c ha nges i n  i soenzyme patterns have been ba sed were des i g ned pr imar i l y  

to i nvest i gate d i fferences between ante mortem a nd post mortem wou nd s , 

w i th  wounds of var i ous  ages  bei ng con s i dered ma i n l y  i n  th i s  context . 

I n  some respects  exi s t i ng conc l u s i ons concern i ng  ante mortem wounds  

of  var i ous ages  are t herefore open to  ques t i o n . I n  parti cu l ar there 

has  been i n suffi c i ent  eva l uat ion  of  the magn i tude of  wi th i n -age  a s  

compa red to between-age samp l e var i at i ons . The proposed tempora l 

progre s s i ons i n  i soenzyme patterns of wou nds may therefore have mere ly  

refl ected samp l e vari a t i ons that ex i s ted i ndependent l y  of age  cons i der­

a t i on s . Such wa s the case i n  our experi ment .  Only Bonte ( 1978 ) has 

demonstrated good corre l a ti ons  between zymograms of wound s of the same 

ages , bu t he fa i l ed to i dent i fy the sou r'ce of  h i s \vounds . Had a l l 

wounds of  a part i c u l a r  a ge i n  h i s  exper i ment been deri ved from one 

a n i ma l , a rea sona bl e degree of wi th i n-age correl a t i on m i ght  have been 

expected , s i nce for u n known rea sons even control  t i s sues from d i s ta n t  

s i tes i n  the same a n i ma l  may acqui re s i mi l a r i soenzyme patterns to 

the s i te of i njury ( Ma k i nen and  Raeka l l i o ,  1973 ) . 

I t  wa s conc l uded that under the cond i t i ons  of th i s  exper i ment nei ther 

h i s tochem i c a l  nor i soenzyme stud i es proved of  val ue  for d i ffere nti a t i n g  

between bru i ses aged 4 ,  24 , 48 and 144 hours o l d .  However , by v i rtue 

of the a ppearance of  prev i o u s l y  absent l euc i ne ami nopepti dase  and  

g l ucose-6 - pho sphata se act i v i ty in  degenera t i ve mu sc l e f i bres wi th i n  

4 hours  of  i nj ury , s ta i ns for these  enzymes may be o f  l i m i ted u se  i n  

a gei ng bru i ses  l es s  tha n 4 hou rs o l d .  
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CHAPTER I V  

pH CHANGES I N  BRU I SED  MUSCLE 

I NTRODUCT I ON 

Ti s sues  u ndergo i ng i nfl amma t ion  frequen tl y become more ac i d i c  than 

norma l due to a b u i l d  up  of l ac t i c  ac i d  as  an end product  of a naerobi c 

g l yco l ys i s ,  c h i efl y by i nfi l tra ti ng l eucocytes ( Ryan , 1977 ) . Changes 

i n  pH cou l d therefore be expected to occur i n  brui sed musc l e .  These 

ant i c i pated changes were to be rel a ted to age i n  an  a ttempt to d i scover 

an a l ternat i ve a pproach  to the a ge i ng of  bru i ses o ther than by 

h i s to l ogy or enzyme s tud i es . 

MATERIALS AND METHODS 

I .  TECHN I QUE  FOR MEASUREMENT OF MUSCLE  pH 

A New Zea l and Ro�ney l amb was k i l l ed by a transverse i nc i s i on severi ng  

the  soft t i s s ues of  the neck a nd the sp i na l cord  a t  the l evel of  the  

a tl anto -ccc i p i ta l  jo i n t .  Two x 2 . 0g sampl es  o f  mu sc l e were ta ken from 

the Biceps femoris or the Triceps b1•achii of each l eg i mmedi a tel y after 

death . One samp l e from each s i te wa s s tored for 1 hour pos t mortem i n  

a sma l l capped v i a l  then homogen i sed i n  20ml 5mM sod i um i odoaceta te for 

3 mi nutes i n  a ' Co l worth Stomacher ' .  Th i s  prevented further produc t i o n  

of  l ac t i c  ac i d  by a naero b i c  gl yco l ys i s .  The rema i n i ng  sampl es were 

overl ayered wi th paraffi n o i l  to exc l ude a tmospher i c  oxygen , ma i nta i ned 

at 27°C for 24 hours then homogen i sed a s  a bove ( Petersen , 1982 ) . Each 

homo genate s tocd i n  a tmospheri c cond i t i on s  at room tempera ture for 

8 hours , duri ng  wh i c h  t i me sequent i a l  pH measurements were made . 
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I I .  MEASUREMENT OF  BRU I SE AND CONTROL MUSCLE pH VALUES 

1 .  Experimenta l  a n i ma l s 

A tota l of  25  Suffo l k-cro s s  l ambs a pprox ima te l y 6 months  of  age a nd of  

mi xed sex  were d i v i ded i nto fi ve groups  of  fi ve l ambs . Each group  wa s 

kept i n  a pen a nd g i ven  hay and  wa ter ad libitum for s i x  days , then 

depri ved of  food and  water for 24 hours  pri or  to s l augh ter . 

2 .  Brui s i n o of  a n i ma l s 

The ri ght  fcre and  h i nd l i mbs were bru i s ed once each a t  the same s i tes  

a nd by the  same impac t  method descri bed i n  prev iou s  chapters . A l l the  

l ambs i n  a ny cne  group  were bru i sed a t  one  t i me so  a s  to  produce fi ve 

groups of  ten bru i ses , a ged e i ther 4 ,  16 , 24 , 36  or  48 hours o l d .  The 

l eft fore a nd h i nd l i mbs rema i ned  unbru i sed . 

3 .  S l aughter of a n i ma l s a nd proces s i ng of  mu sc l e  sampl es  

Each  l amb wa s k i l l ed by  exa ngu i na t i o n  a s  descri bed , a nd two x 2 . 0g 

samp l e s  o f  ( a ) bru i s ed mu sc l e ,  ( b ) contro l musc l e  adjacent  to bru i ses  

and  ( c ) control musc l e s  from equ i va l ent  contra - l a tera l  s i tes to  the  

a bove were ta ken a s  soon a s  po s s i b l e  a fter dea th . These  sampl es were 

proces sed for pH measurement a s  descri bed prev i o us l y ,  except the fi rs t 

samp l es were homogen i sed 3 hours pos t mortem a nd pH va l ues mea s ured 

4 hours a fter th i s ,  wh i l s t pH va l ues of the 24 hours pos t mortem sampl es  

were mea s ured o n l y  30 mi nutes a fter they had been  homogen i sed .  
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RESULTS 

I .  TECHN I QUE  FOR MEASUREMENT OF MUSCLE  pH 

Homogenate pH val ues of the sampl es  proces sed 1 hour pes t mortem were 

measured 10 mi nutes , 20 mi nutes , 1 ,  1 . 5 ,  2 ,  3 ,  4 and 8 hours after 

s ta nd i ng  i n  a tmospher � c condi ti ons  at room tempera ture . Those  of the 

sampl es processed 24 hours post mcrtem were measured 10 mi nutes , 

1 5  mi nutes , 1 . 5  and  7 hours after stand i ng under the same cond i t i o n s . 

The resu l ts are pl otted i n  Fi gures 4 . 1  and  4 . 2  re specti vel y .  Homogenate 

pH va l ues of the l hour pos t mortem sampl es  ro se s harpl y over the fi rst  

2 hours but  s tab i l i s ed a fter 3 hours , wh i l s t tho se  of  the  24  hour 

pos t mortem sampl es had s tab i l i sed wi thi n 1 5  mi nutes . The r i se  i n  pH 

wa s thought  to be due  to equ i l i brat i on  between the part i a l  pres sures  

of  sampl e and  atmos pher i c  carbon d i oxi de . I t  wa s therefore conci uded 

that the pH of sampl e s  ta ken c l ose to t i me of dea th shou l d be mea sured 

at l ea s t  3 hours after homogen i sa t i on i n  i odoaceta te , whereas a de l ay 

of o n l y  30 mi nutes  wa s s uffi c i ent  for sampl es  processed after 24 hours . 

I I .  MEASUREMENT OF BRU ISE  AN D CONTROL MUSCLE  pH VALUES 

1 .  Brui se pH va l ues 

The pH of  bru i ses  of  var i ous ages  wa s mea s ured i n  sampl es  ta ken 3 hours 

and  24 hours a fter dea th . These val ues are presented graph i ca l l y  i n  

Fi gures  4 . 3  and 4 . 4 .  I n s pect ion  of  these fi gures revea l ed a n  overl a p  

between the p H  val ue s of  bru i ses of  each a ge . Student ' s  ' t '  tes ts 

s howed the h i nd l i mb sampl es to be s i gn i fi cantl y  l ower ( � 0 . 05 ) than 

those  of  equ i va l ent forel i mb sampl es . The presence or absence of  a 

rel at i onsh i p  betwee n  bru i se pH a nd bru i se a ges  wa s exami ned further 

by performi ng  ana l ys i s  of  var i ance tests on  these da ta . I n  ne i ther 

case was there a s ta ti s t i ca l l y  s i gn i fi cant  re l a ti onsh i p  between bru i se 

pH a nd age . 
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2 .  Brui se  pH va l ues re l a ti ve to those of  appropri ate control s 

The d i fferences i n  F i gures  4 . 3  and  4 . 4  between the fore and  h i nd l i mb 

bru i se  pH va l ues probab l y refl ec ted under ly i ng  d i fferences  i n  norma l 

pH between muscl es . Norma l muscl es may i n  fact  d i ffer both wi thi n and  

between musc l es of  the  same a n i ma l , and between musc l es o f  d i fferen t  

a n i ma l s ( Petersen , personal communication ) . For thi s rea son the a bove 

bru i se  pH va l ues were exami ned i n  rel a t i o n  to those of  a ppropr i a te 

contro l s ,  u s i ng the l atter a s  esti mates of  pre-bru i se pH . 

(a ) Sel ecti on  of  appropr i a te control musc l e samol es : The fo l l owi ng  

three contro l t i s sues  were se l ected for study : 

( i ) Norma l t i s sue from wi thi n bru i sed musc l e = C l ; 

( i i ) Norma l t i s s ue from a s i mi l a r  pos i t i on to the a bove i n  

u nbrui sed contra l a tera l musc l e = C2 ; 

{ i i i ) Norma l t i ssue  from a s i mi l a r pos i t i o n to the bru i se  but  

from contra l a tera l  musc l e = C3 . 

Pre-brui se pH val ues ca n be e st imated us i ng e i ther a contra l a tera l or  

i ps i l a tera l cont�ol mu sc l e  samp l e .  The d i fferences between contra ­

l a tera l  ( C l -C2 ) a nd i ps i l a tera l ( C2-C3 ) norma l pH va l ues were therefore 

exami ned us i ng S tuden t ' s  pa i red ' t '  tes t  to see wh i ch pa i r  o f  va l ues 

were the mo st  s i mi l a r .  Da ta fot 3 hour and  24 hour pos t mortem sampl es 

a re summa r i sed i n  Ta b l e 4 . 1 .  There were no s i gn i fi cant  d i fferences 

between  wi th i n-musc l e  contro l s ,  nor , wi th one except i o n , between 

contra l a tera l co ntro l s .  The except ion  was wi th 3 hour post mortem 

fore l eg  contra l a tera l  contro l s .  

From these re su l ts i t  wa s conc l uded that a s  e s t ima tes  of  pre-bru i se 

pH , e i ther wi th i n-musc l e  or  between contra l a tera l  musc l e  contro l s were 

accepta b l e ,  but  that wi th i n -musc l e contro l s were marg i na l l y  super i o r . 

I n  practi ce , wi thi n-musc l e samp l i ng wou l d a l so be more acceptab l e to 

the meat  i nd u s try .  
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TABLE 4 . 1  RESULTS OF  STUDENT ' S  PAI RED t TESTS EXAM I N I NG LEVELS OF  

S I GN I F I CANCE OF pH  D I FFERENCES BETWEEN CONTRALATERAL 

( C 1 - C 2 ) AND ALSO BETWEEN W I TH I N-MUSCLE  ( C2-C3 ) CONTROLS . 

LEVEL OF S I GN I F I CANCE OF pH D I FFERENCES 
Sampl e t i me Between  contra l a teral Wi th i n-musc l e 

s i des  ( C l -C2 ) ( C2-C3 ) 

3 hours  

Fore 1 i mb 0 . 05 n . s .  

H i nd l i mb n . s .  n .  s .  

24 hou r s  

Fore l ·i mb n .  s .  n . s .  

H i nd l i mb n . s .  n . s .  

( b ) Bru i se pH va l ues  re l a t i ve  to those  o f  wi th i n -musc l e contro l s :  The  

s i gn i fi cance o f  d i fferences  between brui s e  and w i th i n-musc l e contro l pH  

va l ues  were exami ned u s i ng Student ' s  pa i red ' t '  tes t .  The res u l ts  wh i c h  

are s umma ri s ed i n  Ta b l e 4 . 2 ,  s howed tha t wi th one excepti o n  bru i s e  pH 

va l ues  were s i gn i fi cantl y h i gher than those i n  contro l s ,  but o n l y  by 

a n  a verage o f  0 . 2  o f  a pH u n i t .  The except ion  wa s wi th  3 hour pos t 

mortem h i nd  l i mb bru i s e sampl es , wh i ch were not s i gn i fi ca n t l y  d i fferent 

i n  pH from contro l s .  

D i fferences i n  pH between bru i s es and  wi th i n -mu sc l e control samp l es  are 

i l l u s tra ted graph i ca l l y  i n  F i gures 4 . 5  and  4 . 6  for 3 hour and  24 ho ur 

pos t mortem sampl es respec t i ve l y .  I n spec ti on  of these f i gures revea l ed 

an overl a p  between the pH d i fferences of  bru i ses  of  each  age but  no 

a pparent d i fferences between the va l ues re l a ti ng  to fore and h i nd l i mb 

sampl es . Ana l yses  of  var i a nce on these da ta s howed pH d i fferences 

between bru i se s  and contro l s to be unre l a ted to the a ge of  the bru i s e .  
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TABLE  4 . 2  AVERAGE MUSCLE pH OF  BRU I SES  AND CONTROLS , ALONG W ITH  

RESULTS OF  STUDENT ' S  t TESTS ON  pH  D I FFERENCES B ETWEEN 

BRU I SE /CONTROL SAMPLE PAI RS . 

FORE L I MB H I ND L I MB 

3 hour 24 hour  3 hour 24 hour 
samp l es  samp l es  samp l es sampl es 

· -

Bru i se pH 6 . 34 6 . 14 6 . 1 1 5 . 98 

Contro l pH 6 . 27 5 . 92 6 . 14 5 . 69 

D i fference i n  pH 0 . 07 0 . 22 -0 . 03 0 . 29 

S i gn i f i cance of p <0 . 05 P<0 . 00 1  n . s .  p <0 . 0 1  d i fference 

D I SCUSS I ON 

Local i s ed ti s s ue pH c hanges occur i n  areas of  i nfl ammati on (Wa l ter and  

I s rael , 1 972 ) . At f i rs t  there may be a tra n s i ent  ba s i c  phase  due  to 

p l a sma exudat i on ( Chev i l l e ,  1976 ) but the predomi nant react i on i s  

a c i d i c  and refl ects the accumu l a ti on  of  l act i c ac i d  a s  a n  end product  

of  anaerob i c g l yco l ys i s by i nvad i ng l eucocytes a nd parti a l l y  i schaemi c 

t i s sues  ( Rya n , 1 977 ) . The t i s sue react i on to brui s i ng i nj ury i s  one 

of  i nfl amma t i on , repa i r and  regenera ti o n , so  cha nges i n  pH were 

expected to occur i n  bru i sed musc l e .  By rel a t i n g  these a n ti c i pa ted 

c ha nges to t he ages  of exper imental  bru i ses , an a ttempt was made to 

devel op  an a l ternat i ve a pproac h to the age i ng  of these l es i ons  o ther 

than by h i s to l ogy or enzyme s tud i es . 

T h e  bru i ses  s tud i ed ra nged i n  age  from 4-48 hours  o l d so a s  to encompa s s  

a s pec trum of  ti s sue  c ha nges from degenera t i on through  to  earl y 

regenera ti on  and  repa i r .  Extra neous fac tors suc h a s  stres s  a nd p l anes  

o f  nutr i ti on  affec t g l ycogen l evel s i n  musc l e ,  se the  ante mortem 

treatment of l ambs wa s s ta ndard i s ed a s  far a s  wa s pract i ca b l e  under the 

exper imenta l  condi t i ons . Al l of  the l ambs i n  a ny one group  were bru i sed 

at  one t ime i n  order to equa l i se the degrees of pre-bru i s e  s tres s . 

1 50 



Mu sc l e pH  wa s mea sured u s i ng a s tandard techn i que  i n  wh i c h  t i s s ue 

sampl es  were f i r s t  homogeni sed i n  a 5mM sodi um i odoaceta te so l u t i o n  

to  preven t  further product i o n  of l act i c ac i d  by a naero b i c  g l yco l ys i s .  

Samp l es  were ta ken 3 hours a nd 24 hours a fter death . The 24 hour 

samp l e s  were to prov i de  an i nd i rect mea sure of  the amounts  of  and 

ava i l ab i l i ty of s tored g l ycogen i n  bru i s ed mus c l es , wherea s the 3 hour 

samp l es  were to prov i de as c l o se  an  e s t i mate of  ante mortern bru i se pH 

as wa s pra c ti cab l e u nder the condi t i o n s  of  the experi ment .  I t  wa s 

recogn i sed  t ha t  the pH o f  3 hour post mortem samp l es wou l d be somewha t 

d i fferent to t ho se  of  bru i sed  mu sc l e a t  the t i me of  s l aug hter because  

of  cont i n u i n g  a naerob i c g l yco l ys i s  dur i ng the  i n terven i ng peri od . 

However , th i s  exper iment  wa s underta ken pr imari l y  to determi ne the 

pra c ti c a l  va l u e of pH mea s urements a s  a mean s  of a gei ng bru i s es , and  

s i mi l ar pos t mortem del ays woul d be u navo i dabl e u nder norma l operat i n g  

cond i t i o n s  i n  a meat works . 

The  upward dr i fts i n  pH mea s ured i n  the i odoaceta te homogenates of  

3 hour  pos t mortem sampl es  cont i nued for 3 hours , by wh i  eh t i me a 

cha nge o f  a pprox imatel y 0 . 3  pH  u n i ts had occurred . From the i r  d i rect ion  

and  t i me-course , . the  observed dri fts i n  pH were proba b l y  due  to  equ i l i ­

bra t i on between the pa rt i a l  pres s ures of  sampl e homogenate and  a tmos ­

pheri c carbon  d i ox i de . S i m i l ar cha nges occur when fres h b l ood i s  

equ i l i brated w i th  a i r  ( Greenway , peraonal communication) . 

Abso l u te  pH va l ues var i ed w i de ly  between bru i ses  of the same age , a nd 

an  a na l ys i s  o f  vari a nce  on these data s howed there wa s no s i gn i f i ca n t  

rel a ti ons h i p between mu sc l e pH a nd bru i se  age . There were , however , 

d i fference s  between fore and  h i nd l i mb bru i s e  pH ' s ,  wi th those of  the 

h i nd l i mb s  be i ng cons i s tent l y  l ower tha n  equ i va l ent forel i mb bru i ses . 

For t h i s rea so n pH c hanges  were i nvest i gated rel a t i ve to contro l s o f  

norma l mu sc l e ,  u s i n g  t h e  l atter a s  e s t ima tes of  pre-bru i se pH . Mo s t  

of t h e  bru i s e s  were s l i ghtl y  b u t  s i gn i fi ca nt ly  ( P <0 . 05 ) l es s  a c i d i c  

than contro l t i s s ues . S i nce the d i fferences were more pronounced i n  

the 24 hour pos t mortem sampl es  th i s  pre suma b l y  refl ected a n  ante 

mortem depl e t i o n  o f  g l ycogen s tores i n  bru i s ed mu sc l e .  An a na l ys i s  of  

var i a nc e  s ho\�ed there wa s no  s ta t i s t i ca l l y  s i g n i fi cant rel a t i o ns h i p 

between pa i red bru i se/control pH d i fference s  and  the ages  of  bru i ses . 
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I n  conc l u s i on , i t  wa s not pos s i b l e  to demons trate s tat i s t i ca l l y  

s i gn i fi cant  rel at i on s h i ps  between bru i se ages  a nd ei ther a bso l ute or  

rel a t i ve mu sc l e pH va l ues . 
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CHAPTER V 

PETECH IAL  HAEMORRHAGE I N  THE  CARCASE FAT OF SLAUGHTERED  LAMBS 

I NTRODUCT ION 

At the beg i n n i ng  o f  t he 1977/78 k i l l i ng sea son  a number of  mea t works  

exper i enced a prev i ou s l y  u nreported probl em of  petec h i a l  haemorrhages 

a ffec t i ng the carcase  fa t of  young l ambs proces sed for export 

( Frazerhurst  et a l. ,  1 978 ) . I n  subsequent sea sons these l es i ons , wh i c h  

became known a s  ' subcuta neous haemorrhag i c  s peckl i ng ' , became a na t i o n ­

wi de prob l em o f  cons i derab l e economi c s i gn i fi cance  ( G i l bert et  al . , 

1979 ) . They a ffected ma i nl y  young l ambs a nd occurred wi th a n  average 

preva l ence of  a pprox ima te ly  5% dur i ng  the fi rst  few wee ks of eac h  

k i l l i ng sea son . 

The emergence of  ' s pec k l i ng '  a s  a recogn i sed  enti ty co i nc i ded . wi th  the 

i ntroduct i on of  el ectr i ca l  stunn i n g  a nd a s so c i a ted s l aughter i ng  

techn i ques  des i g ned to ful f i l new statutory requ i rements for the humane 

and hyg i en i c  s l aughter of sheep . An a na l ogy was i mmed i a te l y  drawn , 

therefore , bet\'/een ' s pec kl i ng '  a nd ' b l ood sp l a sh ' haemorrhages , the 

l a tter o f  wh i c h  are known to be a s soc i ated wi th el ectr i c a l  stunn i ng 

( Fra zerhurst ,  1978 ) .  However , for poorl y u nderstood rea sons , ' b l ood 

s pl a s h ' had cea sed to ex i s t as a s i gn i f i ca n t  probl em subsequent  to the 

1976/77 k i l l i ng s ea son  ( Frazerhur st  et al . , 1978 ) . Furthermore , 

' subcuta neou s haemorrha g i c  speck l i ng '  proved to be gro s s l y  a nd 

m i c roscop i ca l l y  d i s t i nc t  from ' bl ood sp l a s h ' ,  and prel im i na ry 

i nves t i ga t i ons  had d i s suaded a ga i ns t  the aet i o l og i ca l  rol e of el ectri ca l  

stunn i ng ( Frazerhurst  et  al . , 1978 ) . No  publ i s hed desc r i pti ons of  

s i mi l a r l es i ons cou l d be  l ocated . I t  therefore became nece ssary to 

i nvesti gate the aet i o l ogy a nd pathogenes i s  of  ' s pec k l i ng ' . 

The fo l l owi ng  i nvest i gati ons were conducted a t  one meat works dur i ng 

the fi rst  two sea sons i n  wh i c h ' s peck l i ng '  occurred . The l e s i ons  were 

descr i bed , thei r pr ima ry cause  estab l i s hed and  attempts were made to 

e l uc i da te thei r pathogenes i s .  
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MATER IALS  AND METHODS 

A .  H i s to l ogy 

For routi ne l i gh t  mi croscopy , t i s s ues were fi xed i n  1 0% forma l s a l i ne ,  

b l oc ked i n  pa ra ffi n ,  sec t i oned , then s ta i ned wi th  haematoxyl i n  a nd 

eos i n  ( 1-l+E ) , Lendrum 1 s  ac i d  p i c ro-Ma l l ory and  Perl 1 s  i ron  s ta i ns .  

Epoxy- res i n  embedded sec t i o ns were a l so prepared fro� a ffected 

ad i po s e  t i s su e  tha t had been fi xed for 24 hours  i n  a mi xture of 

3% g l u tara l dehyde and 2% formCJ. l dehydP. i n  0 . 1M phos phate bu ffer pH 7 . 2 ,  

and  pos t- fi xed for 4 hours i n  1%  o smi um tetrox i de i n  0 . 1M phospha te 

buffer pH 7 . 2 .  For l i ght  mi croscopy ,  l . O�m sec t i o ns were s ta i ned on  

an  80°C hotp l a te wi th 1%  tol u i d i ne bl ue  i n  phosphate buffer pH 7 . 4 

for 40 second s and  countersta i ned wi th  4% bas i c  fuc h s i n  for 20 second s . 

Sec t i o ns for e l ectron mi cro scopy were s ta i ned wi th ura nyl aceta te and 

l ead  c i tra te .  

B .  Immunoh i s tochemi s try 

Ten contro l and  ten a ffected t i s sues  were exami ned for ant i body 

comp l exes u s i n g  a n  i mmunoperox i da s e  tec h n i que  ( Petts a nd Ro i tt ,  1 97 1 ;  

Brandtzaeg , 1 974 ) . T i s s ue b l ock s  were f i xed for 24 hours i n  95% 

ethanol  a t  4°C ,  dehydra ted for 24 hours i n  ab so l u te ethano l , c l eared 

overn i ght  i n  xyl ene , brought  to room tempera ture s l owl y i n  a xyl ene 

ba th then vacuum embedded i n  l ow mel t i ng po i nt ( 52°C ) wax . The 

embedded t i s s u es were s tored at 4°C pr ior  to secti o n i ng . Paraffi n 

s ec t i ons were c u t  a t  a pprox ima tel y lO�m , fl oa ted on  water bri efl y a t  

40°C then dr i ed  for 3 0  mi nutes a t  37
°C .  Pri or to u s e ,  these  sec t i o n s  

were depara ff i n i sed by two i mmers i o ns i n  co l d xyl ene fo l l owed by two 

20 second i mmers i o n s  i n  co l d 95% etha nol . Endogenous t i s sue perox i da s e  

a c t i v i ty wa s i nh i b i ted by i mmers i ng the sect i o n s  for 3 0  m i n utes i n  a 

0 . 5% so l u t i o n  of hyd rogen pero x i d e  i n  methano l , after wh i ch they were 

wa s hed for 30 m i nutes  i n  three cha nges of phosphate bu ffered s a l i ne 

( PBS ) . Affected a nd contro l t i s sues  were i ncuba ted for 30 mi nutes 

in  rabb i t a nt i - s heep garnrna'] l obul i n  of  the fo l l ov.Ji ng  d i l u t i o n s : 
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1/ 5 ,  1/ 10 , 1/ 20 , 1/40 . The i nc ubated sec t i o n s  were then wa s hed for 

30 mi nutes i n  three c ha nges of PBS and  re- i ncuba ted for 30 mi nutes 

wi th  perox i dase  conj uga ted goa t anti -rabbi t I gG .  Unbound conjugated 

ant i body wa s wa s hed out  by i mmers i ng the sec t i o ns for 15 m i nutes i n  

three c ha nges  of  PBS . F i nal l y ,  the bound perox i dase  conj uga tes were 

l a be l l ed by i ncubat i ng the s ec t i ons  for 1 5  mi nutes  i n  a fre s h l y  made  

so l u t i o n  of  0 . 025% 3 ' 3  d i ami nobenz i d i ne tetra HC l  ( DAB ) and  0 . 0 1%  

hydrogen perox i de  i n  O . OSM tr i s - sucro se buffer p H  7 . 6 .  T he  l a bel l ed 

sec t i on s  were wa shed i n  tap wa ter , cou ntersta i ned i n  wea k haematoxyl i n ,  

dehydrated a nd mounted i n  D . P . X .  mounta n t . 

C .  Epi demi o l ogi ca l  s tud i es 

1 .  Stat i s t i ca l  a na lys i s  o f  popu l a t i on factors  a ssoc i a ted wi th 

petec h i a t i on i n  carca se  fat :  A seri es  of retro s pect ive  s tat i s t i ca l  

ana l yses  rel at i ng the preva l ence of  petec h i a t i o n  to a seri es o f  l amb 

popu l a t i o n  fac tors wa s carr i ed out  on data co l l ected between November 

1977 a nd February 1 978 . I nforma t i o n  wa s co l l ected from 275  mobs o f  

between 50 a nd 6 6 6  l ambs , a nd  t h e  preva l ence of carca ses  s howi ng  

petech i a t i o n  wa s compared wi th  a number of  fac tors . The se  were : 

farm of or i g i n ,  ' c l umpi ng ' of  a ffected carca ses  wi th i n  mobs , mean 

carca se we i ght  and  woo l yi el d ,  trans port compa ny and dr i ver , transport 

t i me ( 0 -6  hours ) , hol d i ng t ime before s l a u g hter ( 16 -48 hours ) , wa sh i ng 

( 0 ,  1 or  2 t i mes ) , the c ha i n  on  wh i c h  the mob wa s s l aughtered and  the 

preva l ence of  conventi ona l  bru i s i ng .  Eac h  of  these fac tors  wa s treated 

a s  a n  i ndependent vari ab l e or a covar i ab l e i n  computer-a s s i s ted 

s ta t i s t i ca l  ana l yses , wi th  the arc s i n tra n s format ion  of the proporti on 

of  a ffected carca ses  a s  the dependent  vari a bl e ( N i e  et  aZ . ,  1 97 5 ) . 

The term ' mob  of  l ambs ' defi nes a group of  l ambs tha t rema i ned 

i denti f i ab l e from the i r  farm o f  ori g i n  to the po i n t at wh i c h  the 

carca ses  were graded . Petech i a t ion  wa s recorded a s  present  or  a bsent  

by compa ny graders . 
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2 .  Spl i t- l i ne tr i a l  to determi ne whether l e s i ons  occurred a t  or  

pri o r  to s l aughter : A mob of  3 17 l ambs tha t had been o n  the freez i ng 

works premi ses  for 20  hours wa s sp l i t  i nto two groups of 160 and  157  

l ambs respect i vel y .  The l ambs i n  group A were s l a ughtered immed i a tel y ;  

those i n  group 8 were dri ven to the po i nt o f  s l au g hter , then he l d a 

further 20 hours before bei n g  k i l l ed a nd proces sed over the same c ha i n .  

For both groups the preva l ence of  petec h i a t i on wa s recorded , a nd samp l es  

were ta ken for l i ght  mi croscopy . 

3 .  Factors a s soc i ated w i th the process  of  s l 3 ughter : Assumi ng  the 

l es i ons occurred c l o se  to the t i me of dea th , the fo l l m.,ri ng  tr i a l  wa s 

des i gned to i denti fy the cause  of petec h i a t i on i n  ad i pose  t i s s u e ,  

i . e .  whether due to t h e  methods  o f  restra i nt ,  s tu nn i ng or  s l a ughter . 

L e s i ons were recorded by one person , who a l so scored them on a sca l e 

from 1 - 4  accord i ng to severi ty .  Lambs were ei ther restra i ned i n  a 

mov i ng  ' cru s h ' conveyor or  wa l ked up a ramp , a nd u n l ess  o therwi se  

i nd i cated they were s tu nned by a 1 . 25 amp , 400 vol t ,  50 Hertz c urrent 

app l i ed for 4 seco nds wi th a T hornton Mk I I * head -to -back  s tunner . I n  

' ga sh-cutt i ng ' ,  a kn i fe wa s used to sever the soft t i s sues  and  major  

b l ood vessel s of  the  nec k ,  a nd the  sp i na l  cord wa s cut a t  the  at l a nto­

occ i p i ta l  j o i nt .  I n  ' p i g- s t i c k i ng ' ,  a k n i fe wa s thrust through  the 

thora c i c  i n l et  i n  such a way as to sever the a nter i or vena cava and 

the b i caro t i d  trunk . Mobs  of  l ambs were se l ected from farms wi th  a 

prev j ou s l y  h i gh preva l ence of l e s i ons . I nd i v i dua l mobs  were a s s i g ned 

randoml y to one of four groups des i gnated A to D ( Ta bl e 5 . 3 ) . Each 

mob wa s then s ubd i v i ded i nto fo!Jr , or fo t' those ·i n group A ,  s i x  

a pproxima te l y  equa l  tt·ea tment groups . Every a l ternate treatment group 

wa s s l aughtered u s i ng the procedure u nder i nvesti gat i on , a nd the rema i n­

der  were k i l l ed a s  contro l s ,  u s i ng the routi ne method of s l aughter , 

i . e .  e l ec tr i ca l  stunni ng wh i l s t i n  the ' cru s h ' conveyo r ,  fo l l owed by 

exa ngu i nat i on by ' p i g - s ti c k i ng ' .  The subd i v i s i ons i n  group  A were 

des i gned to s tudy t he effects of e l ectri ca l  s tu nn i ng ,  those i n  group 8 
to s tudy the  effects  of  ' p i g - st i c k i ng ' a nd those i n  group C to s tudy 

the effect of the conveyo r .  Group  D wa s des i gned to compare the 

* Thornton Eng i neer i n g  Group  Ltd , P . O . Box 223 , Auc kl a nd . 
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tra d i t i ona l  method of  ' ga s h-cutti ng • wi thout  s tunn i ng  or  restra i nt i n  

a cru s h  conveyor wi th the c urrent method of s l au ghter . Three trea t­

ments  were neces sary wi th i n  group  A becau se  for humane rea son s  l ambs 

cou l d no t be s u bj ected to ' p i g - sti ck i ng • wi thout fi rst  bei ng  stunned , 

and  the f i rst treatment served to esta b l i s h the presence of  l es i ons  i n  

the mob s  wi th i n tha t group  u nder norma l work i ng cond i t i ons . 

D .  Pathogenes i s  of  petec h i a ti on i n  a d ipose  t i s sue 

1 .  Mea s urement of  oa st- stunn i ng systemi c b l ood pres sure : One femora l 

a rtery i n  eac h  of  fi ve l ambs wa s cannu l a ted u nder sod i um pentoba rb i tone  

genera l a naesthes i a ,  a nd the a n i ma l s were a l l owed to  recover overni ght . 

Three l ambs were then e l ectri ca l l y  stu nned u s i ng a Thornton  Mk  I I  head­

to -back  ha ndp i ece coup l ed to  a Thornton control box de l i ver i ng a cu 1·rent 

of 0 . 5- 0 . 9  amp at 400 vo l ts a nd 50 Hertz . The current  app l i ca t i o n  t ime 

wa s 4 second s for two o f  these l ambs a nd 10  seconds  for the th i rd .  The 

rema i n i n g  two l ambs were stunned u s i ng  a Para l ec* head-on l y s tunner and  

the Thornton control box , del i ver i ng a 0 . 7 -0 . 9  amp , 400  vol t ,  50 Hertz 

current for 10 second s  dura t i o n . One of  these l ambs wa s a l l owed to 

recover , then re- stunned wi th a further 10 s econd a �p l i cat i on of  the 

Para l ec hand p i ece . I n  a l l cases  system i c  b l ood  pres sures were mon i tored 

by a Be l l a nd Howel l type P I  pres s ure transducer ( CFC D i v i s i on ,  Pa sadena , 

Ca l i forn i a  9 1 1 09 , USA ) a ttached to the femora l cannu l a ,  a nd recorded on 

a Dev i ce s  8 C hannel Recorder ( Dev i ces Sa l es Ltd , Hertford s h i re ,  UK ) . 

E l ec trocard i ograms 11e re recorded u s i ng a Mode l  M2 Pen Recorder ( Dev i ces  

I ns trument Company ) u s i ng four need l e el ectrodes : two p l aced  i mmed i atel y 

cra n i a l  to the s hou l der j o i nts , one i n  the a bdomi na l wa l l i mmed i atel y  

cra n i a l  to the l eft st i fl e a nd a reference  el ectrode p l aced m i d -way 

between the ri ght  i l i a c  crest and  the r i ght  i sc h i a ti c  tuberos i ty 

( Smi th ,  1978 ) . 

* McKenz i e  a nd Hol l a nd ( N . Z . ) L td ,  P . O . Box 35097 , Naenae . 
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2 .  Attempts to produce petech i a l haemorrhages i n  i ngu i na l  fa t :  

Attempts were made to produce petec h i a l  haemorrhages by el ectr i ca l l y  

s t i mu l a t i ng  the nerves i nnerva t i ng the i ngu i na l  a d i po se  t i s s ue over­

ly i ng  the pub i c symphys i s  i n  three fema l e l amb s i n  good body cond i t i o n . 

These  a n i ma l s rema i ned u nder sod i um pentobarbi tone genera l anaesthes i a  

throughou t the experi men t .  The p rocedures O tJ t l i ned i n  Tab l e 5 . 1  were 

a pp l i ed a fter fi rs t i so l a t i ng the l eft and  ri ght  gen i to - femora l  nerves 

of  eac h  l amb a s  they emerged from the e xternal i ngu i na l h i a tus  a l ong  

w i th  the  pudendal a rtery a nd vei n (Re sel l ,  1966 ; Hctbel , 1970 ) .  An  

osc i l l o scope wa s u sed to  mon i tor  the  e l ectri ca l  s t i mu l u s  a pp l i ed to 

the nerves , a nd h i s to l o gy wa s used  to retro spec t i ve l y  i denti fy the 

s t i mu l ated t i s s ue . Samp l e s  o f  a d i pose  t i s sue  were fi xed i n  1 0% formo l 

s a l i ne and proce s sed for routi ne l i g ht  m i c roscopy . 

TABL E  5 . 1  : OUTL I NE OF PROCEDURES APPL I ED DUR I NG ATTEMPTS TO PRODUCE 

PETECH I AL HAEMORRHAGES BY THE D I RECT ELECTRI CAL 

STIMULAT I ON OF NERVES I NNERVAT I NG I NGU I NAL FAT . 

Lamb A 

*St i mu l a te r i ght 
gen i to- femoral 
nerve 

Sampl e i ngu i na l  
fa t r i g h t  o f  
m i d l i ne 

I n travenous  
h i s tami ne 
0 . 4mg/ kg  

*St i mul a te l eft 
geni to -femora l  
n erve 

Sampl e i ng u i na l  
fa t 1 e f t  o f  
m i d l i ne 

EXPERIMENTAL PROCEDURE 

Lamb B 

*St imu l a te r i ght  
gen i to -femora l  
nerve 

Sampl e i ng u i na l  
fat ri ght  of  
mi d l i ne 

• physo st i gmi ne • 
nerve bl ocke r ,  
I / V , 1mg/ kg 

*St imu l a te l eft 
geni to -femo ra l 
nerve 

Samp l e i ngu i na l  
fa t l eft of  
mi d l i ne 

Lamb C 

**S t i n tu l  a te r i ght  
gen i to -femoral 
nerve 

Sampl e i ng u i na l 
fat r ·i ght  of 
m i d l i ne 

H i s tami ne 0 . 4mg/ k g  
a n d  • physo st i gmi ne • 
nerve bl ocker , I / V  
lmg/ kg  

**St imu l a te l eft 
geni to - femora l 
nerve 

Samp l e i ng u i na l  
fa t l eft of  
m i d l i ne 

* 4 seco nd s wi th 50 Hertz , 10V rect i fi ed square wa ve of  5m seconds 
dura t i on . 

** 4 seconds w i th 50  Hertz , l OV a l terna t i n g  s i nuso i da l  wave . 
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RESU LTS 

A .  Gross  patho l ogy 

Pete c h i a t i on of  ca rca se  a d i pose t i ssue wa s observed on l y i n  l ambs . 

The l e s i o ns were mul t i pl e ,  d i screte petech i a l  haemorrhages , 0 . 5- 3 . 0mm 

i n  d i ameter a nd occurri ng  i n  a d i pose t i s s ue or  i ts fasc i a  but not i n  

musc l e ( F i gure 5 . 1 ) . Thei r d i stri buti o n  wa s a p�rox i ma te l y  b i l a tera l l y  

symmetr i ca l . Al tho ugh they coul d be found  i n  a l most  any area of 

externa l a d i pose t i s s ue  they were mos t  constant and severe i n  the 

l umbar a nd fl ank  a rea s .  If l es i on s  were not v i s i b l e superfi c i a l l y ,  

i nc i s i on o f  the Cutaneous trunci musc l e freq uentl y exposed them i n  

underl yi ng  fat . The i ngu i na l  reg i on and  cran i a l  a s pect o f  the s hou l der 

were other commo n ly  a ffected a reas , and very mi l d  petec h i a ti on was 

occa s i ona l l y  observed i n  ad i pose  t i s s ue beneath the par i e ta l  p l eura . 

No l es i ons  were observed i n  the pel ts , on the sc l era , or i n  the 

conju nc t i va l  or ora l mucosae .  Petec h i a ted l u ngs were commonl y found 

i n  both affected and  unaffected carca ses but  the rema i n i ng v i scera 

were gro s s l y u naffected . 

B .  H i s topatho l 2.ID:'_ 

The haemorrhages were d i screte and  co nfi ned to the i ntersti ti a l  spaces 

o f  a d i pose t i s s ue or  a s soc i a ted fa s c i a  ( F i gure 5 . 2 ) . Po i nts  o f  

a pparent  cap i l l ary ru pture were o cca s i ona l l y  detected i n  epoxy-res i n  

sec t i ons  but  no va su l ar degenera t i ve changes  were observed . A 

c ha racteri s t i c feature of the l e s i ons  wa s a smal l centra l fi br i n and  

pl a tel et  thrombu s ( F i gure 5 . 3 ) . Th i s wa s v i s i bl e  i n  mos t  area s of  

haemorrhage but wa s a b sent i n  s ome because  of the p l ane of  secti on . 

Few l eucocytes were d i s tri bu ted throughout  the haemo rrha ge , but 

freq uentl y up  to lOO neutroph i l s and mononuc l ear l eucocytes cou l d 

be observed adjacen t to the thromb i . The s i ze and  appearance of  the 

mononucl ear cel l s  suggested they were l ymphocytes , a n  op i n i o n 

ver i fi ed by l i gh t  a nd el ectron mi croscopy on  epoxy- res i n  embedded 

sec t i ons . I norgan i c  i ron wa s not detected by Perl ' s  s ta i n  for i ron . 
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F I GURE 5 . 1 Petec h i a l  haemorrhages occurr i ng  i n  a d i pose  

t i ssue  but  not  i n  musc l e .  

F I GURE 5 . 2  : D i s crete t1a emorrhage i n  a d i pose  t i s su e  a nd 

i ts a s soc i ated fa sc i a .  

�a ra ffi n s ec ti on , H+E x 65 )  
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F I GURE 5 . 3  A cap i l l a ry thrombus w i th  c l o s el y a s soc i a ted 

l eucocytes . 

( Paraffi n s ec t i on , p i cro-Ma l l ory x 1250)  
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S i m i l a r thrombi wi th  a few c l o sel y a s soc i a ted l eucocytes were observed 

i n  s ome sec t i on s  of retrop l eura l ad i pose t i s s ue . Some sect i ons  of  

petec h i a ted  l u ng a l so showed foca l haemorrhages wi th thrombi and  c l o sel y 

a s soc i a ted whi te b l ood c el l s .  These l es i ons  were s i mi l a r  to tho se  seen 

i n  a d i pose t i s sue . 

C .  Immuno h i sto� hemi s try 

The i mrnunoperoxi dase  techn i que u sed  for a nt i  body detect i on  fa i 1 ed to 

revea l ant i body comp l exes i n  ad i pose t i s s ue  a ffected by ' spec k l i n g ' . 

D .  Epi demi-o l ogi ca l s tud i es 

1 .  Stat i s t i ca l  ana lys i s  of popu l a t i o n  factors a s soc i a ted wi th 

petech i a l  haemorrhage : Data rel a t i n g popu l a t i o n fac tors to the 

preva l ence of petec h i a l  haemorrha ge were comp i l ed by export company 

personnel . Not a l l mobs  were a ffected ) but  on  avera ge ,  pete�h i a l  

haemorrhage wa s o b s erved i n  5 %  o f  s l a ughtered l ambs , wi th a n  i nc i dence 

o f  u p  to 15% i n  s ome cases . The week by week i n c i dence of  petec h i a t i o n  

i n  carcase  fat ,  a s  recorded by company g raders , wa s expres sed a s  a 

percentage o f  carca ses  produced . The res u l ts  have been compa red i n  

F i gure 5 . 4  w i th  equ i va l ent fi gures  for convent i ona l bru i s i ng .  There 

wa s no s ta t i s t i ca l l y  s i gn i fi cant  correl a t i on between the two types  o f  

l es i on s . Da ta on petec h i a t i on were not p l otted a fter 7th  January 

1 978 becau se  of the vet·y l ow preva l ence o f  the cond i t i on a fter th i s 

t i me . 

S ta t i s t i ca l  a na l yses  were performed on data co l l ected from 275  mobs  

of  between 50  a nd 666  l amb s . The  preva l ence o f  petech i a t i o n i n  

carca se  fa t coul d not be s i gn i f i cantl y rel a ted to a ny of the fo l l ow i n g  

fac tors : mean carca se  we i ght  or  woo l  yi e l d ,  transport compa ny or  dr i ver , 

transport t ime ( 0-6  hours ) ,  hol d i n g t i me i n  e s tab l i s hmen t  yards ( 1 6 -48 

hours ) , number of t i mes l amb s were •IJa s hed  ( 0 ,  1 or 2 t i mes ) or the c ha i n  

over wh i ch l ambs were s l a ughtered . Al though  i t  wa s a common subject i ve 

i mpres s i o n ,  t here wa s no stat i s t i ca l  ev i dence that petec h i a ted ca rca se s  



F I GURE 5 . 4  

' Speckl i ng ' in ad ipose t i ssue 

Conventional bruises 

Date 

The week ly  i nc i d ence of petech i a ti on  i n  carca s e  a d i pose  

ti s sue  i n  compa r i so n  w i th that of  convent i ona l  brui s i n g . 
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occurred i n  • c l umps • wi th i n  a ffected mobs . There were , however , 

s i gn i fi ca n t  d i fferences ( P< 0 . 01 ) i n  preva l ences between mob s  k i l l ed 

on  the same c ha i n  i n  any one day . Preva l ences of  petec h i a t i on of  

ca rcase  fat  were i nvest i ga ted i n  l ambs from 1 0  fa rms that  had sent  

for s l au ghter at  l ea s t  two drafts of l ambs on a t  l ea s t  two occa s i on s . 

Petec h i a t i on wa s no t rel a ted  to the farm o f  ori g i n .  

2 .  Spl i t - l i ne tri a l  to determi ne whether l es i on s  occurred a t  or  

pr i or to s l aughter : A to ta l of 3 17  l ambs tha t had been on the premi ses  

for 2 0  hours  were s p l i t  i nto two groups . The  l ambs i n  group A were 

s l aughtered i mmed i atel y but those  i n  g roup B were hel d a further 20 

hours , then s l a ughtered over the same c ha i n .  The respecti ve group  

preva l ences  of  petec h i a ti o n were recorded , and sampl es  from e i ght  

l ambs per  group  were col l ected for h i s to l o gy .  The re su l ts  o f  th i s  

tri a l  a re s ummari sed i n  Tab l e 5 . 2 .  

TABLE  5 . 2  THE P REVALENCES OF PETECH I AT I ON I N  THE CARCASE FAT OF TWO 

GROUPS OF LAMBS FORMED FROM A S I NGLE  MOB . THE LAMBS I N  

GROUP B WERE KI LLED 2 0  HOURS AFTER THOSE I N  GROUP A .  

r---:-· 
GROUP NORMAL PETECH I ATED TOTAL 

A 95 6 5  160 

B 1 06 5 1  157  

A c h i - sq uare  a na l ys i s  showed no  s i gn i f i ca n t  d i fference between the 

preva l ence of  petech i at i on i n  the two groups . H i sto l og i ca l l y ,  the 

petech i a l haemorrhages  were s im i l a r i n  both groups  of l ambs . 

3 .  Exper i ment  to  i so l a te factors a s soc i a ted wi th the  proce s s  o f  

s l a ughter : The preva l ence of  petec h i a t i on rel a t i ve to methods of  

s l aughter i s  s hown i n  Ta b l e 5 . 3 .  There were s i gni fi cant d i fferences 

( P cO . OO l ) , a s  mea s ured by c h i - square a na l ys i s ,  between trea tments  

wi t h i n  groups A and D but  not  between treatments  wi thi n groups  B a nd 

C .  The tab l e thus s hows a c l ear  a s soc i a t i on between e l ectri cal  

s tunn i ng and  petec h i a t i o n . Though  the data are not shown , there 

wa s no s i gn i fi ca nt  d i fferences between treatments wi th rega rd to 

sever i ty of  carca se  l es i o n s  a s  mea sured on a sca l e of  1 -4 . 
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TABLE 5 . 3  : EXPER IMENT TO I SOLATE FACTORS ASSOC IATED W I TH THE P ROCESS OF SLAUGHTE R .  

TREATMENTS NUMBER  OF LAMBS 

GROUP cru s h  el ectri ca l  method of 
conveyor s tunn i ng exsa ngu i nati -on norma 1 petec h i a t i o n  tota l  

A *yes yes p i g s t i c k  

yes yes ga s h  cut  

yes no ga s h  cut  I 

B *yes yes p i g  st i ck  

yes  yes ga s h  c ut  

c *yes yes p i g sti c k  

byp a s s ed yes p i g s t i ck  

0 *yes yes p i g  s t i c k  

bypas sed no ga s h  c ut  

-----
* rout i ne method o f  s l aughter . 

1 28 79 

142  62  

1 94 5 

464  146 

19 67 
28 58 

-
47 1 25  

183 44 

197 32  

380 76 

7 1  39 

97 0 

168 
-----� _ _ j __ _ - -

39 
- -

207 

204 

199 

6 10 

86 

86 

1 7 2  

227  

229  

456  

1 1 0  

9 7  

207 
- - ---

-

- - -

= 77 . 85 

d .  f . 2  

P <0 . 00 1  

= 2 . 37 

d . f . 1 

N . S .  

= 2 . 40 

d . f . 1 

N . S .  

= 42 . 37 

d . f . 1 

P <0 . 00 1  

--- -- - ----- -- ------

....... 
01 
w 



E .  The pa thogene s i s of  petec h i a t i o n  i n  a d ipose t i s sue 

1 .  Mea surement of  po st-stunn i ng systemi c b l ood pressure : Three l ambs 

were e l ectri ca l l y stu nned us i ng a Thornton Mk I I  head -to - back  ha nd p i ec e . 

Two of  these rece i ved a 0 . 5 -0 . 9  amp , 400 vo l t ,  50 Hertz current of  

4 seconds dura ti o n  and  the  th i rd recei ved a s i mi l ar current a ppl i ed for 

1 0  second s . Another two l ambs were s tunned u s i ng a rara l ec head -on ly  

handp i ece de l i veri ng a 0 . 7- 0 . 9  amp , 400  vol t ,  50 Hertz current o f  10  

seco nd s dura t i on . One  of these  l ambs wa s a l l owed to  recover , then  re­

stunned wi th  a further 10 seco r 1d app l i ca t i on of the Para l ec hand p i ece . 

Pos t- stunn i n g el ectroca rd i ograms ( ECG ) and  systemi c bl ood pressures 

were mon i tored a s  prev i ou s l y  descr i bed . 

The Thornton Mk  I I  hea d - to-back  handp i ece  i mmed i a te ly  i nd uced an  

u l t i matel y fa ta l card i ac fi bri l l a t i o n  i n  eac h  of the  three l ambs to 

wh i ch i t  wa s a pp l i ed .  The pre - stun  arter i a l  bl ood press ures of  each  

a n i ma l  were 1 50/80 , 1 40/90 a nd 1 2 0/80 mm Hg  respec t i vel y .  As  the 

current wa s a ppl i ed there wa s a tran s i ent i ncrea se  i n  a rter i a l  pres sure 

of a pprox ima tel y 60mm Hg  a bove norma l ( F i gure 5 . 5 ) . The t i m i ng of  th i s 

pre s s ure pu l se c orrespo nded to the o n s e t  of ton i c  s ke l e ta l  mu sc l e spa sm 

caused by t he el ectr i c  current . Stunn i ng wa s fo l l owed by a rc p i d  

progres s i ve decrea se  i n  arteri a l  pressure . 

The el ectrocard i ogra phs of the two l ambs s tunned wi th the Pa ra l ec 

hea d-onl y handp i ece rema i ned norma l , a nd the a n i ma l  a l l owed to recover 

had done so  w i th i n f i ve m i nutes . The p re- stun  syst�ni c b l ood p res sures 

were 120/ ?0mm Hg  i n  both l ambs .  Upon a pp l i cat i on  of the current there 

wa s a momenta ry fl uctua t i o n  i n  arter i a l  pressure s i mi l a r  i n  dura t i on a nd 

i ntens i ty to that descr i bed for head - to - back  s tunn i ng . The pos t- s tu n  

a rter i a l  pres sure then  i ncrea sed i n  a s tepwi se  ma r.ner to reach  max i mum 

va l ues of 350/ 230 a nd 360/ 250 mm Hg respect i ve ly  wi th i n  7 second s of  

s tunn i ng ( F i gure 5 . 6 ) . Fol l owi ng  th i s ,  the  arter i a l  pressures dec l i ned 

g radua l l y  to p l a teau at 160/BOmm Hg  90 s econds  a fter stunn i ng ,  at wh i c h  

t i me pres sure reco rd i ngs  were d i sconti nued . 

None of the l ambs showed petech i a l ha emorrhages i n  ad i pose t i s s ue . 
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F IGURE 5 . 5  Changes i n  a rter i a l  pressure fol l ow i n g  el ectr i ca l  

s tunn i n g  u s i ng  a 1 Thornton  Mk  I I 1 h ead -to -back  

current app l i cator . 

F I GURE 5 . 6 Changes  i n  a rter i a l  p re s sure fol l owi ng  e l ectr i ca l  

s tu nn i ng u s i ng a 1 Pa ra l ec •  head-on l y  current 

app l i ca to r . 
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2 .  Attempts to produce petec h i a l  haemorrhages i n  i ngu i na l  fa t :  

Attempts were made to produce petec h i a l  haemorrha ges by el ectr i ca l l y 

s t i mu l a t i ng the nerves i nnerva t i n g  the i ngu i na l  ad i po se t i s sue o f  three 

fema l e  l ambs i n  good body cond i t i o n . The procedures a pp l i ed i n  each 

case have been out l i ned i n  Tab l e 5 . 1 .  At no t i me were g ro s s  or  m i cro­

scop i c haemorrhages observed i n  t he  i ngu i na l  fa t .  

D I SCUSS I ON 

From the beg i nn i ng o f  the 1 977/78 k i l l i ng s ea so n  i t  wa s c l ear  that the 

l es i ons  subsequentl y to be cal l ed ' s ubcuta neous  haemorrhag i c  s peckl i ng '  

( Ano n ,  1 978 )  were gro s s l y  a nd h i s to l og i ca l l y  d i s t i nct  from both ! b l ood 

s p l a s h ' a nd brui s i ng >  wh i ch were the on l y two haemorrhag i c  l es i ons  

prev i o u s l y  recogn i sed i n  a pparentl y heal thy l ambs s l a ughtered for 

export ( G i l bert et aZ. , 1 979 ) . Gro s s l y ,  ' spec k l i ng '  wa s character i sed 
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by i ts punctate na ture , i ts restri c t i o n  to  carcase  ad i pose t i s sue or  

a s soc i a ted fa s c i a  a nd i ts anatom i c a l  d i s tri buti on  i n  th i s  t i s s ue . When 

f i r st  encountered , the l es i ons were a. pprox i ma te ly  bi l a tera l l y  synmetr i ca l  

a nd wi del y d i str i buted , though they were mos t  severe over the l o i n s a nd 

often coul d not be detected unl e s s  the su rface  fa sc i a  o f  the carca se  wa s 

i nc i sed ( Fra zerhurst  e t  aZ  . ,  1978 ) . I n  sub sequent sea son s , however , 

the i r  d i stri but ion  c ha nged s ubtl y ,  wi th  a tendency to concentrate more 

around  the h i ndqua rters , wh i ch wa s an a rea not preV i ou s l y  i nvol ved 

dur i ng the i n i ti a l  ou tbrea k ( Fra zerhurst  et a Z . ,  1978 ; G i l bert e t  aZ . ,  

1 979 ) . Haemorrhages  due  to bru i s i ng were comparat i vel y ea sy to d i s t i ng ­

u i s h  from those  o f  ' s pec kl i ng '  s i nce they were not puncta te ,  were u sua l l y  

v i s i bl e  o n  the s urface o f  the carca s e , i nvo l ved the u nders i de o f  the pe l t 

a nd frequen t l y  i nvol ved s ke l eta l mu sc l e ( Frazerhurst e t  aZ . ,  1 978 ) . 

E l ectr i ca l l y  i nduced ' b l ood sp l a s h ' haemorrhages were i nfrequentl y 

observed but  they are u s ua l ly  ecchymoti c ra ther than petec h i a l  i n  nature 

and do  not i nvo l ve a d i pose ti s sue  ( Wa rri ngton , 1 974 ; Ki rton et a Z . ,  

1 978 ) . B l ood s p l a shed l u ngs , however , were common ly  ob served and  were 

gro s s l y  s im i l a 1� to ' spec k l i ng ' . H i s to l og i ca l l y ,  ' speck l i ng '  i n  a d i po se  

t i s s ue wa s d i st i nct  from ei ther bru i s i ng or b l ood s p l a s h , s i nce  o n l y  t he 

former l es i on s  were characteri sed by d i screte i ntersti t i a l  haemorrhages  

wi t h  sma l l centra l thromb i cl o s e l y  s urround ed by moderate numbers of  

l eucocytes . 



I n  the ea r ly  s ta ges of  the i nvest i ga t i on  con s i derabl e rel i a nce  wa s 

pl aced on  h i s topatho l og i ca l  a nd retro spect i ve ep i demi o l og i ca l  data , 

s i nce wi thout  f i rm rea sons  for do i ng so d i s rupti ve tr i a l s cou l d  not  

be j ust i fi ed i n  an export mea t works u nder fu l l  producti on . E p i d em i o ­

l og i ca l  ev i dence showed t h e  preva l ence of  ' s pec k l i ng '  t o  b e  a s so c i a ted 

wi th the age of  the l ambs , but i t  wa s i ndependent  of such  pre- s l a ughter 

va ri ab l es as farm of or i g i n ,  truck i ng compa ny ,  truck i ng t ime s , hol d i ng 

t imes  i n  mea t works yard s , number of t imes  l ambs were wa shed and the 

preva l ence of conventi ona l bru i s i ng .  Th i s suggested tha t the l es i o n s  

occurred c l o se  t o  t h e  t ime of  death . T h e  presence i n  paraffi n s ect i o ns 

of  moderate numbers of  l eucocytes aggregated a round a c entral  thrombus  

had  ori g i na l l y  been i nterpreted a s  evi den ce of a n  i nfl amma tory react i on  

of  a t  l ea s t  30 mi nutes durati o n . Th i s op i n i o n  wa s mod i fi ed o nce  l i ght  

m i c roscopy o n  semi - th i n  epoxy res i n sec t i o n s  had  shown the l eucocytes 

to be compr i sed of  a pprox imatel y equal  numbers o f  neutro�h i l s  a nd 

l ymphocytes .  S i nce l ymphocytes a re not  norma l l y  i nvol ved i n  acute 

i nf l ammati on ( C hev i l l e ,  1 97 6 ) , and s i nce the pol ymorph/ l ymphocyte ra ti o 

\¥a s a pprox i mate ly  that  o f  norma l ovi ne b l ood , the l eucocytes \'/ere 

fi nal l y  cons i dered to have arri ved pa s s i vel y duri ng haemorrhage . The  

aggrega t i o n  of  l eucocytes around  a central  thrombus wa s expl a i ned by 

propo s i ng a s i ev i ng a ct i o n  by i ntact , c l o s e l y  a pposed a d i pocytes a l l ow­

i ng a free pa s sage o n ly  to erythrocytes .  

That ' spec kl i ng '  d i d  i n  fact  occur c l o se  to the t i me of s l a ug hter wa s 

proven by the tr i a l  i n  wh i c h  h i s tol og i ca l l y  i nd i st i ngu i s hab l e l es i on s  

had been observed wi th  s imi l a r preva l ences i n  the two groups  o f  a s p l i t  

mob of  l ambs , the second group of wh i c h  had been deta i ned for a n  

a dd i t i onal  2 0  hours before bei n g  s l a ughtered i n  a n  i denti ca l  manner to 

the fi rst  group . Had ' s peckl i ng '  exi s ted before the mob wa s s p l i t ,  

i . e .  before s l aughter , the l es i o n s  i n  the two g roups  of l ambs wou l d 

have been h i s tol og i ca l l y  d i s s i mi l a r .  Th i s  presuppo s i t i o n  wa s ba s ed 

on prev iou s l y  acqu i red exper imenta l ev i dence fol l owi ng the subc u taneous  

i nj ecti o n  o f  autol ogou s \A/hol e bl ood i nto s heep . 
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1 .  The pr i mary aet i o l ogy of  • spec k l i ng •  

Pr ior  to 1976 , a l l s heep i n  New Zea l and meat works had been wa l ked 

from the hol d i ng yard s to the po i nt of s l aughter , ti pped o nto the i r  

s i des and exangu i na ted by a tra nsverse • ga s h  cut • that a l most  s i mu l ­

taneou s l y  severed the ventra l soft t i s sues  of the neck a n d  the sp i nal  

cord a t  the l evel o f  the a tl anto -occ i p i ta l  jo i nt . From the 1 976/77 

k i l l i ng sea son o n ,  new measures were i ntroduced whereby s t1eep were 

transported to the po i nt of s l aughter i n  a mov i ng V - s haped conveyor , 

el ectr i ca l l y  stunned wh i l s t i n  the conveyor ,  then ejected forwards  

for exangu i na ti o n .  In  th i s  case  exangu i nat i on  wa s effected by sever i ng 

the major  b l ood ves sel s of the neck wh i l s t l eav i n g  the s p i na l  cord a nd 

oesophagus  i ntact . • spec kl i ng •  had been s hown to occur c l ose  to the 

t i me of death . I ts l i kel y cause  wa s therefore cons i dered to be o ne or  

a comb i nati on  of  the  a bove three newl y i ntroduced s l aughter i n g  

procedures . I n  t h i s regard the i n i t i a l  restri ct i on  of the prob l em to 

on l y  a few meat works  coul d be expl a i ned i n  terms of the w i de var i at i on s  

i n  equ i pment  a nd s l a ughteri ng techn i ques  a dopted throughout the country 

a t  that t i me . Each  factor i s  cons i dered bel ow . 

( a ) Method of  exsanguj nat i o n : Petec h i a l  haemorrhages i n  a d i pose  ti ssue  

are common l y  observed fo l l owi n g  a l l types o f  rap i d l y  i nduced anox i c  or  

hypox i c  death  ( Pol son , 1965 ) . Thei r pathogenes i s  i s  poorl y u nderstood 

but they are bel i eved to ari se  when poorl y supported cap i l l a r i es 

rupture under the comb i ned effects of  hypox i c endothe l i a l  damage  and  

a gona l f l uctua t i on s  in  b l ood  pressure ( Gordon ,  1 97 5 ) . The newl y 

i n troduced method o f  exsangu i na t i on by • p i g  s t i c k i ng • wa s cons i dered a 

potent i a l  cause  of  • speckl i ng '  because  the a n i ma l s so bl ed u nderwent 

v i o l ent a gona l  respi ratory efforts not prev i ou s l y  ob served to the same 

extent after • ga s h  cutt i ng • ,  where i n  the centra l  connect i o ns of the 

phren i c  nerves were severed by cutti ng the s p i na l  cord . However , a 

tr i a l  conducted by Fra zerhurst  et al .  ( 1978 ) fa i l ed to i mp l i cate  the 

method of  exsangu i na t i o n  as  the cau se  of  the cond i t i o n . 
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( b ) The restra i n i ng conveyor : From h i s to l og i ca l  ev i dence , Frazer­

hurst  et aZ.  ( 1 978 ) deduced tha t ' subcuta neou s  haemorrha g i c  s peck l i ng '  

wa s cau s ed by s hea r forces wh i ch probab l y  resu l ted from el ectri c a l l y  

i nduced muscu l a r  spasms i n  l ambs fi rml y restra i ned i n  narrowl y set 

V- shaped ' crus h ' conveyors . They ci ted a s  support the fac t  that gro s s l y  

s i mi l ar l es i on s  cou l d b e  i nfl i c ted ma nua l l y  by gra sp i ng the woo l  o f  

i mmed i atel y post-stu nned l ambs a n d  app l yi ng a ra pi d ta ngenti a l  s hear i ng 

force to tha t s egment of  s k i n .  They a l so observed a decrea sed preva ­

l ence of ' spec k l i ng '  once narrowl y set conveyors had been opened so  a s  

to restra i n  l ambs l es s  fi rml y .  U s i n g  the same ma nual  techn i que  o f  

Fra zerhurst  e t  al .  ( 1978 ) , we were ab l e t o  create  petec h i a l  haemorrhages 

gros s l y  s i mi l ar to those of  ' s pec kl i ng ' .  However , these l es i o ns l ac ked 

the character i st i c centra l thromb i wi th c l ose l y a s soc i a ted l eucocytes , 

a nd were thus  h i s to l o g i ca l l y  d i st i nct from true ' spec kl i ng ' . Al so , 

petec h i a l  haemo rrhages had occa s i o na l l y  a ffected i ng u i nal  a nd  sub­

pl eura l  ad i pose  t i s s ue , where i t  wa s d i ffi cul t to  env i sage  the a ppro­

pri a te s hea r forces  a ct i ng .  Muscul ar  s pa sms i n  restra i ned el ectr i ca l l y  

stunned l ambs were therefore cons i dered un l i ke l y  to be the pr imary cau se  

of  ' speck l i ng ' ,  a l though  a contri butory effect o n  the i r  preva l ence and  

s ever i ty cou l d  not  be excl uded . 

( c ) E l ectr i ca l  stunn i ng :  De s p i te ear l y  opi n i on s  to the contrary ,  the 

ba l ance  of ev i dence i mp l i ca ted el ectri ca l  stunn i ng  as the cause  of 

' speck l i ng ' . Th i s  wa s confi rmed i n  a tr i a l  d e s i g ned to i so l a te the 

respect i ve contri but i ons  of el ectri ca l  s tunn i ng ,  the conveyor a n d  the 

method of exsang u i na t i on ( Ta b l e 5 . 3 ) , and  i n  wh i c h o nl y  the former 

i nf l uenc ed the  preva l ence of l es i ons . The pri mary aeti o l o g i ca l  ro l e  of  

e l ectri ca l  s tu nn i ng subsequentl y became wel l establ i s hed ( B l ackmore 

and Petersen , 1 98 1 ; Anon. , 1 982 ) . Neverthel e s s , the preva l ence of 

' s peck l i ng '  a ppea red a l so to be i nfl uenced by u nd efi ned secondary 

factors . On l y  i n  th i s  way cou l d  the re l at i ve l y  l ow average preva l ence 

of  ' s peck l i ng ' ,  i ts s ea sonal  d i stri but i o n  pattern a nd i ts var i a t i o n  

i n  preval ence between d i fferent mobs of  l ambs b e  expl a i ned ( Petersen 

and Wr i gh t , 1 978 ; G i l bert e t  al. , 1979 ) . 



2 .  Secondary factors i n  the aet i o l ogy of  ' speck l i ng '  

A var i ety o f  secondary factors were propo sed a s  pos s i b l y  i nfl uenc i ng 

the preva l ence of  ' s peck l i ng ' . These cou l d be conven i ent ly  c l a s s i fi ed 

a s  a n i ma l  a s soc i a ted , env i ronmenta l or  works a s soc i a ted . However , 

the i r  prospect i ve ro l e s were d i ffi cu l t to i nvest i gate u nder the 

condi t i ons  i n  wh i ch meat works opera te ,  and to date the s i gn i fi cance 

o f  each rema i ns u ndefi ned . On l y  a few of  the more substanti a ted 

pos s i b i l i t i es are cons i dered be l ow .  

The  predomi nance o f  l e s i ons i n  young  l ambs , wi th  the occa s i ona l  

i nvo l vement  of  o l der s heep ( G i l bert e t  aZ. ,  1979 )  may have refl ected 

an  effect of maturi ty on cap i l l a ry support and thereby on  the propens ­

i ty of  these  vesse l s to rupture u nder haemodynami c s tres s ( Tocant i ns , 

1 94 7 ; Wa l ter and  I srael , 1974 ) . However , s i nce on ly  e i g ht med t works  

exper i enced a ' s peck 1 i ng '  prob l em dur i ng the  1977/78 k i l l i ng sea son 

( Fra zerhur s t  et  aZ. ,  1 978 ) , add i t i ona l  factors must have been operati ng . 

The  i n i t i a l  restri ct ion of ' spec k l i ng '  to a few wi de l y sca ttered mea t  

works i mp l i ca ted env i ronmenta l factors i n  the aet io l ogy of  the l es i on s . 

The demonstra t i o n of  a correl a t i on between the pa sture content of  

coumar i nogen i c  pl a nts  a n d  the  preva l ence of  ' bl ood sp l a s h ' ( Restal l ,  

1980 ) , a n d  evi dence of a d i rect effect of  certa i n  coumar i n ana l ogues  

on  cap i l l ary fra g i l i ty ( Na l band i a n et  a Z. , 1 965 ; Khan et  aZ . , 197 lb ) , 

s upported th i s concept . However , Petersen  and  Pau l i ( 1983 ) fa i l ed to 

detect a s tat i s t i ca l l y  s i gn i f i cant  a s soci a t i o n  between one-stage  

prothromb i n  t i mes a n d  the  preva l ence of ' s peck l i ng ' . The  s udden 

w i de spread occurrence of ' spec k l i ng '  s ubsequent  to the 1977/78 k i l l i ng 

sea son  a l so became evi dence a ga i n s t  the poten ti a l  rol e of envi ronmental  

fac tors , i mp l i ca ti ng i ns tead the e l ectr i ca l  stunni ng process  i tse l f a s  

the mo s t  i mportant  vari ab l e bes i des age i nf l uenc i ng the preva l ence of 

' speckl i ng ' . Current strength and app l i ca ti on t i me affect the prev­

a l ence of l es i on s , a nd these  factors were s hown to vary wi de ly  between 

meat works ( Gi l bert e t  aZ. ,  1 979 ; Anon . ,  1982 ) . However , no a ttempt 

wa s made to eva l uate the i r  s i g n i f i cance . Petersen and Wr i g ht  ( 19 78 ) 

a ttri buted the wi despread emergence of ' spec k l i ng '  to the genera l 

adopt i o n  of  the ' Thornton  Mk I I ' head-to-back  current app l i cator , 

and  they bel i eved the i r  l e s i on s  to have been cau sed by l oca l f i e l d 
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effects generated by i ts m i d - thorac i c el ectrode . That the d i s tr i but i o n  

o f  • subcuta neous  haemorrhag i c  s peckl i ng •  i s  i nfl uenced by the  po s i t i on 

of  the e l ectrodes a nd thus  by l oca l  f i e l d dens i ty pattern ha s  s i nce 

been demonstrated conv i nc i ng l y  ( Bl ackmore and  Petersen , 1 981 ; Anon . ,  

1982 ) . Neverthel e s s , from our observa t i o n s  genera l i sed l e s i on s  do  occur 

fo l l ow i ng head-onl y stunn i ng and they are u sua l l y  most  severe over the  

l o i ns ,  wh i ch i s  a n  area at  cons i derab l e d i s tance  from the  po i nt of  

app l i ca ti o n  of  the current . 

Desp i te i ts esta b l i s hed pri mary cause , the s econdary aet i o l o g i ca l  

fac tors i nf l uenc i ng the preva l ence o f  • s ubcutaneou s haemorrhag i c  

speck l i ng •  presented a comp l ex p i c ture . A n  a l ternat i ve a pproach  wa s 

therefore adopted , whereby a ttempts  were made  to el uc i da te the 

pathogene s i s  of  the l e s i ons wi th  the i ntent i o n  of formu l a t i ng a 

ra t i ona l approach  to the i r  preventi on . 

3 .  The pathogenes i s  of  • spec k l i ng •  

From h i s to l o g i ca l  a nd ep i demi o l og i ca l ev i d ence , • su bcutaneou s  

haemorrhag i c  s pec k l i ng '  a ppeared to  h a ve  ar i sen  from cap i l l a r i es 

ruptured by u ndefi ned forces  i nduced by el ectri ca l  stunn i ng .  I n  th i s  

res pect  they resemb l ed ' bl ood sp l a sh ' l es i o ns . ' B l ood s p l a sh ' i s  a 

poorl y understood phenomenon ,  but a centra l  fea ture i n  i ts pathogenes i s  

a ppears to be a s u s ta i ned i ncrea se i n  po s t - s tunn i ng arter i a l  bl ood 

pressure ( Harri ngton , 1 974 ; Ki rton e t  a l. , 1 978 ) . Thus  i t  may occur 

wi th a h i gh i nc i dence fol l ow i ng  head-on l y stunn i ng , wh i c h  cau ses  a 

drama t i c i ncrea se  i n  arter i a l  b l ood pres s ure ( F i gure 5 . 6 ) , but i t  

rarel y occurs  fo l l ow i ng head -to-back  s tu nn i ng ( Frazerhurst ,  1978 ) 

a fter wh i c h  there i s  a rap i d  fa l l  i n  a rter i a l  pres sure ( F i gure 5 . 5 ) . 
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The  rel a t i ons h i p  between b l ood pres sure and  ' s peck l i ng '  i s  l es s  stra i ght­

forward than  t hat  for ' b l ood  sp l a s h ' s i nce the  former occurs  wi th  approx­

i ma te l y  equa l preva l ence fol l owi ng both types of stun  ( G i l bert et al . , 

1979 ) . Neverthel e s s , a n  i ncrease  i n  sys temi c bl ood pres sure may s t i l l  

be a v i ta l fac tor i n  i ts pathogenes i s  s i nce  an  i mmed i a te momentary 

po st - stun i ncrea se  i n  a rter i a l  pressure a ppears to occur i n  both  ca ses . 

Th i s  press ure pu l se , wh i c h  i s  proba b l y  cau sed by an  i ntense spa sm of 



i ntercosta l  a nd d i aphra gma t i c  mu sc l es may be suff ic i ent  to rupture the 

cap i l l ar i e s  of ad i pose t i s sue ( G i l bert and  Dev i ne ,  1 982 ) . Pos s i bl y  of 

greater s i g n i f icance i s  the  demons tra t i on by Petersen a nd Carr 

( persona l  commu n i ca t i on ) of a s u sta i ned ten-fo l d i ncrea s e  i n  central  

venous  pres sure fo l l owi ng head -to-back  stunn i ng and a two-fol d i ncrea se  

fol l ow ing  head-onl y s tunni ng .  They es t i ma ted that post s tu n  c hanges  i n  

a rter i a l  and  venou s b l ood p�e s s ures woul d comb i ne to cau se  up  to a four­

fol d  i ncrea s e  i n  i ntra -capi l l ary pres s ure , and they sugges t th i s as  a 

pos s i b l e  cau s e  of c a pi l l a ry rupture . Aga i n s t  th i s ,  however , i s  the fac t  

that for purel y haemodynami c  rea sons , cap i l l a ri es are res i sta n t  to 

dama ge caused by i ncrea ses i n  systemi c b l ood pres sure act i ng a l one 

( Rowl ey ,  1 964 ) . Rowl ey fa i l ed to detect ruptures or even i ncrea s ed 

permea bi l i ty a fter s ubjecti ng  the capi l l a r i es of  subcutaneous a d i po s e  

t i s sue  i n  rat s  to t e n  t imes the i r  norma l hydros tati c pres s ures . A s  a n  

a l terna ti ve hypothe s i s ,  ' subcutaneous ha emorrha g i c  speck l i ng '  may have 

res u l ted from rap i d  e l ectr i ca l l y  i nduced l oca l  f l uctua t i o n s  i n  i ntra ­

ca p i l l ary b l ood pressures , po s s i b l y  wi th  concurrent el ectr i ca l l y  i nduced 

i ncrea ses  i n  capi l l a ry permea h i l i ty .  Such c ha nges  a re known to occur 

fo l l ow i ng d i rect or i nd i rect el ectr i ca l  s t i mu l a t i on of the va scu l a ture 

of  s ubcuta neous a d i po s e  t i s s ue  ( Bal l a rd ,  1 978 ) . 

Wi th i n seconds of el ectri ca l l y  s t imu l a t i ng  e i ther the sympa theti c tru nk  

or the peri pheral nerve i nnervat i ng the i ngu i na l  adi po s e  t i s sue  of dog s ,  

there i s  vasoconstr i c t i on wi th a n  i ncrea s ed rat i o  of  pre/ pos t  cap i l l ary 

re s i s tance a nd a cons i derabl e fa l l  i n  capi l l ary pre s s ure ( Rose l l ,  1 966 ; 

Nga i et al . , 1 966 ; Oberg a nd Resel l ,  1967 ) . Upon ces sat i on of s t i mu l a ­

t i on , pre- a nd po s t- capi l l a ry ves sel s undergo a n  i mmed i ate , pro l onged 

max i ma 1 vasod i l a t i o n  \'lh i  e h  causes  i ntracap i  1 1  ary pres sures  to r i se  a bove 

norma l ( N ga i  et a l . ,  1966 ) . For poorl y defi ned rea sons the a ctua l  and  

rel a t i ve magnt i ude of the above changes  va t·y wi de ly  between i nd i v i dua l s 

of the same s pec i es ,  between d i fferent cap i l l ary bed s  and  between 

cap i l l ar i es of the  same bed ( Ba l l ard , 1 9 78 ) . However , i n  a l l cases 

they a ppear t o  be med i a ted v i a  adrenerg i c  sympatheti c  nerves , wi th no 

i nvol vement of the  central nervou s  sys tem ( Nga i et al . ,  1 966 ; Ba l l a rd ,  

1 978 ; Beva n ,  1979 ) . I n  add i t i on  to fl uctuat i ons  i n  ca pi l l a ry pres sure , 

e l ectr i ca l  st imul a t i on causes  an  i ncrea se  i n  cap i l l a ry permeab i l i ty 

s i mi l ar i n  ord er of  magn i tude to that i nd uced by h i s tami ne ( Fredho l m 
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et aZ  . , 1970 ) . The mechan i sm of  th i s a c t i o n  i s  not u nderstood but  

the  response  a ppears to be  u n i que  to  ad i pose  t i s sue ( Ba l l ard ,  1978 ) . 

The a bove ev i dence su pports the propo sed hypothes i s that • spec kl i ng •  

i n  ad i pose  t i s sue res u l ted from l oca l i sed e l ectri cal l y  i nduced i ncrea ses  

i n  capi l l a ry pressure and  permea bi l i ty .  Attempts were therefore made  

to  reproduce • speck l i ng •  by e l ectri ca l l y  s ti mu l a t·i n g  the  ri ght  or  l eft  

genito femoral nerves a s  they i nnerva ted the r i ght and l eft s i des  

respec t i ve l y  of  the  i ngu i na l  fa t of three young  l ambs . U n i l a tera l 

nervous  s t i mu l a ti on a l one fa i l ed to produce l es i ons . The contra l a tera l 

nerve of each  a n i ma l  wa s therefore s t i mu l a ted wh i l st a ttempts  were made 

to enhance pa rti cu l ar vascu l ar react i ons  cons i dered l i ke l y  to pred i s ­

pose  to ca p i l l ary rupture . W i t h  the f i r s t  l amb , the contra l a tera l 

gen i ta l  nerve wa s s t i mu l a ted a fter the i ntra venous i nj ect i o n  of 

physo s ti gmi ne , whi ch i n  dog s  enhances the vasodi l a ti on  of pre-cap i l l a ry 

sph ·i ncters bu t has  mi n i ma l  po s t  cap i l l a ry effects ( Nga i et  aZ. , 1 966 ) . 

Th i s  wa s expected to i ncrea se  the pres umed po s t- st imu l a t i on i ncrea s e  

i n  cap i l l a ry pres sure . Wi th  t h e  second l amb , the contra l a tera l nerve 

wa s s t i mu l a ted a fter i ntravenous i njec t i o n  of  h i stami ne ,  s i nce i n  dogs  

th i s  causes  a grea t l y  i ncrea sed capi l l a ry permeabi l i ty ( Fredhol m e t  aZ . , 

1970 ) . The  contra l a tera l nerve of the th i rd l amb wa s s t i mu l a ted a fter 

the i nj ec t i on of both  physo st i gmi ne a nd h i s tami ne . Adrena l i ne ha s been 

s hown not to a l ter the preva l ence of ' spec k l i ng •  occurr i ng i n  pract i ce  

( Anon . ,  1982 ) , a nd i ntravenous noradrena l i ne ha s been s hown to  exact ly  

m im i c t he  constr i c tor effects  of  sympathet i c  nervou s s t i mu l a t i on 

( Fredho l m  et  aZ. , 1970 ) . Sympathomimet i c s  were not therefore i nj ec ted 

pri or  to nervou s  s t i mu l a t i o n . A l l a ttempts to reproduce • speck l i ng • 

experi menta l l y  were unsucces s fu l . Th i s fa i l u re may have been cau s ed 

e i ther by u nfavourab l e a n i ma l -a s soc i a ted factors , wh i ch i s  not u n l i ke l y  

s i nce the l e s i on s  occur i n  pract i ce wi th a n  average preva l ence of  o n l y  

5% , or i t  may have refl ected a n  i nadequacy i n  the propo sed hypothes i s  

a s  to the pa thogenes i s  o f  the l es i on s . 

To da te s peck l i ng rema i ns a prob l em i n  mo st  New Zea l and mea t works . 

Worthwh i l e  reduct i on s  i n  i ts sever i ty a nd preva l ence have been ach i eved 

by chang i ng  the fi el d c haracter i st i cs  of  the  e l ectr i c  current u sed to 

s tu n  s heep ( Bl ac kmore a nd Petersen , 198 1 ;  Anon . ,  1982 ) , bu t the pro b l em 
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i s  u n l i ke ly  to be el i mi nated u nti l the pathogene s i s  of the l es i o n s  

ha s been fu rther el u c i da ted . 
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SUMMARY AND CONCLUS I ONS 

I .  THE AGE I NG OF BRU I SES 

Bru i se s  i n  carca ses  proces s ed for human consumpt ion  cause s ub sta n t i a l  

economi c l o s ses  t o  t h e  meat i ndu stry both  here a nd oversea s . Knowl edge 

of the a ges of bru i s es i n  rel a t i o n  to known t i mes  of s peci fi c events of 

i nterest wou l d prov i d e  a u seful means  of  i nves t i gat i ng the  aet i o l o gy of 

these  l es i o n s  wi th  the a i m  of  l ower i ng thei r preva l ence . For thi s 

reason  a ttempts were made to age  exper ime n ta l l y  i nfl i c ted bru i ses  from 

h i s topathol og i ca l  ob servat i on s , enzyme stud i e s  a nd pH mea s urement s . 

1 .  H i s topa thol ogy 

Publ i s hed observati ons  perta i n i ng to t he h i s topathol ogy of  a var i e ty of  

wounds  i nc l ud i ng . bru i ses  have s uggested the  potent i a l  usefu l ness  of  th i s 

approach  for agei n g  purposes . 

Exper imental brui ses  of  vari ous  ages  from 1 - 72  hours o l d were exam i ned 

and a number of h i s topathol o g i ca l  features i n  both musc l e a nd ad i po s e  

ti s sue s cored semi -qua n ti tat i ve ly  accord i ng  to the i r  degrees of  c hange  

from norma l . After re l at i n g  scores to  ages , the  fo l l owi n g  features 

were se l ected as be i ng of use for age i ng  purposes : neutroph i l  a nd 

macrophage exudates , fi brop l a s i a , endothel i a l  hypertrophy and  the  

present  of  haemos i deri n i n  i n ters ti t i a l  macrophages . I n  order to 

e l im i na te errors as soci a ted w i th  the s ubj ecti ve i n terpreta t i on of 

h i s topatho l o g i ca l  data , combi nati ons of  scores for the a bove features 

wer e  i n terpreted obj ect i vel y u s i ng a mathemat i ca l  model  ba sed  o n  

Baye s ' theorem of i nvers e  probab i l i t i es . 
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I t  had been i n tended to age bru i ses  a s  ei ther 1 -8 , 1 2 -20 , 24 -36 , 48 , 

60  or  72 hours o l d .  Unfortunatel y ,  even when perform i n g  at  i ts 

max i mum capa bi l i ty the Bayes i a n  model  wa s u nab l e to do thi s wi th a 

s at i sfactory degree of  s ucces s . However , i t  wa s s uffi ci entl y 

accurate to be of potenti a l  worth i f  u sed to age  bru i ses  a s  e i ther 

1 - 20 hou rs or  over 24 hours o l d .  The • confi dence • wi th  wh i c h i nd i v i dua l  

bru i ses cou l d be  so  aged depended on  the  type a nd  number of t i s sues  

exami ned per bru i se ( Tabl es  2 . 2 1 ,  2 . 22 ,  2 . 23 ) ,  and  becau s e  of  the 

respec t i v e  error terms , a l so  on  the  rel ati ve number of bru i ses  e st imated 

to be of eac h  age . As a genera l e s t imate , bru i ses  cou l d  be a ged wi t h  

a n  80- 90% degree of certa i nty , wh i ch wa s i n  exce s s  of  t he  max imum of  

78% ach i eved after t he  s ubj ec t i v e  i nterpretat i on of  equ i va l ent data . 

The pract i ca l  u seful ness  _of the Bayes i an agei n g  method wa s exami ned by 

app l yi n g  i t  i n  a p i l ot s tudy to 1 07 bru i ses  co l l ected from an  export 

meat works . By rel at i ng the e s t i ma ted ages  o f  these bru i se s  to ho l d i ng 

ti mes  of l ambs i n  meat works yard s , i t  was e s t i mated that 50% o f  these  

l es i on s  were i nf l i c ted wi th i n  the works a nd 40% wi thout .  Due to the 

constra i nts  i n  bei ng  ab l e to a ge bru i ses  on l y w i th i n the broad l i mi ts 

o f  1 - 20 hours and 24+ hours , a s ubsta n t i a l  proporti on { 45% )  of the 

i nforma t i o n  cou l d not be used i n  the above es t imates  ( Tab l e 2 . 30 ) . 

I n  fu ture s urveys , however , the amount  of data made redundant cou l d 

be reduced substant i a l l y  by a j ud i c i ou s  se l ecti o n  of the range of  

hol d i ng t i mes of  the  l ambs from whi c h  bru i ses  were col l ected . 

I n  the a bove s urvey a compar i son of the age i n g  a nd more trad i t i ona l 

ep i dem i o l o g i ca l  a pproac hes to determi n i n g  the p l aces of occurrence of 

bru i ses  suggested the s uperi or i ty of the former method , at l ea s t  when 

a pp l i ed to sma l l numbers of bru i ses . The Bayes i a n  method for age i n g  

bru i s es wa s therefore con s i dered to be  of pra c t i ca l  va l �e for 

determi n i n g  the p l aces  of occurrence of these l es i ons . 

The a bi l i ty of  the h i s topatho l o g i ca l  a pproach i n  bei ng  ab l e to 

accuratel y p l ace brui ses  i n to o ne of on ly  two broad age  catego r i e s  

a ppeared pri mari l y  t o  refl ect the combi ned effects o f  bi o l og i ca l  

var i at ion  i n  the s ever i ty and  t i me-course of  the ob served ti s sue 

react ion  to th i s  type of  i nj ury ,  a nd to vari at i ons  i n  the semi -
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quanti tat i ve  scor i n g  o f  the appropri ate  h i s topathol og i ca l changes . 

T he Baye s i a n  method i ts el f wa s ent i rel y obj ec t i ve i n  i ts eva l ua t i o n  

of data accord i n g  to t h e  rel at i ve proba b i l i ty of  observ i ng comb i na t i on s  

of  scores i n  brui ses  o f  var ious  a ges . T he  d i st i nc t i o n  between bru i s es 

l es s  than 20 hours and  greater than 24 hours o l d rested ma i n l y  o n  the  

onset  of  repa i r  a nd the presenc e of  haemos i deri n i n  the  l a tter , wi t h  

mod i f i ca t i o n s  accord i ng to the degrees of  the macrophage  a nd neutroph i l  

exuda tes . I ncrea s i ng the data ba se  upon wh i ch the model wa s ba s ed 

woul d therefore have done l i tt l e to en ha. nce i ts sens i t i v i ty i n  

d i s t i ngu i s h i n g between brui ses  of  var i ou s  a ges , though i t  may have  

enhanced t he  • accuracy • wi th wh i c h  bru i s es were aged a s  e i ther 1 - 20 

hours or  more t han  24 hours o l d .  

2 .  Enzyme stud i es 

A l though op i n i on s  are not una n i mous  i n  th i s  respect , mos t  publ i s hed 

ev i dence  ha s s uggested t he u sefu l nes s of  enzyme s tud i es for the 

age i ng of  wound s ,  espec i a l l y  d ur i n g  the f i r s t  few hours a fter . i nj u ry .  

The act i v i t i es o� ten enzymes representi ng  the maj o r  metabo l i c  

pathways i n  stri a ted musc l e were therefore exami ned by app ly i n g  

e s ta b l i s hed enzyme h i s toch8mi ca l  a nd  i soenzyme e l ectrofocu s s i n g  

techn i ques  to  exper imenta l brui se s  aged 4- 144 hours  o l d .  

Al tered h i s tochemi ca l  e nzyme act i v i t i es a nd  e l ectrofocu s s ed i soenzyme 

profi l es were demon strated i n  bru i ses . However , i n  no ca se  coul d 

rel a t i o n s h i ps  be e s tab l i shed between the se  changes  a nd bru i s e  a ges . 

I n  t h i s  res pec t  our fi nd i ngs were a t  var i a nce wi th  many pub l i s hed 

observa ti ons  perta i n i ng to wound s .  Beca u s e  establ i s h ed techn i ques  

were empl oyed i n  t h i s experiment ,  these  d i s crepanc i e s  were cons i d ered 

u n l i kel y to have refl ected techn i ca l  i nadequa c i es i n  exper i menta l 

methodo l ogy . The  mo s t  l i ke ly  exp l ana t i on l ay wi th the nature of the 

t i s sue  react i on i n  the bru i ses  studi ed , s i nce th i s  wa s re l a ti ve l y  

m i l d  i n  compar i son wi t h  that i n  t h e  i nc i s i on wounds upon whi c h  the  

major i ty of  observa t i ons  have been  centred . 
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3 .  pH of bru i s ed musc l e 

Loca l i s ed pH c hanges  of  a predomi nant l y ac i d i c  nature are known to 

occur  i n  areas  of i nfl ammati on , but there appears to be no publ i s hed 

i nforma t i on re l a t i ng  t i s sue pH to the dura ti on of i nj ury .  For th i s  

rea son  mu sc l e pH va l ues  were mea s ured i n  bru i ses  4 ,  16 , 24 , 36 and 

48 hours  o l d i n  order to i nvest i ga te a po s s i b l e  a l ternat i ve method 

for the a ge i ng  of these l es i ons  o ther than by h i s tol ogy or enzyme 

stud i es . 

Bru i s e  a nd contro l mu sc l e pH • s  were mea s ured u s i ng a rel i a b l e a nd 

sens i ti ve techn i que  i nvo l v i ng t he homogen i sa ti o n  of  ti s s ues i n  a 

sod i um i odoacetate so l u tion  of suffi c i en t  concentrat ion  to prevent 

further producti on of  l ac t i c  ac i d by post mortem anaero b i c  g l ycol ys i s .  

Samp l e s  were ta ken 3 hours and 24 hours a fter death . The 24 hour 

sampl e s  prov i ded an i nd i rect meas ure of the  amcunts  or ava i l a bi l i ty 

of s tored g l ycogen i n  bru i sed musc l es ,  whereas the 3 hour samp l es  

prov i ded  a s  c l o se  a n  e st imate of ante m02•tem brui s e  pH  a s  wa s 

pract ica bl e u nder the cond i t i on s  of the  experi ment . I t  wa s recogn i s ed 

that the pH o f  3 hour post mOI.'tem samp l e s  woul d be somewhat d i fferent 

to those of b r u i sed musc l e at the ti me of s l au ghter because  of  

cont i nu i n g  a na erob i c  g l yco l ys i s  duri ng  t he  i nterven i ng per i od . 

However , the pH  exper i ment was undertaken pr i mar i l y  to i nvest i gate 

the p ra ct i ca l  va l ue of  t he pH a pproach to the agei ng  of  bru i ses , and  

s i nce  s i mi l ar post mortem del ays woul d be u navo i dab l e i n  the  mea t  

works , th i s  s i t ua ti on wa s accepted . 

Absol u te pH var i ed wi de l y between bru i ses of  t he same a g e ,  and a n  

ana l y s i s  of  var i ance  tes t s howed there wa s no s i gni f i ca n t  rel a t i on s h i p  

between musc l e  pH a nd a ge .  H i nd l i mb bru i s e  pH • s  were , however , 

s i g n i fi ca ntl y l ower than the equ i va l ent forel i mb val ues . For th i s  

rea son  p H  c ha nges  were i nvest i gated rel a t i ve to contro l s of normal 

mu sc l e ,  the l a tter be i ng est imates of  pre- bru i se pH . Mos t  of  the  

bru i s es were s l i gh tl y ,  though  s i gn i f i c ant l y  ( P<0 . 0 5 ) , l es s  a c i d i c  than  

contro l  t i s sues . S i nce the d i fferences were more pronounced i n  24 hour 

post mortem s amp l e s  th i s  presumab ly  refl ected an  ante mortem dep l eti on 

of  g l ycogen stores i n  bru i sed muscl e .  An  ana l ys i s  of var i a nce showed 

there wa s no s ·i gn i fi can t  rel at ion sh i p  between bru i se/contro l  pH 

d i fferences  a nd age . 
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I I .  SUBCUTANEOUS HAEMORRHAG I C  SPECKLING 

At the beg i nn i ng of  the 1977/78 ki l l i ng s eason  a previ ou s l y  u nreported 

cond i t i o n  s ubsequentl y to be known a s  ' su bcuta neous haemorrhag i c  

s peck l i ng •  a ffected a n  average  of 5% o f  young  l ambs s l aughtered i n  

e i ght  w i de l y scattered New Zea l a nd export meat works . I n  fo l l ow i n g  

s easons  the major i ty of  works  i n  the country were affected . The 

patho l og i ca l  character i s t i c s , a eti o l ogy and pathogenes i s  of thes e  

l es i o ns were i nvest i gated . 

Gros s l y ,  ' speck l i ng •  man i fested a s  mu l t i pl e petec h i a l  haemorrhages  

wi de l y scattered throughout carcase  ad i po se  t i s sue , though  wi th a 

tendency to be more severe over the l o i ns and h i ndquarters . I n  thi s 

respect they were c l ear l y d i st i ngu i s hab l e from the haemorrhages o f  

' bl ood s p l a s h ' and conventi ona l  bru i s i ng .  Mi croscop i ca l l y  the l es i ons  

were character i sed by central  thrombi s urrounded by moderate numbers 

of  c l ose l y a s soc i ated l eucocytes . From h i sto l og i ca l  and  epi demi o l og i ca l  

ev i d ence , ' s peck l i ng •  wa s s hown to have occurred c l os e  to the t ime o f  

death . Subsequent  tri a l s e stab l i s hed the pr ima ry cause  of the l es i o n s  

to be e l ectri ca l  stunn i ng .  However , because  ' s peck l i n g • exh i b i ted a 

pronounced s easona l di s tri buti on  pattern a nd a ffected o n l y  5% of  

ma i n l y  very young l ambs , a vari ety o f  secondary aeti o l og i ca l  fac tors  

were proposed a s  i nfl uenc i n g  the  preva l ence and  severi ty of l es i o n s . 

I n  the meat works  s i tuat i on , however ,  i t  wa s not pract i cabl e to conduct 

tr i a l s of the s ca l e  needed to i nvest i gate the rol es of  these secondary 

factors .  As an  a l ternati ve a pproach , a ttempts were made to determi ne 

the pathogenes i s  of  ' s pec k l i ng •  w i th the i ntent i o n  o f  formu l a t i ng a 

rat i onal  approach to i ts preventi on .  

From the d i s tr i but i on  and h i s to l og i ca l  a ppearance of  ' subcutaneou s  

haemorrhag i c  spec k l i ng • ,  the l es i on s  a ppeared to  have a r i sen from 

cap i l l a ri es that had ruptured u nder haemodynami c  s tres s .  Measurements 

of  systemi c bl ood pre s s ure suggested that cap i l l ary rupture wa s 

unrel ated to po st- stunn i ng c hanges  i n  a rter i a l  pres sure . ' Spec k l i ng • 

wa s therefore proposed to have resu l ted from l ocal i sed e l ectr i ca l l y  

i nduced i ncrea ses i n  cap i l l a ry press ure and  permeab i l i ty .  Attempts  

were therefore made  to  reproduce the  l es i ons  by d i rec t s t imu l a t i o n  of 
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the nerves i nnerva t i ng the i ngu i na l ad i pose  ti s sue of  three young  

l ambs , both  pr i or to  and after the i nj ect i on  of  vari ous  va soac t i ve 

c hemi ca l s wh i c h  publ i s hed evi dence had suggested woul d  a ffect 

capi l l a ry permeab i l i ty .  These a ttempts were unsucces s fu l . 

To date , ' speck l i ng '  rema i ns a probl em i n  mos t  New Zea l and  meat work s . 

Worthwh i l e  reduc t i o n s  i n  i ts severi ty a nd preva l ence have been 

ach i eved by c hang i ng the fi el d c haracter i s t i c s  of  the el ectr i c  current 

u sed to s tun  s heep , but the prob l em i s  un l i kel y to be contro l l ed u nt i l 

the pathogene s i s  of  the l e� i o n s  has  been further e l uci da ted . 
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APPEND I X  

MATER IALS AND METHODS USED I N  THE 

ENZYME STU D I ES ON BRU I SED  MUSCLE 

AC I D  PHOSPHATASE 

A .  H i s tochem i s try 

Reference : Pearse ( 1 968 ) . 

Preparat i on of  t i s s ue sec t i on s  

Fre s h  frozen sect i ons  cut  a t  a pprox . 10�m . 

F i x i n  1 0% neutra l buffered forma l i n  for 1 5  mi nutes a t  4°C .  

Wa s h  i n  d i s ti l l ed water . 

Ai r dry .  

I ncuba t i ng so l ut i ons  

1 ) Pararosan i l i n  s tock s o l ut i on  

2 ) 

pararosa n i l i n  

d i s ti l l ed wa ter 

cone . HC l  

Heat gent l y and  f i  1 ter  

Mi chae l i s  verona l  acetate  

sod i um barbi tura te 

NaCH:/OOH 3H20 

d i s ti l l ed water 

= 

= 

= 

buffer 
= 

= 

= 

l . Og 
20ml 

5ml 

pH 5 . 0 

2 . 94g  

1 . 94g  

100ml 
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3) Subs trate med i um 

a naphthyl  phosphate* = 10mg ( OMI T  FROM CONTROLS ) 

pararosan i l i n  s tock  = 6 . 4ml 

NaN02 
= 256mg 

verona l acetate buffer  = 40ml 

d i s t i l l ed water = 80ml 

Adj u s t  to pH 6 . 0  wi th 1 N NaOH . 

Add d i s ti l l ed water to f i na l  vol ume = 160ml 

Techn i� 

Fi l ter the s ubs trate med i um i nto Copl i n  j ars conta i n i ng  s l i des . 

I nc uba te for 60 mi nutes a t  25°C .  

Ri nse  i n  d i s t i l l ed water for 2 mi nutes . 

Countersta i n wi th  Mayer ' s  haema l um for 2 mi nutes . 

Wa s h  for 1 5  mi nutes . 

Dehydrate wi th a l co ho l  fo l i owed by xyl ene . 

Mount  i n  D . P . X .  

B .  Polyacryl ami de gel i soel ectrofocus s i ng 

Reference : Harri s a nd Hopk i nson ( 1976 ) . 

I ncuba t i ng so l ut i ons  

1 ) 0 . 2M aceta te buffer pH 5 . 0 

So l u ti on  A 

0 . 2M a ceti c a c i d 

So l ut i on  B 

= 

0 . 2M anhydr . sod . aceta te = 

148ml A + 352ml B + 500ml H20 = 

1 1 . 4ml / l i tre 

16 . 4 g/ l i tre 

1000ml buffer pH 5 . 0  

* Al l s ubstrates , enzymes , coenzymes , tetrazo l i um dyes and d i azo dyes  
were obta i ned from S i gma Chemi ca l  Co . ,  S t  Lou i s ,  Mi s souri , U . S . A .  
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2 ) Subs tra te med i um 

a naphthyl phosphate = lOOmg 

Fas t  B l ue  B __.r�, = lOOmg 

aceta te buffer = lOOml 

Techn ique 

Wa s h  gel  for 5 mi nute s  i n  aceta te buffer a t  4°C .  

I ncubate gel  i n  s ub strate med i um for 30  mi nutes a t  25°C .  

I 1m1erse i n  tri ch l oroaceti c aci d/g lycerol fi x i ng so l u t i on 

for 30 mi nutes . 

Photograph  and scan  gel . 

Cover wi th p l a s t i c for s torage . 

ALDOLASE 

A .  H i s tochemi s try 

References : Pearse  ( 1 968 ) ; Pette e t  al . ( 1979 ) . 

Prepara t i o n  
'
of t i s sue s ect i ons 

Fre s h  frozen s ect i on s c u t  at a pprox . lO�m . 

F i x i n  acetone  for 2 mi n utes a t  2°C .  

Ai r dry . 

I ncuba t i ng so l ut i o ns 

1 ) 0 . 0 5M arsenate-HC l  buffer pH 7 . 6  

2 ) Subs tra te med i um - Due to the so l ubi l i ty of the  enzyme , the 

s ubs trate med i um i s  made up as  a seri e s  of  1 . 5% a garose  gel s 

formed between two cover s l i ps s paced by match s t i c ks . One of  

each of  the  cover s l i ps i s  removed a nd the gel s p l aced over  the 

t i s s ue s ect i on s . 
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Sol ut i o n  A 

0 . 05M arsenate-HCl  buffer pH 7 . 6  

a garose 

Sol u t i on B 

183 

= 50ml 
= 1 . 5g 

sod i um fructose  1 , 6 , d i pho s phate 

NAD 

= 406mg { OM I T  FROM CONTROLS ) 

= 

NBT = 

arsenate-HCl  buffer = 

A +  B = 100ml 1 . 5% agarose  subs trate gel  

Tech n ique 

App l y  s ub stra te gel s fi rml y .  

I ncuba te for 30 mi nutes a t  37°C .  

Remove ge l s a nd wa s h  s l i des  i n  water . 

F i x s ec t i ons i n  10% forma l i n  for 1 hour . 

Was h  i n  water . 

1 2mg 

25mg 

50ml 

I mmerse i n  acetone for 10 mi n utes to d i s so l ve monoformazans . 

Ai r dry .  

Counters ta i n  wi th 1%  safran i n  for 20 second s . 

Dehydrate i n  a l coho l s fol l owed by xyl ene . 

Mou n t  i n  D . P . X .  

B .  Po 'lyacryl ami de gel el ec�rofocus s i ng 

Reference :  Harri s and  Hopk i nson  ( 1976 ) . 

I ncuba t i ng so l ut i on s  

1 ) O . lM Tri s-HCl  p H  8 . 0  

2 ) Substrate med i um 

Fructos e  1 , 6 d i phosphate = 

G3PD  ( 1220 I . U . /ml ) = 

MTT = 

PMS = 

NAD = 

Na 2 Aso3 = 

Tri s -HC l  buffer = 

600mg 

198� 1 

45mg 

1 5mg 

120mg 

90mg 

1 50ml 



Techn ique 

Was h  gel for 5 mi nutes . i n  Tri s -HC l  buffer a t  40°C 

I nc ubate gel i n  s ubs trate med i um for 30 mi nutes a t  2 5°C i n  

darkness . 

I mmerse  i n  fi x i n g  so l uti on  for 30 mi nutes . 

Photograph  and  s can . 

Cover wi th  p l a s t i c for s torage . 

ALKAL I NE PHOSPHATASE 

A .  Hi s tochemi s try 

Reference : Pearse  ( 1968 ) 

Prepa ra t i on of  t i s sue  sect i ons  

Fre s h  frozen sect i ons cut  a t  approx . l O�m . 

F i x  i n  10% neutra l buffered formal s a l i ne for 15  mi n utes a t  4°C .  

Wa s h  i n  d i s t i l l ed water . 

Ai r dry . 

I ncubat i ng so l u t i o n s  

1 ) 0 . 1M Tri s-HCl  buffer p H  1 0 . 0  

2 ) Substrate med i um 

Tec hn ique 

a naphthyl pho sphate = lOOmg ( OM I T  FROM CONTROLS ) 

Fas t  Red Tr = 100mg 

Tri s -HC l  buffer = 100ml 

F i l ter the  s ub stra te med i um i nto Copl i n  jars  conta i n i ng s l i de s . 

I nc ubate for 60 mi n utes  a t  25°C .  

Wa s h  for 1 - 3  m i nutes . 

Coun ters ta i n  wi th  Mayer • s  haema l um for 2 mi nutes . 

Wa s h  for 1 5  m i n u tes . 

Mount  i n  g l ycer i ne j e l l y .  
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B .  Polyacryl ami de ge l e l ectrofocu s s i ng 

References : Angel l i s  et  al . ( 1966 ) ; Harri s and  Hopk i nsbn ( 1976 ) . 

I ncubat i ng so l ut i ons  

1 ) l . OM Tri s -HCl  buffer pH 9 . 7  

Tri s 

MgS04
. 7H20 

ZnS0
4 · 7H2o 

2 ) Substra te med i um 

Tec hn ique 

a naphthyl phospha te 

Fas t  B l ue B 

MgS04 · 7H20 

ZnS04 · 7H20 

Tri s-HCl  buffer 

= 1 2 1 . lg/ l  i tre 

= 1 23mg/ 1 i tre 

: 14 . 4mg/ l i tre 

= 100mg 
= lOOmg 
= 1 23mg 
= 14 . 4mg 

= 100ml 

Wa s h  gel for 5 mi nutes i n  buffer at 4°C .  

I ncubate gel  i n  substrate med i u� for 90 mi nutes at  37°C . . 

Immerse ge l  · i n  f i x i ng so l uti on  for 30  mi nutes . 

Pho tograph  gel . 

Cover wi th p l a s t i c  for s torage . 

185 



CREAT I NE KI NASE 

A .  H i s tochemi stry 

References :  Kha n  ( 1 971 , 1 973 ) ; Pette et aZ .  ( 1979 ) . 

Prepa ra t i on  of  t i s sue s ecti ons  

Fresh  frozen sec t i ons  cut  a t  a pprox . lO�m . 

Ai r dry .  

Immers e  i n  acetone for 1 2  mi nutes a t  -70°C ( i nh i b i ts resp i ratory 
enzymes ) .  

Immerse  i n  70% ethanol for 8 mi nutes a t  - 20°C ( i nh i b i ts ATP-a s e ) . 

Was h  thoroughl y .  

Ai r dry . 

I ncuba t i ng so l uti ons 

1 )  0 . 1M g lycyl g l yc i ne buffer pH 6 . 9 

g l ycyl g l yc i ne 

magnes i um aceta te 

g l ucose 

= 1 3 . 2g/ l 
= 4 . 3g/ l 

= 3 . 6g/ l  

2 ) Substrate m2d i um - Due to the so l ub i l i ty of the enzyme , the 

substrate med i um i s  made up  as  a seri es of 1 . 5% a garose gel s 

formed between two cover s l i ps s paced by matchst i cks . One of 

eac h  of the cover s l i ps is  removed a nd the  gel s p l aced over 

the t i s sue sec t i ons . 

So l ut i o n  A 

0 . 1M g l ycyl g l yc i ne buffer 6 . 9  

a garose  

= 

= 

50ml 

1 . 5g 
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So l ut i on B 

phosphocreati ne 

ADP 

= 330mg ( OM I T  FROM CONTROLS ) 
= 1 30mg 

AMP = 26mg ( i n h i b i ts myok i na s e )  

NADP = 66mg 

hexoki na se  = 82 . 5 I . U .  

G6PD = 130I . U . _ 

PMS = 33mg 

NBT = 33mg 

g l ycyl g l yc i ne buffer = 50ml 

50ml A +  50ml B = lOOml 1 . 5% a garose substra te gel  



• 

Tec h igue  

App l y  substrate gel s fi rml y .  

I ncubate 10 mi nutes a t  25°C i n  darknes s .  

Remove gel s .  

Wa s h  sec t i ons . 

Immerse i n  acetone for 1 0  mi nutes to d i sso l ve monoformazans . 

Countersta i n  wi th 1% safra n i n  for 20 seconds . 

Dehydrate i r.  a l cohol fo l l o\'Jed by xyl e ne . 

Mount  i n  D . P . X .  

B .  Po lyacryl ami de ge l e l \:ctrofocu s s i ng_ 

Reference : Shaw a nd Pra sad ( 1970 ) . 

I ncuba�sol ut i ons 

1 ) 0 . 1M Tr i s -HCl buffer pH 7 . 0  

2 )  Substra te med � um 

Techn ique 

crea ti ne phosphate 

ADP 

NADP 

�ITT 

PMS 

g l ucose 

G6PD 

hexok i na se  

MgC1 2 
Tr i s -HCl  buffer 

= 400mg 
= 2 10mg 
= 36mg 
= 36mg 
=· 4 . 5mg 
= 270mg 
= 7 5 I . U .  
= 135 ! . u .  
= 300mg 
= 150ml 

Wa s h  gel i n  Tri s -HCl buffer for 5 mi nutes a t  4°C .  

Enzyme act i v i t i es were demon stl�a ted u s i n g  two separate 

techn i q ues , A a nd B .  

Method A :  I ncuba te gel i n  substrate med i um for 1 5  mi nutes  

at  37°C i n  darkness . 

I mmerse gel i n  f i x i ng sol u t i o n  for 30 mi nutes . 

Photograph and scan gel . 

Cover wi th pl a s t i c for s torage . 

------------ - - -
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Method B :  Cast  the substrate med i um i nto a 2% agarose  gel p l ate 

and apply fi rml y  to the enzyme gel . 

I ncuba te for 30  m i nutes a t  37°C .  

Remove enzyme gel and treat a s  for Method A .  

C .  Cel l u l os e  acetate el ectrophores i s  

References : Shaw and Pra sad ( 1970 ) ; Turner et a Z .  ( 1 9 74 ) . 

I ncuba t i ng sol u t i on s  

1 )  E l ectrode buffer 

0 . 06M sodi um barb i to l  

0 . 06% mercaptoethanol  

2 )  Substrate buffer 

O . lM Tri s -HCl pH 7 . 2  

3 )  Su b strate med i um - Due to the 

s u bstrate med i um i s  made up  as a 

pho sphocreati ne  

hexok i nase  

G6PD 

g l ucose  

AMP 

ADP 

NADP 

MTT 

PMS 

MgC 1 2 · 7H20 

Tri s -HCl  buffer 

nobl e a gar  

Techn ique 

= 12 . 4g/l  
= 600f.l l / l  

sol ubi l i ty of the 

0 . 5% a gar  gel . 
= 73 1mg 
= 2 . 3mg 
= 1301 . u .  
= 1 50mg 
= 35mg 
= 80mg 
= 50mg 
= 25mg 
= 2 . 5mg 
= 150mg 
= 100ml 
= 0 . 5g 

enzyme the 

Pre- soak • r i ta n  I I I • cel l u l o se  acetate p l ates in the e l ectrode 

buffer for 20 m i nutes , then app ly  four  0 . 25f.l l  sampl es  of  enzyme 

so l ut ion  to each pl ate . 

E l ectrophorese  a t  250 vo l ts for 90 mi nutes . 

App l y  l . Oml of  substrate gel to a n  unu sed cel l u l ose  acetate 
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p l ate tha t has been pre-soaked i n  s ubstrate buffer for 20 mi nutes , 

bl o tted a nd a i r  dri ed . 

Al l ow the substrate to soa k  i n  for 1 mi nute , b l ot  the p l ate and  

app l y  i t  fi rml y to  the  enzyme p l ate . 

· I ncuba te for 20 mi nu tes  at  37°C i n  darknes s .  

Fi x and  c l ear  p l a te a s  fol l ows : 

5% acet i c  ac i d for 10  mi nutes 

methanol for 2 mi nutes 

c l eari ng sol u t i o n  for 5 mi nutes 

Ai r dry p l a te a nd photogra ph . 

ESTERASE 

A .  Hi s tochemi stry 

Reference : Pearse ( 1 968 ) . 

Preoara t i on of  ti s sue secti ons 

Fre s h  frozen s e c t i ons  cut  at a pprox . lO�m . 
Fi x i n  10% neutra l buffered forma l i n  for 1 5  m i nutes at  4°C .  

Was h  i n  d i s t i l l ed water . 

Ai r dry .  

I ncubat i ng so l ut i o n s  

1 ) 0 . 2M phosphate buffer pH 7 . 4 

So l u ti on A 

Na2HP04 · 1 2H20 

Sol u t ion  B 

= 7 . 164g/ l00ml 

NaH2Po4 · 2H20 = 3 . 12 1 g/ 100ml 

40 . 5ml A +  9 . 5ml B = 50ml buffer pH 7 . 4  

2 ) Hexazoti zed pararosa n i l i n  sol u t i o n  

Sol u t i on A 

para rosan i l i n hydroch l or i de 

d i s ti l l ed water 

cone . HCl 

= 1 g  

= 20ml 

= 5ml 

Warm gentl y ,  cool , fi l ter , store i n  dark . 



3 )  

So l u t ion  B 

Fresh ly  prepared 4% sod i um n i tr i te .  

I n�ed i a te ly  pri or  to use , mi x equal vol umes 

of A and B ,  adj u st  to pH 5 . 0 .  

Substrate med i um 
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a naphthyl acetate = 50mg ( OM I T  FROM CONTROL S )  

pho sphate buffer = 75ml 

water = 25ml 

hexa2.oti zed pararosan i l i n = 8ml 

Techni� 

I ncubate i n  substrate med i um for 20 mi nutes  at  25°C .  

Wa sh  bri efl y i n  wa ter . 

Countersta i n  i n  Mayer 1 s  haema l um for 5 mi nutes . 

Wa s h  for 30 mi nutes . 

Dehydrate i n  a l cohol s fo l l owed by xyl ene . 

Mount  i n  D . P . X .  

B .  Po l yacryl ami de  g�l e l ectrofocu s s � 

Reference : Jarec ki  et al .  ( 1 970 ) . 

I ncubat i n����� ons  

1 )  O . lM Tr i s -HCl buffer pH  7 . 4 

2 )  Substrate med i um 

Technique 

a naphthyl phosphate 

Fa s t  Red Tr 

Tr i s -HCl buffer 

= 40mg 
= lOOmg 
= lOOiill 

Wa sh  gel for 5 mi nutes  i n  Tri s -HCl buffer a t  4°C .  

I ncubate gel i n  substrate med i um for 1 5  mi nutes  a t  25°C .  

Immerse gel  i n  fi x i ng sol ut i on  for 30 mi nutes . 

Photograph a nd scan . 

Cover w i th pl a s t i c  for s torage . 



GLUCOSE-6-PHOSPHATE DEHYDROGENASE 

A .  H i s tochemi s try 

References : Pearse ( 1968 ) ; Pette a nd W immer ( 1979 ) . 

Prepara t i on of  ti s s ue s ect i on s  

Fresh frozen sec t i ons  cut  a t  approx . 10�m . 

F i x i n  acetone for 2 mi nutes  a t  2°C .  

Ai r dry .  

I ncubat i ng sol u t i o ns  

1 )  0 . 05M g l ycyl g l yc i ne-HCl buffer pH  7 . 6  

g l ycyl g l yc i ne free ba se  

adj u s t  pH  wi th HCl 

= 6 . 6g/ l 

2 )  Subs trate med i um - Due to the sol ub i l i ty of the enzyme , 

the substrate med i um i s  made u p  a s  a s er i es of  1 . 5% a garose  

gel s formed between two cover s l i ps s paced by ma tchst i c ks . 

One of each  of the cover s l i ps i s  removed a nd the gel s 

p l a ced over the ti s sue sec t i ons . 

So l ut ion  A 

0 . 05M g l ycyl g l yc i ne-HC l  buffer = 50ml 
pH 7 . 6  

a garose  = 1 . 5g 

Sol ut i on  B 

1 9 1  

g l ucose-6-pho sphate = 673mg ( OM I T  FROM CONTROLS ) 

NADP = 149mg 

NBT = 123mg 

KCN = 6 . 5mg 

PMS = 6 . 1mg 

EDTA -- 187mg 

O . OSM g l ycyl g l yc i ne-HCl buffer = 50ml 
pH 7 . 6  

A +  B = lOOml 1 . 5% aga rose  subs trate gel  



Tec_b_n i  que 

App l y  substrate gel s fi rml y  

I ncuba te 1 5  mi nutes  a t  37°C i n  darknes s . 

Remove gel s and  wa sh  s l i des i n  water . 

Immerse i n  acetone for 10 mi nutes to d i s sol ve monoformazans . 

Immerse i n  10% forma l i n  for 5 mi nutes . 

Countersta i n  wi th 1% safra n i n  for 20 seconds . 

Dehydrate i n  a l cohol s fo l l owed by xyl ene . 

Mount  i n  D . P . X .  

B .  Polyacryl am�el el ectrofocuss i ng 

References : Harri s a nd Hopki nson  ( 1976 ) ; Vergnes ( 1979 ) . 

I ncubat i ng sol u ti o ns 

1 )  0 . 2M Tri s -HCl  pH 8 . 0  

2 )  Substrate med i um 

g l ucose-6-phosphate = 300mg 

NAD.P = lOOmg 

MTT - 12mg 

PMS = 12rng 

MgC1 2 . H20 = 400mg 

0 . 2M Tr i s -HCl  pH 8 . 0  = 150ml 

Techn ique 

Wa sh  ge l  for 5 mi nutes  i n  Tr i s -HCl  buffer at 4°C .  

I nc ubate gel i n  subs tra te so l u t i o n  for 30 mi nutes a t  37°C 

i n  darkness . 

I mmerse gel i n  fi x i ng sol u t i o n  for 30 mi nutes . 

Photogra ph and sca n .  

Cover wi th pl a st i c for s tora ge .  
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LACTATE DEHYDROGENASE 

A .  H i s tochemi stry 

References : Fa h i mi ( 1964 ) ; Pette et a Z .  ( 1979 ) . 

Prepara ti on of  t i ssue  sec t i ons  

Fresh frozen sect ions  c ut  a t  approx . 10�m . 

F i x  i n  aceto�e for 2 mi nutes a t  2°C .  

Ai r dry .  

I ncuba t i ng sol u t i ons 

1 ) 0 . 2M Tri s -HCl  buffer pH 7 . 4 

2 ) Subs trate med i um - Due to the so l ub i l i ty of the enzyme , the 

subs trate med i um i s  made up as a seri es of  1 . 5% a garose  gel s 

formed between two cover s l i ps s paced by ma tchs t i c ks . One 

of each of the cover s l i ps i s  removed and the gel s p l aced 

over the ti s sue  secti ons . 

So l uti on A 

0 . 2M Tr i s - HCl buffer pH 7 . 4  = 50ml 

agarose  = 1 . 5g 

So l ut i on  B 
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L i th i  urn 1 acta te = 1 . 15g  ( OM I T  FROM CONTROLS ) 

EDTA = 

NBT = 

PMS = 

NAD = 

KCN = 

Tri s -HCl buffer = 

A + B = lOOml 1 .  5% a garose  subs tra te 

Technique_ 

App l y  substrate gel s fi rml y .  

I ncubate 1 5  mi nutes a t  37°C i n  darknes s . 

Remove gel s and  wash s l i des i n  water . 

186 . 6mg 

123mg 

6mg 

lOmg 

6 . 5mg 

50ml 

gel 

Immers e  i n  acetone for 10 mi nutes to d i s sol ve monoformazan s . 



Dry a nd counters ta i n wi th 1%  safra n i n for 1 - 2  mi nutes . 

Dehydrate i n  a l cohol s fo l l owed by xyl ene . 

Mount  i n  D . P . X .  

Store i n  the dark . 

B .  Pol yacryl ami de gel  e 'l ec;trofocus� 

Reference : Chua e t  a Z .  ( 1978 ) . 

I ncubati ng sol ut ions 

1 )  0 . 05M Tri s/g lyc i ne buffer pH 8 . 4 

Tri s 

g l yc i ne 

2 ) Substrate med i um 

L i th i um l actate 

s -NAD 

NBT 

PMS 

water 

Tri s/g l yc i ne buffer 

Techn ique 

·- 6g/ l 

== 28 . 8g/l  

== 600mg 
== 40mg 
== 20mg 
== 1mg 
== 16ml 
== 90ml 

Wa s h  gel for 5 m i nutes  i n  Tr i s/g lyc i ne buffer a t  4°C .  

I ncuba te gel  i n  s ubstra te so l ut ion  for 30 mi nutes a t  25°C 

i n  darknes s . 

Immerse gel i n  fi xi ng  so l uti on  for 30 mi nutes . 

Photogra ph a nd sca n . 

Cover wi th  p l a s t i c  for s torage . 
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LEUC I N E  AM I NOPEPT I DASE 

A .  H i s tochemi stry 

References : Burs tone and  Cook  ( 1 956 ) ; S haw and Cook  ( 1979 ) . 

Prepara t i on of ti ssue sect ions  

Fresh  frozen secti ons cut  a t  a pprox . 10�m . 

Fi x i n  10% neutral buffered forma l i n  for 1 5  mi nutes a t  4°C .  

Was h  i n  d i s t i l l ed water . 

Ai r dry for 2 hours . 

I ncubat i ng sol ut i ons 

1 )  0 . 2M Tri s -HCl buffer pH 7 . 1  

2 )  Substrate med i um 
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t- l eucyl B-naphthyl ami de  

Fa s t  Bl a c k  K 

= 35mg ( OM I T  FROM CONTROLS ) 
. . 105mg 

Tri s -HCl  buffer = 35ml 

water = 140ml 

Techn ique  

Fi l ter the  subs trate med i um i nto Copl i n  jars  conta i n i ng s l i des . 

I ncubate for 60 mi nutes a t  25°C .  

Wa s h  for 2 mi nutes . 

Countersta i n  wi th Mayer ' s  haema l um for 3 mi nutes . 

Wa s h  for 1 5  mi nutes . 

Mount i n  g lycer i ne je l l y .  

B .  Polyacryl ami de gel e l ectrofocuss i ng 

Reference : Shaw a nd Pra sad ( 1970 ) . 

I ncubat i ng so l ut i ons 

1 )  0 . 2M Tri s -ma l eate buffer pH 6 . 0  

So l ut i on  A 

Tri s 

ma l ei c  a c i d  

= 24 . 2g/l 

= 23 . 2g/ l  



Sol ut ion  B 

0 .  2M NaOH = 8g/l 

250ml A + 130ml B + 620ml H2o = 1000ml buffer pH 6 . 0  

2 ) Substrate med i um 

Techn ique 

1-l eucyl B-na ph thyl ami de  

Bl ack  K 

Tri s -ma l eate buffer 

Fi l ter substrate med i um 

Wash  gel  i n  buffer for 5 mi nutes . 

= 40mg 

= 100mg 

- 100ml 

I nc ubate gel i n  subs trate med i um for 1 0  mi nutes  a t  37°C .  

Immerse gel i n  fi xi ng so l u ti on  for 30 mi nutes . 

Photograph and scan gel . 

Cover wi th p l a s ti c for s torage . 

MYOS I N  ADENOS I NE TRI PHOSPHATASE 

A .  H i stochemi stry 

Reference : Dav i es a nd Gunn ( 1972 ) 

Prepara ti on of  t i s su� sec t i ons  

Fresh  frozen secti ons c ut  at  a pprox . 10�m . 

Fi x i n  cacodyl a te buffered forma l dehyde pH 7 . 0 for 2 mi nutes . 

Was h  i n  di s ti l l ed wa ter . 

Ai r dry .  
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I ncubati ng sol ut ions  

1 )  Cacodyl a te buffered forma l dehyde pH 7 . 0  

sodi um cacodyl a te . 3H2o = 0 . 14g 

0 . 2M HCl  = 6 . 3ml 

40% forma l dehyde = 20ml 

d i  s ti 1 1  ed water = 200ml 

2 )  Substrate med i um 

ATP ( d i sod i um sa l t )  = 90mg 

CaCl 2 . 6H20 = 120mg 

Tri s = 1 . 45g 

d i s ti l l ed wa ter = 45ml 

Adj u s t  to pH 9 . 5  wi th 0 . lN HCl  

Add d i s ti l l ed water to vo l ume = 60ml 

Techn ique_ 

I ncubate i n  subs trate med i um for 20 mi nutes  a t  37°C .  

Was h  i n  two changes of  d i sti l l ed water . 

Immerse i n  2% coba l t ch l ori de for 3 mi nutes . 

Wa s h  i n  two changes o f  d i s ti l l ed water . 

Immerse i n  i% ammon i um su l ph i de for 30 seconds . 

Wa s h . 

Mount  i n  g l yceri ne je l l y .  

B .  Po l yacryl ami de gel el ectrofocuss i ng 

Reference : Dav i es a nd Gunn ( 1 972 )  

I ncuba t i ng so l ut i o ns 

As for h i s tochemi s try . 
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Tech n ique 

Was h  gel bri efl y  i n  d i sti l l ed water . 

I mmerse i n  cacodyl ate buffered forma l i n  for 3 mi nutes  

D i p i n  d i s ti l l ed wa ter . 

I ncuba te i n  subs tra te med i um for 15  mi nutes  at  25°C .  

Was h  twi ce i n  d i s t i l l ed wa ter . 

I mmerse i n  2% coba l t ch l or i de  for 5 mi nutes . 

Was h  for 1 hour wi th severa l c ha nges of  d i s ti l l ed water a t  4°C .  

I mrnerse i n  1% ammon i  urn su l ph i de for 2 mi nutes . 

Wa s h . 

I mmerse gel i n  fi xi ng so l u t i o n  for 30 mi nutes . 

Photograph . 

Cover wi th pl a st i c for s torage . 

SUCCI NATE DEHYDROGENASE 

A .  H i s tochemi stry 

Reference : Pearse  ( 1968 ) . 

Prepara ti on of ti s sue sec ti ons 

Fresh  frozen s ect i ons  cut at a pprox . lO�m . 

Fi x i n  acetone for 2 mi nutes  a t  2°C .  

Ai r dry .  

I ncubat i ng sol ut i ons  

1 )  O . lM phosphate buffer pH  7 . 6  

So l uti on  A 

KH2Po4 

Sol uti on B 

= 9g/l  

Na2HP04 
= 9 . 4g/ l 

10ml A +  90ml B = 100ml buffer pH 7 . 6  
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2 ) Subs tra te med i um 

sod i um succi nate = 1 . 35g ( OM I T  FROM CONTROLS ) 
NBT = 50mg 

d i s ti l l ed water = 7 5ml 

phos phate buffer = 25ml 

Techn ique 

I nc ubate i n  s ubs trate med i um for 50 mi nutes at 37°C .  

Was h .  

Fi x i n  10% neutra l  buffered forma l i n  for 10 mi nutes . 

�la sh . 

Ai r dry .  

Immerse i n  acetone for 10  mi nutes  to remove monoforma zans . 

A i r dry .  

Countersta i r. wi th 1% safra n i n  for 20 seconds . 

Dehydra te i n  a l cohol s fo l l owed by xyl ene 

Mount i n  D . P . X .  

B .  Polyacryl ami de gel  e l ectrofocuss i ng 

I ncubati ng sol ut i ons 

1 ) 0 . 1M Tri s -HCl pH 7 . 4 

2 ) Substrate med i um 

sodi um succ i nate 

MTT 

= 675mg 

MgC 1 2 . 6H20 

CoCl 2 . 6H20 

sodi um a z i de 

NaCN 

Tri s -·HCl  buffer 

= 

= 

= 

= 

= 

= 

40mg 

lOmg 

60mg 

60mg 

49mg 

lOOm·l 

( i nh i bi ts resp i ra -
tory cha i n ) 

( i nh i b i ts res pi ra-
tory enzymes ) 



Tec hn ique  

Wa sh  gel  for 5 mi nutes  i n  Tr i s -HCl buffer a t  4°C .  

I nc uba te gel i n  substra te med i um for 30 mi nutes a t  25°C .  

Immerse gel i n  fi xi ng so l u t i on for 30 mi nutes . 

Photograph and  scan . 

Cover wi th p l a s t i c  for s torage . 
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