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i. 

ABSTRACT 

The hyperg l y c aemi c r e s pons e  in adu l t  cows to the s ub c u t aneou s 

inj e c t ion o f  b e t ame thas one a t  0 . 04mg / kg body we i gh t  was 

s tu d i ed u s ing four d i f ferent formu l a t ions o f  the drug . 

Th e s e  were Be t s opart  and B e t s o l an , aqueous su s pens ions  o f  

b e t ame tha s one o f  lOmg /ml and 2mg /ml r e s p e c t ive l y  and Smg /ml 

and 2mg /ml p r epara t ion s  produ c e d  by d i lu t ing B e t s opar t w i th 

wa t er imme d i a t e l y  pr ior t o  inj e c t ion . Four t r e a tmen t group s 

and one c on tr o l group each o f  four c ows were b l e d  daily for 

1 2  days w i th the be t ame tha s one b e ing g iven on day 4 .  A l l 

t r i a l  b l oo d  s amp l e s  were c o l l e c t e d  u s ing fluo r i de-oxa l a t e  

a s  an t i c oagu l an t wh i ch wa s shown t o  r e su l t  i n  l ower p l a sma 

g lu c o s e  l eve l s  than in EDTA p l a sma o r  s e rum . 

D a i ly p l a sma g lu c o s e  c onc en tr a t ions we re de t e rmined u s �ng 3 

analy t i c a l  me tho d s . The a lka l ine f e r r i cyan i d e  me thod , a s  

an t i c i p a t e d , gave h i gher g l uc o s e  l ev e l s  than the g lu c o s e  

o x i da s e  me tho d , and unexpe c te d l y , the oxygen e l e c trode 

me thod a l s o  over e s t ima ted the  g l uc o s e  c oncen t r a t i on . 

D e s p i t e  d i f ference s in the ana l y t i c a l  me tho d s  i t  wa s sh own 

t h a t  the l Omg /ml Be t s opar t and the two 2mg /ml prepara t ions 

( Be t s o l an and d i lu t ed Be t s opar t )  gave s imi lar peak p l a sma 

g luc o s e  concen t r a t i on s  wh i l e the Smg /ml d i l u t e d  Be t s opar t 

g ave a s ign i f i c an t l y  h i gher peak . The l ongev i ty o f  the 

hyperglyc aemia wa s grea t e s t  in the l Omg /ml and Smg /ml 

t re a t e d  group s and le s s  in the two 2mg /ml group s . 
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1 . 

CHAPTER 1 

INTRODUCTION 

The abi l i ty of be tamethasone to raise blood g lucose leve� i s  

we l l  known,however the degree and longevity o f  the hyper­

g lycaemia i s  not only dependent on the dose rate of the 

d rug but also on the concentration of the drug in the 

i n j e c ted preparation . 

Thi s  s tudy was carried out to compare the e f fe c t  of four 

d i f ferent formulation s  of be tame thasone ( lOmg/ml , Smg/ml and 

two of 2mg/ml ) on blood g lucose leve l s  in cattle when 

admin i s tered at the s ame dose rate . 

B lood glucos e  leve ls we re measured us ing three commonly used 

analytical method s to inve s tigate the corre spondence between 

the methods . The effect of var ious anticoagulants on plasma 

g l ucose leve l s  compared to s erum glucose concentrations was 

a l so inve s t igated as was the e f fect of time between b lood 

col lection and the separation o f  plasma or s erum f rom the 

erythrocytes. 



2 . 1  SUBJECT REVIEW 

CHAPTER 11 

2 .  

The outer portion of the adrenal g land , the adrena l cortex , 

produ c e s  a number of potent hormone s  a l l  of whic h are s teroid 

derivatives hav ing the c har acter i s tic cyc lopentano­

perhydrophenanthr ene nuc l eu s . The mos t  important one s are 

hydrocor t i sone ( cor t i sol ) , co�icosterone and a ldos terone . 

The se naturally occurr ing s teroid s , together with synthe tic 

compound s having s imi lar activity , ar e termed cor t icosteroid s .  

Cor ticosteroids inf luence a mu ltitude of phys iolog ical 

proce s se s , inc lud ing e lec trolyte balance and carbohydr ate 

metabo l i sm and are u sua l ly c la s s i f ied as mineralocorticoid s 

(main e f f ec t  on e lec trolyte metabo l i sm )  or g lu cocorticoid s  

(marked e f f ect on carbohydrate metabo l i sm )  respective ly . The 

whole sub j ect of steroid hormone s is very wide , therefor e , 

only g lu cocor ticoid s  and the ir effec t  on carbohydrate 

metabo l i sm wi l l  be empha s i z ed here . 

2 . 1 . 1  Chemistry of Cor t icosteroid s 

The chem i s try of cor ticos teroids ha s been rev i ewed by many 

au thor s (Steele (1975), Grodsky (1977), Anon (1977) 

and McDonald (1977) ). 

The pregnane nuc leu s of corticosteroid s contains four r ing 

s truc tures which are composed of twenty-one c arbon atoms 

( F ig 1 ) . Carbon - 2 1  is a lways hydroxylated in both g lu co­

cor t i coids and mineralocor ticoid s . A double bond between 

pos i t ion four and f ive p lu s  a ketone group at pos i t ion three 

in the r ing are nec e s sary for typica l corticosteroid activ i ty 

( F ig 2 )  . The ketone grou p  at the twentieth carbon atom i s  

a l so r e sponsible for bei ng biolog ic a l ly active and e s ter if i c at­

ion of the hydroxyl group on c arbon 2 1  prolongs the 

pharmacolog ic action of the se steroids a lthough the potency i s  

r educed . Oxygenation of the e leventh carbon atom is  very 

important for g lucocort icoid activ i ty and hydroxylation of the 

s ix teenth and s eventeenth c arbon atoms further s tr engthens the 



3 . 

glucocor ticoid activity ( F ig 3 ) . In add i tion , f luorination 

of the s ix th, ninth or twe l f th carbon atoms increases the 

potency of glucocor ticoid s  whereas methylation of the s ixth 

or s ixteenth carbon atom decreases the sa lt-retaining e f fects . 

Mos t  of today's synthetic corticosteroid s for therapeutic use 

are based upon the knowledge of the chemistry of natural one s . 

Thu s , introdu ction of a double bond between pos i tion one and 

two on the corti sone and hydrocorti sone molecu l e s  produc e s  

pred n i sone and predni solone r e spec tively , the g lu cocort i coid 

potency being improved approx imately fourfold ( F ig 4 and 5) . 

In  the next s tep , the additions of a f luorine atom at position 

nine and an hyd roxyl r adical at pos ition sixteen produce 

triamcinolone ( F ig 6 )  whereas fur ther improvement wa s 

achieved by r eplac ing that hyd roxyl rad ical at pos i t ion s ix­

teen wi th a methyl group to produce betamethasone ( F ig 7 ), 

the resu l tant g lucocorticoid potency being some thir ty to 

for ty times that of cor ti sone wi th neg l igible minera locorticoid 

ac tiv i ty . Hence the mineralocorticoid and glucocor ticoid 

ac t ivities of corticos teroid s hav e  been succe s s fu l ly separated 

and u s ed for each spec i f i c  role in electrolyte balance and 

carbohydrate metabolism . 

Cort i sol ( hydrocorti sone ) and cor ticos terone ( F ig 8 )  are the 

principal g lucocorticoid s of the adrenal cor tex . Cor t i sol 

predominate s 1n man , pig and dog whereas corticosterone 

predominate s in the birds , rabb i t ,  mouse , rats and other 

rodents . The ruminant is intermediate since i t s  adrenal s  

secrete both . 

2 . 1 . 2  Phys iolog i cal E ffects and Mechan i sm of Ac tion of 

G lucocor t i coid s 

The phy s iolog i c a l  ef fects and mechani sm of action o f  g luco­

corticoid s has been reviewed by many au thor s (Fri e d en and 

Lipner (1971), S te e 1 e  (1975), Grodsky (1077), Anon (1977 ), 
McDonald (1977) and Exton (1979). 

Mos t  of the metabolic action of adreno-cortical ex tracts have 

been attributed to the e f f e c t  of the glucocortico id s .  
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Figure 1: 
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Glucocor t i coid s show d i f f erent phys iological e ff e c t s  on the 

metaboli sm of var ious t i s sues . The general ac tions of 

g lucocor t i coids on carbohydrate, l ipid and protein metabol i sm 

are shown in Figure 9. On mos t  ti ssues, glucocorticoid s 

induce catabol ic actions, but in l iver they produce anabolic 

e ffects . Gener ally glucocor t i coid s promote hepatic g lu co­

neogene s i s, incr ease protein d egrad ation in the per ipheral 

t i s sues (mu sc le, ad ipose and lymphoid tissue ) and induce 

ad ipose t i s sue l ipolys is . In the per ipheral t i s su e s  g lucose 

uptake, g lycolys is, protein synthe s i s  and fat synthe s i s  are 

depre ssed . Glycerol from ad ipose t i ssue lipoly s i s  dl1d amino 

a c ids released f rom mu scle, skin and connective t i s sue are 

good precu r sor s for gluconeogenes i s . In the ruminant propionic 

ac id is  the maj or sour ce of glucose. The subsequent 

conver s ion of these subs tr ate s into glucose by the l iver and, 

to a les ser extent, by the kidney i s  always acce lerated by 

g lu cocor t i coid s . Another e f f e c t  of glucocor t i coid i s  to 

d e crease the uptake and u t i l i z at ion of glucose by per ipheral 

t i s sues, thu s conserving c ircu lating carbohydrate . Thi s  

periphera l  antagonism to insul in, s imi lar to that o f  growth 

hormone, c au se s  hyperglycaemia .  In monogastric animal s  the se 

e f fects cau se an increase in l iver g lycogen whereas hyper­

g lycaemic e f fects are muc h  more marked in ruminants . 

The me tabo l i c  functions of glucocorticoids on carbohydrate 

me tabo l i sm may be d i scu s s ed in terms of acute and chroni c  

phases ( Fi g  10 ) . In  the f ir s t  phase, there i s  a rap id net 

trans fer of amino acid s  f rom musc le to liver and kidney 

t i s sues, where pre-ex i s ting g luconeogenic enzyme sys tems 

conver t amino ac id s  into g luco se . In the l iver, glucocorticoid s 

c an induce the rap id biosynthe s i s  of hepatic en zyme s su ch as 

a l anine- a-ketoglutarate, tyros ine transaminas e s, tryptophan 

oxygenase ( tryptophan pyrrolase ), ornithine decarboxyl as e, and 

glutamic-pyruvate transaminase which are involved in amino 

acid s  metabo l i sm .  These g lu cogenic en zymes make the carbon 

skeletons of numerous ami no acids avai lable for subsequent 

g lucogenes i s . ( Drugs like actinomycin D, cyc loheximide and 

puromycin prevent the transcription, trans lation and actions 

of these en z ymes by glucocort i coid s) . There i s  a l so increased 
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( a )  Acute and ( b) c hronic e f fe c t  o f  
g lucocorticoids o n  c arbohydrate metabo l i sm .  
The arrow ending i n  a bar ( � ) indicates 
an inhib i tory e f fe c t . Unblocked arrows 
indicate s t imulation . 
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r e lease of f atty acid s  and g lycerol from ad ipose tis sue to 

the l iver, where the g lycerol can contribute to g luconeogene s i s  

and where the increased fatty acid l evel inhibi t s  key l iver 

g lycolytic enzyme s ,( phosphof ructokinas e, pyruvate kinase, 

c itrate synthase) , thus reduc ing g lucose breakdown . An 

increase in g lycogen synthe tase and pyruvate carboxylase 

activity contributes to an increase in l iver glycogen ( F i g  l O a ) . 

The mos t  signif icant chronic e f fect of glucocorticoid action 

i s  the stimul a tion of biosynthe s i s  of enzyme s involved ln 

g l ucogene s i s  that d ivert carboydrate precu r sors to g lucose 

formation ( F ig l O b )  . The key en z yme s in the regulation of 

g luconeogene s i s  ( pyruvate c arboxyl as e, phosphoenolpyruvate 

c arboxykinase, f r uctose-1 ) 6-diphosphatase, and g lucos e - 6 -

pho sphatase ) are a l so incr eased, pos s ibly by the g lucocorticoid 

s t imulation of a f unctiona l  gene tic unit in the nuc leus which 

controls the ir synthe s i s . At thi s mol ecu lar and genet i c  leve l 

insulin acts as a suppre s sor of the s e  g lucogeni c  enzyme s, 

inducing glycogenic and g lycolytic enzyme s ( F ig l l )  . 

I n  the l iver, g lucocorticoids not only increase amino ac id 

conv er s ion to glucose but a l so incorporation of carbond ioxide 

i nto glucose, via carbond ioxide f ixation, par t i cu larly at the 

l ev e l  of pyruvate carboxy lase . Thu s  g lucocorticoid s p lay a 

v i tal role i n  regulating carbohydrate metabo l i sm .  Other 

me tabolites such as l actate and propionate can enter the gluco­

neogenic pathway through the tr icarboxylic acid cyc le . 

I n  mod i fying enzyme activ i t ies, g lucocorticoids act at the 

molecu lar leve l in a way s imilar to that of other s ter iod 

hormone s on their target t i s sue s . Thi s  mechani sm involve s  

modulat ion o f  DNA transcription into m RNA by a s teroid­

r e ceptor complex formed in the cytopl asm ( F ig 1 2 ) . 

Other important glucocort i coid actions are : -

( a )  Musculo-skeleta l  system : 

Glucocorticoid s  cau s e  mus c l e  was t ing by increasi ng the 

mobi l i zation of amino ac id s from muscle protein and by 

decreas ing the uptake of amino acids by muscle f ibr e s . 

NASSEY UNIVERSITY 
LIBRARY 



FIGURE 1 1: . The actions of glucocorti coids and insulin on carbohydrate rne tabol i:stn . 
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FI GURE 12: The cel lular mechani sm of ac tion of 
glucocorticoids on the ir target t i s s ue s . 
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Increa s ed catabo l i sm o f  proteins lead s  to negative 

ni trogen balance and increased urinary e l imination of 

ni trogen and uric ac id . In the skeletal sys tem, exce s s  

g lucocorticoid cau s e s  impaired formation o f  carti l age , 

decrea sed bone format ion and os teoporos i s , decreased 

absorpt ion of calc ium from the gut ( antagon i sm to 

vi tamin D) and increased renal excretion of calcium and 

phosphorus . 

( b )  Immunological and anti-inflammatory effect : 

Glucocorticoid s have immuno-suppr e s s ive e f fects , since 

exce s s  glucocorticoid s cau se lys i s  of lymphocyte s and 

plasma ce l l s  with re lease of antibody and subsequently 

antibody leve l s  are lowered . 

G lucocorticoid s a l so suppre s s  the connect ive tis sue 

r e sponse to inj ury , whether traumatic , anaphylactic or 

inf e c t ive . They suppress the activity of f ibroblasts 

and granuloma formation and prevent lysosomal proteolytic 

en zyme s from e scaping to damage surround ing c e l l s . 

( c )  Hematopoietic system : 

I n  some spec ies glucocorticoid induce marked chang e s  in 

the total and d i f f erential white b lood cell counts 

( neutrophilic granu locytos i s , eosinopen i a  and lymphop enia ) . 

( d ) Vascu lar sys tem : 

Glucocorticoid s p lay an impor tant role 1n maintenance of 

arteriolar tone and b lood pres sure and are nece s sary to 

sen s i t i z e  the vascu l ar system to the pre s sor action of 

epinephrine and norepinephr ine ( important in shock and 

stre s s ) . 

( e )  Endocrine sys tem : 

Exce s s  glucocorticoid adminis tration suppre s s e s  the 

produc tion of adreno-cortico trophic hormone and/or the 

release of corticotropin re leas ing f a c tor . 
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( f )  Exocr ine system: 

The g lucocor ticoids may increase the secretion of peps in 

and hyd rochlor ic ac id from the s tomach . 

( g )  Water and e lectrolyte metabol i sm: 

Glu cocorticoid s exert much sma l l er effects on water and 

e lectro lyte metabo l i sm than the mineralo corticoid s . 

On ly excessive admin i s tration o f  cortisol cau s e s  sod ium 

r e tention and kal iure s i s . 

( h )  Cylic AMP: 

In some tis sue s, the g lucocorticoid s  decrease pho spho­

diesterase activ i ty, and thus act s imilarly to cyc l i c  AMP 

in increas ing pr otein metaboli sm, l ipoly s i s  and 

gluconeogene s i s  a lthough the ir pr imary ac tion i s  at the 

nuclear site . 

2 . 1 .  3 Appl ication of Glucocor ticoid s in Veterinary 11edicine 

The cor ticos teroids are among the mo st impor tant and wid e ly 

u sed prepar ations in the pharmaceutical armamentar ium . Thi s 

gr eat multiplicity o f  action and abi l i ty to inf luence a 

v ar iety o f  metabolic proce s s e s  j u s t i fy the ir use in many 

c l inical s i tuations in which they may p lay a pr imary or 

s upportive role . Cor ticosteroid substances with potent 

g lucocorticoid activ i ty are emp loyed in several ways in 

veterinary therapy . They are wid e l y  used in the treatment 

of inf lammatory d i se ase, hyper sens i tiv ity r eactions, some 

inf ectious conditions, shock and d i seases due to impaired 

metabo lism . 

Appl icat i on of g lucocorticoid s  in treatment o f  animal s  was 

introduc ed by many v eter inar ians and other s c ienti s t s  s ince 

1 9 50' s . Dye et a l  ( 1 9 5 3 )  reported the use of corti sone in 

the treatment o f  keto s i s  in dairy cows and f ound that thir teen 

cases of po stpartum keto s i s  in high-produc ing dairy cows were 

succe s s fu l ly treated with corti sone . Pater son ( 1 9 57 ) u s ed 

predniso lone in the treatment of bovine keto s i s . From that 

t ime, cor t i coids were recogni s ed f or keto s i s  treatment . The 
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therapeutic value of corti sone and adrenocorticotrophic 

hormone s had been demon strated by S haw et a l  (1952, 1955), 

McAu l i f f  e t  a l  (1954) and extended to hyd rocorti sone by 

S haw et al (1954), and prednisolone by Morri s  and Hall (1956) 

and S haw (1956). In 1959, Goetsch e t  al showed the e f f e c t s  

of four synthetic corticosteroid s o n  leukocytes, b lood 

g lucose and p lasma sod ium and pota ss ium in the cow . They 

proved that predniso lone, 9 a-f luoro-hyd rocorti sone and 9.a 

f luoro-pred n i solone were powerful in the ir abi l ity to ind uce 

an e levation of blood g lucose in the normal l actat ing cows . 

Nef f et al (1960 ) found 9 a-f luoro-prednisolone acetate to 

be sat i s factory for the treatment of bovine keto s i s  without 

af fecting the mi lk production . Gruchy e t  a l  (1963) made an 

inv e s tigation of the value of f ive treatment s  f or acetonaemia 

in Jersey cows and found that corti sone or ACTH treatment 

were the mo s t  suitable for the ketos i s . Burns (1963) 

reported that the g lu cogenic e f f ects produced by 

pr edni solone and betametha sone were consistent with tho s e  

observed in f ie ld c a s e s  of acetonaemia treated with tho s e  

compound s .  Thus the interest of many scien t i s t s  i n  

corticosteroids lead t o  a sympos ium he ld by the Veter inary 

Adv i sory Department, Glaxo Laboratories Limited, Greenford, 

Midd le sex at London in 197 1. In that sympo s ium Austin(1971) 

reviewed the use of glucocortico id s  by d i f ferent routes for 

var iou s  indications; experiences on d if ferent spe c i e s  were 

d i scus sed by the veterinarians . 

Glucocort i coids are not only useful for keto s i s, but are a l so 

u s e fu l  f or other treatments such as anti-inf l ammatory ther apy 

where they are e f f ective without regard to the aetiology. The 

mechani sm of the ir ant i - inf lammatory activ ity ha s not been 

f ul ly determined, but, may reduce hyperaemia, exudation, 

c e l lular i n f i l tration, increased capil lary permeabi l i ty, 

end othedial swe ll ing and release of vasoact ive factor s f rom 

plasma proteins ( e . g .  cortisol i s  used in c o l l agen di seases 

such as rheumatoid arthr i t i s ) .  
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I t  has long been known that i f  pregnant cows were treated 

with corticosteroid s, they of ten aborted . Thus the cortico­

s teroids were used in induced calving . I t  i s  postulated that 

the i n j ecti on of cor ticosteroid into a cow in the last two 

weeks of pregnancy wi l l  s t imulate the same re sponse 1n the 

darn as cor ti so l  production by the foetus toward s 

the end of a normal pregnancy . Welch �t af ( 1 973) showed the 

induction of partur ition in cattle with cortico s teroid s and 

proved that the mi lk production in cows fol lowing induced 

calving appeared to be about normal . Also it was shown that 

the infus ion of ACTH or hydrocorti sone into e i ther the foetus 

or its darn resu l t  in premature parturition ( Cornl ine et al 1 9 7 3 ) . 

There are contraind i c ations to the use of ACTH or gluco­

corticoid s ( e . g .  in late pregnancy, corneal u lcers, diabetes 

rne l l itus, hypertens ion, r enal insuf f ic i ency and so on ) . 

Und e s irable e f f ects somet ime s may occur dur ing the therapeutic 

use o f  cor ticostero ids ( e . g .  marked sod ium and water retent ion, 

polydipsia, po lyuria, weakne s s  and wasting o f  mus c les, 

weakening of connec tive t i s sue and osteoporo s i s  are seen in 

exce s s  treatment with g lucocorticoid s ) . 

The main obj ective of the present inve s tigation was the s tudy 

of the hyperglycaemic re sponse to a synthetic g lucocortico id . 
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2.2 METHOD REVIEW 

I n  this inve stigat ion , the f o l lowing three method s for 

d etermination of plasma g luco se were u s ed to monitor the 

hyperg lycaemic e f f ec t  of betamethasone therapy . 

2.2.1 Ferricyanide Reduction Method 

S ince the early years of the twentieth century, methods o f  

b lood sugar e s t imat ion wer e introduced by many scient i s t s  

(Benedict 1911, F o l i n  and W u  1919, O s e r  and Karr 1926, 

Somogyi 1927) . The ir method s were based on the reducing 

properties of blood sugar which can react with any oxidant 

such a s  copper or p icric acid in hot a lkaline solution s . 

This r educ tion was coupled with a co lour change and gluco s e  

concentration measured co lor imetr i c a l ly . Al though the blood 

s ugar value s from those method s were not "true glucose'' 

value s, they were widely used by many laborator ies at that 

t ime . The method u s ing the alka l ine f er ricyanide to oxid i z e  

the g lucose was introduced by Haged orn and Jensen (1923), and 

Hawkins and van S lyke (1929). There were other calorime t r i c  

method s such a s  the Q-toluidine method in which a n  aromatic 

primary amine, in g lacial acetic acid s o lution, can react 

with g lucose and y i e ld a s table green co lour which can be 

moni tored at 625 nm . Thi s method was introduced by Ek and 

Hultman (1957 , 1959) and mod i f ied by Duboski (1961) and 

Hyvarin and Nikk i la (1962) . 

The method used here was the f erricyanide method based on the 

method of Hof fman (1937 ). In princip le , hot alkal ine solutions 

of ferricyanide ion (ye l low ) can be reduced by g l ucos e  to 

f errocyanide ion (colourle s s )  . 

+e 

(gluco s e )  

(Ferr icyanide-f erric ion ) (Ferrocyanid e - f errous ion)  
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The decrease in colour of f e rr icyanide wa s measured at 4 20 nm 

by u sing a f low cuvette with 10 mm l ight path . The decrease 

in absorbance is  proportional to the g lucose concentration 

( inverse colorimetry )  . 
• 

Numerous mod i f ications have been app l i ed to thi s  method by 

many sc ient i s ts ( Rappaport & Eichhorn (j_950), f'ingerhut et a� ( 1 9 6 3 ) 

Hunter 1 9 6 7  ) . Thi s  me thod was ad apted for 

continuous - f low analys i s  by Johnson ( 1 9 5 8 )  and now we l l-known 

as Technicon N . 2 . b method . 

The a lkaline ferricyanide me thod is a reliable method wi th 

good reproduc ibi l i ty and repeatab i l i ty . The on ly defect i s  

i t  measure s not only g lucose but also o ther reduc ing 

sugar s . In spite of thi s l imitation , the me thod i s  used 

wide ly in c l inical laboratorie s . 

2 . 2 . 2 G luco se Oxidase En zymatic Method 

In 1 9 2 8 , Mu l ler d i scovered a new enzyme in the culture of 

Aspergi l lus niger and Penic i l lium glaucum and named it g lucose 

oxidase . He reported that the enzyme catalyses the oxidation 

o f  g luco se to gluconic acid . Franke and Lorenz ( 1 9 3 7 ) and 

Franke and De f fner ( 1 9 3 9 )  s ucceeded in par t i a l  pur i f ication 

from Aspergi l lus n iger and further identif i ed hydrogen 

peroxide as a second product of the g luco se oxidase reaction . 

Coulthard et a� ( 1 9 4 5 )  from Great B r i tain and Van Bruggen 

et a� ( 1 9 4 3 )  in the United S tates independently i s o l ated 

g l ucose oxidase from the c ulture of Penic i l l ium notatum and 

named it " No tatin " and " Penic i l lin B "  respective ly . 

I n  1 9 4 8 , Ke i lin and Har tree s tudied the enzyme extens ive ly 

and reported the inf ormation re lating to its a s say and i t s  

compos i tion a s  a f lavoprote in . S ince then the enzymat i c  

oxidation o f  glucose became intere s t ing t o  c l inical chem i s t s  

a s  the method i s  more spe c i fi c  for g lucose than other method s . 

The f i r s t  c l inical method using glucose oxidase for the 

mea surement of blood glucose was described by Froe sch and 
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Reno ld in 1 9 5 6 . In  the s ame year Ke ston introduced the 

coupled g luco s e  oxidase�perox idase enzyme system for the 

e s t imation of glucose in biological f lu id s  by u s ing the 

oxygen acceptor Q-toluid ine as a chromogen . Keston and 

Tel ler introduced Q-diani s idine as a c hromogen in 1 9 5 6 . 

Various mod i f i cations of this method have aimed at mod i fying 

the sensitiv ity and stab i l i ty of the co lour of the f inal 

product ( Huggett and Nixon 1 9 5 7 , Saifer and Gers tenfeld 1 9 5 8 , 

McComb and Yu shok 1 9 5 8, Wa shko and R i c e  1961, Ge t chell �� �! 
1964 ) . 

The princ iple of this method is  that g lucose oxidase catalyse s 

the oxidation of gluco se to g luconic acid and hydrogen 

peroxide . The f lav in-adenine dinucleotide ( FAD ) , pro sthe tic 

group of the enzyme, i s  the initial hydrogen acceptor for the 

oxidat ion of gluco se to g lucono lactone and in turn the 

reduced FAD is reoxidi z ed by mo lecu lar oxygen d i ssolved in 

the solution, the product of the reaction being hydrogen 

per oxide . I n  the pre sence of exce s s  peroxidas e  and 

chromogen, the hydrogen peroxide i s  rapidly reduced to water 

and the chromogen ox id i s ed to a coloured produ c t  (deep-pink)  

which can be moni tored at 520 nm . 

" Oxidation o f  glucose catalysed by glucose oxidase " 

( i )  ( i i )  

HOCH O=C 

I 
HCOH 

l 
HCOH 

I I 
+p-FAD ( glucose oxidas e ) �  HOCH 

I 
HOCH 

I 
HCOH HCOH I I 
HC -- o HC --0 

I I 
CH

2
0H CH

2
0H 

i3-D-glucose 8-D-gluconolactone 

+ p-FADH
2 

COOH 

I 
HCOH 
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I 
HCOH 

I 
HCOH 

I 
CH

2
0H 

D-gluconi c  
acid 



( ii i )  p - FADH2 + o2 

( iv ) 

--� 

Peroxidase
) H SO 2 4 
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Oxidised �-diani s idine + H 0 
(deep-pink colour ) 

2 

As this enzyme i s  specif ic for the B form of D glucose, some 

commercial preparations of glucose ox idase contains mutarotas e  

enzyme which can trans form the a forms t o  S f orm . The method 

i s  not inhibi ted by HCN, H2 s, HN3, NaF or ure thane (van Bruggen e.t al. 
1 943 ) ,  but ur ic acid, as corbic ac id, g lutathione, cyste ine, 

bilirubin, thymo l and catechols can interfere with the f inal 

co lour deve lopment ( Fale s 1 9 6 3 ) .  Apart from the se inter ­

f erence s, the method is  r e l iable, reproducible and spe c i f i c  

for g lucose . I ts spec i f i c ity was shown by many inves tigations 

(Midd leton and Gr i f f i ths 1 9 5 7 ,  Beach and Turner 1 9 5 8, 

King l sey and Getchell 1 9 60 ) . Thi s  method was adapted f o r  

continuous -f low analysis s ince 1 9 50's . 

Dur ing the 1 9 60's, other enzymatic a s say method s spec if ic 

for glucose were introduced by var ious s c ienti sts . S le in 

( 1 9 6 3 )  and Stark and Schmidt ( 1 9 6 8 )  used hexokinase and 

glucose- 6-phosphate dehydrogenase for blood glucose 

determination . I n  the pre sence of hexokinase and magne s ium 

ions, glucose c an be transf ormed to g lucose-6-phosphate . I n  

the pre sence o f  g lucose - 6 -pho sphate dehydrogenase, g lucose-

6 -phosphate i s  oxid i sed to 6 -phosphogluconate, thus reduc ing 

the coenzyme NADP to NADPH . The i ncrease in absorbance d ue 

to NADPH i s  equivalent to the glucose original ly present . 

Thi s  new yea s t-en zyme method i s  s imp le and highly specif i c  

and therefore i s  s t i l l  used a s  a r e f erence method . Exten s ive 

inve s tigations hav e  demonstrated that this method is 

e s sentially f ree from the inter ferences because g luco s e - 6 -

pho sphate d ehydrogenase i s  highly spec i fic for the intermed iate 

product glucos e - 6 -phosphate (Wright e t  al 1 9 7 1, Nee ley 1 9 7 2, 

Coburn and Carro l l  1 9 7 3 ) . I n  1 9 7 4 Bond ar and Mead showed 

that using glucose - 6 -phosphate dehyd rogenas e  from _Leuconos toc 

mes enteroide s  a l lowed NAD t o  b e  sub s tituted f or the more 

expens ive and less s table NADP+ . The use o f  eo- immobi l i z ed 

hexokinase/glucos e - 6 -pho sphate-dehydrogenas e  method s f or 
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glucose were introduced by Garber e t  a l  ( 1 9 7 8 )  and Leon e t  a l  
( 1 9 80 )  0 

2 . 2 . 3  Oxygen E lectrode Me thod 

In 1 9 6 5, Kad i s h  and Ha l l  repor ted a new method f or the 

continuous monitor ing of blood glucose by mea sur ing d i s so lv ed 

oxygen . The d i fference between the initial and f inal oxygen 

lev e l s  were d etected by a po larographic oxygen- analyser which 

was attached to a recorder . Thus oxygen dep letion was 

mea sured and interpreted as the g lucose concentration 1n the 

orig inal samp l e . In 1 9 6 7 ,  Upd ike and H icks d e s c r ibed a 

miniature e lectrical transducer: " The en zyme e le c trode " 

whi c h  was mad e by polyme r i z ing a gelatinous membrane of 

immobi l i z ed enzyme over a polarographi c  oxygen-e l ectrode . 

Thus the determination of g lucose concentrat ion by oxygen 

consumption method was gradually developed by further 

inv e s tigations ( Kad i sh et a l  1 9 6 8, Chua and Tan 1 9 7 8, Upd ike 

e.t M 1979, Sokol e.t at 1980). Thi s method is not only highly 

spec i f ic for g lucose , but also can avoid some of the 

problems assoc iated with the pr ev ious method because it 

mea sures oxygen con sumption ins tead of hydrogen peroxide 

f ormation . It was thus rapid ly and widely appl i ed in 

l aboratories throughout the wor ld . Becau se of its s imp l i c ity , 

rel iability and reproduc ibil ity , it  i s  we ll -known a s  one o f  

the ideal methods . 

The pr inc iple of an a l ternativ e  oxygen e lectrod e method i s  an 

arnperometric e lectrod e sys tem whic h c an respond to the hyd rogen 

perox id e . Whenever hyd rogen peroxide is produced by glucose 

ox id ation , i t  diffuses toward s the p l atinum anode of the 

senso.r probe wher e it is reduced to produce a s i gnal cu r rent . 

Thi s  current f low in the platinum anode circu i t  i s  compl e ted 

by the s i lv e r  cathode of the sensor probe . The serial 

reactions are as f o l lows: -

g luco s e  oxidase B-D-glucose + o2 ) Glu cono-d- lactone + H2o2 
platinum anode ) 2 H+ + 0 + 2 e 

2 

2.AgCl + 2 e s i lver cathode;:) 2 Ago + 2 C 1-
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At con stant chloride concentration , the potential of thi s 

reaction i s  practically ind epend ent of current, so the s i lver 

e lectrode provid e s  a s table reference potent i a l . The s i lver 

chlor id e  l ayer is regenerated spontaneou s ly by atmosphe r i c  

ox idation . 

4 AgCl + 4 OH 

Thu s any change in local concentration of hydrogen peroxid e 

causes a change in the current in the sensor probe electrod e s  

and the se s igna l s  are transf ormed t o  a voltage and shown o n  a 

d igital d i sp lay . 
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CHAPTER Ill 

3.1 ORGANI SATI ON OF THE TRIAL 

The trial wa s conducted us ing twenty adu lt cows from the 

Ma s sey Be s t  farm . All the trial cows were free -graz ing and 

non-lactating . 

3.1.1 Grouping of the Cows 

Twenty cows were d ivided into five groups of four , according 

to breed, age , body we ight and condi tion score ( Tabl e  1). 

Each group contained F r i e s i an and Jer sey or F r i e s ian and 

F r i e s ian-Jer sey cro s s  cows . The total body we ight of each 

group wa s ad j u s ted to between 192.5 to 20 2 kg . Each group 

also contained one pregnant cow . The group s were thu s 

matched a s  c lo s e ly as po s s ib l e . 

3.1.2 B leeding of the Cows 

Al l the cows were bled dai l y  for four days prior to and e i ght 

days after the inj ection of the drug . Every morning , between 

9 a . m .  and 1 0  a . m . , blood samples were collected by j ugular 

venepuncture into 10 ml f luor ide -oxalate veno j e c t(1) tube s , 

containing 20 mg pota s s ium oxalate and 25 mg sod ium f luoride . 

3 .1. 3 ADHINISTRATION OF THE DRUG 

Betsopart
(2)  or Betsolan(J) 

( 0 . 0 4 mg/kg body we i ght ) wa s 

inj ec ted subcutaneously in the neck after bleeding on the 

fourth day . The di lution o f  the drug with d i s t i l led water 

was made in the syringe j us t  be fore the inj e c tion . The amount 

inj ec ted is shown in Table l .  The control group was inj ec ted 

( 1 )  Venoject T-200PS VT- 1 00FX 
Jintan Terumo Co Ltd., Japan 

(2) betarnethasone aqueous suspension 1 0  rng/rn1 
G 1 axo Labor atories ( N.Z.) L td . ,  Pa1rnerston Nor th 

(3) betarne thasone aqueous suspe nsion 2 rng/rn1 
G 1 axo Laboratories ( N . Z . ) L td., Pa1rnerston Nor th 



TABLE I:  

Groups 

l 

Control 

2 

Standard 

Betsopart 

( 10 mg/ml) 

3 

Standard 

Betsolan 

( 2  mg/ml) 

4 

Diluted 

Betsopart 

( 5  mg/ml) 

5 

Diluted 

Betsopart 

( 2  mg/ml) 

23. 

BETAMETHASONE TRIAL PROTOCOL SHOWING THE GROUP ING 
OF THE COWS BY BODY �VE I GHT AND BREED , THE AMOUNT 
OF DRUG ADMINI STERED AND THE COMP OS I T I ON OF THE 
INJECTED DOSE . 

I 
Cow No Body Weight mg of betametha- Volume injected 

and breeds ( kg )  s o  ne (ml) 

xb D . 69 5 90 . 00 Dis tilled 
water lO . OOmJ 

xb 6 5 9  5 3 0 . 50 " 
F 204 4 90 . 50 " 
F 7 7  3 80 . 00 " 

Drug 

F 191 5 7 0 . 50 23.00 2 . 3  ml 

F 10 5 30 . 00 21 . 20 2 . 1 2 " 
F 16 5 20 . 50 21 . 00 2 . 10 " 
J 2 3 90 . 00 1 5 . 60 l .  5 6  " 

xb 41 500 . 00 20 . 00 10 . 00 ml 

F l 540.00 21 . 60 10 . 80 " 
x b  1 4  4 80 . 00 19 . 20 9 . 60 " 
F 7 6  4 2 0 . 50 1 7 . 00 8 . 50 " 

Drug Water 

F lOO 500 . 00 20 . 00 2 . 0  ml 2 . 0 ml 

F 39 5 80 . 00 2 3 . 20 2 . 3 2 2 . 3 2 

F 43 4 70 . 00 18 . 80 l .  88 1 . 88 

J 40 4 20 . 00 16 . 80 l .  6 8  1 . 68 

F 80 5 10 . 00 20 . 40 2 . 04 8 . 16 

F 15 5 50 . 00 2 2 . 00 2 . 20 8 . 80 

J 7 8  4 30 . 00 1 7 . 20 l .  7 2  6 . 88 

F 99 430 . 50 1 7 . 40 l. 7 4  6 . 96 

F = Fries ian 

J = Jersey 

xb = Fries ian/Jer sey cow 



with 1 0  ml o f  di stil led water . B leeding was continued 

through to the twe l f th day . 

3 . 2  COLLECTION AND PRESERVATI ON OF THE SAMPLES 

24. 

B lood sampl e s  were taken at approximate ly the same time on 

each occa s ion to minimise the po s s ible e f fect of diurnal 

change s in b lood gluco se leve l . The tubes were then 

centri fuged within one hour of b leeding ( 3 5 0 0  r . p . m .  for 

15 minute s )  . The plasma was separated from the red blood 

c e l l s , trans ferred to the labe l led auto analyser cup s , capped 

and s tored fro z en at - l 0
°

c .  

3 . 3  ANALYS I S  OF THE SAMPLES 

Three a s s ay methods were used to measure the plasma g l ucose 

leve l . A Chemlab
(4) 

continuous - f low analyse r  wa s used for 

the alka l ine - ferricyanide reduct ion me thod and the gluco s e ­

oxidase enzymatic method and a Y S I  Model 2 7  Glucose Analyse� S) 

was used for the oxygen e lec trode method . For prec i s ion 

control purposes , a control serum was analy s ed with every ten 

unknown s ample s .  A stock standard glucose of 55. SmH in 0 .  2 %  

benzoic a c id was prepared and d i luted wi th 0 . 2 % ben zoic ac id 

to make working s tandard glucose solutions covering the range 

of 1. 4mM to 8. 4mM . The same s e t  o f  six glucose s tandard s 

were used for a l l  three as say methods . 

3 . 3 . 1  Alkal ine Ferricyanide Reduc tion Method 

The method used was bas ed on the Technicon N . 2b procedure 

which is inturn modi f ied from a method by Hof fman ( 1 9 3 7 ) . 

The Cheml ab modules used and the mod i f ied manifold for the 

proportioning pump , together with the flow-rates u s ed are 

shown in Figure 1 3 . The s ampler was run at a rate o f  4 0  

samples per hour , with a 2: 1 ratio o f  samp l e -wa sh time . 

(4) Chemlab, England 
(5) Yellow S'prings Instrument Co . Inc., Yellow Spr i r.1gs, Ohio, u.S.A . 
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FIGURE 1 3: Chemlab-analyser modules and manifo ld s  for 
Alkaline ferricyanide reduction me thod for 
plasma gluco s e . 
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3 . 3 . 1 . 1  Reagents 

( a )  Saline: 

9 gm/1 sodium chlor ide containing 0 . 5  ml/1 3 0 %  Br i j - 3 5  

a s  a wetting agent . 

( b )  Alkal ine potas s ium ferricyanide solution: 

9 gm/1 sodium chlor ide , 2 0  gm/1 sodium carbonate , 

0 . 2 5 gm/1 potass ium ferricyanide and 0 . 5  ml/1 3 0 %  

Br i j - 3 5 . 

Thi s  was stored in a dark p lace at room temperature . 

3 . 3 . 1 . 2  Colo r imeter ad j us tment 

S ince increas ing concentrations of g lucose yield decreasing 

absorbances at 4 2 0  nm in thi s  procedure , the flow c e l l  was 

installed in the r i ght hand beam of the colorime ter so that 

decreasing absorbance gave a pos i tive ( left- to-right ) 

de flection of the recorder . The amount of l ight through the 

flow c e l l  was ad j us ted to g ive almos t  a ful l  scale reading 

from the high standard ( 8 . 4  mM), and the gain o f  the recorder 

used to set the reading of the reagent-only bas e l ine near to 

zero on the char t . 

3 . 3 . 1 . 3  Data proce s s ing : Ferricyanide me thod 

A plot of peak chart reading ver s us concentration of glucose 

in the s ix standards ( 1 . 4  mM to 8 . 4  mM) was curvi l inear and 

could not be l ineari sed by s impl e  trans format ion o f  the data . 

Consequently , the s tandard re spon se in each batch o f  assay s  

was fitted t o  a s ixth-order polynomial: 

. 2 3 4 5 Concentratlon = A + BR + CR + DR + ER + FR 

where R is the chart reading and A to F are cons tant s . The 

coe f f i cients A to F were computed on a Sharp PC 1 2 1 1  pocket 

computer using a programme based on 

programme P 4 -Al o f  the Sharp PC 1 2 1 1  Appl ications Manua l . The 

concentrations of unknown were then computed from chart readings 

using thi s f i tted curve . 
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3 . 3 . 2 Glucose Oxidase Enzyme Method 

The fol lowing method was based on that of Ro sevear et al ( 1 9 6 9 )  

mod i f ied for use with Chemlab modules and the available enzyme 

preparations . The method was glucose oxidas e  to catalyse the 

oxidation of glucose to g luconic ac id and hydrogen peroxide . 

An exce s s  o f  peroxidase ( hor serad i s h )  i s  used to oxidi se 

g -dianis idine with the peroxide generated , and sulp huric acid 

added to produce a deep-pink product from the chromogen ,  

ab sorbing at 5 2 0  nm . The man i fold used i s  shown in F i gure 1 4 . 

3 . 3 . 2 . 1 Reagents 

The s ame s tandards and control sera were used as in the 

ferricyanide reduc t ion method . 

( a )  Di luent: 

4 0  gm/1 Mgso4 . 7 H2o in 8 0 0  ml d i s t i l led water contain ing 

5 ml/1 2 0 %  Bri j - 3 5( l ) 

( b )  Rec ipient: 

16 . 1  gm/1 Na2 s o4 containing 1 0  ml o f  Triton x- 1 0 0
(2 ) 

per l i tre . 

( c )  Citrate buffer pH 5: 

2 1 . 0  g/1 citric acid monohydrate ad j us ted to pH 5 w i th 

5 0 %  ( w/v ) NaOH . 

( d )  Enzyme-dye reagent prepared by mixing the fol lowing 

solutions: 

( i ) 8 0 0  mg of Q-dian i s idine dihydrochloride( 3 ) in 

50 ml of d i s t i l led water . 

( i i ) 7 0 0  mg o f  glucose oxidase enzyme(4 ) ln 5 0  ml o f  

d i s t i l led water . 

( i i i )  2 5  mg o f  peroxidase
(5 ) 

in 2 5  ml water . 

( 1 )  B r i j  SP , Atlas Chemical Ind us tr i e s  

( 2 ) Triton x- 100 , Rohm and Haas 

( 3 ) Sigma 0 . 3 2 52 

( 4 ) S i gma Type II G . 6 1 2 5  
( 5 ) S i gma Type I P . 81 2 5  
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FI GURE 1 4 : Chemlab-analys i e r  modules and mani fold for 
glucose oxidase-peroxidase me thod for plasma 
g lucose . 
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( iv )  5 0 0  ml of c i trate buf fer solution ( pH 5 )  di luted 

w i th 4 0 0  ml glycerol . 

To make one litre o f  enzyme-dye reagent , 5 0  ml gluco s e  

oxidase , 5 0  m l  o . dian i sidine and 2 5  m l  peroxidase were 

mixed and di luted to one l itre with glycerol -citrate 

buffer . The mixed reagent was then f i ltered through a 

s intered glass f unne l and s tored at 4
°

C unt i l  used . 

( e )  S ulphur ic acid : 

3 8 0  ml of  analytical grade sulphuric acid added s lowly 

to 6 8 4  ml d i s t i l led water with stirring and cool ing . 

3 . 3 . 2 . 2  Colorimeter adjus tment 

In thi s procedure increa s ing concentrations of glucose y i e lded 

increas ing absorbance s  at 5 2 0  nm . The f low ce l l  was instal led 

in the usual left hand beam of the colorime te r , the amount of 

l ight through the f l ow cel l  was adj u s ted to z ero chart reading 

wi th reagents only f lowing , and the gain of the recorder was 

used to set the maximum chart reading for the highe s t  

concentration o f  s tandard glucose . Thus increas ing absorbances 

gave l e ft-to-right de f lec tions o f  the recorde r . 

3 . 3 . 2 . 3  Data proce s s ing : Glucose oxida se me thod 

S ince a plot of peak chart reading verus concentration o f  

g l uco s e  i n  s tandards was con s i s tently l inear up to 7 mM , i t  

was po s s ib l e  to calculate the concentration o f  unknown by 

l inear interpo lation between s tandards . A S harp P c - 1 2 1 1  

pocket computer was programmed to f i t  a least- squares 

regre s sion to the readings of f ive s tandards ( 1 . 4 mM to 

7 . 0  mM ) and interpo l a te unknown readings from the regre s s ion .  

The computer programme was based on Programme P 4 - B l 2  o f  the 

S harp PC 1 2 1 1 Applications Manua l . 

3 . 3 . 3 . Oxygen Electrode Method 

The Y S I  Model 2 7  glucose analyser uses an amperome tric method 

to mea sure hydrogen peroxide produced by the glucose oxidase 

reaction . Glucose f rom the sampl e  d i f fuses through a 
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polycarbonate membrane with 0 . 0 3 u pores which excludes 

colloid s , and is  oxid i z ed by glucose oxidase immob i l i sed 

with glutaraldehyde in a second membrane ( Fig 1 5 ) . Some o f  

the generated hydrogen peroxide pa sses through a third 

membrane de s i gned to exc lude reduc ible mo lecul e s  o f  molecular 

weight over l O O ,  and reduc tion occurs at a p latinum anode . 

Pt: anode � + 
2H + o2 

+ 2 e  

Thi s  anode i s  maintained at 0 . 7  v with respect t o  the 

re ference s i lver/s i lver chloride e lectrode so that a current 

f lows between the s e  in proportion to the peroxide reduced . 

Thi s  current i s  converted to a digital vol tage and displayed . 

The model 2 7  take s a 2 5  ul samp l e , in j ected into the buffer 

in the e lec trode chamber when the operator i s  prompted by the 

ins trument . The reading i s  d i splayed after approximately 6 0  

seconds and each sample or standard take s about 2 minute s for 

analys i s . The detailed procedure descr ibed in the Model 2 7  

instruction manual was fo l lowed exac tly in the present work . 

Y S I  bu f fe r  was used throughout , but the same g l uco se s tandards 

and pre c i s ion control serum as u sed for other methods were 

used . 

3 . 3 . 4  P rec i s ion Control 

Prec i s ion contro l o f  the three analytical methods was carried 
. ( 1 )  l h out us 1ng Autonorm contro s e rum .  T e mean and s tandard 

deviation for the control s erum was derived for each analytical 

method from a series of 20  analyse s .  

A control s erum samp l e  was run afte r  every ten t e s t  samp l e s  

and control serum results f a l l ing wi thin � 2 . S . D . o f  the mean 

was taken as indicating that the method was in contro l ( Fig 1 6 , 

1 7 , 1 8 ) . Resu l ts obtained when the control serum was out o f  

the control l imits were r e j e c ted and the anal y s e s  repeated . 

( 1 )  Nyegaard & Co . A/S, Oslo , Norway 



F I GURE 1 5 : The sensor probe and the membrane o f  Y S I  
Model 2 7  Analyser 
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F I GURE 1 6 :  Determinations o f  g lucose concentration i n  contro l serum ( Ferricyanide Method) 

6 . 2  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

6 • 0 ,_ - - - - - - - - .... - - - - - - - - - - - - - -
e• 

• - - . - 0 - - - - - - - - - - --.-i - - - - - - - - - - - - - - - - - - - - - -

• 
� 5 .  7t ID - 0 0 e 

u ' e w  u � 
§ Cll M G 8 G .G 0 

() . . . 
- - - - - - - - - - - - - - • • e o • •• o e • 

Q) • _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ .,_ _ _ _ _ _ _  _ 
� $ 

- - - - - - -

e $$0 () ::l tj, 5 . 5  
0 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - ..,. - - - - - - - - - - ... - - � .... .. - - - - - - � - - -

5 . 2��---------------------------------------------------------------------------------

al iquots of control serum 

+ 3 . S . D  

+ 2 . S . D  

+ l . S . D  

MEAN 
- l . S . D .  

- 2 . S . D  

- 3 . S . D  

w 
N 



, 

� 
0 
� 
0 
0 

Q) 
Ul 
0 
0 
;::) 

,.., 
1:.9 

F I GURE 1 7 : De terminations of Gluco se concentrat ion in control serum ( Glucose Oxidase 
Me thod ) 
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F IGURE 1 8 : De terminations o f  Glucose concentration in Contro l Serum ( Oxygen 
Elec trode Me thod ) 
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When a l l  samp l e s  had been ana lysed by each of the three 

methods some results were found to be anomalous for one o f  

the method s . The se samples were centri fuged to remove any 

fibrin fragments and were reanalysed by the method concerned . 

3 . 4  STATISTICAL METHODS 

Al l stati s tical me thods used are those of B l i s s  ( 1 9 6 7 ) . L inear 

regre s s ions o f  the form Y = a + bX , with Y = log1 0  glucos e  

concentration ( mM  ) and X = time were fi tted t o  the data for 

each cow . Day 0 corre sponds to the f i rs t  day a fter in j ec t ion 

of the glucocorticoid , that is day 5 of the tria l . As a 

f i r s t  approximation , all sample s fol lowing in j e ction were 

inc luded ( day 0 to 7 inc lusive )  . E s t imates of the variance 

due to regre s s ion and of the res idual variance of Y were 

obtained for subsets of the samp l e s  ( days 0 - 6 , 1 - 7 , 1 - 6 ) and 

used to f ind the maximum l inear range of the re sponse curve s 

for individual animals . A common l inear range appl icable to 

a l l  animals was e s tab l i shed and the variations in the 

regre s s ion coe f f i c ients for individual anima l s  within e ach 

treatment group were examined by analyses o f  variance for 

the three methods of glucos e  de termination . 

Comparisons between treatment groups we re made us ing e s t imates 

of the s lope and intercept for the common l inear regre s s ion 

for all cows in a group . The s ign i f icance of d i f ference s  

between groups was asses sed by cons tructing 9 5 % con f i dence 

l imits for each e s timate . 

The mean leve l s  o f  glucose obtained with each o f  the three 

methods were compared for three sets o f  data . In the f i r s t  

s e t  of data , which was obtained from repeated determinat ions 

of the pre c i s ion contro l s erum , d i f ference s between the 

means were a s s e s sed by s imple t-tests . In the se cond s e t  o f  

data , obtained o n  the four days be fore treatments were 

app l ied , the e f fects of d i f ferenc e s  between cows were 

e l iminated by us ing paired t-tes t s . In the third s e t  o f  

data , that used to a s s e s s  the re sponses o f  the cows to the 

corticoid treatments ,  an anal ys i s  o f  variance was used to 
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te s t  the s i gnificance o f  di f ferences between means . In 

th i s  analysis the e f fe c t  of variat ion between cows was 

exc luded by us ing the mean square s within cows pooled over 

both treatment groups and method o f  glucose determination 

as the e rror mean square for the anal y s i s  of variance . The 

data had been trans formed by taking logari thms to the base 

ten . 



4 . 1 INTRODUCTI ON 

CHAPTER · IV 

3 7 . 

Be fore carrying out the betamethasone trial , some pre l iminary 

work was done to inve s t i gate the e f fect of var ious blood 

co l l e ction and hand l ing technique s on the apparent p lasma 

glucose leve l s . The re sults of these tests determined the 

methods used in the main part of the s tudy . 

4 . 2  THE EFFECT OF ANTICOAGULANTS ON PLASMA GLUCOSE LEVELS 

B lood samp l e s  from two cows were collected into fluoride ­

oxalate veno j ec t  tube s , ( l )  E D T A  veno j ect tube s , ( 2 )  and 

plain veno j e c t  tube s . ( 3) P lasma and serum glucose value s 

were analysed by both Ferricyanide reduc tion and Gluco se 

ox idase methods . Table 2 s hows that by both me thods o f  

glucose analy s i s , serum and plasma g lucose leve ls were very 

s imi l ar but f luoride -oxa late plasma had lower leve l s . 

The e f fe c t  o f  adding f luoride-oxalate anticoagulant to 

aqueous glucose solutions and serum was also evaluated by 

the same methods to determine whe ther f luoride - oxalate 

inhibi t s  the analytical methods . Table 3 shows that the 

pre sence of f luoride and oxalate did not inhib i t  e i ther 

analytical me thod appl ied to e i ther aqueous g l ucose solutions 

or serum . 

The e f fe c t  o f  adding f luoride -oxalate to who le blood and 

E D T A  p lasma samples was inve s tigated on samp l e s  from 

another cow to determine whether the f l uoride-oxalate e f fect 

o f  lowe ring p lasma glucose leve ls required the presence of 

blood c e l l s . Table 4 shows that fluoride and oxalate onl y  

have the e f fect of lowe r ing plasma g lucose leve ls when added 

to whol e  b lood . 

( l )  T . 2 0 0  P S  V t  * l O O  F X  
( 2 )  T . 2 0 0  Q V T  * l O O  N A  
( 3) T . 2 0 0  V T  * l O O  P 
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TABLE 2 :  THE E FFECT OF ANTI COAGULANTS ON PLASMA GLUCOSE 
LEVELS 

P lasma and serum 
g lucos e  value s ( mM  ) 

Cows Anticoagulant 
Ferricyanide Gluco s e  Oxidase 

Method Method 

Cow No ( 1 )  EDTA 3 . 6 8 3 . 6 4 

F l uoride -oxalate 3 . 2 5 3 . 2 4 

None ( se rum )  3 . 7 1 3 . 7 1 

Cow No ( 2 )  EDTA 4 . 3 1 3 . 9 8 

F l uoride-oxa late 3 . 7 5 3 . 6 4 

None ( serum) 4 . 3 7 4 . 0 4 

TABLE 3 :  THE EFFECT OF FLUORI DE -OXALATE ON AQUEOUS GLUCOSE 
SOLUTIONS AND SERUM 

Ferri cyanide Method Gluco se Oxidase Me thod 

Normal F luoride Normal F l uoride 
Added Added 

8 . 4 0 8 . 5 1 8 . 4 0 8 . 3 2 

Standard 7 . 0 0 7 . 0 0 7 . 0 0 7 . 0 5 

aqueous 5 . 6 0 5 . 4 9 5 . 6 0 5 . 9 1 
g l ucose 4 . 2 0 4 . 1 2 4 . 2 0 4 . 1 6 solution s 
( mM ) 2 . 8 0 2 . 6 0 2 . 8 0 2 . 6 8 

1 .  4 0  1 .  2 9  1 .  4 0  1 .  3 2  

Serum 
Sample 3 . 8 5 3 . 9 2 3 . 7 3 3 . 7 2 
( mM  ) 
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TABLE 4 :  EFFECT OF ADDING FLUORIDE -OXALATE TO WHOLE BLOOD* 
AND EDTA PLASMA SAMPLES 

( 1 )  

( 2 )  

( 3 )  

( 4 )  

* 

B lood Samp l e s  o f  Plasma g luco se values ( mM ) 
Cow No ( 4 )  

Ferricyanide Glucose oxidas e  
Me thod Method 

Normal EDTA plasma 3 . 7 5 3 . 6 4 

EDTA plasma + 

f luoride oxa late 3 . 8 1 3 . 6 9 

Whole blood + EDTA + 

f luoride oxalate 3 . 4 2 3 . 3 0 

Whole blood + 

f luoride oxalate 3 . 4 7 3 . 3 6 

Whole b lood samples centri fuged 1 5  minute s after 

addition o f  anticoagulan t .  
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To further inve s tigate whe ther the glucose · lower ing e f fe c t  

w a s  due to oxalate o r  f luor ide o r  both , two cows were u s e d  to 

obtain samp l e s  of who le b lood with and without EDTA and a l so 

samples o f  serum and EDTA plasma . To al iquots o f  the s e  

samples were added e i ther a mixture o f  fluoride and oxal ate , 

sodium f l uoride alone or pota s s ium oxalate alone . Al l 

additions were at the rate equivalent to that produced by 

us ing veno j ec t  tube s . 

Table s 5 and 6 show that the addition o f  sodium f luor i de and 

potass ium oxalate e i ther alone or in combination do not lower 

the plasma or serum glucose leve l s  more than about l - 4 %  

unless  they are added be fore the erythrocyte s are s eparated 

in which case the decrease i s  about 5 - 1 0 % . The se re sults 

also show that sodium fluor ide and potass ium oxalate are each 

able to exert thi s g lucos e - lowering e f fect but that the e f fect 

is not c umulative in the case o f  the fluor ide -oxalate 

combination . 

4 . 3 THE EFFECT OF TIME BETWEEN BLOOD COLLECTI ON AND THE 

SEPARAT I ON OF PLASMA OR SERUM FROM THE ERYTHROCYTES ON PLASMA 

AND SERUM GLUCOSE LEVELS . 

To avo id the pos s ible probl ems o f  glucose l o s s  in s tored b lood 

sample s ,  the e f fe c t  of time between b lood co l lection and the 

separation of pla sma or serum from the eryth rocytes was 

inve stigated on three cows us ing the same three typ e s  o f  

veno j ec t  tube s . Figures 1 9 , 2 0  and 2 1  show that b y  a l l  three 

analytical methods , f luoride -oxalate plasma glucose leve l s , 

whi l e  lower than those o f  EDTA plasma or serum leve l s , are 

re lative ly more s table for up to three hours a f ter c o l l ec tion . 

4 . 4  BETAMETHASONE EXPERIMENT 

The comp le te results for the trial are pre sented in Appendix I .  

The mean b lood glucose leve l s  for each experimental group for 

12 days of the trial are shown in Tables 7 ,  8 and 9 and 

F igures 2 2 , 2 3  and 2 4 .  All be tamethasone treatment s  produced 
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TABLE 5 :  EFFECT OF SOD I UM FLUORI DE AND POTAS S I UM OXALATE ON 
PLASMA GLUCOSE LEVELS WHEN ADDED TO WHOLE BLOOD AND 
PLASMA CONTAIN ING E DTA . 

Al l re sults are shown as percentage change in p lasma glucose 
after addi tion of anticoagulants compared to EDTA p la sma 
g·lucose leve l . 

�. Ferri cyanide Glucose Oxidase Oxygen Electrode 

Whole 
Plasma 

Whole 
Plasma 

Whole 
Blood B lood B lood Plasma + + + + + + 
EDTA 

EDTA 
EDTA 

EDTA 
EDTA EDTA 

( 1 )  Fluoride-oxalate - 7 . 7 9 %  -1 . 2 1 % - 9 . 7 4 %  - 3 . 06 %  -6 . 96% +0 . 2 5 %  

( 2 )  Sodium fluoride -9 . 99% - 1 . 6 5 %  - 1 1 . 7 8 %  -2 . 94 %  -9 . 8 5 %  +0 . 56% 

( 3 )  Pota s sium oxalate -5 . 66% - 1 . 2 8% - 5 . 1 5 %  -1 . 5 9 %  - 5 . 54 %  - 0 . 3 4 %  

TABLE 6 :  EFFECT OF SODIUM FLUORI DE AND POTASS IUM OXALATE ON 
SERUM GLUCOSE LEVELS WHEN ADDED TO WHOLE BLOOD AND 
SERUM . 

All re sults are shown as per centage c hange in serum glucose 
after add ition of anticoagulants compared to serum g lucose 
leve l . 

Ferr icyanide Glucose Oxidase Oxygen E l ectrode 

Whol e  
Blood 

�erum 
Whole 
Blood 

1 )  Fluor ide-oxalate - 1 1 . 9 2 %  -4 . 8 7 %  -9 . 9 7 %  

2 )  Sodium f l uoride - 6 . 1 5 %  - 1 . 7 2 %  -9 . 6 9 %  

3 )  Pota s s ium oxalate - 6 . 0 8 %  - 2 . 3 6 %  -5 . 4 6 %  

Serum 

-1 . 7 9 %  

-1 . 7 1% 

-0 . 7 6 %  

Whole 
Blood 

- 8 . 3 7 %  

-8 . 06% 

-6 . 04 %  

Serum 

-0 . 2 8 %  

+0 . 9 7 %  

+0 . 04% 
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F IGURE 1 9 : The e f fe c t  of time be tween b lood c o l lection 

5 . 0  

and centri fugation on the s tabi l i ty o f  plasma 
and serum glucose concentrations . ( Ferricyan ide 

method ) 
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F IGURE 2 0 : The e f fect o f  time between blood · c o l lection and 
centri fugation on the stab i l ity o f  p lasma and 
serum glucose concentrations ( Glucose oxidase 
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FI GURE 2 1 : �he e f fect o f  time between blood collection and 
centri fugation on the stabi l i ty o f  plasma and 
serum gluco se concentrations ( Oxygen e �ctrode me thod ) 
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TABLE 7 MEAN PLASMA GLUCOSE LEVELS OF TRIAL GROUPS 
( Ferricyanide Method ) 

' 
Group 1 Group 2 Group 3 Group 4 

Days Control Standard S tandard Be tsopart 
Betsopart Betsolan 5rng/rnl 

1 3 . 8 5 3 . 9 9 3 . 7 1 3 . 8 7 

2 3 . 6 4 3 . 6 9 3 . 7 6 3 . 6 6 

3 3 . 8 9 4 . 0 3 4 . 0 1 3 . 7 0 

4 3 . 7 5 3 . 9 5 3 . 7 8 4 . 0 8 

5 3 . 6 8 4 . 8 9 5 . 14 5 . 3 7 

6 4 . 3 3 5 . 3 1 4 . 9 9 5 . 6 1 

7 4 . 2 4 5 . 2 3 4 . 8 9 5 . 6 5 

8 3 . 8 2 4 . 8 0 4 . 1 6  5 . 6 0 

9 3 . 9 8 4 . 7 2 4 . 1 0 4 . 8 1 

1 0  3 . 6 7 4 . 4 6  3 . 7 3 4 . 4 9 

1 1  3 . 6 9 4 . 1 6 3 . 5 9 4 . 3 5 

1 2  3 . 8 4 4 . 4 0 3 . 5 8 4 . 3 2 

4 5 . 

Group 5 
Betsopart 

2rng/rnl 

4 . 0 1 

3 . 5 9 

3 . 7 8 

3 . 7 8  

5 . 7 1 

5 . 2 6 

4 . 8 5 

4 . 3 9 

4 . 4 1 

3 . 8 4 

3 . 7 7 

3 . 8 9 
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TABLE 8 MEAN PLASMA GLUCOSE LEVELS OF TRIAL GROUPS 
( Glucose oxidase me thod ) 

Group l Group 2 Group 3 Group 4 Group 5 
Days 

Control Standard S tandard Betsopart Betsopart 
Be tsopart Be tso lan 5mg/ml 2mg/ml 

l 3 . 3 3 3 . 4 3 3 . 2 7 3 . 4 7 3 . 4 0 

2 3 . 5 7 3 . 5 0 3 . 6 0 3 . 5 3 3 . 4 8 

3 3 . 6 5 3 . 7 6 3 . 8 2 3 . 4 7 3 . 5 9 

4 3 . 3 6 3 . 5 1 3 . 3 9 3 . 6 2 3 . 3 3 

5 3 . 4 4 4 . 6 0 4 . 7 9 5 . 0 2 5 . 3 5 

6 4 . 1 6 5 . 0 3 4 . 8 3  5 . 4 0 5 . 0 8 

7 3 . 8 4 4 . 8 0 4 . 5 5 5 . 2 5 4 . 4 9 

8 3 . 5 3 4 . 5 5 3 . 9 4 5 . 3 3 4 . 0 6 

9 3 . 6 8 4 . 3 9 3 . 8 1 4 . 4 9 4 . 0 7 

1 0  3 . 3 2 4 . 0 3 3 . 3 6 4 . 0 7 3 . 5 1 

l l  3 . 3 1 3 . 7 7 3 . 3 1 3 . 9 8 3 . 4 0 

1 2  3 . 3 7 3 . 8 6 3 . 1 0 3 . 7 9 3 . 3 7 
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TABLE 9 MEAN PLASMA GLUCOSE LEVELS OF TRIAL GROUPS 
( Oxygen e lectrode me tho d )  

Group 1 Group 2 Group 3 Group 4 Group 5 
Days Control S tandard Standard Betsopart Betsopart 

Betsopart Betsolan 5mg/ml 2mg/ml 

1 3 . 6 8 3 . 8 6 3 . 6 9 3 . 8 0 3 . 8 6 

2 3 . 6 1 3 . 7 5 3 . 7 7 3 . 6 8 3 . 5 7 

3 3 . 8 6 3 . 9 4 3 . 8 9 3 . 5 4 3 . 7 7 

4 3 . 8 4 3 . 8 8 3 . 6 8 4 . 0 1 3 . 7 3 

5 3 . 7 5 4 . 9 1 5 . 1 6 5 . 3 6 5 . 7 2 

6 4 . 3 2 5 . 2 7 5 . 0 1 5 . 6 5 5 . 3 1 

7 4 . 1 4 5 . 1 8 4 . 8 9 5 . 6 0 4 . 8 4 

8 3 . 8 1 4 . 8 5 4 . 2 0 5 . 6 3 4 . 3 8 

9 3 . 9 9 4 . 7 5 4 . 0 9 4 . 8 4 4 . 4 2 

1 0  3 . 7 2 4 . 4 8 3 . 7 5 4 . 5 4 3 . 9 1 

1 1  3 . 7 1 4 . 1 8 3 . 5 9 4 . 4 3 3 . 8 0 

1 2  3 . 8 9 4 . 4 5 3 . 6 1 4 . 4 2 3 . 9 3 
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F I GURE 2 4  : MEAN PLASMA GLUCOSE LEVELS OF TRIAL Cmvs ( OXYGEN ELECTRODE .METHOD ) 
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a d i stinct hyperglycaemic e f fe c t  following in j ec t ion on day 4 .  

The re sponse for Betsolan and Be tsopar t  di luted to a 2mg/ml 

appeared to be s imilar as antic ipated , however the re sponse 

of the 5mg/ml Betsopart was not intermediate between the 

Betsopart l Omg/ml and the two 2mg/ml formu l a t ions . 

To compare the peak hyperglycaemic e f fects and the longevity 

of the hyperglycaemia in the treatment groups l inear regre s s ion 

analyse s for the f ive experimental groups were per formed . 

In all anima l s  the range day l to day 7 ( i . e .  days 6 -1 2  o f  

the tria l ) was the maximum l inear range and i n  the ma j or ity 

o f  animal s  the regre s s ion f itted over this range a l so had 

the lowe s t  res idual var iance of Y ( Appendix I I )  . The 

var iation in the e stimate s for the regre s s ion between anima l s  

within treatment groups wa s examined b y  analy s i s  of var iance 

( Table 1 0 ) . With the exception of the control group the 

variance due to the common regre s s ion was a much larger 

component than the variation due to d i f ferenc e s  between the 

regre s s ions for individual anima l s . Comparisons be tween 

treatment groups were therefore based on e stimates of the 

s lope and intercept o f  the common regre s s ion .  The se are 

summar i zed in Tab l e s  ll and 12 and F i gure s 2 5 , 26 and 2 7 . 

Comparing the s lope s o f  the l inear regre s s ion l ine s , Betsolan 

and diluted Betsopart ( 2mg/ml ) are s imilar in that they both 

show a s i gni ficantly greater rate of f a l l  in plasma gluco s e  

than the contro l group ( Table l l , F igures 2 6  and 2 7 ) . Thi s 

d i f ference i s  not s ignif icant 1n the re sults der ived from the 

ferricyanide anaJ .ys i s  because of the large 9 5 %  con f idence 

interval for the control g�oup ( Tabl e  l l )  . Betsopart and 

d i luted Be tsopar t 5mg/ml both produced a slow rate of f a l l  o f  

plasma g lucose a s  shown by the fact that the s lope o f  the i r  

regre s s ion l ine s i s  not s igni f i cantly d i f ferent from that o f  

t h e  control group . Only f o r  the glucose oxidase analysed 

data was there a s igni ficant d i fference in the rate o f  f a l l  

o f  plasma glucose leve ls between the Betsolan and Betsopart 

group s ( Table l l , F igure 2 5 ) . 



TABLE 1 0: ANALYS IS OF VARIANCE OF LOG GLUCOSE CONCENTRATI ONS FOR EACH OF THE 5 TREATMENT GROUPS 

df 
CONTROL 
Within cows 2 4  
Common regres sion ( day l - 7 ) 1 
Deviations from common regression 2 3  
D i fferences between individual regre ss ions 3 
Deviations from individual regre ss ions 

BET SOP ART 
Within cows 

2 0  

2 4  
Common regre ssion ( day l - 7 ) l 
Deviations from common regre ss ion 2 3  
Difference s between individual regre ssions 3 
Deviations from individual regre ssions 2 0  

BETSOLAN 
Within cows 2 4  
Common regre s s ion (day l - 7 ) l 
Deviations from common regre s sion 2 3  
D ifferences between individual regres sions 3 
Deviations from individual regres s ions 2 0  

BETSOPART ( Smg/ml ) 
Within cows 2 4  
Common regre s s ion ( day l - 7 ) 1 
Deviat ions from common regre ssion 2 3  
D i f ference s between individual regre ss ions 3 
Deviat ions from individual regress ions 2 0  

BETSOPART ( 2mg/ml ) 
Within cows 24 
Common regre ss ion ( d ay l - 7 )  l 

Deviations from common regre ss ion 2 3  
D i fference s between individual regres s ions 3 
Deviations from individual regres sions 2 0  

+ p < 0 . 1  * p < 0 . 05 

Glucose Oxidase 
MS F 

. 00 2 3 3 7 6  

. 02 6 2 2 0  

. 00 1 2 9 9 3  

. 00 3 0 5 7 9  

. 00 1 0 3 5 5  

. 00 2 8 1 2 1  

. 05 3 3 14 

. 00 0 6 1 6 3 8  

. 00 0 5 7 6 4 4  

. 00062 2 3 7  

. 00 4 8 3 8 3  

. 1 2 088 

. 000901 3 3  

. 0 0 1 7 7  38 

. 0007 7 0 4 5  

. 00 5 3 885 

. 09 2 2 5 8  

. 00161 1 5  

. 0014881 

. 00 1 6 3 01 

. 0050964 

. 1 0 2 3 0  

. 00087 0 1 1  

. 0 0 1 3 57 9 

. 00 0 7 9 6 94 

2 0 . 1 8 * * *  

2 . 96+ 

86 . 4 9 * * *  

<l 

1 34 . 1 1 * * *  

2 . 3 0 

57 . 2 5 * * *  

< l  

1 1 7 . 5 7 * * *  

l .  7 0  

Oxygen Electr . 
MS F 

. 0014857 

. 00 8 1 3 2 4  

. 0 0 1 1 968 

. 002 947 1 

. 00 0 9 3 4 2 1  

. 01 7 3 1 3  

. 02 82 6 1  

. 0 0 0 57 7 7 9  

. 00 0 3 4 2 6 3  

. 00061 3 07 

. 00 4 2 382 

. 077 915 

. 00 1 0 3 4 9  

. 002 2 7 4 5  

. 00 084899 

. 00 3 57 6 1  

. 05 1 4 5 5  

. 0014944 

. 00 1 5 0 3 6  

. 00 1 4 9 3 0  

. 00 3 3 1 2 8  

. 060616 

. 00 0 8 2 1 44 

. 001 607 0 

. 0007 0361 

6 .  7 9 *  

3 . 1 5 *  

48 . 9 0 * * *  

<l 

7 5 . 2 8 * * *  

2 . 68+ 

34 . 4 3 * * *  

l . Ol 

7 3 . 7 9 * * *  

2 . 2 8 

* * *  p < 0 . 001 

Ferricyanide 
MS F 

. 0046196 

. 02 3 9 3 0  

. 00 3 7 800 

. 00 9 5 7 7 5  

. 002 9104 

. 001 9 5 7 1  

. 0 32 8 1 3  

. 00061 5 6 3  

. 00 0 4 6 3 0 9  

. 00 0 6 3 8 5 1  

. 00 4 3 5 9 2  

. 07 8892 

. 001 1 18 7  

. 00 2 5 2 3 8  

. 00 0 9 0 7 9 8  

. 004001 3 

. 05 9 9 0 3  

. 00 1 5 7 0 8  

. 00 1 54 01 

. 0 0 1 57 5 3  

. 00 3 5 1 3 9  

. 064 7 3 0  

. 00 08 5 2 3 4  

. 00 18964 

. 000695 7 2  

6 . 3 3 * 

3 . 2 9 *  

5 3 . 3 0 * * *  

< l  

7 0 . 5 2 * *  

2 .  7 8+ 

3 8 . 1 4 * * *  

< 1  

7 5 . 94 * * *  

2 . 7 3 + 
Vl 
N 



TABLE l l :  COMPARI SON OF S LOPES AND ( 9 5 %  CONFI DENCE INTERVAL ) OF THE REGRE S S I ON LINES OF THE FIVE 
TREATMENT GROUPS 

Treatment 
Group 

I Control 

Bet sopart 

Betsolan 

Bet sopart 5mg/ml 

Bet sopart 2mg/ml 

* 
+ 

Ferricyanide 

- . 0 1 4 6 2  

- ( . 0 0 2 6 0  to . 0 2 6 6 4 ) 

- . 0 1 7 1 2  

- ( . 0 1 2 2 7  to . 0 2 1 9 7 ) 

- . 0 2 6 5 4  

- ( . 0 2 0 0 0  to . 0 3 3 0 8 )  

- . 0 2 3 1 3  

- ( . 0 1 5 3 8 to . 0 3 0 8 8 )  

- . 0 2 4 0 4 

- ( . 01 6 3 3  to . 0 2 9 7 5  

- - --- -----
greater than control 

Glucose oxidase 

- .  0 1 5 3  0 

- ( . 0 0 8 9 7  to . 0 2 1 6 3 ) 

- . 0 21 8 2  

- ( . 0 1 6 9 4  to . 0 2 7 7 0 )  

- . 0 3 2 8 5 *  

- ( . 0 2 7 9 8  to . 0 3 8 7 2 ) + 

- . 0 2 8 7 0  

- ( . 0 2 0 8 5  to . 0 3 6 5 5 )  

- . 0 3 0 2 2 *  

- ( . 0 2 4 4 5  to . 0 3 5 9 9 )  

------------- ------ - ---·-- -- -

greater than standard Bet sopart 

I l 

Oxygen e lectrode 

- . 0 0 8 5 2  

- ( . 0 0 1 7 6  to . 0 1 5 2 8 )  

- . 0 1 5 8 9  

- ( . 0 1 1 1 8  to . 0 2 0 6 0 )  

- . 0 2 6 3 8 *  

- ( . 0 2 0 07 to . 0 3 2 6 7 ) 

- . 0 2 1 4 3  

- ( . 0 1 3 8 7  to . 0 2 8 9 9 )  

- . 0 2 3 2 6 *  

- ( . 01 7 6 6  to . 0 2 8 8 6 )  

- - -

' 

! 

V1 
w 



TABLE 1 2 : COMPARI S ON OF THE INTERCEPTS AND ( 9 5 %  CONFIDENCE INTERVAL ) OF THE REGRE S S ION LINES AT 
DAY 0 ( i . e .  DAY 5 OF THE TRIAL ) FOR THE 5 TREATMENT GROUPS 

Treatment 
Group 

Control intercept 

( 9 5 %  conf idence 
interval )  

Bet sopart 

Betsolan 

Bet sopart Srng/rnl 

Bet sopart 2mg/rnl 

I 

I 

I 

I 

Ferricyanide 

. 6 6 0 3  

( . 6 3 7 8 to . 6 8 2 8 )  

. 7 4 0 1 *  

( • 7 3 1  0 to . 7 4 9 2 ) 

. 7 1 9 1 *  

( • 7 0 6 9 to . 7 3 1 3  ) 

. 7 8 3 0 * §  

( . 7 6 9 5 to . 7 9 7 5 )  

. 7 3 01 *  

( . 7 1 9  4 to . 7 4 0 8 ) 

* Greater than control 

G luco se ox idase 

I . 6 1 5 0  

( .  6 0 1 8  to . 6 2 8 2 ) 

. 7 2 1 7 *  

( . 6 8 8 0 to . 7 0 8 6 )  

. 7 0 9 6 *  

( . 6 9 8 6 to . 7 2 0 6 ) 

. 7 7 1 4 * §  

( . 7 5 6  7 to . 7 8 6 1 ) 

I . 7 1 6 5 *  

( . 7 0 5 7  to . 7 2 7 3 ) 

§ Greater than a l l  other treated groups 

Oxygen e lectrode 

I . 6 2 8 1 

( .  6 1 5 4 to . 6 4 0 8 )  

. 7 3 6 3 *  

( . 7 2 7 5  to . 7 4 51 )  

I . 7 1 9 8 *  

( • 7 0 8 0 to . 7 3 1 6 )  

. 7 8 0 1 * § 

( • 7 6 6 0 to . 7 9 4 2 )  

. 7 2 9 4 *  

( . 7 1 8  9 to . 7 3 9 9 ) 

Vl 
+' . 
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Table 1 2  and F igures 2 5 , 2 6  and 2 7  compare the intercepts o f  

the l inear regre s s ion l ine s at d a y  0 ( i . e .  day 5 o f  the tria l ) 

as a way o f  compar ing the e s t imated peak leve l s  o f  plasma 

gluco se . As antic ipated the se " peak " leve l s  in a l l  treated 

groups were s igni f icantly h i gher than in the contro l s . 

However the only s igni f icant d i f ference between the 

betamethasone group s was that the diluted Betsopart 5mg/ml 

group s howed a h igher peak than a l l  other group s . 

4 . 5  COMPARI S ONS OF ANALYTI CAL METHODS 

Tab le 1 3  summar i s e s  the compa r i sons of the 3 analytical 

methods u s ing the prec i s ion control serum data from F igure 

1 6 , 17 and 1 8 . The t-te s t  analyses reveal that both the 

ferricyanide and oxygen e l e ctrode methods give s igni f icantly 

higher results than the gluco se oxida se method and that the 

ferricyanide method give s s igni f icantly higher re sults than 

the oxygen e lec trode . 

Using the paired t -te s t  on the results from the f i r s t  4 days 

of the betame thasone trial the s ame s igni ficant d i f f erences 

between methods were demons trated ( Table 1 4 ) . 

Us ing the trial data used in the regre s s ion analys i s  ( i . e .  

day 6 to 1 2  o f  the trial ) the analys is o f  variance w i thin 

anima l s  revealled a highly s igni ficant dif ference be tween 

the 3 me thods (p < 0 . 0 0 1 )  which was entirely due to the 

di fference between glucos e  oxidase and the other 2 methods . 

The mean square for the d i f fe rence between the g l uco se 

elec trode method and the ferricyanide method was very sma l l  

and dec idedly le s s  than the r e s idual ( error ) mean s quare 

( Table 1 5 ) . 



TA3LE 1 3 : COMPARI S ON OF THREE ANALYTICAL METHODS BY THE t -TEST US ING THE PREC I S ION CONTROL 
SERUM DATA 

Analytical N Mean Method s 

Ferricyanide 4 8  5 . 7 1 9  

Glucose oxidase 3 8  5 . 2 0 3  

Oxygen e lec trode 2 7  5 . 4 5 5  

S . D .  

0 . 0 1 4 8  

J 
0 . 1 2 6 4  

0 . 0 8 5 9  J 

t .  value s and s igni f icance 

t = 2 0 . 6 9 

p < 0 . 0 0 1  

t = 8 . 9 8 

p < 0 . 0 0 1  

---- --- --

-

t = 1 1 . 1 3 

p < 0 . 0 0 1  

-

Vl 
\.0 



TABLE 1 4 : COMPARISON OF THE 3 ANALYTICAL METHODS BY THE PAI RED t TEST US ING THE BETAMETHASONE 
TRIAL DATA FROM DAYS l TO 4 

N 

�ean d i fference 

S . D .  

t 

p 

--- ----- - -----

Ferr i cyanide vs 
Glucose ox idase 

8 0  

0 . 3 2 2 2 6  

0 . 1 9 2 2 2  

1 4 . 9 9 

< . 0 0 1  

Oxygen e lectrode Ferri cyanide vs 
vs Glucose oxidase Oxygen e lectrode 

8 0  8 0  

0 . 2 6 5 1 1  0 . 0 5 7 1 5  

0 . 1 7 7 0 4  0 . 1 0 5 5 8  

1 3 . 3 9 4 . 8 4 

< . 0 0 1  < . 0 0 1  

0' 
0 



TABLE 1 5 : ANALY S I S  OF VARIANCE (WI'l'HIN COWS ) OF THE DIFFERENCES BETWEEN METHODS US ING THE 
BETAMETHASONE TRIAL DATA FROM DAYS 6 TO 1 2  

Source o f  variation df Mean Squares F ratio 
and s ignif icance 

Between method s 2 . 0 6 9 3 8 2  1 5 . 7  p < 0 . 0 0 1  

Glucose oxidase v s  
Oxygen e lectrode and 1 . 1 3 8 7 5 8  3 1 . 4  p < 0 . 0 0 1  
Ferricyanide 

Oxygen e lectrode vs 1 . 0 0 0 0 0 6  < 1 N . S .  Ferricyanide 

Re s idual 3 6 0  . 0 0 4 4 2 1 

--

Note s : Data tran s formed by taking logari thms to base ten . 

0'\ 
1--' 
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CHAPTER V 

5 . 1  INTRODUCTI ON 

In thi s  investigation four betametha sone aqueous suspens ion s 

o f  d i f f erent s trength were adminis tered to cows at the same 

dose r a te per kg body we ight to compare their d i f ferent 

g lucogenic effects . The main ob j ec tive of the inve stigation 

was to see whe ther s tandard Betsopar t  ( l Omg/ml ) d i l uted wi th 

d i s ti l led water for inj ec tion immed iately prior to use to a 

concentration o f  2mg/ml , would have the same e f fe c t  as 

s tandard Betsolan ( 2mg/ml ) and an intermed iate e f fect when 

at an intermediate concentration of 5mg/ml . 

5 . 2  E FFECT OF ANT I COAGULANTS 

As the pre servation of b lood samp le s  is cruc ial for the 

who le experiment , the e f fect of anticoagulants on plasma 

g lucose leve l s  and the e f fect of time be tween b lood 

c o l lec tion and the separation of plasma or serum f rom the 

e rythrocyte s on p lasma and serum glucose leve ls were examined . 

Although some inve s tigator s (Van Bruggen e t  a l  1 9 4 3 ,  Sund e rman 

and S underman 1 9 6 1 , Len z  and Passannate 1 9 7 0 ,  Me ites and 

Banrey 1 9 7 3 )  reported that sodium f luoride has no inhib itory 

e f fect on the g l ucose ox idase enzymatic method and has 

neg l ig ible inhibitory e f fect on the a lka line ferri cyanide 

reduc tion method ( Pas sey et a l  1 9 7 4 ) , some pre liminary work 

was done to inve s tigate i t s  e f fect . Tab le s 3 and 4 show 

that f luoride -oxalate does not inhibit the analytical 

method s , but the f l uoride-oxa late treated p la sma g luco s e  

value s were found t o  b e  lower than e i ther EDTA plasma o r  

serum samples ( Table 2 )  . Actually sod i um f luoride h a s  long 

been known as an antiglycolytic preservative ( Aibara 1 9 2 2 , 

Ma j or 1 9 2 3 , Sander 1 9 2 3 , Denn i s  and Beven 1 9 2 4 , Roe e t  a l  

1 9 2 7 , H i tc hing s e t  a l  1 9 3 8 , Ho lmes 1 9 4 0  ) . To 

obtain better anticoagulant e f fect some authors ( S ande r  1 9 2 3 ,  

Schwenkter 1 9 2 7 , We i s sman and Klein 1 9 5 8 )  reported the u s e  
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of sodium fluoride w i th thymo l and showed that the f luoride­

thymo l had no inhib i tory e f fe c t  on the gluco se analys i s  and 

also proved that its function was s o l e ly inhibition o f  

glycolys i s . 

Potas s ium oxalate i s  a common anticoagulant which produce s  

insoluble complexe s w i th calcium ions thus inhibiting 

coagulat ion . The immediate e f fect of potas s ium oxalate i s  

a shrinkage of the e rythrocyte s and an al teration i n  the 

erythrocyte permeab i l ity ( Ei s eman 19 2 7 , B l i t s te i n  1 9 3 5 ) . 

Warburg ( 1 9 2 2 )  also showed that addit i on of oxalate to 

b lood was analogous to the addition o f  an equivalent amount 

of hyper tonic sal ine solution . Gaebler ( 1 9 3 2 - 3 3 )  exp l ained 

that pota ss ium oxal a te , by increas ing the o smotic pres sure 

of p lasma , draws water from the erythrocyte s ,  thus d i l uting 

plasma and concentrating the red b lood cell s .  Boyd ( 1 9 3 6 )  

also showed that pota s s i um oxalate added to de f ibrinated 

b lood cause s  a shrinkage of the erythrocyte s and an increase 

in the i r  lipid content . 

In 1 9 2 3  Ma j or introduced pota s s ium f l uoride as a pre servative 

for b lood . F luorides are pre servative through the ir 

inhibitory actions on c ertain en z yme s , such a s  enolase 

( Tietz  1 9 7 6 ) , invo lved in glycolys i s . Al though high 

concentrations o f  f l uor ide cause s igni f icant water s h i f t  

and tend to produce haemo lys i s , i t  appeared t o  b e  safe at 

lower concentrations u s ed ( John 1 9 2 6 ) . Roe e t  a l  ( 1 9 2 7 )  

reported the pre se rvati on o f  blood for chemical analy s i s  by 

the use of sodium f luoride by us ing d i f ferent concentration s  

f o r  glucose stab i l i ty f o r  days . Maj or ( 1 9 2 3 ) ,  a l s o 
showed that glucose and some other organi c  subs tance s i n  

f l uorid e - treated b lood samples were s table f o r  as long a s  

t e n  days at room temperature i f  the b lood i s  s terile . 

Howeve r , in this inve s tigation , plasma glucose value s i n  

f l uoride-oxalate treated b lood s amples were certainly lower 

than the other b lood s amp le s . The lowering e ffect i s  

caused neither only by sodium f l uoride nor b y  pota s s ium 

oxalate but is due to the e f fe c t  o f  both ( Tables 5 ,  6 ) . 
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Why the f luoride -oxalate plasma has the lower gluco se va lue 

is s t i l l  unexplained . Presumab ly the pre sence o f  f l uoride 

and oxalate promotes the movement o f  glucose into the 

erythrocytes s ince the glucose lowering e f fect o f  the s e  

antico agulants i s  only obs erved when the red ce l l s  are in 

contact with the plasma or serum ( Tab les 4 ,  5 ,  6 ) . 

5 . 3  EFFECT OF T IME BETWEEN BLEEDING AND CENTRIFUGATION 

The e f fe c t  o f  t ime between blood collection and s eparation 

of p l a sma or serum from erythrocyte s was also inve s tigated . 

From Figures 1 9 , 2 0 , 2 1  i t  can be seen that in a l l  methods , 

f luor ide -oxalate treated plasma gave the mo s t  s table glucose 

value s up to three hours after collection . E DTA plasma and 

serum samples s how somewhat l e s s  s tab i l i ty with t ime however 

there did not appear to be a cons tant decrease with time . 

Pre s umab ly with increased room temperatures there would have 

been decreased blood glucose leve l s . He r d t  & S t e v e n s  ( 1981 ) sbvwed 

that the rate o f  gluco se catabo l i sm i s  temperature dependent , 

with about 1 0  to 2 0 %  being des troyed per hour a t  body 

temperature and about one -hal f that amount being c atabol i s ed 

per hour at room temperature . 

5 . 4  ANALYTI CAL METHODS 

From the stati s tical analyses of the three ana lytic methods , 

it c an be seen that the gluco se values of the p l asma s amp l e s  

i n  the glucos e  oxidase method were s i gni fican t ly lower than 

tho s e  in the o ther two me thod s ( Table s 1 3 , 1 4 , 1 5 ) . Thi s  i s  

a s  e xpected s ince the gluco se oxida se enzyme i s  tota l ly 

spe c i fic for g luco se and does not dete c t  other reduc ing 

sugars in the p lasma ( Middleton and Gri ff i ths 1 9 5 7 , Beach and 

Turner 1 9 5 8 , Kinglsey and Ge tche ll 1 9 6 0 , Fale s  e t  al 1 9 6 1  

and so on ) . The ferricyanide reduction method measure s 

gluc ose as we l l  as the o ther non-glucose reduc ing sub s tanc e s  

present i n  normal blood . The se " saccharoids '' ( Bened i c t  1 9 3 1 )  

make the glucose value s approximately 7 %  higher than the 

glucose oxidas e  method (Sunde rman & Sunderman ( 1 9 6 1 ) , P i l e gg i  

and S zu s  tki ew i c z  ( 1 9  7 4 )). 
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Howeve r ,  the oxygen e lec trode method , which i s  also 

spe c i f i c  for glucose , was found to give higher value s than 

the g lucos e  oxidase method . This me ans that the oxygen 

electrode method results are higher than they should be . 

Thi s  could be d ue to the presence of low mo lecular weight 

reducing substances in bovine plasma which were able to 

penetrate the c e l lulose acetate membrane in the sen sor 

probe to be oxidised by the p latinum anode and thus give 

erroneous ly high readings . Unfortunate ly a b l ank � . e .  

non enzyme con taining) membrane was not used in the 

ins trument to check for the p re sence of such s ub s tance s .  

In the results from the pre c i s ion control serum and the 

trial s amples be fore betamethasone in j ec tion , the ferr icyan ide 

method gave s igni ficantly higher results than the oxygen 

e le c trode me thod wherea s  there is no s igni f ic ant d i f ference 

between the se me thods in re s t  of the trial samples ( Tabl e s  

1 3 , 1 4 , 1 5 ) . Thi s is pre sumably due t o  the pre s ence o f  

reduc ing sub s tances that can b e  detec ted b y  the ferricyanide 

me thod but which are o f  mo le cular we ight high enough to be 

not detected by the oxygen e lectrode method . Apparently 

such reduc ing subs tance s  were not pre sent a f ter the in j ec t ion 

of betamethasone . 

5 . 5  THE BETAMETHASONE TRIAL 

Many inve s t i gators have worked on the hype rglycaemic e f fe c t  

o f  glucocorticoids on norma l cows , lactating cows and keto t i c  

cows ( Dye e t  a l  1 9 5 3 , Shaw e t  a l  1 9 5 5 , Ho lm 1 9 5 7 , Goetsch and 

Ode l l et al. l959 , B a i l ey 1 9 5 9 , Neff e t  a l  1 9 6 0 , Bassett 1 9 6 3 , 

Burns 1 9 6 3 , Braun e t  a l  1 9 7 0 ,  Woo llett and Evans 1 9 7 1  and 

so on)  . Mos t  of the hyperglycaemia inve s t i gations were for 

the tre atment of pregnancy toxaemia and bovine keto s i s . In 

the 1 9 5 0 ' s s ynthetic glucocortico ids were introduced to be 

used for the glucogenic e f fect on ketotic cows ( Shaw 

.e t  a.£. 1 9 5 4 , 1 9 5 5 , McAul i f f  e t  a l  1 9 5 4 , Mor r i s  and Hall  1 9 5 6 , 

S haw 1 9 5 6 , P aterson 1 9 5 7 , N e f f  e t  a l  1 9 6 0 , Burns 1 9 6 3 ) . 

Thus cort i s one , adrenocor t icotrophic hormone , hydrocorti s one , 

prednisolone , betame thasone were introduced a s  e f fe c tive 
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synthe tic glucocortico ids to r a i se the b lood gluco s e  leve l .  

I n  mo s t  of the i nve s t i gations inj e c ti on o f  glucocorticoids 

c aused the e levation of b lood g lucos e  level within 2 4  hours 

after inj ection but returned t o  the pre - in j e ction leve l by 

7 2  and 96 hours depending on the dose of the drug . Thus 

corti sone and hydrocorti sone were introduced by Hat z io las and 

Shaw ( 1 9 5 0 ) , ad renocorticotrophic hormone by Shaw e t  a l  ( 1 9 54 ,  

1 9 5 5 )  & HcAu l i f f  e.t al. ( 1 9 5 4 )  predniso lone by Morris and H a l l  

( 1 9 5 6 ) �rtd Shaw ( 1 9 5 6 ) , flu6rocor t i s one and flupredni s o lone by 

Goe t s ch et al ( 1959) , 9 a-f luoropredn i so lone acetate by Ne f f  

e t  a l  ( 1 9 6 0 ) , betame thasone b y  Burns ( 1 9 6 3 )  and they a l l  

agreed that 9 a -f luoro compounds are a t  least ten time s a s  

potent as the i r  parent compounds and gave a 1 5 0 %  e l evation 

of pretreatment leve ls at 24 hours a f te r  admin i s t ration o f  

the s teroid . Longevi ty depend s upon the dose o f  the s te ro id . 

Among the se glucocorticoids , dexamethasone ( 1 6 a -me thyl 

9 0. - f luoro prednisolone ) and be tamethasone ( 1 6 s - me thy l 

9 a -f luoro prednisolone ) are accepted a s  the mo s t  potent 

synthetic g lucocort i coids and have thirty and thi r ty- f i ve 

t ime s more potency respective ly , compared to cor t i so l  

( Rober ts 1 9 6 3 ) . Burns ( 1 9 6 3 )  found that intramu s cular 

in j ec t ions o f  2 0mg betamethasone s uspens ion in lactating 

cows produced a greater and longer l a s t ing hype rglyc aemia 

than lO Omg o f  predni solone or predn i so lone trimethy l acetate 

in j ected intramuscularly . Woo l l e tt and Evans ( 1 9 7 1 )  reported 

the comparative glucogenic e f fe c t  of corticos teroid in 

calve s . They showed that intramuscular in j ections o f  

betamethasone suspens ion a t  dose rates o f  1 0  and 2 0mg gave 

s imilar peak gluco s e  concentrations but the hyperglycaemia 

las ted up to 9 6  hours afte r  the 2 0  mg dose but on ly 5 6  hours 

after 10  mg . 

I n  this trial the dose rate was s e t  at 0 . 0 4mg/kg body weight 

which meant that the dose per cow was about 2 0mg ( Table 1 )  . 

The ob j ect then was to compare the e f fect o f  d i f fe rent 

concentrations o f  betamethasone i n  the in j ected preparation 

and not the d i f fe rence s due to d i f fe r ing dos e  rates . I n  

thi s exper iment S t andard Betsopart ( 1 0 mg/ml ) was more long 

ac t ing in its hyperglycaemic e f f e c t  than e i ther o f  the two 
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2mg/ml preparations in that only those two showed a 

s i gnif icantly more rapid drop in glucose leve l than the 

controls ( Table l l )  . However S tandard Betsopart did not 

p roduce a glucose peak s i gni f icantly d i f ferent f rom that of 

the 2mg/ml preparations . In fact the intermediate 

concentration formulation of Smg/ml produced a s igni f i c antly 

higher peak than any o f  the other preparation s ( T able 1 2 )  

and its e f fe c t  was cons iderably long las ting in that i t s  rate 

of fall f rom the peak gluco se leve l was not s i gn i f icantly 

d i fferent from that o f  the S t andard Betsopart ( Table l l )  . 

S ince actual blood s teroid leve ls were not me asured in this 

expe riment we do not know if the rate of ab sorption from the 

i n j e ction of the Smg/ml preparation was intermedi ate between 

that of the lOmg/ml and 2 mg/ml formulations . However if we 

assume that its rate o f  absorption was intermediate we c an 

s t i l l  explain why its net glucogenic e f fect was not 

" intermediate " .  I f  we assume that the rate o f  glucogene s i s  

i s  a saturatab le response to the s teroid then there wi l l  be 

an optimum blood s tero id concentration that w i l l  produce 

the maximum rate of glucogene s i s . Higher steroid concentrat­

ion would no t produce any further increase in glucogene s i s  

rate ( F igure 2 8 )  . The n e t  e f fe c t  o n  blood glucose concentrat­

ion is the dif ference be tween glucogenes i s  and c atabo l i sm o f  

glucose . There fore the greate s t  ne t gluco se re spons e  w i l l  

b e  produced b y  a dose o f  s te ro id which maintains the b lood 

s teroid leve l at or about ( S )  optimum for as long a s  

possible . I f  we a s sume that the greater the volume o f  

inj ec ted material the f a s ter the rate of absorption then we 

can repre sent the resultant b lood s teroid levels of the 

three d i f ferent formulations as in Figure 2 9 . The rapidly 

absorbed 2mg/ml preparation whi le producing a high s te roid 

concentration would only produce maximum glucogene s i s  for a 

relative ly short time . The mos t  s lowly absorbed l Omg/ml 

preparation while produc ing a long lasting b lood s teroid 

leve l may only brie f ly , if a t  a l l , reach ( S )  optimum so that 

the net d i f fe rence between glucogene s i s  and glucose 

c atabo l i sm would result in a moderate blood g l ucose e l evation . 

The Smg/ml preparation with an intermediate rate o f  absorption 
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68. 
F IGURE 2 8 : The theore t i c a l  r e l a t ions h i p  b e twe en b l o o d  

s t e r o i d  c on c en t r a t i on and the r a t e  o f  
g luc ogene s i s . 

V max 

s 

F I GURE 2 9 : 

�-------·--=--""<--'4---

s OPT 1l1UM 

C o ne . o f  s t e r o i d  in b l o�---���. � 

The the o r e t i c a l  r e l a t i on s h ip b e tween the t ime 
c our s e  o f  b l ood s t e r o i d  c onc e n t r a t i o n s  and 
the var i o u s  c o n c e n tr a t i o n s  of the  i n j e c t e d  
s t ero i d  d o s e . 

2mg /ml 

5mg ;' m l  

T ime 

S OPT IMUH 

1 0mg /ml  
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could maintain ( S )  optimum for longer and thus p roduce a 

much greater net rise in b lood glucose . 

5 . 6  CONCLUS ION 

Th i s  exper imen t a l  wo rk h a s  shown tha t B e t s o l an ( 2mg /ml ) and 

Be t s opar t d i l u t e d  w i th wa t e r  b e fore inj ec t ion to 2mg /ml when 

given at the s ame do s e  r a t e  p r odu c e  very s imi l a r  hyper­

glyc aemi c re s pon s e s  in c ows . The re s p on s e  ob s e rved w i th 

Be t s opar t d i lu t ed t o  Smg /ml h oweve r  ha s shown tha t  the 

r e s pon s e  to b e  expec ted f r om us ing formu l a t ions  b e tween 

2 and l Omg /ml c anno t be c on f iden t l y pred i c ted . Fu r ther t r i a l  

work wou l d  b e  needed u s ing f o rmu l a t ions o f  2 ,  4 ,  6 ,  8 and 

l Omg /ml b e tame thas one , a l l  g iven at the s ame d o s e  r a t e , 

pre ferab ly u s ing more than 4 c ows in each trea tment g r oup . 

The me chan i sm o f  ac t ion o f  s o d ium f luor ide and p o t a s s ium 

oxa l a t e in l ower ing the g l u c o s e  c oncen t r a t ion in p l a sma 

requ i r e s  fur th e r  inve s t i g a t ion . The work repo r t e d  here  shows 

tha t  i t  invo lve s an in t erac t i on o f  the e rythro c y t e s  and the 

f luor i de-oxa l a t e ant i c o a gu l an t  bu t change s in i n t r ac e l l u l ar 

and wh o l e  b l oo d  g l u c o s e  l eve l have no t been inve s t i g a t e d . 

Compar i s on o f  the 3 ana l y t i c a l  me thods has shown ye t aga�n 

tha t  the ferr i c yan ide me thod ove r  e s t ima t e s  the t ru e  g l uc o s e  

c on c en t r a t ion . Bowever fue expec t e d  agreemen t  b e tween the 

g l u c o s e  oxid a s e  and oxygen e l ec t r o de me thods  was no t o b s e rve d . 

A fur ther anoma ly was the ab s en c e  o f  a d i f ference  b e tween 

the ferr i cyan i d e  and oxygen e l e c trode me thod r e su l t s  in c ow s  

a f te r  be t ame tha s one trea tmen t whe r e a s  a d i f f e rence was 

ob s e rved u s ing o ther b ov ine s erum and p l asma . Fur ther work 

t o  iden t i fy and quan t i t a t e  non g l u c o s e  redu c ing sub s tanc e s  �n 

b ov ine p l a sma i s  requ i red to exp l a in the s e  anoma l i e s . 



APPENDIX l a : BLOOD GLUCOSE CONCENTRAT IONS FOR ALL COWS I N  
THE BET&�THAS ONE TRIAL ( FERRICYANIDE METHOD ) 

Days 

Cow 
Number 

CONTROL 

D69 

659 

204  

7 7  

1 2 3 4 5 6 7 8 9 1 0  1 1  1 2  I 
3 . 8 3 3 . 5 6 3 . 8 7 3 . 9 5  3 . 9 9 4 . 2 4 4 . 3 6 4 . 18 3 . 8 8 4 . 0 7 3 . 6 0 3 . 7 4 I 
3 . 8 6 3 . 6 0 4 . 0 0 3 . 7 1 3 . 5 2 4 . 9 4 4 . 1 7 3 . 5 0 4 . 0 5 3 . 2 3 3 . 2 7 3 . 6 0 

4 . 1 7 3 . 90 4 . 0 0  3 . 8 6 3 . 8 1 4 . 56 4 . 4 3 4 . 0 4 3 . 9 8 3 . 7 9 4 . 3 5 3 . 8 2  

3 . 5 5 3 . 5 2 3 . 6 8 3 . 5 1 3 . 3 8 3 . 6 0 4 . 0 0 3 . 5 7 4 . 0 1  3 . 6 1 3 . 5 8 4 . 19 

STD ; BETSOPART 

1 9 1  

1 0  

1 6  

2 

3 . 6 4 3 . 3 9 4 . 4 5 3 . 9 7 5 . 16 5 . 4 8 5 . 4 9 4 . 7 7 4 . 9 9 5 . 1 0 4 . 5 8 4 . 5 7 

3 . 8 3 3 . 5 7 3 . 6 8 3 . 7 8 4 . 7 5 4 . 7 9 5 . 2 2 5 . 1 0 4 . 5 3 4 . 0 6 4 . 1 2 4 . 3 8 

4 . 8 6 3 . 9 2 4 . 10 4 . 1 5 5 . 3 4 5 . 5 7 5 . 6 3 5 . 1 0 5 . 0 3 4 . 7 0 4 . 2 4 4 . 7 0 

3 . 6 6 3 . 8 8 3 . 9 1 3 . 8 8 4 . 3 3 5 . 4 1 4 . 6 0 4 . 2 4 4 . 3 1 3 . 9 7 3 . 6 9  3 . 9 5  

STD . BETSOLAN 

4 1  

1 

1 4  

7 6  

3 . 7 0 3 . 8 4 3 . 4 9 3 . 9 4 5 . 0 5 4 . 8 6  4 . 9 0 4 . 1 2 4 . 0 3 3 . 9 0 4 . 0 1 3 . 3 7 

3 . 6 0 4 . 0 2 4 . 0 0 3 . 7 4 4 . 3 4 4 . 7 1 4 . 2 3 3 . 7 9 3 . 7 2 3 . 2 6 3 . 3 6 3 . 5 8 

3 . 6 0 3 . 3 9 4 . 8 0 3 . 5 2 6 . 1 6 5 . 9 1 5 . 1 5 4 . 2 4 4 . 1 8 3 . 7 3 3 . 2 5 3 . 5 1 

3 . 9 6 3 . 7 9 3 . 7 5 3 . 9 1 5 . 0 0 4 . 4 8  5 . 2 9 4 . 5 0 4 . 4 6 4 . 0 5 3 . 7 4 3 . 8 6  

BETSOPART 5mg/m1 

1 0 0  

3 9  

4 3  

4 0  

3 . 4 4 3 . 3 8 3 . 5 6 3 . 7 1 4 . 4 1 4 . 6 5 4 . 9 4 4 . 4 0 4 . 2 0 4 . 2 3 4 . 0 3 3 . 9 3 

3 . 8 4 3 . 8 0 4 . 0 2 4 . 0 6  5 . 1 1 5 . 1 7 5 . 9 5 5 . 0 6 5 . 0 2 4 . 5 3 4 . 4 5 4 . 2 7 

4 . 3 5 3 . 8 9 3 . 5 6 4 . 4 6 6 . 8 8 6 . 8 7 6 . 6 2 6 . 0 9 5 . 9 8 5 . 2 7 4 . 9 7 4 . 9 2 

3 . 8 5 3 . 5 9 3 . 6 6 4 . 0 9 5 . 0 9 5 . 7 8 5 . 1 1 6 . 8 3 4 . 0 6 3 . 9 4 3 . 9 5 4 . 18 

BETSOPART 2mg/m1 

8 0  

1 5  

7 8  

9 9  

3 . 6 1 3 . 5 7 3 . 8 2 3 . 7 1 6 . 0 8 5 . 2 1 4 . 6 4 4 . 0 8 4 . 0 5 3 . 6 5 3 . 5 0 3 . 4 3 

4 . 0 3  3 . 8 6 3 . 8 7 3 . 8 7 6 . 2 6 5 . 7 3 5 . 3 5 5 . 0 3 4 . 9 2 4 . 2 5 3 . 6 4 4 . 2 9 

4 . 4 2 3 . 3 0 3 . 7 5 3 . 7 4 4 . 7 9 5 . 0 8 4 . 6 5 4 . 3 2 4 . 2 4 3 . 6 0 3 . 7 8 3 . 5 2 

3 . 9 7  3 . 6 1 3 . 6 9 3 . 8 0 5 . 7 0 5 . 0 2 4 . 7 7 4 . 14 4 . 4 2 3 . 8 7  4 . 1 8 4 . 3 4 



APPEND IX lb : BLOOD GLUCOSE C ONCENTRAT IONS FOR ALL COWS IN 
THE BETAMETHASONE TRIAL ( GLUCOSE OXIDASE METHOD ) 

Days 

Cow 
Numbe r 

CONTROL 

D69 

6 5 9  

2 0 4  

7 7  

1 2 3 4 5 6 7 8 9 1 0  1 1  1 2  

3 . 2 4 3 . 4 9 3 . 6 7  3 . 5 5 3 . 7 7 4 . 0 2 3 . 8 3 3 . 8 8 3 . 6 2  3 . 6 5 3 . 2 6 3 . 3 3 

3 . 44 3 . 4 6 3 . 7 5 3 . 3 1 3 . 3 2 4 . 7 1 3 . 8 0 3 . 2 1 3 . 7 8 2 . 9 3 2 . 9 1 3 . 18 

3 . 3 4 3 . 8 8 3 . 7 5 3 . 4 7 3 . 5 3 4 . 50 4 . 0 9 3 . 7 5 3 . 6 7 3 . 4 7 3 . 8 9 3 . 4 0 

3 . 2 9 3 . 4 7 3 . 4 0 3 . 1 2 3 . 1 4 3 . 4 1 3 . 6 5 3 . 2 7 3 . 6 5 3 . 2 4 3 . 18 3 . 5 6 

STD . BETSOPART 

1 9 1  

1 0  

1 6  

2 

3 . 2 5 3 . 3 3 4 . 1 7 3 . 6 7 4 . 9 1 5 . 3 9 5 . 0 8 4 . 5 2 4 . 7 0 4 . 6 8 4 . 2 1 3 . 9 7  

3 . 1 6 3 . 2 8 3 . 4 7 3 . 2 7 4 . 4 4 4 . 4 4 4 . 8 1 4 . 8 1 4 . 2 3 3 . 7 1 3 . 7 7 3 . 9 2 

4 . 1 2 3 . 7 9 3 . 7 8 3 . 7 1 5 . 0 7 5 . 2 2 5 . 1 7 4 . 8 5 4 . 7 4 4 . 2 4 3 . 8 2 4 . 1 1 

3 . 2 0 3 . 6 3 3 . 6 2 3 . 3 7 4 . 0 1 5 . 0 8 4 . 1 5 4 . 0 1 3 . 8 8 3 . 5 0 3 . 2 6 3 . 4 4 

STD . BETSOLAN 

4 1  

1 

1 4  

7 6  

3 . 1 5 3 . 6 9 3 . 3 1 3 . 6 5 4 . 8 5 4 . 8 4 4 . 6 3 3 . 9 0 3 . 7 0 3 . 4 7 3 . 5 6 2 . 8 5 

3 . 10 3 . 8 3 3 . 7 9 3 . 2 6 4 . 1 0 4 . 6 2 3 . 8 9 3 . 5 6 3 . 5 2 2 . 9 6 3 . 0 8 3 . 18 

2 . 9 1 3 . 2 2 4 . 5 8 3 . 1 2 5 . 5 0 5 . 5 4 4 . 8 3 4 . 0 1 3 . 8 9 3 . 3 0 3 . 2 1 3 . 0 6 

3 . 9 1 3 . 6 6 3 . 6 2 3 . 5 5 4 . 7 4 4 . 3 1 4 . 8 6 4 . 3 0 4 . 1 2 3 . 7 1 3 . 4 0 3 . 2 9 

BETSOPART 5mg/m1 

1 0 0  

3 9  

4 3  

4 0  

2 . 8 9 3 . 2 5 3 . 3 1 3 . 3 2 4 . 1 9 4 . 5 9 4 . 6 0 4 . 14 3 . 8 8 3 . 8 2 3 . 6 6 3 . 4 7 

3 . 8 4 3 . 6 9 3 . 8 1  3 . 5 8 4 . 9 6 4 . 9 6 5 . 4 6 4 . 7 9 4 . 7 4 4 . 10 4 . 0 5 3 . 8 1 

3 . S 4 3 . 7 5 3 . 3 7 4 . 0 1 6 . 3 0 6 . 6 2 6 . 2 1 5 . 8 3 5 . 5 6 4 . � 0 4 . 5 8 4 . 2 0 

3 . 3 2 3 . 4 5 3 . 4 0 3 . 5 5 4 . 6 6 5 . 4 4 4 . 76 6 . 56 3 . 8 1 3 . 5 6 3 . 6 3 3 . 6 8 

BETSOPART 2mg/m1 

8 0  

1 5  

7 8  

9 9  

3 . 0 2 3 . 4 9 3 . 6 0 3 . 3 0 5 . 6 6 5 . 0 8 4 . 2 2 3 . 6 2  3 . 7 2 3 . 2 9 3 . 1 1 2 . 9 9 

3 . 49 3 . 6 8 3 . 7 5 3 . 3 4 6 . 0 0 5 . 5 3 5 . 05 4 . 7 8 4 . 5 7 4 . 0 8 3 . 3 1 3 . 8 1  

3 . 8 5 3 . 2 8 3 . 5 2 3 . 2 8 4 . 3 6 4 . 8 9 4 . 1 8 4 . 0 1  3 . 9 1 3 . 2 5 3 . 3 7  3 . 0 2 

3 . 2 5 3 . 4 7 3 . 4 8 3 . 4 0 5 . 3 8 4 . 8 1 4 . 5 4 3 . 8 3  4 . 0 8 3 . 4 2 3 . 8 2 3 . 6 5 



APPEND IX l e : BLOOD GLUCOSE CONCENTRAT IONS FOR ALL COWS I N  

Days 

Cow 
Numbe r 

CONTROL 

1 

THE BETAHETHASONE TRIAL ( OXYGEN ELE CTRODE HETHOD ) 

2 3 4 5 6 7 8 9 10  ll 12 

D 6 9  3 . 6 4 3 . 5 3 3 . 8 6 4 . 0 3 4 . 1 2 4 . 14 4 . 0 9 4 . 1 7 3 . 9 2 4 . 0 9 3 . 6 2 3 . 8 1 

6 5 9  3 . 6 2 3 . 5 0 3 . 8 8  3 . 8 1  3 . 5 8 4 . 8 7 4 . 0 9 3 . 5 0 4 . 0 6 3 . 3 0 3 . 3 0 3 . 6 4 

2 0 4  3 . 8 6 3 . 8 9 4 . 0 1 3 . 9 8 3 . 8 1 4 . 5 9 4 . 4 2 4 . 0 3 4 . 0 0 3 . 8 1 4 . 3 1 3 . 9 2 

7 7  3 . 5 8 3 . 5 0 3 . 6 7 3 . 5 3 3 . 4 7  3 . 6 7 3 . 9 8 3 . 5 3 4 . 0 0 3 . 7 0 3 . 6 1 4 . 2 0 

STD . BETSOPART 

1 9 1  3 . 5 8 3 . 4 4 4 . 4 4 4 . 0 6 5 . 2 4 5 . 5 2 5 . 4 9 4 . 7 9 5 . 0 4 5 . 1 5 4 . 6 5 4 . 5 9 

1 0  3 . 6 2 3 . 6 4 3 . 5 3 3 . 6 1 4 . 7 6 4 . 8 2 5 . 1 8 5 . 1 2 4 . 6 2 4 . 1 2 4 . 0 9 4 . 4 5 

1 6  4 . 5 0 3 . 9 2 4 . 0 3 4 . 0 9 5 . 3 5 5 . 4 3 5 . 5 2 5 . 1 8 5 . 0 7 4 . 7 0 4 . 3 1 4 . 7 0 

2 3 . 7 5 3 . 9 8 3 . 7 5 3 . 7 7 4 . 2 8 5 . 3 2 4 . 5 2 4 . 3 1 4 . 2 6 3 . 9 5 3 . 6 7 4 . 0 3 2  

STD . BETSOLAN 

4 1  3 . 6 6 3 . 8 4 3 . 3 6 3 . 8 1 5 . 1 8 4 . 8 4 5 . 0 1 4 . 1 4 3 . 9 8 3 . 8 9 3 . 9 6 3 . 4 4 

l 3 . 6 2  4 . 0 9 3 . 8 6 3 . 6 1 4 . 3 1 4 . 7 6 4 . 2 0 3 . 8 4 3 . 7 5 3 . 2 8 3 . 3 6 3 . 5 8 

1 4  3 . 4 9 3 . 5 3 4 . 6 2 3 . 4 4 6 . 0 8 5 . 9 4 5 . 1 5 4 . 3 1 4 . 2 3 3 . 7 2 3 . 3 0 3 . 5 8 

7 6  3 . 9 8 3 . 6 1 3 . 7 3 3 . 8 6 5 . 0 7 4 . 4 8 5 . 1 8 4 . 5 1 4 . 4 0 4 . 1 2 3 . 7 2 3 . 8 1 

BETSOPART 5mg/m1 

l O O  3 . 4 2 3 . 3 9 3 . 5 3 3 . 8 1 4 . 4 2 4 . 6 8 4 . 9 6 4 . 4 5 4 . 2 3 4 . 2 8 4 . 0 9 4 . 0 6 

3 9  3 . 7 5 3 . 8 1 3 . 8 1 3 . 9 5 5 . 2 1 5 . 2 1 5 . 8 2 5 . 0 8 5 . 0 1  4 . 5 4 4 . 5 2 4 . 4 0 

4 3  4 . 2 0 3 . 8 6 3 . 3 6 4 . 3 7 6 . 7 5 6 . 9 7 6 . 5 9 6 . 16 5 . 9 9 5 . 3 5 5 . 0 4 4 . 9 0 

4 0  3 . 8 4 3 . 6 4 3 . 4 7 3 . 9 2 5 . 0 4 5 . 7 4 5 . 0 4 6 . 8 3 4 . 1 2 4 . 0 0 4 . 0 7 4 . 3 1 

BETSOPART 2mg/ml 

8 0  3 . 5 3 3 . 5 6 3 . 8 1  3 . 7 5 6 . 1 0 5 . 2 6 4 . 5 6 4 . 0 0 4 . 0 3 3 . 7 0 3 . 5 1 3 . 5 6 

1 5  3 . 9 8 3 . 7 5 3 . 7 5 3 . 6 7  6 . 2 7 5 . 8 5 5 . 4 1 5 . 0 7 4 . 9 6 4 . 3 4 3 . 7 0 4 . 3 4 

7 8  4 . 14 3 . 3 3 3 . 7 8 3 . 7 5 4 . 7 9 5 . 1 5 4 . 5 4 4 . 3 1 4 . 2 8 3 . 6 7 3 . 8 1  3 . 5 6 

9 9  3 . 7 8 3 . 6 4 3 . 7 2 3 . 7 5 5 . 7 1 4 . 9 6 4 . 8 4 4 . 14 4 . 4 0 3 . 9 2 4 . 2 0 4 . 2 8 



APPENDIX I I  

GROUP cow RE S IDUAL VARIANCE S OF Y 

Day 1 - 7  Day 0-7 Day 0 - 6  Day 1 - 6  

Ac tua l ·k Expr e s s e d  re l a t ive to d ay 1 - 7  

CONTROL D 6 9  . 00 0 1 7 0 2  2 . 3 6 1 . 2 5 2 . 6 7 

6 5 9  . 00249 3 6  1 .  9 1  0 . 9 0 2 . 2 6 

204 . 0 00 7 3 7 2  2 . 5 6 1 .  2 5  2 . 8 7 

7 7  . 00 0 7 4 1 2  1 .  1 0  0 . 9 1 1 .  2 1  

BETSOLAN 4 1 . 0 0 0 6 2 0 5  1 .  3 4  0 . 9 8 1 .  1 7  

1 . 0 0 1 1 3 5 2  1 .  3 7  0 . 94 1 .  4 5  

1 4  . 000 5 8 9 1 1 .  34 0 . 8 9 1 .  48 

7 6  . 0 00 7 3 7 1  0 . 9 6 1 .  2 1  1 . 0 5 

BETS OPART 1 9 1  . 0 0 0 3 2 9 4  2 . 1 5 1 .  1 1  2 . 1 0 

1 0mg /ml 1 0  . 00 1 0 2 0 9  1 . 1 3 1 . 1 8 1 .  3 6  

1 6  . 0004 0 3 6  1 .  7 3  0 . 9 8 2 . 1 2 

2 . 000 7 3 5 6  3 . 0 1 0 . 8 9 3 . 6 2 

BET SOP ART 1 0 0  . 000 1 1 5 3  5 . 7 8 1 .  2 5  6 . 3 0 

Smg /ml 3 9  . 00 0 5 7 9 1  1 . 4 3 1 .  2 0  1 .  5 4  

4 3  . 00 0 1 1 09 5 . 2 6 1 . 1 2 5 . 3 4 

40 . 0 0 5 7 1 4 9  1 .  1 1  1 .  2 3  1 .  3 3  

BET S OP ART 8 0  . 00 0 7 0 5 5  1 .  04  1 .  0 6  0 . 9 8 

2mg /ml 1 5  . 00 0 9 8 7 1  0 . 9 2 . 84 0 . 9 0 

7 8  . 00 0 44 7 2  2 . 8 1 1 .  2 5  3 . 1 7 

9 9  . 00 1 04 7 9  1 .  0 1  1 .  0 8  0 . 9 7 

�·· D a t a  h a s  been t r an s f ormed by taking l ogar i thms 

( b a s e  1 0 )  o f  the or i g in a l  g lu c o s e  c on c e n tr a t i on (mH) 
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