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Abstract of a thesis  presented in partial fulfilment o f  the 

requirement s  for the Degree of Doctor of Philosophy . 

THE INDUCTION OF CALVING USING BETAMETHASONE AND THE 

PHARMACOLOGICAL ACTIVITY OF SELECTED FORMULATIONS HAVING 

DIFFERENT RATES OF ABSORPTION 

by Stuart Campbell MacDiarmid 

A series of  experiments was undertaken in cows to study 

the disposit ion and duration of activity of selected formulations 

of  the synthetic  corticosteroid betametha sone (BM) . The aim \vas 

to select a comb ination of formulations which would be suitab le 

for use in a two-inj ect ion treatment regimen designed to induce 

premature parturition in cattle . 

In an ini tial experiment, 10  cows each received a 

subcutaneous inj ect ion of 2 0  ml of 2 mg/ml aqueous suspension 

of  BM, 1 0  received 2 ml of a 20 mg/ml suspension and a further 

10 cows served as saline-trea ted controls . The BM formulat ions 

differed only in their solids:veh{cle rat io. Plasma BM, cortisol 

and glucose concentrat ions , and differential blood cell count s 

were studied for 3 days before, and for 19 days af ter, t reatment . 

The 2 mg/ml suspension produced a markedly higher peak 

plasma BM concen tration than the 2 0  mg/ml suspension . However, 

plasma BM levels tended to b e  maintained for longer by the 

suspension having the higher solids:vehicle rat io . 

The administration of BM resulted in depression of  early-
, .  

morning cortisol concentrat ions, ele'Jat ion o f  plasma glucose 

levels , and elevation of  circulating n eutrophil numbers . The 

magnitude and duration o f  thes� changes was related to the 

solids:vehicle ratio of  the inj ected suspens ions, with the more 

concent-rated f'ormulation producing effects of  greater duration . 

A second experiment involved 9 cows which were d ivided 

into  3 groups, each of  which tvas treated at a dose rate of 
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0 . 1 mg /Kg with sod ium phosphat e  solution or a 2 mg/ml BM 

suspens ion or a 2 0  mg/ml BM suspension . Over a period of 

several weeks each c mv rece ived its a l located formula t ion by 

each o f  3 routes ; int ravenous , intramusuclar and subcutaneous . 
• 

The b ioavai lab ility of  the BM suspens ions was low and 

the solids :vehicle ratio exerted a profound effect on the rat e  

at  which the s t eroid was ab sorbed . The d isposition curves of the 

BM solution were s imi lar regardless of the rout e  of administrat ion 

and the plasma half-life values of  BM sodium phosphat e ,  est ima ted 

from 3 experimen ts in  each o f  3 cows , were 5 . 64 , 6 . 06 and 6. 4 3 

hours . 

Ten cows were included in a third experimen t . They were 

treated by subcutaneous inj e c t ion \vi th 2 ml of a 10 mg /ml BM 

suspension ; a preparation int ended for use in the in duct ion of 

calving . Mean plasma concentrat ions of BM and glucose were 

eleva ted above pre-t reatment values for 4 days and 8 days 

respect ively . Mean plasma cortisol levels \vere profoundly 

depressed  for 2 weeks and in some individuals showed no s igns 

o f  re turning to normal 4 weeks after treatment . 

Two field trials , invo lving 619 and 5 53 cows respect ive l y ,  

were conduc ted to  a s sess t h e  su itab i l i t y  of BM formulations for the 

induc t ion of premature calv ing in commercial dairy h erds . 

In the first t ria l , the mean stage of pregnancy at >vhich 

c ows  were treated was approximat ely 250 days . Cows received  

an initial inj ection of e i th er 2 ml o f  a 10 mg/ml suspens ion 

of BM, 2 ml of a 15 mg/ml BM suspens ion or 4 ml of a 5 mg/ml 

s uspension of dexamethasone trimethylacetate (DTMA) . All cows 

which had not calved \vi thin 10 days of  this ini t ia l  treatment 

received a 1 2.5 ml dose of a 2 mg/ml suspension of BM. 

In comparison with those cows t reated with DTMA, 

s i gnificantly fewer cows  t reated Hi th the concentrated BM 

suspensions requ ired a second cor ticost eroid inj ec t ion . 

In a l l  other respe c t s , such as ca lf mor tality , inc i dence of 

ret ained foetal membranes and maternal illnesses , the results 
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of  the treatments were no t signif ican tly d ifferent . The 10 mg/ml 

BM suspension was therefore deemed to  b e  suitab l e  for use in the 

induct ion of calvin g .  

The second field trial confirmed the suitab ility o f  the 

10 mg/ml suspension as an ini tial treatment to induce . calvin g .  

Cows which had n o t  c alved within 7 days of  the initial treatment 

were inj ected with 2 0  mg of BM, either as a 2 mg/ml suspension 

or as a 2 mg/ml s o lu tion of the sodium phosphat e  ester . 

After the s econd s teroid inj ect ion , those cows wh ich had 

received the more rapidly ab sorb ed BM solut ion calved sooner 

than those which had b een treated with the 2 mg/ml suspension . 

The resul ts  of these studies c learly showed tha t  the 

duration of act ivity of BM suspensions could be prolonged by 

increasing their solid s : vehicle ratio . I t  was also shown that 

a t reatment regimen consisting of an initial inj ect ion of a 

10  mg/ml BM suspens ion , followed 7 to 1 0  days la ter by an 

inj ec tion of a more  rapidly ab sorb ed BM formulation , was 

suitab l e  for the induc t ion of calving as currently prac tised 

in New Zealan d .  
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CHAPTER I 

I NTRODUCT I ON 

Because.of the seasonal nature of New Zealand dairying , 

dairy f armers in this country are always interested in ne�.: husbandry 

techniques which might lead to a reduc tion in the number of cm,rs 

which calve  inconveniently late in the season . Many "'ere therefore 

receptive when , in 1970 , the concept of treating cm.,rs with cor tico­

s teroids was put fon1ard by researcher s at Ruakura Agr icul tural 

Research Centre as a means by which late-calving cows could be 

'brought into l ine ' wi th their herdmates . TI1ere can be  few 

management techniques which have f ound such widespread acceptance 

in such a shor t time . 

By the time this present s tudy was initiated in 1 9 7 7 , it  was 

e s t ima ted tha t approxima tely 200, 000 cows annually were being 

trea t ed to cau se prema ture parturition . Only one ' l ong-ac t ing' 

cor t ic o s t ero i d  produc t had b een l icensed for the induc t ion of  

calving , and so the development of another produc t ,  c apable o f  

compe ting for a share of the market ,  was viewed a s  a commercia l ly 

a ttrac tiv e  proposi tion.  

The most  widely used method by \,rhich the pharma ceutical  

indu s try ob tains ' long-a c t ing ' s teroid formulations is  by the 
' 

prepara t ion of  der iva tives o f  low solub i l ity . While  the number 

of pos sible deriva tives of any one cort icosteroid is enormous , the 

c o s t s  of developing and l icensing a previously-untes ted derivat ive 

are s imilarly very great . A company , therefore , i s  more l ikely 

to favour the modifica tion of an existing deriva t ive  for which 

basic toxicology and clinical testing criteria have already been 

sa t i sf ied . 

The manufac turers o f  b etamethasone al cohol had accumula ted 

a sub s tantial amount of data rela ting to its saf e t y ,  a s  it has 

been marketed for many years  in . the form of an inj ec table 2 mg/ml 

suspension . Before the present study was begun , i t  \-Jas already 

known that the 2 mg /ml suspension was capable of induc ing calving 

when adminis tered c lose to t erm , or to cm.,rs a lready ' primed ' by 

trea tment with a ' long-a c t ing ' corticos teroid . Means were 

therefore sought by which the tried-and-tested b e tarnethasone 

1 



a lcohol could be  formulated to produce effec ts  of greater dura tion . 

Pilot  studie s ,  conduc ted in England by  Philip Box and h i s  

colleagues  at Glaxo Group Research Limi ted , had ind icated that 

the dura t ion o f  ac t ivity of  a given dose o f  betame thasone alcohol 

could be increased by adminis tering that dose in a much-reduced 

volume . TI1at is , by increasing the conc entration , or more 

accurately the sol ids : vehicle ratio , formulations having prolonged 

a c tivity could be prepared . 

I t  wa s a t  this s tage tha t  the work presented in thi s  thesis 

was begun . 

Much of  the informat ion rela t ing to the ab sorp t ion o f  drugs 

from intramuscular and subcutaneous inj ect ion s i tes has been 

pub l i shed in the form of inc idental observations associated wi th 

a wide variety of other s tudies . It thus tends to be scat tered 

throughout numerous , of ten unrela ted journals . Because of the 

current ve terinary interest in drug d i sposition ,  i t  wa s considered 

that a need existed for a comprehensive rev iew of  this sub j ec t .  

Accordingly , the prepara tion o f  such a review,  with a veter inary 

emphas i s  wherever po ssib le ,  was under taken as an important 

suppor t ive component of  the maj or inves tigation. Similarl y ,  a 

number of  y ears has passed s ince the sub j ec t  of  cor ticosteroid­

induced calv ing has been reviewed ,  and a s  there have b een maj or 
' 

advances in recent year s ,  i t  was considered that an updated 

review o f  this subj ec t  should be  included in the thesis . 

TI1e experimental inve s t igations found necessary for this 

proj e c t  were des igned to provide background informa t ion on the 

durat ion of activity of cer tain be tamethasone formula tions af ter 

admin i s tra t ion to cattle . In addition i t  was envisaged tha t 

once a ' sui table ' formu la t ion was found , i ts ef f icacy as an 

agent for the induction of prema ture parturition would have to 

be evalua t ed in large-scale f ield  trials .  

TI1e inves tiga t ions carried out  did  l ead to the development 

o f  a suitable b etamethasone produc t ,  and much general informa t ion 

relat ing to i t s  use in ca t t l e , and to the benef i t s  and 

disadvantages of induced calving , was ob tained . 
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CHAPTER I I  

T H E  ABSORPT I ON O F  DRUGS FROM SUBCUTANEOUS AND  I NTRAMUSCULAR 

I NJEC T I ON S I TES: A R EV! EW 

1. I NTRODU C T I O N  

A drug is adminis tered t o  a patient w i th the a im of  producing 

and maintaining at the s i t e  of  drug action a concentration of free 

drug suff icient to produce an appropriate c l inical response 

( Saunder s ,  1 9 74 ; Baggo t ,  1 9 7 7 ) . The concentra tion of  drug at its  

s ite of  action is dependen t on , among other things ,  i t s  concen tration 

in the b lood (Baggo t, 1 9 7 7 ) . The amount o f  adminis tered drug which  

enters the blood stream depends on  the size of  the  dose, the  route 

of a dminis tration and the bioavailab ility of the dosage form 

( Baggot ,  1 9 7 7 ) . 

When a drug i s  administered other than by the intravenous 

route , absorption proces ses must  occur for the drug to pass from 

i t s  s i te of adminis tration into the blood stream . Whenever an 

absorp tive phase i s  involved in drug distribu tion , possible probl ems 

of  b io availability mus t  be  considered (Baggo t ,  1 9 7 7 ) . Bioavail­

abi l i ty is a measure of the rate and extent to which a drug enters 

the sys temic circulation in an active form , and is governed by the 

route of  administrat ion , the dosage form and certain physicochemical 

properties of the drug molecule (Baggot , 1 9 7 7 ) . The most importan t  
' 

of these proper t ie s , in rela tion to absorpt ion and d is tribution 

wi thin the body, is the solubi lity of the drug in the body f luids , 

which comprise aqueous salt solutions o f  various pH values, as  

wel l  a s  l ipid s ( Fe ldJJan , 1 9 74 ; Saunders , 1 9 7 4 ; Baggot ,  1 9 7 7 ) . Thi s  

is b ecause t o  reach i t s  s i t e  o f  action following adminis tration , a 

drug usually has to pass from an aqueous medium , through a l ipid­

containing membrane and back into an aqueous medium ( Saunders , 1 9 7 4 ; 

Baggot ,  1 9 7 7 ) . Therefore,  drugs \vhich are soluble in both \vater  

and l ipid so lvent s  are  mos t  l ikelJ to dis tribute readily throughout 

the body ( Saunder s ,  1 9 74 ) . �.Jeak organi c  acids and bases are 

part icularly suitable for distribution b ecause their ionised forms 

are soluble in wa ter but  are almo st  insoluble in l ipids , v1hile their 

non-ionised forms are soluble in lipids but are only poorly soluble 

in aqueous solutions (Feldman , 1 9 7 4 ; Saunders ,  1 9 74 ; Baggo t, 19 7 7 ) . 
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The main barriers to drug  movement wi thin the body are l ipid  

in nature . These are the epithelial membranes of  the gas tro­

intes t inal trac t ,  the endothelial membranes of  the cap i llary \valls 

and the various cell membranes ( Saunders ,  1 974 ) . These b iological 

memb ranes consist  predominantly of  a l ipoid-pro tein mo saic with 

some a queous pores (Harvey , 1970 ; Saunders , 1 97 4 ;  Baggot ,  1 977 ) . 

Drug molecules may cro s s  the s e  membranes e ither by passive diffusion 

or by specialized , energy-dependen t active transpor t processes .  

When drug molecules are suf f i c ien tly l ipid-solubl e  they are able 

to  c ross the predominantly-l ipid membrane by pass ive diffusion , 

the rate of  whi ch is  dependen t on the concentra tion gradient across 

the membrane and the degree o f  lipid solub ility of  the drug . Drug 

mo lecules may also pas s  through b iological membranes pa ssively by 

f il t ration through the aqueous pores (Harvey , 197 0 ; Feldman , 1974 ; 

Baggo t ,  1977 ) . Drugs normally cross endo thelial membranes ( i . e .  

cap i l lary wa lls)  far more rapidly than they c ross epi thelial 

barr iers ( Baggot, 1 977 ) . 

At physiological  pH values most  drugs are present in both 

ionised and non-ionised forms . The extent to whi ch a drug is  

ionised depen ds on  the  dissociation cons tan t  (pKa) of the drug 

and on the hydrogen ion concentration (pH) of the surrounding 

medium .  At  a pH equal to the pKa of a. drug , 50% of the drug 

molecules will be present in the ionised form .  A partially 

ionised drug may be d i s tr ibuted in unequal concentrations on 

e ither s ide of  a biol?gical membrane , e specially where pH 

d i fferenc e s  exist  across that membrane (Harvey , 1 97 0 ; Saunders , 

1 97 4 ; Baggot , 1 977 ) . Whi l e  the maj ority of drugs are weak 

elec trolytes whose l ipid-water solub i l i ty proper t ies are readily 

al t ered by changes in pH , many drugs are non-ionised . These drugs 

are generally lipid soluble with only a very low degree o f  

solub i l i ty i n  water . Thei r  effect s a r e  usually due t o  their 

solubilization in the body lipids . Two groups o f  such drugs are 

the general anaesthe t i c s  and the s teroids , bo th of which t end to 

b ecome widely distributed in the lipids of the body (Saunders , 

1974). 
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2 .  DRUG ABSORPT I O N  

Drug absorption is  defined a s  the passage of  drug from its 

s i te of admini stration into the blood s tream . The route by \vhich 

a drug is adminis tered will strongly influence the rate and extent 

to  which it is absorbed . There are two major  classes of  route by 

which a drug may enter the body : the enteral and parenteral .  

Drugs administered by the enteral route are given o rally and pass 

into the gas trointestinal (g . i . )  trac t from where absorp tion across 

g . i .  epithelium takes p lac e . The g . i .  tract  is by-passed when drugs 

are administered by a variety of parenteral routes which include 

topical applica tion, inhalation and inj ection ( Baggo t ,  1 9 7 7 ) . 

Importan t  parenteral routes o f  administrat ion are intravenous, 

intramuscular ( i . m . ) and subcutaneous ( s . c . )  inj e c t ion . When a 

d rug is  adminis tered intravenously absorp tion is  ins tantaneous 

and b ioavailability complete . However ,  fol lowing i . m .  or s . c .  

inj e c tion ( i . e .  extravas cular inj ection) , where dif fusion to , and 

passage acros s ,  endo thelial tissue barriers mus t  take place, the 

po ssib il ity of  delayed or incompl e te ab sorption ar ises (Baggot , 

1 9 7 7 ) . Drugs may dif fer in the rate and extent to which they are 

absorbed following extravascular inj ect ion (Baggo t ,  1 9 7 7 ; Nouws 

& Ziv , 1 9 7 7 )  and even dif ferent formula tions of the same drug may 

shmv marked differences in their bioavailab ili ty (Nomvs & Ziv , 1 9 7 9 ; 

Ziv , 1980 ; Dowrick, 1 9 80) . 

2 . 1  ABSORPTION FROM INTRAMUSCULAR AND SUBCUTANEOUS INJECTION SITES 

Absorption of dr�gs from aqueous solutions inj ected by the 

i .m .  or s . c .  rou�es is usually relatively rapid ( Ballard & Nelson, 

1 9 7 0 ; Bederka , Takemori & Miller , 1 9 7 1; Baggo t ,  1 9 7 7 ) . Although 

water is the solvent of  cho ice  for parenteral drug produc t s ,  no t 

a l l  drugs can be  formula te d  as  simple aqueous solut ions ,  ei ther 

b ecause of poor solub i lity or instability . In such cases 

a lterna t ive b iologically acceptab l e  solvents , which may or may 

not be m iscible wi th body f luids, may b e  used (Ballard & Nel son , 

1 9 7 0 ;  Dowrick, 1 980 ) .  Under cer tain c ircumstances it  may be  

e ither impossible or unde s irable to prepare a particular drug as 

a true solution , and it may be necessary to formulate a 

parenteral dispersion in which the drug is  presen t as  an 

I 
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und issolved pha se (Ballard & Ne lson , 19 70; Dowrick , 1980 ) .  A 

wide variety of  such dispersions can b e  prepared in which the 

physical properties of the dispersed phase and the vehicle can 

be varied to produce solubilized  syst ems , col loidal d i spersions , 

emulsions and true suspensions . Vehicles may be mis cible with 

wa ter and plasma , or they may be oily and non-miscible (Dowrick , 

1 9 80 ) . 

I t  i s  usually assumed that following i .m .  or s . c .  adminis tration , 

d rugs  are absorbed from the inj ection site  according to firs t-order 

kinetic s .  Tha t  is , the ra te of absorption is assumed to be  

proport ional to the amount of  drug remaining at the  inj ection site  

(Wagner ,  19 6 1) .  \�ile i n  many cases drugs do  appear to be ab sorbed 

f rom parenteral si tes according to f irst-order kine tics , �bsorption 

rate-constants  may in some ins tances decrease wi th t ime (Franke 

et al,  19 50; Sund & Schou , 1964; Munck et al, 196 7; Bincier , 1969; 

Kakemi et a 1, 19 6 9 )  or even increase (Binder , 1967;  Brother ton , 19 76 ) . 

Hence ab sorp tion ra tes may b e  variabl e  (Mulligan & Cassee , 1965; 

Brother ton , 19 76; Greenb l a t t  & Koch-Weser , 19 76 ) and in some cases 

ab sorp tion may be bet ter described by  biexponent ial or even 

polyexponen tial kinetics (Munck et al, 1967; Ballard , 1968; 

Binder , 1969 ) . 

2 . 2  EVENTS OCCURRING AT INJECTION S ITE 

A factor of maj or importance in governing the ra te a t  which 

an inj ected formula tion i s  ab sorbed is  the area o f  absorp tive 

surfaces in con tac t wi th the inj ec ted volume (Wagner , 196 1; Ballard , 

1968; Harvey , 19 70 ) . However , the surface area o f  the inj ected 
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depot changes con tinuously during the ab sorption process as the inj ec ted 

formulation diffuses or spreads within the tis sue , and as  the solute 

and solvent are removed  a t  different rates (Ballard , 1968; Schou , 19 7 1; 

Greenblatt  & Koch-Weser , 1 9 76 ) . 

When aqueous solutions o f  drugs are inj ec ted extrava scularly 

they become rapidly d i stributed solely in the ground sub s tance of 

e ither the subcutaneous connec t ive t issue or of the connec t ive ti ssue 

between musc le fibres (Ballard , 1968; Schou , 1 9 7 1 ) . Wa ter-immiscib l e  

formula tions , o n  the o ther hand , may take s everal days t o  spread and 

are distributed in s pherical or ellipsoidal sacs  in sub cutaneous 
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connective tissue , o r  along planes of fasc ia or connec t ive tissue 

surround ing musc les and groups o f  muscles (Ballard , 1 9 6 8 ) . Aqueous 

suspension s  spread rapidly (Ballard , 1 96 8 ) . 

In ve terinary c l inical prac t ice, so-called intramuscular 

inj ect ions are very frequent ly made  not into muscle tissue as 

suc h ,  but  rather in to fascial planes and connective tissue (Baxter 

& Evans , 1 9 7 3 ;  Marshall & Palmer , 1 9 80) and might be be tter described 

as intermuscula r inj ections . 

Subcu taneous t is sue con tains a r i ch su pply o f  b o th capillaries 

and lymphatic vessels , and while muscle tissue lacks lymphat i c s  i t  

too is  well endowed wi th capillarie s .  The connec tive tissue sheaths 

and fascial plane s of muscle  groups are abundantly supplied with 

lymphatic s ,  and tissue fluid moves through spaces along fasc ial 

p lanes b e tween mu scle fibres  (Ballard, 19 68) . In the walls of 

lymphat i c s  and capillaries there are smal l openings at  the j unct ions 

of  some of the endothelial cells  wh ich make up the vessels . Even 

mild t rauma causes an in crease in the number of such open j unct ions 

and leads to a marked increase in the permeab il ity of the vessels 

( Casley-Smith , 1 9 6 4 ; Bal lard , 1 9 68 ) . 

Some parenteral formulat ions intended for s . c .  or  i.m . 

inj ection may be irritan t and c ause marked tissue da1nage at the 

s i te of  inj ection (Nouws & Ziv , 1 9 7 7 ; Immelman , Bo tha & Gr ib , 1 9 78; 

Rasmus sen , 1 9 80 ;  Ziv , 1 9 80) . However , al l i . m .  and s . c .  inj ec t ions 

cause some degree of local t rauma and aseptic in f lammation. This 

t issue damage is due to the direct ef fect of the needle , to the 

d i s t ens ion and d isruption caused by the inj ec ted volume and the 

c ompos i tion of  the inj ected sub stance ( Sund & Schou , 1 9 6 4 a ;  

Mull igan & Cassee , 1 965 ; Secher-Hansen , Langgard & S chou , 1 9 6 7 c ; 

S chou , 1 9 7 1 ) . For a given f ormul ation the extent o f  the 

inf lammation at the inj ect ion site is proport ional to the volume 

inj e c t ed ( Secher-Hansen , Langgard & Schou , 1 9 6 7 c ) . 

Pain a t  the s ite o f  inj e c t ion c an be  caused by  excessively 

acidic or basic solu tions , anisotonic solution s, or by formula t ions 

which cause the l iberation o f  vasoactive sub stances such a s  

histamine and 5-hydroxytryptamine ( 5-0HT) (Schou , 1 9 6 1 ; 1 9 7 1 ) . 



The extent to which these amines are l iberated depends on the 

c omposition,  volume and conc entra tion of the inj ec ted formulation 

( Schou , 1 9 6 1 ;  Sund & Schou , 1 9 6 4a ) . Fol lowing extravas cular 
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inj ec tion many subs tances produc e wha t is known as ' self-depression' 

of their own absorption ( Schou , 1 9 58a ; 1 9 5 8b ;  Mil thers & Schou , 1958 ) : 

a delay c au se d  by the release of  endogenous vasoactive amines at  the 

inj ection si te . The phenomenon may b e  blocked by the concurrent local 

or syst emic a dministrat ion of  antihis tamines (Schou , 1 95 8a ; 1 958b ) or 

5-0H T an tagonists (Milther s ,  1 9 5 9 ) , and repea ted inj e c tions in to the 

same s i t e  'vi ll  eventually fail to provoke self-depression as t is sue 

amines become depleted . For a given sub s tanc e ,  a grea t er self­

depression occurs when the inj e c t ion volume is increased ( Sund & 

Schou , 1 9 6 7 ; Schou , 19 7 1 )  and 'vhen the concentration o f  the inj ec ted 

solu t ion is  increased (Schou , 1 9 6 1 ; Binder , 1969 ) . The biexponentia l  

absorption rates seen following the inj ection o f  some drug 

formulations (Ballard , 1 9 68 ;  Binder , 1 9 6 9 )  may , in some ca ses, b e  

explained by the f a c t  that the ini t ia l  ab sorption phase is  inhibited 

b y  a self-depression phenomenon which gradually wears o f f  (Binder , 

1 9 69 ) . 

Some drugs ,  such as  the s teroid anaesthet ic alphaxalone , 

are abso rbed  more slowly from s . c .  s i tes than from i . m .  ones (Evan s ,  

Aspina l l  & Hendy, 1 9 7 2 ) . The vehic le for this stero id conta ins the 

solub i l i z ing agent Cremophor EL >vhich is known to release histamine 

(Lorenz et al, 1 9 7 1 ) . Histamine-con taining ma st  cells  are 

par ticula r ly abundant in the connec t ive tissue of the skin (Barre tt , 

1 9 7 8 )  and so it  may well be  tha t the delay in ab sorption , seen when 

such f ormula tions are inj ected subcutaneously , i s  due to a grea t er 

self-depression a t  this s i t e . 

The ab sorption of  drugs  from inj ected solut ions involves 

two maj or  processes . The first process is  dif fus ion wi thin the 

inj e c t ion depot ( ' s t irring ' )  and through the connec t ive t issue 

ground sub stanc e ,  and the second i s  the passage of drug mol ecules  

from t i s sue fluid through capillary 'va lls into blood p lasma 

(Ballard , 1 9 6 8 ;  Schou , 1 9 7 1 ) . 

So lvent and solute are  ab sorbed from an inj e c tion s i te a t  

differen t rates (Secher-Hansen , Langgard & Schou , 1 967a ; 1 9 67b) . 



The hyaluronic acid gel and the s truc ture of  formed element s  whi ch 

cons t i tute the tissue ground subs tance a c t  a s  a macromolecu lar 
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f il ter which p ermits solven t water to spread further than solute 

mol ecules . A concentration gradient i s  thus  created (Ba l lard , 1 9 6 8 ; 

Schou , 1 9 7 1 )  and movement of drug molecules through the ground 

sub s tance o ccurs partly  by diffusion along this concentration grad ien t ,  

and par tly b y  f i ltra t i on or ' solvent dragt due to a hydrostatic  

pressure d i f f er enc e ( Secher-Han sen , Langgard & Schou , 1 9 6 8 ;  Secher­

Hansen,  1 9 6 8 ) . The rate of f il tra tion wil l  influence the rate o f  

absorption t o  some d egree , especially with large , l ipid-insolub l e  

molecules (Schou , 1 9 6 1 ; Sund & Schou, 1 9 65 ) . 

While  lipid-so luble mol ecules  diffuse mo st readily through the 

capi llary wa l l s  into blood plasma (Ball ard , 1 9 6 8 ;  Schou, 19 7 1 )  

absorption o f  small  molecules, regardless of lipid solub i l i ty , occurs 

almo st entirely into capillaries .  It is mainly in the ab sorption of  

molecule s  too large to cross endothelial barriers (M . W .  > 1 0 , 000) 

tha t the lympha tic s play an impor tant role (Hollander , Reilly & 

Burrows , 1 9 61 ;  Schou , 1 96 1 ; Bal lard & Nelson , 1 9 7 0 ;  Harvey , 1 970 ) . 

The rate a t  which injected \va ter molecules disappear from an 

inj ectio n  site is extremely ra pid and yet is independent o f  the 

rate at Hhich the injec ted volume disappears from the s i t e  ( Secher­

Han sen, Langgard & Schou, 1 9 6 7a; 1 9 6 7b ) . There is  a very rapid 

exchange of  water mol ecules between the inj ected solution and tissue 

f luids , with the resu l t  that the inj ec ted volume disappears  a t  a 

much slower ra te than the actual inj ec ted water molecules . I t  is  

probabl e  that the surplus volume i s  r emoved from the inj ec t ion s i t e  

b y  way o f  the lympha t ics ( Secher-Hansen , 1968a ;  1 9 6 8b ) . 

Th e absorption of  drugs from non-aqueous so lution s ·and from 

suspen sions i s  a more complica ted process and will b e  discussed la ter 

( Sec tion 4 . 2 ) ,  although it  is appropria t e  at this point to ment ion 

tha t phagocytosis by leucocyte s  may play a role in the absorption 

of par ticula te and microcrys t a l l ine substances (Ballard , 1 9 68 ; 

Greenb l a t t  & Koch-Weser , 1 9 7 6 ) . 

The ra te a t  \vhich drugs are ab sorbed from i . m .  and s . c .  

inj ec tion s i tes,  and hence their u l t ima te bioava ilab ility , .  may b e  

affec t ed b y  a wide variety o f  factors which may be  b roadly 



categor ised as  biological , phys icochemical (pharmaceu t ical ) o r  

pharmacologic a l . 

3. B I OLOGI CAL FACTORS AFFECT I NG AB SORPT I ON FOLLOW I NG E XTRAVASCULAR 

I NJECT I ON 

3 . 1 VASCULARITY , SITE AND REGION OF THE BODY 

Ab sorption o f  inj ec ted drugs is  usual ly more rapid from 

highly vascu l a r  t issues , as the distance through 'vhich drug 

molecules mus t  d i f fuse b efore reaching capillary walls  is very 

short (Harve y ,  1 9 70) . It has tradi t ional ly been accept ed tha t 

ab sorption o f  dru g  following i.m . inj e c t i on is mor e  rapid than 

following s . c .  inj ect ion (Harvey,  1 9 7 0 ;  Brander & Pugh , 1 9 77).  

However,  th is  id ea has been challenge d in recent reviews (Reeves , 

19 75 ; Marshall & Palmer , 1 9 80 )  in \vhich it, 'vas sugges ted tha t  in 

many ins tances differences in absorption rates from i . m  and s . c .  

t issue s i te s  a t  any given region of  the body may b e  insign if icant 

when compared w i th differences in absorp tion ra tes from the same 

tissue s i t e  in different ana tomical regions. This ha s been 

confirmed in the use of aqueou s solut ions of in sulin (Nora , Smi th 

Cameron , 1 9 6 4 )  and an tipyrine (Munck e t  al , 1967) in humans and 

butorphano l in dogs (Pfeffer et al , 1 9 8 0 ) . Recently the stud ies 

o f  Marsha ll  and Palmer ( 1980)  have in dica ted that in calves 

the s . c  . . inj e c t ion of  aminopenic i l l ins need not necessarily 

result in a lower b ioava ilab il i ty than f rom an i . m .  inj ection .  

Ab sorption from s . c .  sites i n  one region o f  the body may be  

b e t ter than from i . m .  sites in ano th er (Marshall & Palmer , 1980 ; 

Palmer , 1980)  • .  In goa ts and dairy cows s ign if icant dif ferences  

in b ioavai lab ility o f  ampicillin have b een demonstrated b e tween 

i . m . sites  in the neck and glu teal region (Groothuis & Van Mier t ,  

19 7 9 ; Groothuis e t  al,  1980 ; Rutgers e t  al, 1980)  and this is  

probably due to  the  fac t  that s i gnificant di fferences exi st in 

blood f low to differ ent muscles and hence in the rate  at which 

sub stances are r emoved from them ( Evans e t  a l ,  1975 ) .  

\ih i le s . c .  s ites have the advantage o f  avoiding valuab l e  

mea t cut s , minimis ing problems o f  ti s sue residues and ,  in companion 

animals ,  minimis ing pain and inconvenience (Marshal! & Palmer , 
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1 9 80 ) , usually with no reduc t ion in clinical efficacy ( for examp l e ,  

s e e  Engl ish ,  1 9 6 5 ; Merc er et al , 19 7 1 ) , s i tuation s s t i l l  arise in 

which ab sorption from an i . m .  s i te appear s  s ignificantly superior 

to ab sorp tion from a s . c .  one .  For instance , the steroid 

anaes the tic alphaxalone , which produces anaesthes ia in cats 

fol lowin g i . m inj ect ion , is ineffective by the s . c . route ( Evans , 

Aspinall & Hendy , 1 9 7 2 ) . 

Onc e  a drug reaches the b lood , the rat e of blood f low through 

the capillaries (perfus ion ) de termin es the rate at  \vhich i t  is  

removed from the ti ssues surround ing the s i te of  inj ect ion (Harvey , 

1 9 70 ; Schou , 1 9 6 1 ; 19 7 1 ) .  Mi ld inflamma t i on ,  by  inducing a 

hyperaemia , might be  expec ted to result in enhanced ab sorpt ion 

(Harvey , 1 9 7 0 ) ; hm.;reve r ,  the presence of oedema ma y negate this 

effect by increasing the distance throu gh which dru g molecules 

mus t  d i f fuse to reach capi llaries ( Schou , 19 6 1 ; Harvey , 1 9 70) . For 

aqueous  solut ions of  freely diffusable drugs of low molec ular 

weight inj e c t ed in relat ively small  vol umes , tissue perfus ion 

appears to be the rate limi ting factor in ab sorption (Bederka , 

Takemori & Miller , 1 9 7 1 ) . 

3 . 2 .  MOVEMENT AND EXERCI SE 

Tha t movemen t a t  the site of  extravascular inj ec tion , or 

exerc ise, may enhance absorp tion is  wel l  recognised (Ballard , 1968 ; 

Harvey , 1 9 7 0 ;  Reeves , 1 9 7 5 ) . Movemen t or mas sage tends to  spread 

inj ected ma terial through the tissue s , thus increas ing the surface 

area of  the inj e c tion depot and decreasing the distance to 

capi l laries (Harvey , 1 9 7 0 ;  Greenblat t  & Koch-He ser , 1 9 7 6 ) . 

Muscular ac t ivity also increases the f low of b lood and lymph through 

t issues (Harvey , 19 7 0)  and for large mol ecules such as t oxins and 

proteins , which are absorbed primarily by the lympha t ic s ,  the 

resultant increase in ab sorption may be of maj or s ign if icance 

(Bal lard , 1 9 68 ) . For example , immob i l isat ion of  a limb into 

which snake venom has been inJected markedly increases the 

s urvival t ime o f  rabbi t s  ( Barnes & Trueta ,  1 9 4 1 ) . 

Hypothermia , wh ich causes peripheral vasoconstrict ion and ­

hence reduc t ion in local b lood f low , may lead to a marked  
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reduct ion in ab sorp tion . Harvey ( 1 9 70) recounts hmv inj ured and 

ch illed humans have b een given mu l t iple s . c . inj ect ions of  morphine 

without apparen t effec t .  However ,  when these pa tient s  have been 

hospitalised and warmed , morphine toxic ity ha s occurred as 

peripheral circulation is res tored . 

The applic a t ion o f  a tourniquet may drama tically reduce the 

ab sorpt ion of inj ected drugs from a limb (Ke t y ,  1 9 4 9 ; Mc Girr , 1 9 5 2 ) . 

3 . 3 .  DISEASE 

The effects o f  local t rauma have been b rie f ly men tioned . Other 

loca l  pathological conditions such as indurat ion , abscessation or 

sclerosis  may delay ab sorpt ion (Ballard , 1 9 6 8 ; Reeves , 1 9 7 5 ) . 

Systemic disease  s tates  may also influence ab sorption of  inj e c t ed 

drugs . Conditions which decrea se peripheral perfus ion , such as 

cardiac failure , myxodema , shock , hypothermia or ana esthetic overdose , 

may al l reduce ab sorp tion (Hollander , Rei lly & Burrows , 19 6 1 ; Ballard , 

1 968 ; Bed erka, Takemor i  & Mil l e r ,  19 7 1 ;  Reeves , 1 9 75 ) . Fever has  

b een shown to  accelerate absorption of various antib iotics from 

some i . m .  sites (Groo thuis et al , 19 78 ; 1980) and to depres s  i t  
. 

from others (Groothuis , Van Gogh & Van Mier t , 1 980 ; Groothuis 

et al , 19 80) . In ruminan ts  it appears that absorption is enhanced 

from those muscle masses which sh iver du rin g feve r (such as th igh 

muscles ) and tha t the e ffect is  thus one of  exercise or mu scle 

movement (Groothuis  et al , 1980) . A reduced ab sorp t ion rat e from 

non-sh ivering groups o f  mu scles ( such as occur in the neck) is  

prob ab ly a resu l t  o f  decreased perfusion ( Groothuis , Van Gogh & 
Van Miert , 1980 ;  Groothuis et al , 19 80) . 

3 . 4 PHYSIOLOGICAL S TATE 

I t  has b een demonstrated that the non-electrolyte anaes the t i c  

ure thane i s  ab sorbed much more rapidly from s . c .  inj ection s i te s  

i n  s tarved o r  dehydra ted mic e than in normal mice (Hvidberg & S chou , 

1 9 5 9a ) . Starva t ion and dehydra t ion both reduce the content o f  

hyaluronic a c i d  i n  connec t ive t issue ground sub stanc e (Hvidb erg , 

1959 ) thus reduc ing the resistance to d i f fusion of  the 

subcu taneously inj ected urethane • . 
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3 .  5 AGE 

Younger animal s  may absorb some drugs more rapidly from s . c .  

s i t e s  than older animals . Ballard ( 19 6 8 )  has suggested that this 

may be  due to an inc rease in thickness o f  s . c .  tissue w ith age , as  

wel l  as  to changes in the compos i t ion of s . c . fat  tissue s . 

Morphine admin is tered by s . c .  inj ect ion is more toxic to young 

an imals than to adults (Mi l thers , 1 95 9 ;  1 9 60 ) . Milthers demonstra t ed 

that in rat s this d i f ference in toxic i ty was due to di f f erences in 

ab sorp tion rat e  which were relat ed to a great er sel f-depres sion 

occurring in the adult . Morph ine is a powerful lib erator of 

h i s tamine and 5-0HT , but in very young rat s  these amines , whe ther 

locally liberat ed or administered in test solut ions , were \•li thC' • Jt  

inf luence on ab sorpt ion ra tes . Hence  s el f -depression of  ab sorp t ion 

i s  not seen durin g  the f irst few weeks o f  l i f e .  

Differences i n  ab sorpt ion rat e may b e  inferred t o  p lay a part  

in the reduced i . m . b ioava ilability  of amoxycillin seen in calves 

o f  increa s ing age and weight (Marshal! & Palmer , 1980) . 

3 . 6  SPECIES 

In his discussion of sus tained relea s e  formulat ion s ,  Thompson 

( 1 96 0)  indicated the need for caution when extrapolating to larger 

an imal species ( such as humans) the resul t s  of ab sorp t ion studies 

c onducted in sma l l  labora tory an imals . B ecause there are ' certain 

rela tionsh ips ' b etween inj ec tion s i t e ,  b ody size and ioj ected volume 

which cannot be duplicated when a large dif ference in body s i ze 

exi st s ,  Thompson sugges ted that the pat t ern of  absorp t ion of a 

sma ll  volume in a small  animal may not closely resemb le that seen 

following  the inj e c t ion of  a large volume in to a larger ·anima l .  

Marshall and Palmer ( 19 80 )  have noted a t endency f or 

ind ividuals of phys ical ly sma ller species (pigle t s , cats , dogs) 

to ab sorb amoxycillin from i . m .  s ites at  a faster rate than 

larger species such as calves and horses . 
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4 .  P H YS I CAL FACTO RS AFFEC T! NG ABSORPTI ON FOLLOW I NG EXTRAVASCULAR 

I NJ EC T I O N  

Ab sorption of  drugs f rom i . m. or s . c . inj ec tion s ites is 

f re quently rate-limit ed by phys ical or b iopharmaceu t ical fac tors . 

A l is t  o f  these fac tors , b ased on r eviews b y  Wagner ( 19 6 1 ,  19 7 1 ) 

and Chien ( 19 8 1 )  inc ludes :  

1 .  Physicochemical properties of  the drug i t self . 

2 .  Na ture of the solvent or vehic le . 

3 .  Surface area and geome try of the depo t formed a t  the 

inj ect ion s it e . 

4 .  Volume inj ected , and concentrat ion o f  a solution , or  the 

solids : veh i c le ratio o f  a suspens ion . 

5 .  Hydrogen ion concent rat ion (pH) of the formu lation .  

6 .  Tonicity and viscosity of the formulation . 

7 .  Par ticle s ize  and s ize distribut ion o f  the drug in a 

suspension . 

8 .  Presence or  ab sence of  pharmaceu t ical add i t ives such as 

su spend ing agen t s . 

4 . 1 PHY S I COCHEHICAL PROPERTIES OF THE DRUG HOLECULE 

4 . 1 . 1  Mo lecular s i z e  o-r wei ght (H .W . )  might be expec ted to 

have an effect on the ra te a t  �.,rhich a drug is ab sorbed . In diffusion 

l imi t ed processes , larger molecules can b e  expect ed to have s lov1er 

penetrat ion rates than smaller ones (Ballard , 1 9 6 8 ) . Several studies 

have shmm this to be true for molecules sma ll enough to b e  c leared 

by capil laries ( Sun d & Schou , 1964a ;  Seche r-Hansen , Langgard & S chou , 

1 9 6 8 ; Secher-Hansen ,  1 9 5 8b ) . These studies have shown tha t 

carbohydrat e molecules o f  greater H . W .  are norma l l y  ab sorbed at  a 

slm.,rer rat e  than smaller ones . That diffus ion can be  the rate-

l imi t ing fac tor in t he absorpt ion o f  these sub stances has been sho\.JD 
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b y  experiments wh ich a l t er the amoun t of  ground sub stance in the 

connect ive tis sue through which drug molecules mus t  pas s .  Hyaluronidase , 

which depolymerises the ground substance, hasten s  t he absorption of  

carbohydrate mo lecules and causes them to be ab sorbed at  the same 

rate regardless of M . \{. ( Secher-Hansen ,  Langgard & Schou , 1 9 6 8 ; 

Secher-Hansen , 1 9 6 8b ) . Trea tment wi th oest rogens , >.Jhich increa ses 

the amount of hyaluronic  a c id in ground sub stance and the extent 

to which it  is polymerised , delays the absorption of carbohyd rat e  



molecules , and the e f f e c t  is  greater for molecules o f  greate r  M. W .  

( Secher-Hansen , 1968b ) . 

The c l inical relevance of these  f indings has b een chal lenged 

by Bederka and co -workers ( 1 9 7 1 )  who conc luded that for a d iverse 

group of c ompounds in aqueous solut ion absorpt ion from i . m .  s i tes 

was independent of  M . W .  or dif fusion coefficients , and that local 

b lood flow ,  rather than dif fusion , \vas the factor l imiting 

ab sorpt ion rat e .  

The doses and volumes used in the study o f  Bederka , Takemori 

and Miller ( 19 7 1 )  approximated those used in clinical medicin e .  

However , a tenfold inc rease in volume led t o  a marked reduc t ion in 

ab sorption rat e ,  possib ly because of the creat ion of a relatively 

large non-va scularised c ompartment from which the rate of  ab sorption 

would b e  limited by d iffusion . Whi le in some of  the exper iment s  

i n  \vhich M . W .  has been shown to influence ab sorp tion rat e  

( Secher-Hansen , Langgard & Schou , 1968 ; Secher-Hansen , 1 9 6 8b ) , the 

vo lume of test solut ion has been many t imes larger , rela t ively , 

than would be  used in clinical prac t ice , in others ( Sund & Schou , 

1 9 64b )  the volume \vas comparab le to that used b y  Bederka and 

co -workers ( 19 7 1 ) . It appears , therefore , that the re lat ion ship 

b e tween M . W .  and the ra t e  of ab sorpt ion of common drugs from 

aqueous solut ion s s t il l  remains uncertain. 

Drugs with a M . W .  greater than about 1 0 , 000 are ab sorbed 

primarily by the lymphat ics (Hollander , Reilly & Burrows , 1 96 1 ;  

Ballard , 1968 ; Harvey ,  1 9 7 0 )  al though it has been claimed that 

dextrans with M. W .  ranging from 60 , 000 to  9 0 , 00 0  are ab sorb ed 

across capillary wal l s  followin g  i . m . inj ection ( Sund & Schou , 1 9 6 4a ; 

1 9 65 ) . Dext rans are knmvn to cause the local release o f  histamine , 

and this may enhanc e  the permeab ility of  t he capillaries at the 

site o f  inj ect ion ( Sund & Schou , 1964a ;  1 9 65 ) . 1 

The ab sorption o f  large drug molecules \vhi ch are c l eared b y  

the lymphat ics is  s l ower than that of  thos e  c leared by  capillaries 

1 Schou ( 19 7 1 )  s t ates  " . . .  thes e  large mo lecules (dextran , M . W .  
60 , 000 t o  90 , 00 0 )  are only cleared through the lymphat ic system" ; 
an apparent cont radic t ion o f  his earlier c laims ( Sund & Scho u ,  
1964a;  1 9 65 ) . 
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(Hollander , Reilly & Burrows , 1 9 6 1 ;  Secher-Hansen , Langgard & Schou , 

1 9 6 8 )  and t ends to b e  limited b y  f i l t rat ion rather than d i f fus ion ; 

i t  is thus l i t t le af fec ted by  hyaluronidas e  which only decreases 

the resistance to diffusion ( Secher-Hansen , 1968a ; 1968b ) . 

The maj ority o f  drugs in common usage have M . W .  ' s  of  less 

than 10 , 000 . 

4 . 1 . 2  Solub i l ity in tissue fluids . Fo llowing the inj ec t ion 

of a suspens ion of a dru g ,  an important factor governing i t s  rate 

of  ab sorpt ion will be the rat e  at which the suspended drug par t icles 

dis solve in the ti ssue fluids at  the site o f  inj ection . In large 

measure this will  be governed by t he int r in s ic aqueous solub ility  

of  the  particular drug (Wagner , 1 9 7 1 ; Dowrick , 1980) . 

Inj ect ion o f  solut ion s by  ext ravascu lar routes may l ead to 

p rec ipitation of  the drug a t  th e s i t e  of  inj ect ion (Bal lard & Ne l son , 

1 9 7 0 ) . Th is may be  due to  pH changes or to  dilut ion o f  the vehicle 

by t i s sue f luids (Wagner , 19 7 1 ;  Wilensky & Lov7den , 1 9 7 3 ; Greenb latt 

& Koch-\-Ieser , 1 9 7 6 ) . In such cases ab sorpt ion is slower than one 

would expe c t  for a solu tion . 

Some drugs , for example procaine penicillin G (Buckwa lter 

& Dickison , 1958), exist  in t\-"O or  more crystalline form s .  They are 

said to  exhibit polymorphism . The different crystall ine forms of  

a drug may have dif ferent solub il i t ies , and so suspens ions of  thes e 

drugs may b e  ab sorb �d at dif ferent rat es (Wagner , 1 9 6 1 ; Bal lard , 

1 968 ; Harvey, 1 9 70 ) . 

4 . 1 . 3  Lipid solub ility.  Lipid- solub le molecules t end to b e  

ab sorb ed more rapidly from aqueous solut ions than d o  l i pid ­

in solub l e  sub s t anc es of comparab l e  M. W .  ( Schou , 1 9 6 1 ) . \fuereas 

l ipid-insolub l e  sub stanc es t end to be ab sorb ed at  a rat e  depending 

on their rate of  diffusion in aqueous solut ion , the rat e of 

absorpt ion of  lipid-solub l e  sub stance s  depends on their oil : water 

part i t ion coe f f ic ient ( Schou , 1'9 6 1 ; Kakemi et al , 1 9 69 ; Harvey ,  

1 9 7 0 )  or , ra ther , the part i t ion coeff ic ient o f  the d rug between 

the lipids of b iological memb ranes and the aqueous t is sue fluids 

(Keb erle , 19 7 1 ) .  This in vivo partit ion coefficien t  may b e  
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s trikingly differen t from in vi tro oil : water  par tition 

coe f fic ient s because  of the complex nature o f  b iological lipids 

and t is sue f luids (Keberle , 19 7 1 ) . 

When a drug i s  inj ec ted in solution in an oil , or  oi l-l ike 

vehic le , the par t i t ion coe f fi c ient of the drug b etween the veh icle 

and the tissue fluid governs the rate at which it is  absorb ed 

(Wagner , 1 9 7 1 ) , as  dru g and vehicle are ab sorbed separa t el y  and at 

different rates (Honra th ,  Wolffe  & Me li , 1 96 3 ;  Van der Vies , 1 9 7 0 ) . 

When the wa ter solub ili_ty o f  a drug administered in this fashion i s  

s o  low tha t a s i gnificant concentration o f  i t  in tissue fluid 

cannot be  achieved ,  ab sorption may be negli gible (Ha rvey , 1 9 7 0 ) . 

4 . l . L� Binding . Some drugs may b ind with tissue cons ti tue t s  

a t  the site o f  inj ect ion (Harvey , 19 70 ; Secher-Hansen , 1 9 7 0 ; 

Okumura , S ezaki & Kakemi , 1 9 72 ) . The s t rongly ionised mucopoly-

saccharides in connective tissue ground s ub s tance may re tard the 

ab sorption of a numb e r  of drugs , especial ly large cat ionic molec ules 

(Harvey , 1 9 70) . vlhen succ inylcholine i s  inj ected in tramuscularly 

in saline solu tion i ts effects are weaker and slower in onset than 

when it is administered in wa ter (Foldes ,  Brown & Lunn , 1 9 6 2 ) . 

Thi s  effect is probab ly due to reduc ed ab sorp tion , a s  saline 

enhances the spread of solute through ground sub stance ( Secher­

Hansen , Langgard & S chou , 1 9 6 7b ) , thus allmving more of the cationic 

s uc c inylchol ine molecules to come in to contact with , and b ind to , 

t is sue e lemen t s  ( S.chou , 19 7 1 ) . 

The fac t that atropine is ab sorb ed from i . m .  inj ect ion s i t e s  

more slowly than would be expec t ed from i t s  other phys icochemica l  

propert ies is  probab ly because it  b inds t o  lipopro teins , protein s  

and amino acids a t  the inj ec t ion s i t e  ( Sund & Schou , 1 9 6 4b ) . 

4 . 2  NATURE OF SOLVENT OR VEHICLE 

Drugs may b e  inj ected as aqueous solutions . • solut ions in 

non-aqueous solven t s  which may or may not be mi scib l e  wi th \vat er , 

as  aqueous or oily suspension� , or as  emulsions . 

Aqueous solut ions are ab le to mix and diffuse directly in to 

t issue fluid an d the dis solved drug is able to be absorbed from 

there into capillaries or lymphatics  ( Dowrick , 1 9 8 0 ) . The 
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ab sorpt ion of  a diverse group o f  compounds from aqueous solutions 

inj ec ted in tramus cularly was inve st igated b y  Bederka , Takemori 

& Miller ( 1 9 7 1 ) . The ab sorpt ion rate  con s t ants for  the six 

sub s tances inves tigated were remarkably similar and the average 

ab sorpt ion half-life Has 4 . 4  minutes . The ab sorpt ion rates 

a pp eared to be  independent o f  the M .W . ' s ,  dif fus ion coeffic ients ,  

pka values and pharmacologic c lass  of sub stances investiga ted . 

The s e  worker s u sed an inj e c t ion volume comparabl e  to  that used 

in c l in ical me dicine and they postula t ed that under such 

c ondit ions the ab sorption of  drugs from aqueous solut ion is 

l imited  only by the loc a l  b lood flow in the inj ec t ed muscle . 

Drugs a dminist ered in wa t er-miscib l e ,  non-aqueous solutions 

may b ehave very di f feren t ly . Onc e  the so lvent bec omes d iluted 

by t i s sue f lu id the wa ter-inso lub le drug may prec ipitate  at the 

s it e  o f  inj ect ion a s  a ' crys t a l l ine mush ' (Deanesly  & Parkes , 

1 9 3 7 )  from wh i ch absorption o ccurs a s  from an a queous  suspension 

( Ea s t land , 1 95 1 ;  Junkmann , 1 9 5 7 ; Ballard & Ne lson , 1 9 7 0 ;  Wagner , 

1 9 7 1 ) . 

To be  cleared from an o i ly solut ion a drug mol ecule mus t  

diffuse t o  the oil : t i ssue fluid in t erface and d i s so lve into the 

a queous tissue fluid before b eing ab sorbed in to  the capillarie s . 

A pa rticular drug may b e  ab sorbed a t  different ra t es from 

d i f f erent oily vehic les depending on the oil :wa t er part ition 

coeffic ient o f  the drug in that veh icle and the rat e at which 

the v ehicle  i t self is ab sorbed (Ea st land , 195 1 ;  Honrath , I.Jol f f  

& Meli ,  1 9 6 3 ; Bal lard & Ne lson , 1 9 70 ; Van der Vie s , 1 9 75 ) . 

The absorption of  drugs from inj ected suspen sions is  an 

even more complex proc e s s . The stages in this process have 

b een tabul ated  by Dowrick ( 1980)  and are shown in Tab le 2 : 1 .  

Each sta ge may b e  a ffec ted b y  a variety of b io lo gi ca l ,  physical 

and physicochemical factors  (Wagner , 19 6 1 ;  19 7 1 ) . 
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Tab l e  2 : I S tages in the absorption crf drugs from inj ected 
suspensions ( Dowrick , 1980)  

S tage 

1 

2 

· Aqueous suspens ion Oily suspens ion 

Drug part icle in aqueous depot Drug par t ic l e  in oil depot 

Drug  disso lves in aqu eous depot Drug par t ic l e  diffuses t o  
oil : wa t er int erface 

2 1  

3 Drug part ic l e  becomes wet ted 

4 Drug dissolves in t issue fluid 

5 Drug diffuses  t hrough t i ssue f luid to capillar ies  

6 Drug ab sorb ed through capillaries into b lood 

4 . 3  EFFECT OF SURFACE AREA OF INJECTION DEPOT 

I t  has already b een ment i oned that the rat e  at which an 

inj ected drug i s  ab sorb ed i s  d irec t ly proportional to the area o f  

ab sorb ing membrane in conta c t  with the depot o f  inj ected ma terial . 

Ballard ( 1 968)  has pointed out that with convent iona l inj e c t ion 

t echniques it is virtua l l y  impossib l e  to control the area occupied 

b y  an inj ected solut ion , suspension or emulsion which is  in contac t 

with the t issues . Surfac e  area may b e  increased b y  massage , wh ich 

spreads the inj ect ed fluid , or by d iv iding the dose into mul t iple 

sma l l  inj ect ions (Harvey , 1 9 7 0 ) . 

It  ha s b een demonst rated in cattle (Clark e t  al , 1 9 7 4 )  that 

the ab sorption of  oxytetracycline solut ion following i . m . and s . c .  

inj ection is  more rapid  when the dose i s  admini s t ered a t  mul tiple 

s i t e s  rather than at a s ingle s i t e . For the f irst five to s ix 

hours af ter inj ection the multiple-si t e  techni que resulted in 

s i gn i ficantly higher serum oxytetracyc l ine levels . 

4 . 4 .  VOLUME OF THE INJECTION AND DRUG CONCENTRATION 

4 . 4 . 1  Aqueous solutions . Because of the large numb er o f  

b io l?gical variables opera t ing , a general ly applicable mathemat ical 

equat ion to describe extravascular drug absorption has not b een derived 

( Schou , 19 7 1 ) , al though var ious approxima t ions have been discussed by 

several authors ( Schou , 1 9 6 1 ;  1 9 7 1 ;  Ballard , 1968 ; Ballard & Nelson , 1 9 70 ) . 

For ·  aqueous solutions of non-electrolyte s  or very weak 

electrolytes which are pharmacodynamically inert a t  the inj ect ion 

s i t e ,  one migh t  predi c t  that f or a given dose the rat e  ·o f  

ab sorpt ion would b e  independent of  the volume of  inj ec t ion ( Schou , 



1 9 7 1 ) , because  e i ther an increase in volume (and hence surface 

area) or an inc rease in concentrat ion (and hence concentrat ion 

gradient )  could be expec ted to lead to an increas e in ab sorption 

rat e  (Bal lard , 1968 ; Bal lard & Nelson , 1 9 7 0 ;  Schou , 1 9 7 1 ) . 

However ,  in reality , chan ges in concen trat ion are no t 

balanced by chan ges in volume . Tissues do no t readi ly accept  

large volume s and so  the int ima t e  cont a c t  between inj ec t ed drug 

and ab sorp t ive surface is  no t main ta ined ( Schou , 1 9 7 1 ) . 

Diffusion distance from the centre of  the depot to the capil laries 

is inc reased (Ballard & Nelson , 1 9 7 0 ; B ederka , Takemori & Mil ler , 

1 9 7 1 )  and when t he volume of  a given dose i s  in creased the surface 

area of  drug s o lut ion exposed t o  the ab sorb ing capillaries does 

no t increase to the same ex tent  that drug concentra t ion decre .ses 

( Schou , 19 7 1 ) . The fact that it  i s  vir tually impossible to  

control the ext ent t o  which the  inj ect ed solution spreads ( Ba l lard , 

1 9 6 8 )  and tha t  the geomet ry of  the inj e c t ion depo t chan ge s 

cont inuously ( S chou , 19 7 1 )  compound the  difficulty o f  predic t ing  

the effec t  on  ab sorpt ion of changes in  volume an d concen t ra t ion . 

Furthermore , increases in volume lead to  greater se lf-depression 

of ab sorpt ion ( Schou , 1 9 6 1 ; Secher-Han sen , Lan ggard & Schou , 1 9 6 7 )  

and marked increases in concent rat ion may increase the osmo t ic 

pressure t o  the ex tent tha t the rela t ive ab sorp tion rate i s  

reduced ( Schou , 19 7 1 ) . 
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The absorption rat e  of  neut ra l , water-solub l e  sub st ances 

without local pharmacodynamic effect administered in a con stant 

volume i s  es sent ially ident ical ove r a wide range of  c on cen tra t ions 

( Sund & Schou , 1964a ; Secher-Hans en , Langgard & Schou , 1 9 6 7b ; 

Kakemi et al , 1969 ) . However ,  the ab sorpt ion of  a drug such as 

atropin e ,  wh ich ha s a local pharmacodynamic effec t ,  decrea s e s  

markedly as c oncentrat ion increases ( Schrif tman & Kondritzer , 

1957 ; Sund & Schou , 1964b ) , 

Mos t  s tudies have shown that the  ab sorpt ion ra t e  o f  drugs 

from aqueous solut ions inj ected in to  extravascular s i tes is · 

s i gnificantly affected b y  alterat ion s of the inj ec tion volume . 

For a given concentra t ion,  increases in volume of  aqueous 

solut ions of  either inert sub stances ( Sund & Schou , 1 9 n4a ) 
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or atropine sulpha te (Schriftman & Kon dri tzer , 19 5 7 )  lead to 

dec reases in ab sorption ra tes . I t  has been reported (Warn er 

et al , 1 9 5 3 )  that when a given dose of sodium ch loride was 

administ ered in tramuscularly in d i f ferent volumes (and hence 

different concentra tion s ) . the absorpt ion rate  increased as  the 

inj ected volume was decreased.  

A four-fold increa se in volume had no effect on t he 

ab sorp t ion ra t es of aqueous solutions of i sonicotinic acid , 

isonicot inamide or thiamine (Kakemi et a l , 1969 ; Okumura , Sezaki 

& Kakemi , 1 9 7 2 ) . S imi larly , Bede rka and eo-workers ( 1 9 7 1 ) n o t iced 

that the ab sorption of  sod ium penicill in from muscle  was 

unaffec t ed over a f ive-fold increase in volume , but ab ove the 

upper l imit  of  doses likely to be used c l in ically , a s i gn i ficant 

reduc t ion in ab sorp tion rate occurred , prob ably because of  the 

form . .  At ion of a relat ive ly large non-vascularized compa rtment 

f rom which the drug took longer to d iffuse . 

1be rat e  at which in sulin i s  · ab sorb ed ha s been shown (Binder , 

1 969 ) to b e  decreased both b y  increas es in volume an d increases 

in concen trat ion o f  the inj ected solution .  The greatest effect 

on ab sorpt ion rat e  is tha t o f  con cen tra t ion becaus e insul in , 

l ike a tropin e ,  inhib i t s  its  own ab sorpt ion by in duc in g  a 

trans ient depression o f  blood f low in the capi llaries around the 

inj ec t i on s it e .  

In summary , unless a drug has a local effect a t  the s i te o f  

inj ection ,  i t  appears that alt era t ions i n  concentra t ion have very 

l ittle  e ffect  on the ab sorp tion of aqueous solution s .  On the 

other hand , alt'era t ions in volume may have an important impact 

on ab sorpt ion rate , with . an increase in vo lume leadin g to  a 

decrease in the rate of  ab sorpt ion ( Table 2 : I I ) . 

4 . 4 . 2  Non-aqueous solu tions . While alterat ions in 

concent rat ion and volume also e�ert  si�1if icant effects  on the 

ab sorption rate of drugs from non-aqueous solut ions , these 

effects  have been less well  d e f ined than for aqueous solutions . 

��en oily solut ion s are inj ected , solvent and solute are 

ab sorb ed s eparately (Van der Vies , 1 9 70 ) . The e ffect  of a 
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change in volume or concentration will therefore depend not only 

on the extension of  the ab sorpt ive surface area , b u t  also on the 

par t it ion coeffic ien t of the drug b e tween vehicle and t issue 

f luid ( Honrath , Wol f f  & Heli , 1 9 6 3 ;  Wagner , 1 9 7 1 ) . 

Tab le 2 : I I The effect  o f  al terat ions of  con c entration and volume 
on the ab sor p t ion of inj ected aqueous solut ions 

Drug Route of  
admin istrat ion 

Alterat ion Effec t on 
ab sorpt ion 

Reference 

S odium 
chloride 

Sucrose  

Mannitol 

Atropine 

Isonicotinic 
a c id 

Isonicotinamide 

Ison iaz id 

Thiamine 

Insulin 

Sodium 
�enic illin 

i .  m .  V+ 

i . m .  Vk 
s . c .  Vk 

i .  m .  V+ 

i . m .  V+ 

i . m . Vk 
i . m . Vk 

i .  m .  V+ 

i . m .  V+ 

i . m .  V+ 

i . m .  V+ 

i . m .  Vk 

i . m .  Vk 

L m .  V+ 

i . m .  V+ 

i . m .  Vk 

i . m .  V+ 

c-

C+ 

C+ 

Ck 

Ck 

C+ 

C+ 

Ck 

c-

Ck 

Ck 

C+ 

C+ 

Ck 

Ck 

C+ 

Ck 

k 

k 

k 

k 

k 

k 

k 

Warner e t  al , 19 5 3  

Sun d  & Schou , 1964a 

Secher-Hansen et al , 
1 9 6 7b 

Sund & Schou , 19 64a 

Sund & Schou , 1964a  

Sund & Schou , 1 964b 

Schrif tman & 
Kondri tzer , 1 9 5 7  

Schri f tman & 
Kondri t ze r ,  1 95 7  

Schrif tman & 
Kondr itzer , 1 9 5 7  

Kakemi e t  al , 1969  

Kakemi e t  al , 1 9 6 9  

Kakemi e t  al , 1 9 69  

Kakemi e t  al , 1 9 6 9  

Okumura et al , 1 9 7 2  

Binder , 1969  

B inder , 1969  

k or-a Bederka e t  al, 1 9 7 1  

a .  Ab sorption not  affe c t ed un t il volume administered wa s out side 
the usual. c l inical range . 

V volume , C = concentration , k constant , + = increase , 

- = decrease . 

24  



Honrath and eo-workers ( 19 63 )  s tudied the ab sorption of  

tes t o s t erone and testos terone prop ionate  followin g s . c .  inj ec tion 

in sesame oil . A constant dose wa s administered in d i fferen t  

volume s . They repor ted that t e s t o s t erone wa s ab sorb ed more  rapidly 

from larger volumes of  oil , whereas testos t erone propionat e  wa s 

ab sorb ed more slmvly . The se results indicate that the rate  of 

ab sorpt ion of testosterone from a par t icular oily vehicle  is 

largely dependen t upon the surface area ava ilable for ab sorpt ion 

(Honrath , Wol f £  & Me li , 1 9 6 3 ) . Testos terone propiona t e ,  on the 

other hand , has a higher solub i l i ty in oil and a lower solub il i t y  

i n  water  than does tes tos terone ( Blacow , 1 9 7 2 )  and the vehicle : 

wa ter par tit ion coefficient ( see Eas t land , 1 9 5 1 ; Wa gn er ,  1 9 7 1 )  

i s  apparen tly so grea t tha t an increase in inj ec t ion volume 

increases that propor tion o f  the dose en t rained in the oil  depot 

and unavailab l e  for absorp tion . 

4 . 4 . 3  Suspensions . The inj ec t i on of an aqueous suspen s ion 

with a h igh solids :water rat io produces a depot from wh ich there 

is u sually slow ab sorption . For a given amount of  dru g ,  increa s ing  

t he  volume in  which it  is  inj ect ed will usually inc r ease the 

ab sorpt ion rate  (Wa gner , 1 9 7 1 ) . 

Thi s  effec t  has been repor ted for suspens ions o f  procaine 

penicil l in (Buckwalter & Dickison , 1958 ; Ob er et  al , 1958)  and 

of  amoxycillin t r ihydrat e  (Yeoman , 1 9 7 7 ; Dowrick , 1 9 8 0 ) . Yeoman 

( 19 77 )  repor ted that when a given do se of amoxycillin  wa s 

adminis tered int ramuscularly to calves or horses the  blood level 

peaks were inversel� rela ted t o  the concentrat ion of the suspen s ion , 

with a 50 mg/ml suspension producing s i gn ificantly  higher peak 

levels  than a 250 mg/ml suspen s ion . The more concentrated 

suspen s ion , because of i t s  slower ab sorption , main tained b lood 

levels of amoxycillin for a longer t ime . 

There are three likely reasons for the e f f e c t s  o f  

concen t rat ion o n  the absorption . o f  suspens ion s :  

1 .  The retar�ed ab sorption o f  con c entra ted suspen s ions is  

a result of th e  c ompac t ,  poorly solubl e  deposit  formed 

within the t is sues  ( Ober e t  al , 1 9 58 ) . The surface area 

of the inj ected deposit  is a critical determinant of i t s  
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ra te of ab sorpt ion ( Heubner , 19 7 1 ) . Les s concen t rated 

suspensions will present  a great�r surface area to the 

ab sorpt ive capillary bed ( Yeoman , 1 9 7 7 ;  Dm..rrick , 1980) . 

2 .  The greater the volume in which a given dose o f  a poorly 

solub le drug is suspended , the greater will  b e  the 

proport ion of the dose in sol u tion in the veh i c le an d 

h ence immediately ava ilable (Yeoman , 19 77 ; Dowrick , 1 9 80) . 

In the case of  amoxyci l l in trihydra te suspension s ,  8 . 7 % 

o f  a dose is in solut ion in a 50 mg/ml suspension , whereas 

in a 200 mg/ml suspen s ion only 2% of the dose will be  in 

s olu tion (Dowrick , 1 9 80 ) . 

3 .  The less con c entrated suspen sion may have a lower viscosity 

( Dmvrick,  1 980) . 

4 . 5  THE EFFECT OF HYDROGEN ION CONCENTRATION ON ABSORPTION RATE 

There is evidence that i n  some cases the pH of  an inj ec ted 

formula t i on may inf luence the rat e  at vlhich a drug is  ab sorb ed 

(Okumura , Se zaki & Kakemi , 1 9 72 ) . · That some drugs may precipitate  

from solu tions at physiological pH ( 7 . 2 - 7 . 4 ) ha s b een mentioned . 

Extremes of pH may cause in f lamma t ion and destruction of tissue 

and may t hus in fluence ab sorption by alt ering local perfus ion 

( Schou , 1 9 7 1 ;  Feldman , 1 9 7 4 ) . 

Ab sorption of  sodium chloride solu t ions is not altered over 

a pH range of 2 . 5  to 1 0 .  However ,  above pH 10 ab sorpt ion is 

reported to increase , while b elmv pH 2 ab sorpt ion decreases 

(Madison & Christ ian , 1 9 5 0 ) . A minor e f fect  of pH on the ab so rption 

of a queous sucrose solutions was noted by Secher-Hansen ( 19 70 ) : 

sucrose and water molecules were both ab sorbed s l i gh t ly more rapidly 

at  pH 8 . 9  than at  pH 4 . 6 .  

Ac id solutions of  insulin (pH 2 . 9 )  are ab sorb ed more slowly 

f rom ext ravascular sites than are neutral ones . The d ifferences 

are apparent mainly during the in itial phase of ab sorpt ion and 

probably ref lect  a greater self-depres s ion caused by the acid 

solutions exerting a more pronounced effect  on t is su es (Binder , 

1 9 6 9 ) . 
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The work of  Whi te and Claflin ( 19 6 3 )  and of Cut t s  and Walker 

( 19 6 6 )  has b een int erpreted (Ballard , 1 9 6 8 ; Schou , 19 7 1 )  a s  

demonstrating a s ignificant and importan t  dec rease i n  ab sorption 
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rat e  (as  assessed b y  acute toxic effec t s )  of  nitrogen mustard inj ected 

_at pH 2 rather _than_ at  pH 8 .  However ,  these workers \vere no t 

studying ab sorpt ion per se , and some other explanat ion o f  their 

resu lts is more likely because White  and Claf lin demonst rated the 

same reduced toxi city  of the acidic so lution s  when they were 

administered intravenously . 

In view o f  the rapid buffering a c t ivity  of tissues (White  & 

Claflin ,  19 6 3 ;  B inder , 19 7 1 ;  Schou , 1 9 7 1 )  i t  is like ly that 

signifi cant effects  of pH on absorpt ion rate wi ll only occur as a 

result of local inf lammation and the s e l f -d epression pheHomenrn . 

4 . 6  THE EFFECT ON ABSORPTION OF VISCOSITY AND TONICITY 

The viscos ity and tonicity of a formulation may affect  the 

ra te at which a drug is ab sorbed  from s . c .  or i . m .  inj ection s i t e s  

(Wa gner , 196 1 ;  19 7 1 ) . Th e two propert ies are inter-re lated . 

To inve s t i ga t e  the effect o f  tonic i ty on ab sorp t ion Secher­

Hansen and assoc iates ( 1 9 6 7b )  administered 6%,  10% and 14%  (w/v) 

sucrose solution s by s . c . in j ec t ion to mice .  These solution s are 

h ypotonic , isotonic and hypertonic , respectively . Followin g 

inj ect ion o f  the hypertonic solution the volume of  the inj ect ion 

site increased s i gnif ican tly over several minutes as  wa ter was 

drawn in from the surrounding ti ssues to elimina te the osmo t ic 

imba lance .  However ,  the volume of  isoton ic and hypotonic 

solut ions were rendered osmot ical ly inact ive by the connective 

tissue ground sub stance . 

Despite  d i f f erences in the ra te a t  which inj ected vol umes 

disappeared from inj ect ion sites , over the range o f  concentra t ion s 

studied , sucrose molecules disappeared a t  a rat e  independent o f  

osmolarity . Ton icity thus h a d  n o  e f fect on the absorpt ion ra t e  

of  this lipid-insoluble non-elec trolyt e . Osmotic equilibrium at  

the inj ection s i te was achieved wi thin 5 minu tes of  inj ect ion . 

• The e f fect  o f  tonic ity on the absorption o f  the e lectrolyte 

sodium chl oride was also studied b y  t he same �vo rkers (Secher-



Hansen , Lan ggard & Schou , 196 7b ) . Solu tions contain ing  0 . 9 % and 

1 . 2 %  NaCl were inj ected , and it  was no ted  that the hypertonic NaCl 

solut ion was ab sorbed at  the same rate as the isotonic one because 

the t issue ground sub stance was ab le to b ind the surplus ions o f  

the 1 . 2% s o lution and the osmo t ic b alance was maint a ined without 

an in flux of wa ter . 

Munck and colleagues ( 1 9 6 7 )  studied the ab sorpt ion o f  the 

l ip i d-soluble drug ant ipyrine . They noted a highly significant 

difference in ab sorption ra tes of iso tonic and hypoton ic solut ions . 

A hypo tonic  solut ion prepared  in wat er had an ab sorption half-li fe 

o f  7 . 7  minu tes , whereas an i sotonic solution had an ab sorp tion 

hal f-life of 1 .  4 minutes . Hmvever ,  the isotonic solution was 

prepared in sal ine rather than wat e r ,  and it has b een shown tnat 

sal ine enhances absorpt ion in a s imilar fashion to  hyaluronidase 

( Secher-Hansen , Langgard & Schou , 1 9 6 7b ; Sect ion 5 . 2 . 1 ) .  

The absorp tion of  dru gs from aqueous solutions  may be 

re tarded by the addit ion of wa ter-soluble or water-mis c ib le agents  

which markedly increase both tonicity  and viscosity  ( East land , 

1 9 5 1 ;  Ballard & Ne l son , 1 9 70 ) . The rate at which a drug i s  

ab sorbed from a viscous solu t ion may be de termined b y  the s low 

rat e  at  which dru g molecules di ffuse through such solut ion s  

(Harvey , 1 9 70 ) . 

Th e  rate at whic h  rad io-labelled sod ium chloride is  ab sorbed 

from s .  c .  s i tes has b een shown to b e  reduced '"hen it i s  

a dministered i n  a 2 mo lar ( 78 . 5 % )  sucrose solu t ion . 

Reduc t ions in acute toxi c i ty of  solution s  of  strep tomycin ,  

d ihydrostreptomycin and isoniazid in mice have been achieved by 

the add i t ion of  a variety of non-e lec trolyt es , amino acids or 

salts o f  amino ac ids (Pressco t t , Kauffman & James 1 9 5 8a ; 1958b ) . 

The
.
effect is  presumably due to a decrease in ab sorpt ion rate 

( Ballard & Nelson , 1 9 70 ) . Non-elec trolytes such as sucrose and 

glycerine increase the viscosity o f  aqueous solut ions and 

decrea se the rate at wh ich ions such as strep tomyc in and sodium 

are ab le to diffuse through them . Elec trolytes such as amino acids 

or calc ium ions reduce the rate at  which ion i zed drugs d iffuse , 

partly b y  in creasin g  viscosity  and partly b y  the int er- ion ic 
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forces which a ct b etween the drug and the added ions (Bal lard & 
Nelson , 1 9 7 0) . In add i t ion , the  presence of  a strongly hype r tonic 

solution a t  the inj ec t ion s i te could be expec t ed to lead to  a net 

f low of  extracellular water int o  the s it e  ( Secher-Hansen , Langgard 

& Schou , 1 9 6 7b )  an d so a solven t drag effect could also con tribute 

to the reduc t ion in ab sorpt ion rat e ( Ballard & Nelson , 1 9 7 0 ) . 

Brigham and Neilsen ( 19 5 8 )  reported tha t the acu te toxici ty 

of  solut ion s  of s trep tomycin and d ihydrostrep tomyc in was reduced 

when calc ium panto thenat e was added to the drug solu t i on .  Ballard 

& Nelson ( 1 9 70 )  implied tha t this  reduced toxicity was the result 

of  reduced absorpt ion caused by increased viscos i ty or toni c i t y .  

However , Bri gham and Nielsen themse lves suggested that t h e  acute 

toxi c i t y  was reduced because of  pharmacodynamic effec t s  ;:>f  the 

calc ium ibn , a view that is  supported  by recent studies ( for 

example Adams , 1 9 7 5 ) . 

Increas es in viscosi ty will also re tard the ab sorpt ion of  

drugs from suspensions .  Buckwa l t er and Dickison ( 19 58 )  showed 

th is for procaine penic i l lin suspensions inj ected intramus cularly 

into rabb i t s .  Dowrick ( 1980 ) post ula t ed that increased visco s i t y  

may b e  par t ly responsib le  f o r  t h e  retarded ab sorp t ion seen with 

amoxyci l l in t rihydrate suspen sions havin g a high sol ids :vehicle rat io . 

The immune response in rabb i t s  an d gu inea pigs to  vaccines 

contain ing Cl os tri di um perfri ngens type D toxoid  wa s shown by 

Coles and eo-workers ( 1 9 6 5 )  to  be posi t ively correla t ed with the 

viscos it y  of  the aqueous veh icle , presumab ly becaus e the toxoid 

was more slm·1ly absorb ed from vac c ines of grea ter visco s i t y .  

Dm.,rrick . ( 1980)  reported  that an exp erimental antib iotic  

inj e c t e d  in tramuscularly or sub cu t aneously was absorb ed more 

rapidly from a less viscous formu lat ion � The effect  was more 

pronounced following i . m .  inj e c t ion . 

4 . 7  RHEOLOGICAL BEHAVIOUR 

Rheology is the study of the properties and b ehaviour of  

fl ow in g  sub stances such as  su spensions . Although the physical 

propert ies of th e ind ividual sus pen ded drug par t ic les affec t the 

b i oavailabiJ ity of  the dru g ,  the phys ical proper t ies o f  the 



suspens ion as a whole influence the b ioava ilab ili t y  and usefulness  

o f  a formulat ion (Ballard & Nelson , 19 70 ) . For example , a 

suspension of procaine penicillin may have a desirably prolonged 

ab sorpt ion characteris t ic ,  but may be too vis c.ous to be rea d i ly 

inj ected (Buckwal ter & Dickison , 1 9 5 8 ) . 
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Ob er and h i s  c olleagues ( 19 5 8 )  made a rheo logical study o f  

p rocaine pen i c i l l in formulations and d i scovered that the b e s t  

suspens ions f o r  prolonged act ion were tho s e  which exhib ited 

th ixotropy . Th ixotropy is a property of  certain gels  which undergo 

liquefaction when shaken and return to  the gel form upon standin g .  

When pressure i s  exer ted o n  a thixo t ropic paste i t  will flow 

easi ly through a hypodermic needle , b u t  on depos it ion in the t i s sue 

it rever t_s to  a ge l ,  thus forming a compac t  depot which resis .:s  

d i ssolution by  presen t ing a minimum surface area to the t i ssue 

f luids . Such a depot has been dubbed a ' thixotropic pelle t '  

( Thompson , 1 9 60 ) . 

The degree o f  thixot ropy of a f ormulat ion i s  expressed a s  a 

torque (T) value . Suspen sions with T values of  less than 1 00 , 000 

dyne-cm do not have suf f icien t thixotropy to produce compac t depo ts . 

Instead they form flat , more di ffuse , fans which offer a larger 

area for ab sorp tion.  

The rheological properties of a suspension are governed by  

the par ticle s i z e  and particle s i ze d i s t r ibut ion of  the suspended 

dru g ,  the solids : veh icle ra tio of  the formula t ion (Ob er et al , 1 9 5 8 )  

and the na ture of  the veh icle (Ba1 lard & Ne lson , 1 9 70 ) . 

4 . 8  PARTICLE S I ZE AND PARTICLE S I ZE DISTRIBUTION 

In the case of aqueous suspen s ion s ,  those with a ·sma l l 

avera ge particle size are ab sorb ed at a faster rat e than t hose 

containing larger par t ic les (Miller & Fincher , 19 7 1 ) . Thi s is 

b ecause the effective surfa�e area exposed to t issue fluids inc reases 

a s  partic le s i z e  decreas es . Buckwal t er and D ickison ( 1 9 5 8 )  c learly 

demonstrated  this effect  on the i . m .  ab sorpt ion of procaine· 

penic i l l in .  

In contrast ,  when drugs are administered a s  oily suspen s ions . 

the converse i s  the case (Buckwa l t er & Dickison , 1 9 58 ; Dowrick , 



1 98 0 ;  Chien , 198 1 ) . For a drug of  low solub ility in oil  to be 

ab sorb e d  from an oily suspension the suspended drug particles 

mus t  di ffuse to the oil : t is sue f luid interface ( Dowrick , 1980) . 

In  o i ly suspens ions the mob ility of the smaller par t ic les is 

reduced mo re than that of la rger par ticles (Dm.,rick , 1 980) . As a 

resul t ,  when thick , oily suspen sion s of  procaine penic illin 

were inj ec ted intramuscularly , those with a smal ler average 

par t ic le s ize main tained b lood levels of  penic illin for longer 

than those containing larger particles (Buckwalter & Dicki son , 

1 9 58 ) . Coles and eo-workers ( 1958 )  reported that when a 

par t icula t e  toxoid was admin is tered  as an oily vaccine , a reduct ion 

in particle size led to an increased antibody response ,  presumably 

b ecause of  a more prolonged release of ant igen from the vacc ine . 

4 . 9  EFFECT ON ABSORPTION OF PHARMACEUTICAL ADDI TIVES 

Yhe pre sence of pharmaceutical additive s such a s  suspend in g or 

wet t ing agen t s  may alter the ra te of ab sorpt ion of  inj ect ed drugs 

( Thompson , 1960 ; Ble.cher & Burnette , 1969 ; Ballard & Nelson , 1 9 70 ; 

Wagner , 1 9 7 1 ; Feldman , 1 9 7 4 ) . By increasing the viscos ity o f  

formulation s ,  su spend ing  a gents such as carboxyme thylcellu lose , 

gelatin or polyvinylpyrrolidone ( PVP ) may delay drug ab sorp tion . 

Surfactants  such as the tHeens and spans may accelerate 

ab sorp tion by increasin g  th e ra t e  of  wet ting of suspended pa rt ic les . 

5 .  P HARMACOLOGI CAL FACTORS AFFECT I NG ABSORPTI ON FOLLOW I NG 

E XTRAVASCULAR I NJECT I ON 

There are a numb e r  of drugs which may retard or enhanc e the 

rat e  at  which _other drugs are ab sorbed from ext rava scular 

inj ect ion sites . The in fluence tha t such drugs  exert on 

absorpt ion may result f rom th eir action s on c onnec tive tissue 

ground sub stance , on local peripheral circulat ion and t i s sue 

p erfus ion , or on the self-depres sion phenomenon . 

5 . 1 DRUGS ACTING PRIMARILY ON - LOCAL PERFUS ION 

5 . 1 . 1 Adrenalin e  an d noradrena line . Pharmacologically 

a ctive sub stances such a s  adrenaline or noradrena line may b e  

added t o  inj ec t ion s o lu t ions t o  re tard ab sorption and thus either 

p rolon g  local act ivity  or reduce systemic toxic ity .  
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A t  a concen t rat ion o f  5 � g /ml or grea t e r ,  adrenal ine and 

noradrenal ine delay ab sorption f rom both i . m. (Ke t y ,  1949 ; Mc Girr , 

195 2 ; Gos selin , 1 9 66 ; Schou , 1 968 ; Bederka , Takemori & Miller , 19 7 1 )  

and s . c .  sit es ( Secher-Han sen , 1 9 68b ;  Gangarosa & Cheon g ,  1 9 69 ) . 

TI1ese drugs exert vasoconstric tor effec t s  on the t erminal vascular 

b ed in the zon e  of ab sorp tion and , as a resul t of this vasoconstrict ion , 

local b lood flow in the region o f  th e inj ect ion s i te i s  reduc ed ( Schou , 

1 9 6 1 ) . The ab sorption of  wa t er molecules , and of solu t es wh ich are 

normally ab sorb ed by capi llaries , is redu ced ( Schou , 1 9 6 8 ; Secher­

Han s en ,  1 9 68b ; Gangarosa & Cheon g ,  1969 ; Bederka , Takemori & Mil ler , 

1 9 7 1 ) , but  the absorpt ion o f  surp lus wat er and large molecules which 

are ab sorb ed by the lymphat i c s  is  unaf fec t ed ( Secher-Hans en , 1968b ) . 

The ab sorpt ion-re tarding effect of  adrenal ine i s  used 

c l in i ca l ly wh en vasocon� t r i c t o r s  are added to solut ions of  local 

anal ges i c s .  As a resul t ,  the local effect  of  the s e  solutions is 

pro longed and the systemic toxic ity of  the analge sic  is reduced 

( Schou , 1 9 7 1 ) . In cases of  acute  allergic react ions following the 

inj ec t ion of  penic illin ,  in f i l t rat ion of  adrenaline around the 

inj ec t ion s i t e  may be used to  reduce the uptake of  ant igens . 

S imilarly , the infiltra t ion of  adrenaline around cer ta in snake b ites 

may drama tically reduce sys t emic t oxic i t y  (Schou , 1 9 7 1 ) . 

5 . 1 . 2  Atropine .  The addit ion o f  atropine t o  inj ect ion 

solut ions has been shown t o  delay the  ab sorpt ion of a number of 

compounds including organi c  and inorganic phosphates  (Ramachandran 

& Agren , 1 9 6 3 ) , sulphacetamide and sucrose ( Sund & Schou , 1964b ) . 

At ropine also inhib i t s  i t s  own absorpt ion ( Schrif tman & Kondr i t zer , 

1 9 5 7 ; Sund & Schou , 1 9 6 4b ) . 

I t  is p�obable that atropine exerts i t s  effect  on absorpt ion 

b y  a d irect , local vasocon s t ric tor act ion which reduces t is sue 

perfus ion , although a self-depress ion phenomenon involving local 

release of h ist amine and 5-0HT may also be invo lved (Ramachandran & 
Agren , 196 3 ;  Sund & Schou , 19 64b ). . The effect o f  atropine i s  

ent irely a local one , dependent o n  t h e  at ropine and t e s t  drug b eing 

administ ered at  the 'same s it e .  Even mass ive dos es of  a t rop ine at 

other s ites have no effect  on the ab sorption o f  the t e s t  drug 

(Ramachandran & Agren , 1 9 6 3 ;  Sund & Schou , 1964b ) . 

32 



The effect  o f  atropine on ab sorp t ion is  dose-dependent over the 

concentration range of 0 . 5  mg /ml (b elow which no effect is  apparent ) 

to 5 mg/ml ( above which there is  no further increase in response)  

( Ramachandran & Agren , 1 9 6 3 ;  Sund & Schou , 19 64b ) . 

Other ant icholinergic drugs including methyl scopolamin e ,  

homatrop ine , adephenine , propantheline and oxyphenone , also depress 

ab sorption ( Sund & Schou , 1 9 6 4b ) . 

5 . 1 . 3  Cholinergic drugs . Ace tylcholine , methacho l ine and 

carbachol , and the ant icho linesterase agent paraoxon , have b een 

shown to accelerate ab sorp t ion from i . m. inj ect ion s ites (Hyman et al , 

1 9 59 ; Jorgen son & Schou , 1 9 65 ; Gosselin , Cameron & Au dino , 1 9 6 7 ;  

Gangarosa � Cheon g ,  1 9 69 ) . 

The effec t  of  cholinergic agen t s  is  prob ably due to an 

increased ti ssue perfu s ion caused by a d ilat ion of  precap illary 

sphincters in the region of  the inj ect ion site (Jorgenson & Schou , 

1 9 65 ; Gossel in , Cameron & Audino , 1 9 6 7 ) . As is the case with 

atropine , the eff ect i s  a local one ,  dependent on the add i t ion of  

the cholinergic agent to the inj ect ion solution .  Th e effect  is  

also dose-dependent (Jor genson & Schou , 1 9 65 ) . 

5 . 1 . 4  Other vasodilators . The addi t ion of isoproterenol to 

inj ec ted drug solut ions has been s hown to enhance their ab sorpt ion 

from s . c .  ( Gangarosa & Cheong , 1 9 6 9 )  and i . m .  s i t es (Gos selin , 

1 96 6 ; Gosselin , Cameron & Audino , 1 9 6 7 ) . I soproterenol increases 

local blood f low by st imulating beta-adrenergic receptors , and 

i t s  action is b locked by systemic treatment with b eta-b locking 

agents such as propranolol (Gangarosa & Cheon g ,  1 9 69 ) . 

The non-spec i f i c  vasod ilator papaverine has been s hown t o  

increase the rat e  at  which subcutaneous ly administered sub s tances 

are absorb ed ( Gangarosa & Cheon g ,  1 9 69 ) and this effect is not 

b locked by propranolo l .  Nitroglycerin i s  another vasod ilator 

which enhances the absorpt ion of solut ions to wh ich i t  is added 

( Go s selin , Cameron & Aud ino , 1 9 6 7 ) , a s  do certain vasodilating  

p ros tagland ins (Bederka , Takemor i  & Miller , 1 9 7 1 ) . 
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5 . 2 DRUGS ACTING PRIMARILY ON GROUND ' SUBSTANCE 

5 . 2 . 1  Hyaluronidase . The a ddit ion o f  the enzyme hyaluronidase 

enhances the ab sorpt ion of  a variety of compounds f rom i . m. ( Schri ftman 

& Kondritzer , 195 7 ; Sund & Scpou , 1965)  and s . c . sites ( Franke et al , 

1950 ; Hvidberg & S chou , 1 9 59a ; 1 9 59b ; Secher-Hansen , Langgard & Schou , 

1 9 6 7b ; Secher-Hansen ,  Langgard & Schou , 1 9 6 8 ) . 

By depolyrne r i z ing  hyaluronic acid this enzyme reduces the water 

b inding capacity o f  the ground sub stance an d decreases the res istance 

it offer s  to diffus i on of  solutes ( Schou , 1 9 6 1 ) .  The degree to which 

it influences ab sorption depends on the var iable hyaluronic acid 

con t ent of  the ground sub stance (Hvidb erg & Schou , 1 9 59a ; Secher­

Hansen,  19 68a) . Hya luron ida se does not affect  the permeab ility of 

capillaries ( S und  & Schou , 1 9 65 ) . 

As the muc opo lysaccharide barr ier to  d if fusion is  broken down 

differences in the ab sorpt ion rate of sub s tances of different M . H .  

are abol ished ( Secher-Hansen , Langgard & Schou , 1 9 6 8b ) , with the 

exc�ption that those large molecules wh ich are ab sorb ed by the 

lymphatics are unaffec t ed ( Secher-Hansen , 1 9 6 8a ) . 

I t  has already b een ment ioned that a surplus volume of solvent 

wat er at the inj ec t ion s it e  i s  u sually removed much le s s  rapidly 

than the ac tual inj ected mo lecules of wa t er (see S ect ion 2 . 2 . , 

Sech er-Hansen , Langgard & S chou , 1967a) . While the ad dit ion o f  

hyaluronidase t o  solut ions has no effect o n  this alread y very ra p i d  

exchange of wa ter molecules ( Sund & Schou , 1965) , becaus e  o f  

e f f e c t s  on the water-b inding capacity o f  gro�nd sub stance i t  may 

has t en the rate at which surp lus volume di sappears ( Secher-Han sen , 

Langgard & Schou , 1 9 6 7b ; Secher-Hansen , 1 9 68a) . 

Sod ium chloride in solut ion has a s imilar e f fect to 

hyaluronidase on the absorption of other solutes ( Secher-Hansen , 

Langgard & Schou , 1 9 6 7b ) . 

5 . 2 . 2  Oestrogens . In mice which have been pre treated with 

oestrad iol on two occas ions during the  week before .inj ec t ion , 

ab sorption f rom s . c .  s i t es i s  s ign if ican t ly retarded (Hvidb erg  & 

Schou , 19 58b ; Secher-Han sen ,  19 68a ; 1 9 68b ) . Oes trogen treat men t 

increases the  amount of  ground sub stance in the skin , alt ers  i t s  
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composi t i on and increases the extent to wh ich the hya luronic acid  

i s  polymerized (Hviderg,  Szporny & Langgard , 1963 ; Grosman , 

Hvidberg & Schou , 19 7 1 ; Grosman , 1 9 7 3 ) . The extent o f  these changes 

is greater in sexually i�ature anima ls (Grosman , 1 9 7 2 ) . 

Through such tissue c hanges , oestrogen trea tment influences 

the rate at which the surplus water volume is  removed f rom an 

inj e c tion s i te .  Absorpt ion is  decreased because o f  the increased 

water-b inding capac ity of the ground substanc e ,  and the inj ected 

wa ter mo lecules are cleared a t  a reduced rat e  because o f  increased 

d i f fusi on d is tances (Secher-Han sen , 1 9 68a ) . Solu te molecules such 

as ure thane and several carbohydrates are absorb ed more sl owly 

b ecause  the permeab ility of the ground sub stance i s  reduced 

(Hvidb erg & Schou , 1 9 59b ; S echer-Hans en , 1968b ) . Sub stances o f  

lmv M . W .  are less affected than those of higher M . W .  ( Secher­

Hansen , 1968b )  and the effects  of oestrogen trea tment are more 

pronounced in mice with thicker skin ( Secher-Han sen , 1 9 6 8a ) . 

I t  is  poss ible , howeve r ,  that thi s effect of  oes trogen s on 

the rate of absorption from s . c .  s i tes may not b e  a consistent 

phenomenon . In ra ts  and rabb it s the absorption of  sulphace tamide 

sodium was unaf fec ted by prior treatment \·li th oestrogens (Hvidb erg 

& Schou , 1 9 5 9b ) , and the composi t ion o f  the ground sub s t ance 

rema ined unaltered (Schou , 19 6 1 ) .  

I 

5 . 2 . 3  Diuretics . The pos sib i l i ty that diure t ics might 

influence the water content  of  connect ive tissue ground sub stance ,  

and hence the absorpt ion ra t e  o f  drugs from inj ect ion sites , was 

inves t igated by Hvidberg and colleagues ( 1 9 58) . They found that 

the mersalyl-theo
.
phylline complex diuretic inves t i gated was withl".>ut 

e ffec t on the absorpt ion of  saline or urethane from normal s . c .  

connec t ive ti ssue . 

5 . 3 DRUGS AFFECTING THE SELF-DEPRESSION PHENOMENON 

5 . 3 . 1  Cor ticosteroids . The a
'
b sorpt ion of  certain drugs from 

s . c .  inj ec t ion si tes .is  enhanced by sys temic treatment with 

glucoc ort icoids . 
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The absorption of the anaes thet ic ure thane in mice is  accelerated  

by prior sys temic t rea tment with cort isone acetate ( Cooper , Schmid t 

& S c hou , 1 9 5 7 )  and treatmen t o f  rabbi t s  with cortisone acetat e ,  

prednisone o r  hydrocort isone greatly enhances the ra t e  a t  which 

sulphace tamide sodium is ab sorbed from s .  c .  si tes ( Schou , 19 58c ; 1 9 59a ; 

1 9 59 c ;  1 9 60 ) . 

Glucocorticoids enhanc e the ab sorption withou t a l t er ing  the 

ground sub stance of the s . c .  connect ive t issue (Schmid t ,  1958 ; 

Hvi dberg & Schou , 1 9 59 a) , and so the ir  inf luence i s  probab ly 

a t t r ibu t able to their effects  on the local c irculation and on the 

h i s t amine con t en t  o f  connec t ive t issue ( Schmid t ,  19 58 ) . Cor t ico­

s t eroids not only inhib i t  the produc t ion of  oedema f luid  at  the 

s i t e  of inj ec t ion , but a l so accelerate i t s  reabsorpt ion (Cooper , 

Schmidt & Schou , 1 9 5 7 )  . . Therefore , i t  is  possible that under  the 

influence of anti-inf lammatory cort i costeroids , there is  a solvent 

drag effect wh ich promo tes  the passage of  inj ected drug from 

in t er s t i t ial  fluid into the c irculat ion (Schou , 19 6 1 ) .  

I t  is a lso likely that corticosteroids may a c t  by reducing 

the self-depression mechanism . Schou ( 19 6 1 )  sugges t s  tha t while 

cort icos teroid t reatmen t reduces the ra te at which histamine and 

5-0HT are synthes i sed , the norma l turnover of thes e amines in 

t is sues is  unaffected , so that over a per iod of days a depletion 

o c curs . As a result of t hi s  deplet ion of histamine and 5-0HT, 

the self-d epression phenomenon is reduced or abo l i shed ( Schou , 

19 58a ; Mil thers , 1959 ) . Th is explains '"hy the cort icosteroid­

induc ed enhancement of  ab sorpt ion i s  more pronounc ed in cros s-over 

s t udies ( Schou , 1958c)  and why ab sorption is  l e s s  affected by  a 

single in travendus administration of  a soluble hyd rocort isone 

ester  10 minu tes prior to inj ect ion than by 5 days of  pretreatmen t 

wi th cor t isone ( Schou , 1 9 59 c ) . The same hypothe s i s  expla ins why 

the addit ion of dexame thasone to an oxytetracycl ine solut ion may 

have no d iscern ib le effect  on the rate at which tha t solution i s  

ab sorbed a f t er s . c .  inj ect ion i n  . ca t t le (Clark � e t  al , 19 74) . 

Finally ,  Schou . ( 1 9 6 1 )  sugge s t s  that glucoc o r ticoid trea tment 

reduces the sens itivity of the ab sorp tive cap i l la ry bed to the 

effects of vasoac tive amines  lib erated at inj ect ion s i t es . 



Mineralocor tico i ds appear to  b e  w i thout effect on ab sorp tion 

( S chou , 1959b ) . 

5 . 3 . 2  Vasoac tive amines and their antagonist s .  The role of  

histamine and 5 -0HT in the self-depres s ion phenomenon ( t he phenomenon 

whereby drugs inhib it  their own ab sorpt ion) ha s already b een 

mentioned .  

Whether vasoact ive amines are added to inj ect ion solut ion s 

or are l ib erated within the tissues , t hey have been demonstrated 

to depress the- ab sorpt ion of sulphac e.tamide sodium in rabbits  and 

ra t s  (Schou , 1 9 5 8a ;  1958b )  and morphine in rats (Mil thers & Schou , 

1 9 5 8 ; Milthers , 1 9 59 ) .  I t  is likely tha t  the lib erat ion o f  

endogenous amines  s lows the ab sorption o f  many drugs fol lowing 

extravascular inj ec tion ( Schou , 1 9 6 1 ; 19 7 1 )  and thi s effect ha s b een 

c i ted to expla in ob served ab sorp tion phenomena following s .. c .  inj ect ion 

of morphine in rat s ,  rabb its  and human s (Mi lthers , 1 9 59 ; 1 9 6 0 )  and 

i . m. inj ec tion of insulin in humans (Binder , 1969 ) . 

It  is not surpris in g ,  therefore , that pre treatmen t with 

systemic antihistamines such as mepyramine maleat e ,  or the add i t ion 

of - such agents  to inj ect ion solu tions , will  reduce or abolish the 

self-depression ph enomenon and enhan ce  absorpt ion . Th is ac celerat ion 

of  ab sorpt ion by  antihistamines has b een demonstrated for sulpha­

cetamide sod ium in rats  and rabbits  ( Scho�, 1958a ; 1 9 58b ) and for 

morphine in rats ( Mil thers & Schou , 1 9 5 8 ;  Ki lthers , 1 9 59 ) . Blood 

levels of morph ine are more than doub led follmving concurrent 

local or sys temic treatment tv-ith ant ihistamines (Mil thers & Schou , 

1 9 5 8 ) . 

• 

Similarly ,  the 5-0HT antagonist  BOL 1 48 ( 2 -b romo-2-lysergic 

acid diethylamide ) great ly enhances the absorption of  morphine 

(Mi lthers , 1 9 59 ) . 

Deplet ion o f  endogenous histamine b y  pretreatment of  rabb i t s  

and rat s �vith Compound 48/80 has · been shmvn t o  enhance the 

absorption of both  sulphacetamide solut ions (Schou , 1 9 58a ; 1 9 5 8b )  

and morphine solu tions (Mi lthers & Schou , 1958 ) . Depletion o f  

t issue 5-0HT , by  pretreat ing adult ra t s  w ith reserpine , reduces 

the self-depre s s ion o f  morphine ab sorption (Milthers ,  1959 ) .  
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While generally ac ting to re tard ab sorption , there are some 

ins tances \IThen histamin e  may act  to enhance  ab sorpt ion . Normally , 

solutes with a M . W .  grea t er than 1 0 , 000 are unab le to ent er 

capi llaries and so are drained away rela t ively slowly by the 

lymphatic vesse ls (Ballard , 1 9 6 8 ) . The increase in capillary 

permeab ility caused by h i s t amine may allow those large molecules  to 

ente r  the capillaries , thus  accelerating their ab sorp t ion ( Sund & 
Schou , 1 9 64a ; 1 9 64b ) . 

There are repor ts in the l i t era ture of  two s t udies in which 

histamine enhanced , rather than re tarded , the ab sorp t ion of even 

small solut e  molecules . In  the first  study (McGirr , 1 9 5 2 )  it was 

reported that histamine accelerated the rat e  at wh ich rad io-labelled 

sodium chloride was cleared f ollowing i . m . inj ect ion in humans .  

However , Mc Girr ' s  technique differed from that o f  later workers  in 

that the inj ect ion needle wa s left in  si tu during the experiment ,  

and readings were taken on the ra t e  a t  which NaCl  solution , NaCl with 

adrenaline and f inally NaCl \ITith histamine were c leared . The three 

t es t  solut ions were inj e c t ed sequent ial ly wi thin the space of  a 
.. . 

few minutes . Results of  such a s t udy are thus hardly comparab le with 

those ob t ained fol lowing single inj e c t ions into different inj ec t ion 

s i te s . 

In  t he s econd s tudy , repor ted b y  Hyman and eo-workers ( 1 9 5 9 ) , 

i . m .  inj e c t ions of  ra dio-lab elled iod ine were made in  cat s .  m1en 

the  histamine-l iberating agent Compound 48/80 was admin istered by 

intra-arteria l inj ect ion in t o  the vessel supp lyin g that mu scle ,  the 

c learance of iodine was accelerated . The resu l t s  o f  this experiment 

are thus n o t  comparab l e  with  s tudies in which his tamine is  included 

in the t e s t  solution or is liberat ed at the inj ect ion sit e .  The 

effect  of  Compound 48/80 intra-art erially was to  increase the b lood 

fl ow in the affected mu scle , t hus  hast ening  the clearance  o f  

inj ected solu t e s .  

6 .  SUSTA I N E D- R E L EASE FORMULAT I O NS 

The previ ous sect ions have out l ined how the absorpt ion of  drugs 

from ext ravascular inj ect ion sites  may be affec t ed by various 

b io logical , pharmaceut ical and pharmacological factors . It is 
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obv ious that there exi s t s  a large numb er of  ways b y  whi ch the  

pharmacist may prepare drug formu lat ions having widely d i f f e r ing  

ab sorption ra tes . 

For the opt imum use of many dru gs int ended for inj e c t ion , 

formulat ions g iving slow ab sorp t i on and hence sustained act ion 

are des irab l e .  lfhen low b lood levels o f  prolonged durat ion are 

more important to the c l in ician than high l evels o f  short duration , 

such sustained-release formulat ion s have the advantage that , b y  

ma intain ing thera peu tic concentrat ions over a longer period of  

t ime , the frequency o f  inj ect ion can be reduced ( Thomp son , 1 9 60 ;  

Rit schel ,  1 9 7 3 ; Vermeulen , 1 9 7 5 ; Chien , 1 98 1 ) .  

6 . 1  TYPES OF SUSTAINED-RELEASE FORMULATIONS 

Apart from the pharmacological m ethods (for example , the 

inclus ion of  vasoconstrictors ) , which have not found widespread 

applica t ion , the important methods b y  which inj ec tab le sustained­

relea s e  formulat ions may be prepa red have b een class i f ied b y  

Thompson ( 1 9 60 ) , Bal lard and Nelson ( 1 9 7 0 ) , Ritschel ( 19 7 3 )  and 

Chien ( 19 8 1 ) as fol lows : 

1 .  Chemica l .  The use of sal t s , esters and complexes of  low 

aqueous so lub il i t y .  

2 .  Physical i )  The select ion o f  a vehic l e  from which 

ab sorp t i on is slow ( e . g . oily vehicles) . 

i i) The addi t ion o f  macromolecules �..rhich increase 

vi scos ity ( e . g .  carb oxyme thylc e l lu lose , PVP , 

tragacanth ,  e t c . ) .  
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iii)  The add i t ion of metallic soaps ( e . g . alumin ium 

monost earate )  whi ch act as gelling  agen t s  to 

increas e the viscosity of oily veh i c l e s .  

iv) · The use o f  solut ions  from which , upon contact 

with t is sue f lu id s ,  the drug is pre c ipitated 

( e . g .  propylene glycol) . 

v) The addit ion o f  adsorbants  ( e . g . alumin ium 

hydroxide) . 

vi)  The use  of aqueous or oily suspensions . 



Any single sub stained-release f ormu lat ion may employ several of  thes e .  

6 .  1 . 1 Deriva t ives of  lm..r solub ility . The mos t  common and the 
' 

b e st me thod of  preparing sustained-a c t ion formulations for inj ect ion 

involves the use  of  a drug form of low aqueous solub ility ( Eastland , 

1 9 5 1 ;  Bal 1ard & Nelson , 1 97 0 ) . Such derivat ive s o f  the parent 

4 0  

compound are u sual ly formulated as  aqueou s or oily suspens ions (Ballard 

& Ne lson , 1 9 7 0 ) , but may be oily solut ion s (Van der Vies , 19 7 5 ; 

Vermeu len , 1 9 7 5 ; Brotherton , 1 9 7 6 ) , or d i ssolved in an organic so lvent 

from which the drug prec �pitates on contact  with t issue fluids 

( Eastland , 1 9 5 1 ;  Junkmann , 1 95 7 ; Rit sche l ,  1 9 7 3 ) . 

Deriva t ives having l ow aqueous s olub ility have b een prepared 

from many s t eroid s , inc luding glucocort ic o id s ,  mineral oco L t icoj r) s ,  

androgens , anab o l ic s t eroids , oestro gens and proges tagens  (Vermeulen , 

1 9 75 ; Chein , 1 9 8 1 ) . The commones t  means by which such derivat ives 

are obtained is  by esterificat ion of  the steroid with various 

carboxylic ac ids (Junkmann , 1 9 5 7 ; Vermeu len , 1 9 7 5 ; Brotherton , 1 9 7 6 ) . 

The durat ion o f  activity of these e s t ers inc reases with len g th o f  

the side chain ( Van der Vies , 1 9 7 5 ; Vermeulen , 19 75 ; Brotherton , 1 9 7 6 )  

up t o  a c er tain poin t ,  b eyon d �..rh ich act ivi ty i s  lost , pos sib ly 

b ecause of very poor solub ility in t i ssue f luids (Hoollet  & Evans ,  

1 9 7 1 ;  Broth erton , 1 9 7 6 ) . 

Once prepared , the se stero id esters  may be formula t ed for u se 

as  oily solu tions or aqueous suspen sions ;  the la tter usually giving  

a more su s ta ined , if  less  even , release  pa ttern (Van der  Vies , 

1 9 7 5 ; Bro therton , 1 9 76 ) . 

Rela t ively insoluble complexes or salts of  a numb er of acidi c 

or basic drugs are employed in reposi t ory preparat ion s . . The 

procaine salt of  penicillin is  a common example ,  as  are the zinc 

and prot amine complexes of  insul in ( East land , 19 5 1 ; Harvey , 19 70) . 

6 . 1 . 2  The add j t ion of  macromol ecules to formulat ions . The 

ab sorption-retarding effect  of increased viscosity has b een made 

use of in s everal f ormulations . High concent rat ions of gelatin 

have b een u s ed to prolong the ab sorpt ion of penicil l in solut ions , 

adrenalin e ,  ephedrine , morph ine and heparin ( East land , 19 51 ) .  The 

addition of gelat in to solutions of ACTH enhances their effect  not 



so much b y  retarding their ab sorption , but by protec t ing the 

inj ected h ormone from b inding and destruct ion at the inj ect ion s it e  

( Thompson � 1 9 60 ) . 

4 1  

Vis cous solutions o f  PVP have b een used to prolong the 

ab sorption of  in sulin and o ther hormones , proca ine , su lphathiazole , 

pen i c illin and many . other d rugs ( Eastland , 1 9 5 1. ; Blecher , & Burnet t e ,  

1 9 69 ; Rit schel , 1 9 7 3 ) . More recently PVP has been incorporated 

into solu tions of  oxyte tracycline and has b een found to markedly 

reduce the local t i ssue dama ge caused by such f ormula tion s 
. .  . 

( Immelman , Botha & Gribb , 1 9 7 8 ;  Ziv , 1980) , possib ly through the 

f ormation of  less irr i tant physicochemical c omplexe s (B lecher & 
Burnette , 1 9 69 ; Immelman , Botha & Gribb , 1 9 7 8 ) . 

6 . 1 . 3  The add i t ion o f  absorben t s .  Many o f  the clostridial 

vacc ines which are so important in veterinary medicine cons ist o f  

toxoids adsorb ed onto alumin ium hydroxide o r  aluminium phosphate t o  

produce large , relat ively insoluble complexes (Ri tschel ,  1 9 73 ; 

Trinca , 19 79 ) . The prolonged relea se of ant igen f rom such vaccines 

produces  an enhanced immune respon s e .  

S imilarly, steroid act ion may b e  prolonged by prepa ring 

complexes of the hormones with inorganic ad sorb en t s  (Junkmann , 1 9 5 7 ) . 

6 . 2  RELATIVE RATES OF AB SORPTI ON OF DIFFERENT TYPES OF FORMULATION 

Ritschel ( 1 9 7 3 )  has ranked the different types of inj ec table 

f ormulation according to  their relat ive rates of ab sorption 

( Tab l e  2 : I I I ) . In genera l ,  aqueous solut ions are ab sorb ed mo st 

rapidly and o ily suspensions contain ing ge lling  agents ,  the lea� t . 

There are exception s  to this classif icat ion , but i t  serve s as a 

us eful rule of tliumb �vhen cons idering the l ikely duration of  

a c tivity of inj ectable drug formulat ions . 



Table 2 :  III  C las sification of  parenteral formulat ions according 
to rat e  of  ab sorpt ion (af ter Ritsche l , 19 7 3 ) 

Rate of  ab sorpt ion 

Most  rapid  ab sorp tion · 

Type o f  formulat ion 

Aqueous solut ion 

Aqueou s solut ion + macromo lecules 

Aqueous suspension 
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Aqu eous suspens ion + macromolecules 

O ily solution 

Least rapid  ab sorption 

7 .  CONCLUS I ONS 

Oily solut ion + me tallic soaps 

Oily suspens ion 

Oily suspension + me tallic  soaps 

The main barrier to the ab sorpt ion of drugs inj ected into  i . m .  

o r  s . c .  sites  i s  the cap i l lary endothelial membran e .  Ab sorpt ion 

across this memb rane is  governed by the physicochemical properties 

o f  the inj ec t ed drug and by  condit ions in the connect iv� t i s sue on 

one side of that membrane and the b lood f l mv on the other . 

The phy s icochemical properties of the  inj ec ted drug wh ich are 

of  maj or sign if icance in ab sorpt ion from ext ravascular s ites are i t s  

so lub ility  i n  the aqueous interst i t ial  f luid , its  solub i li t y  in t he 

l ipids o f  the endothelial memb ranes and its  ability  to d if fuse from 

the inj ect ion depo t through the connect ive tissue ground sub stance 

separating it from those memb ranes . Wa ter solub il i t y  favours 

dif fusion of the inj ected drug in the interst i t ial  f luid wh ile  

lipid solub i l i t y  favours i t s  passage across  the endot helial c ekls . 

B iological factors which inf luence the rat e  of  ab sorp tion o f  

inj ected drugs from i . m .  o r  s . c .  s i t e s  are the total area of  the 

ab sorb ing  capillary membrane at the part icular s i t e , the rat e  of  

b lood f low through the capillary bed and the amount and composition 

of the connect ive t is sue ground sub stance . Th e density  of the 

capillary b ed differs between t is sues and anatomical regions o f  

the body , an d these d i f fe rences are ref lec ted i n  dif feren ces in 

ab sorption rates . The permeab il i t y  o f  the capillar ies may be  



affected by a variety of  phys iological , pathological and 

pharmacological factors , as may the rat e  of b lood flow through 

t issues and the condit ion of  the ground sub s tance . 

While  s ome authors state that ab sorption o f  drugs from 

extravascular s i t e s  is  dependent on the rate of d iffusion t hrough 

connect ive tissue ground sub s tance ( Schou , 1 9 7 1 ) , others  b e l i eve 

that local t i s sue perfu s ion is the rate-l imi t ing factor (Bederka , 

Takemor i  & Miller , 1 9 7 1 ) . I t  i s  l ike ly t hat under c e r ta in 

circumstances each viewpoint could b e  correct , but that in the 

clinical s i tuation it is probab ly the degree of local  t issue 

perfusion which governs the rate of absorption , at  l east of  aqueous 

solut ions ( Bederka , Takemori & Hi ller , 19 7 1 ) . 

Ab sorpt ion may be  enhanced or retarded by  the concurrent 

administrat ion of a variety of drugs , in some cases to a 

c l inically sign i f i cant exten t . Various b iopharma c eu t ical  techniques 

have b een describ ed an d by the use of these the uptake of inj ec ted 

drugs may be s ignificantly delayed . 
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CHAPTER I I I  

A COMPA R I SON OF  THE PHARMACOLOG I CAL ACTIVI TY I N  COWS 

OF TWO SUSPE NS I ONS OF B ETAMETHASON E ALCOHOL 

1. I NTRODU C T I ON 

In the preced ing chap ter ( Chaper I I ,  Sect ion 4 . 4 ) th e solids : 

vehicle ra t io was discussed a s  one o f  the factors whi ch govern the 

rat e  of  ab sorpt ion , and hence the pharma cological a c t iv i t y ,  of  

inj ec t ed drug suspen sions . Wagner ( 1 9 7 1 )  poin ted out  tha t , in 

general ,  aqueous suspens ions having a high solids : vehicle  rat io 

produce compact depo t s  from which ab so rp t ion is slow . 

Whi le discussing the glucogen ic act ivity of s everal b e tame thasone 

formol a t ions , h'ooll e t t  an d Evans ( 1971 ) ment ioned tha t  the ra te o f  

ab sorp tion was in fluenced b y  the concen trat ion of  s t eroid i n  t he 

suspend ing  vehicle . They d id no t ,  however ,  elaborate on this point 

and it fell  to P . G .  Box ( Glaxo Group Research Ltd . , London , pers . 

cam . )  to demon s t ra t e  that when aqueous suspensions of  b etamethasone 

alcoho l \vere administered sub cutaneously to calves , for a given dose 

the rat e  at which b etame thasone was ab sorb ed wa s rela t ed to the 

volume in wh ich t hat dose wa s admini s tered . In o ther words , as 

would be  expec t ed (Wagner , 1 9 6 1 ; 19 7 1 ) , the rat e  of absorpt ion of 

b e tamethasone alcohol appeared to be inversely rela t ed to the 

concentrat ion of the inj e c t ed suspens ion .  

Cort icos teroids increase gluconeogenesis an d inhib i t  glucose 

u t ilisat ion in peripheral t i s sue s , thus causing hyperglycaemia 

(McDonal d ,  19 7 7 ; Brander & Pugh , 1 9 7 7 ) . The ma gn itude and dura t ion 

of thi s  hyperglycaemia may b e  used as an index of the relative 

act iv i t ies of  d i f ferent cor ticos teroid formulat ion s ( Peche t , 1964)  

b ec ause the rate  at which an adminis t ered steroid i s  ab sorb ed 

determin es the intens ity and durat ion of its  ac t ion (Van der Vi es , 

1 9 6 4 ; 19 75).  In cat tle , \.Jool l e t t  · and Evans ( 1 9 7 1 )  sho\ved that the 

ext ent  eo which b lood glucose concen t rat ions are eleva t ed is 

inf luenced by the rate at  which different betame thasone formulations 

are ab sorb ed , and Box ( pers . c orn . ) noted tha t a more concentra t ed 

suspension o f  b etame thasone a lcohol produced a more prolonge d ,  



al though less intens e ,  hyperglycaemia than a more rapidly ab sorbed 

dilu t e  suspension . 

Administration of exogenous cor t icos t eroids may result in 

suppression of  the secre tory act ivity of  the adrenal glands 

( Brander & Pugh , 1 9 7 7 )  and Kancher and eo-workers ( 1 9 76 )  demonstrated 

that the admini strat ion of  b etame thasone to catt le  r esult s  in 

l owered concentrat ion s o f  endo genous cor t iso l . In humans it  has 

b een shown that slowly ab sorb ed formula t ions of b etamethasone 

produce a more prolonged  suppression of  cortisol concentra t ions 

than more rapidly ab sorb ed ones (Mol lman et al , 1 9 7 7 ) : it is 

b e l i eved tha t  the durat ion of this suppressive eff ec t  correlates 

well with the durat ion o f  an t i-inflammatory a c t iv i ty (Mikha il 

et al , 1 9 69 ) . 

The depres san t e f f e c t  on circula ting eosinophil numb ers has 

long been recognised as  an index of  the activity  of  a corticosteroid 

for�ulat ion ( Pechet , 1 9 6 4 ; S i lber & Arcese , 1964) . In addi t ion , 

cort icosteroids usual ly c au s e  a d epression in numb ers o f  c irculat ing 

lymphocytes  and an increas e  in numbers of neu trophils (Brander & 

Pugh , 19 7 7 ) . These e f f ec t s  are more pronounced in cat t l e  than in 

o th er domestic  species (Anon. , 19 7 7 ;  Au s t in ,  19 79 ) . 

The aim of this first  experiment was to  conf irm Box ' s preliminary 

ob serva t ion s of the in f luen ce of the solids : veh i c l e  ratio  on the 

rate of ab sorption o f  be tame thasone alcohol su spens ion s .  �vo 

dif f erent suspensions of  b e tametha sone were administered to cat t le 

and the effects  of these on glucose and cor tisol concentra t i on s  

and differentia l  wh i t e  b lood c e l l  count s  were s tudied . 

2 .  MATERIALS AND METHODS 

2 . 1 ANIMALS 

Thirty c lin ically normal , non-lactatin g ,  non-pregnant cows 

were divided into groups of ten� Age s were  un recorded , but  all  

had  experienced a t  least one lactat ion . Twen ty-three Fries ian 

and s even Jersey cows were used . Body \veigh t s  were not ava ilable . 

Cov1s were grazed on ra ther poor pasture and were fed hay at the  

da ily rate of one bale  p er five cows . Apar t  f rom ensurin g  tha t a t  

least two Jerseys appeared i n  ea ch group , alloca t ion t o  groups 

was on a random basis . 



2 . 2  TREATMENTS 

Treatment s  were a dmin i s t ered b y  subcutaneous inj ect ion into 

that part of the neck which was covered when the lef t ear was 

laid back f la t , and were as f o llows ; 

Group I / Treatment I ;  40 mg b etamethasone alcohol as 

20 ml of a 2 mg/ml suspension
( l ) 

Group I T / Trea tment I I : 40 mg betame thasone al cohol a s  

2 . ml of a 20 mg/ml suspen sion ( z )  

Group I I I /  Con t rol ; 20 ml normal salin e .  

A dose o f  4 0  mg per cow .  o f  betame thasone �vas est imated t o  b e  

s imilar t o  a dose of 0 . 1 mg/kg body weigh t .  

TI1e two aqueous betame thasone alcohol suspen s ions differed 

on ly in their b etame thasone con t en t . The veh ic le in each formula t ion 

\vas iden t ical . 

Animals were examined and b lood samples were collec t ed once 

daily on the three days directly preceding trea tment and at the 

same t ime of  day on 14  occas ions over 19  days following trea tmen t .  

2 . 3  BLOOD COLLECTION 

Blood samples ,.;rere collected by j u gular venepunc ture in to  

evacuated 10 m l  glass t ub e s . Each tub e con tained 20 mg  potass�Jm 

oxalat e  and 25 mg sod ium fluoride . 

Pools  of  plasma were made up from blood c o l lected in al iquot s  

o f  500 m l  in to plast ic b o t t les containing 1 g potassium oxalate 

and 1 . 2 5  g sodium fluoride . 

Blood \vas cent rifu ged  vlithin two hours o f  collect ion an d 

p lasma was removed ,  frozen and s tored a t  -2ooc un t il required 

for assay . 

. ( 1) 

( 2 )  

Bet so lan , Glaxo New Zealand Limit ed , Palmers ton North 

EPHE/ 1 / 4 ,  exper imental formula t ion , Glaxo New Zealand Limi t ed .  
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2 . 4  CORTISOL ASSAY 

The cor t isol  ra dioimmunoas say t echni que used was tha t of Ruder 

et al ( 19 7 2 )  as modif ied by Evans ( 19 7 9 ) , 

2 . 4 . 1 .  Haterials . As say buffer was 0 . 0 1  M phosphate-buffered 

saline (PBS ) , pH 7 . 3 ,  cont aining 0 . 1 %  (W/V) gela t in and 0 . 0 1 %  

(W/V) sodium mer thiolat e .  

Antiserum (AS ) t o  cor t i sol  - 2-B SA (cour tesy of Dr R . J .  

Fairclough , Ruakura Agricu ltural Research Cen tre , Hamilton , New 

Zealand) 'va s  stored frozen as 1 ml al iquots at 1 : 200 dilut ion in 

as say buffe r . Immediat ely be fore use , AS was further dilu ted in 

the same buf fer to 1 : 2000 . 

( 1 ,  2 ,  6
·
, 7 (n) - 3

H) cort isol ( 3H- C) ,  s pec i fic ac tivity 2 85 mCi /mg , 

radioact ive con c entra tion 1 mCi/ml ( Rad i ochemical Centre Lt d . , 

Amersharn , UK)  'vas  used t o  prepare a stock solu t ion of  4 ]1 C i /ml 

by d iluting 0 . 1 ml in 25  rnl of ethanol-water ( 1 : 24 ) . After 

stora ge a t  40C , this stock solution wa s dilu ted 1 : 10 with assay 

buffer immedia t e ly b efore u s e .  

Cort isol ( Sigma Chemica l Co . , St Louis , USA) was d i s solved in 

e thanol to prepare a range of standards from 0 . 1 to 32 n g/ml . 

Ethanol wa s used as the ' zero st andard ' .  

Bovin e gamma glob ulin , Cohn Fract ion II ( Si gma Chemical  Co . ,  

S t .  Loui s ,  USA) was d i s solved in a s say buffer to give a 1 . 5% (W/V) 

working solu t ion of non-spec ific  pro t e in (PBS-BGG) . 

Polyethyl ene glycol 4000 (PEG) ( BDH Chemicals  Lt d . , Poo le , UK) 
was dissolved in d i s t illed water to give a 1 6 . 2 %  (W/V) >-mrk;lng 

solution which wa s used to separate b ound from unboun d  3H-C . 

The s c in t i lla t ion fluid wa s toluen e : tri ton x-100  ( 2 : 1 ) 

containing  3 g of 2 , 5  d iphenyloxazole (PPO) ( S i gma Chemical Co . , 

S t  Lou i s , USA) and 100 mg of 1 , 4 -b i s  ( 2- (5-phenyloxazolyl ) ) b enzene 

phenyloxazo lylphenyl-oxazolyl-phenyl ) ( POPOP) ( S i gma Chemical ·eo . , 

S t  Loui s ,  USA) per l i tre . 

Dichlororne thane (DCM) and e thanol were dis t illed twice b efore 

use ; the la t t er after reflux d i s t illat ion over m�phenylen ediamine . 



2 . 4 . 2  Radioimmunoassay procedure . P la sma samples , in 0 . 5  ml 

aliquo ts , were extracted wi th 4 ml o f  DCM in screw-capped glass  

culture tub es ( 16 x 125 mm) b y  vortexing for 30  seconds . The solvent 

was transferred in 0 . 8  ml aliquots  to labelled assay tub es and 

evaporated un der a s tream of air . 

Assays were per formed in 1 2  x 7 5  nun glass culture tubes , and 

unknown plasma samples , plasma pools and as say standards were a s sayed 

in triplica te .  

The ran ge of  cortisol concentrat ions f rom which the standard 

curve wa s derived was prepared by adding 0 . 1  ml aliquots of  

standard solut ions to assay tub es and evaporating the solven t un der 

a st ream of a ir . 

To each tube was added 0 . 1 ml o f  AS and 0 . 1 ml of  PBS-BGG . 

Tubes were vor texed briefly an d left t o  s t and at room temperature 

for 30 minutes . Lab elled cort isol , 0 . 1  ml , was then added to a l l  

tub es ".-lhich ".-7ere a gain vortexed and incubated a t  4°C overn igh t . 

Separa t ion of  free from bound 3H-C wa s ach ieved b y  the add i t ion 

of 1 ml of PEG a t  4°C to each tube while vortexin g ,  Tub es were 

allowed to s t and f or 10 minutes at 40C , then were cent rifuged a t  

the same temperature for 2 0  minu tes a t  2000 rpm.  The supernatant 

was aspira t ed and the precip i tate redisso lved in 1 ml of dist i l led 

wa ter . Solut ions were decant ed into scin tillation vials and 6 ml 

al iquots o f  s c intillat ion fluid were added to each . Scin t i l la t ion 

count ing was done in ei ther a Beckman L S 7 000 or a Beckman LS350 

Liquid Sc in t illat ion Counter.  

A Sord M2 22  computer was used to  calculate plasma cor tisol 

concentrat ions by the me thod of  Burger et al ( 1 9 7 2 ) . A 

representative standard curve is shown in Figure 3 : 1 .  

49  

Mean assay sensi t ivity was 0 . 28 ± 0 . 03 ng/ml Cx ± SEM) with a 

range of 0 . 1 3 - 0 . 5 1  ng/ml . The ' spec ifi city of  the ant is erum is  sho".-lll 

in Table 3 : 1  ( Evans , 1 9 7 9 ) . Be tween-a s say coefficients  o f  variat ion 

were calculated for four pla sma pools , both undiluted and diluted 

1 : 1  with assay buffer . Dat a  are shown in Tab le 3 : 11 and i t  is  

considered that these figures provide sat is factory tests  o f  
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Figure 3 : 1  Rep r e sen t a t ive s t andard c u rve f o r the c o r t is o l  a s say , 
compu t e d  by the me thod o f  Burger et al  ( 19 72 ) . 
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parallelism and assay repea tab i l i t y .  Within-as say coeffic ient s  o f  

variat ion were calculated f rom three plasma pools ( Tab le 3 : 11 1 ) . 

2 . 5  BETAMETHASONE AS SAY 

The as say technique was based on methods used b y  Johnson et a l  

( 19 7 6 )  and Bradley , C . E .  e t  al  (Glaxo Research Ltd . , London , pers . 

com . ) but was mod ified as  suggested by Dr R . J .  Fairc lough ( pers . com. ) .  

2 . 5 . 1  Ma terials . The as say buffer was tricine-buffered saline 

(TB S )  with 0 . 1% (W/V) gela t in . I t  was prepared by d i ssolving 9 g 

sodium chloride , 1 g sodium azide , 1 g gelatin and 1 7 . 9 2 g o f  tricine 

(N-tris (hydroxyme thyl ) me thyl glycine ) ( S i gma Chemical Co . ,  St  Louis , USA) 

in 1 L of  dis t i l led wa t er .  The pH was adjusted to 7 . 4  ,.,ith 5 N sod ium 

hydroxide and th e solu t ion was stored at 4°C .  

Ant i serum (AS) to b e tame thasone-CMO-thyrog1obulin ( courtesy of  

Dr K . J .  Child , Glaxo Research Ltd . , London ) ,.,as  s tored frozen in 1 ml 

al iquots at  1 : 1 00 dilu tion in assay. bu ffer . Immed iately before use 

AS was further diluted to 1 : 3000 . 

( 1 ,  2 ,  4 (n) -3H) b etame thasone ( 3H-B) , spec ific ac t ivity 8 1  

mCi/mg and radioact ive concentrat ion 1 . 0 mCi /ml (Radiochemi cal Centre 

Lt d . , Amersham , UK) was used to prepare a stock solution of 0 , 8f.l 

Ci /ml in assay buf fer . This  stock solut ion was stored at 4°C and 

d i luted 1 : 5 with the same b uffer immediately before use . 

Betame thasone ( Sigma Chemi cal Co . ) wa s d issolved in ethanol 

to prepare a range of  s tandard solutions from 0 . 1 2 5  to 1 2 8  ng/ml . 

Ethanol was used a s  the ' zero s tandard ' .  

Bovine gamma globulin , Cohn Fract ion II  ( Sigma Chemical Co . ) 

was dissolved in tric ine buffer to give a 1 . 5 % (W/V) workin g 

solution of  non-spe c i f ic protein ( TBS-BGG) . 

Polye thylene glycol solution and the scint i l lat ion fluid were 

the same as used for the cortisol ' a ssay . 

2 .  5 .  2 Radioimmtmoa s say procedure . The assay wa s performed 

on plasma without pri or extrac t ion and ai l samp les and s tandards 

were assayed in triplicate in 1 2  x 75 mm glass culture tub es .  
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Tab le  3 : 1  Speci f ic i t y  of antis erum to c or t iso 1�3 BSA :  

cros s  react ion wi th other s teroids (Evans , 1 9 7 9 )  

Steroid Cross rea c t ion (% )  

Cortisone 9 . 6  

Deoxycorticost erone 0 . 9  

Tetrahydrocortisol < 0 . 5  

B etamethasone < 0 . 1 

1 7-hydroxyprogesterone < 0 . 1 

Progesterone < 0 . 1 

· Aldosterone < 0 . 1 

Testosterone < 0 . 1 

Androstenedione < 0 . 1 

Oestraaiol- 1 7 8  < 0 . 1  

Tab le 3 :  II  Cor tisol assay : be tween a s say coefficien t s  of  variat ion 

Plasma pool No . as says Mean cortisol (ng/ml)  C .  V . ( %) 

8 3  1 1  1 .  10 33 . 1 

83  diluted 1 :  1 4 0 . 78 9 . 2  

100 12 1 .  35 2 2 . 6  

100 diluted 1 :  1 4 0 . 6 7 1 9 . 6  

145 4 29 . 35 6 . 3  

145 d iluted 1 :  1 4 2 1 . 82 5 .  1 

150 12 1 7 . 42 1 4 . 8  

150 diluted 1 : 1 9 8 . 95 1 1 . 0  

Tab le 3 : II I  Cort i sol assay : within a s say coeffic ien t s  o f  variat ion 

Plasma poo l  No . replica tes Mean cortisol (ng/ml) C � V . ( % )  

83  diluted 1 : 1  7 0 . 62 1 0 . 3 

150 10 20 . 9 1  7 . 1  

150 dilu t ed 1 :  1 5 1 1 . 68 1 . 8 
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To prepare a standard curve , 0 . 1 ml a l iquot s  o f  standard 

solutions were added to as say tubes and solvent was evaporated under 

a s tream of a ir .  To each tube was added 0 . 1 ml of b ov ine plasma 

(No . 150)  known to be  free of  b e tame thason e .  

T o  the standard s and t o  0 .  1 m l  al iquot s  of  unknown pla sma 

samples was added 0 . 1 ml of AS and 0 . 1 ml of TB S-B GG . The tubes 

were vor texed briefly and left  to stand for 30 minutes  at  room 

temperature . Labelled b etame thasone , 0 . 1 ml , wa s added to all  

tub es wh ich '11ere vortexed an d the·n incubated overnight at  4°C .  

Separa t ion o f  free from bound 3H-B , scin t illat ion count ing an d 

5 3  

as say compu tation were performed according to me thods already describ ed 

for c o r t iso l .  A represen t a t ive s tandard curve is shovm in Figure 3 : 2 .  

The mean as say sen s i t ivity  vla s 0 .  32  ± 0 .  02 ng/ml (x  ± SEM) wiL1 a 

range of  0 . 18 - 0 . 6 1  ng/ml . The spec ificity of  _the antiserum i s  

shown in Tab le 3 :  I V  (Bradley e t  al , pers . corn . ) .  Bet,veen-assay 

and wi thin-as say coeffic ien t s  of va riation were ca lculated for 

p lasma pools  and are shown in Tables  3 : V and 3 : VI . Twelve d i f ferent 

p lasma pools  were assayed undi luted and d iluted 1 : 1  and 1 : 3  with the 

same b etametha sone-free pla sma (No . 150) that was used in the 

preparation of the standard curve . The est imated s t e roid 

concentrat ions at each d i l u t ion '11ere transformed to the logari thms 

log1 0x ,  ( log1 0x)+ 0. 30 1 and ( lo g10x)+  0 . 602 , respec t ively . An 

analy s is of  variance wa s perf ormed on the transformed data an d 

showed no s ign ifi cant deviat ion from parallelism .  

2 . 6  GLUCOSE ANALYSIS  

Plasma glucose est ima t ions were made by the  glucose oxidase­

peroxidas e  me thod of Ros evear et al ( 19 69 ) . The t echnique i s  a 

colourime tric one u tili s ing an AutoAnalyzer (Technicon Corpora t ion , 

USA) . 
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Tab l e  3 : IV Speci f ic i t y  of  ant is erum to betame thasone-CMO-thyroglobulin : 

cross rea c t ion with other stero ids (Bradley e t  al , per s .  com. ) 

a 

S teroid 

Cor tisol 

Corticosterone 

Tes tost erone 

Dexame thasone 

1 1 -Dehydrobetame thasone 

6 8-hydroxybetame thasone 

Betame thasone sodium phospha tea 

Cros s reac t ion (% )  

< 1%  

< 1%  

< 1 %  

4 . 4% 

1 2 . 0% 

3 . 9% 

0 . 05 %  

The sodium salt  of  b etamethasone 2 1-phosphate does n o t  hydrolyse 
in t"ricine buffer . Thus the 2 1 -es t er does not c ross  rea c t  with 
the b e tametha sone an t i serum . 

Tab le 3 : V Betametha sone a s say : b e tween assay coeffic ien t s  of  var iat ion 

Plasma pool 

8 3  

100 

No . a s says 

2 l  

2 7 

Mean b e t ame tha sone (n g /ml ) 

5 . 68 

14 . 0 7 

C . V . ( % )  

1 6 . 4  

9 . 3  

Table 3 : VI Betame thason e  assay : within assay coefficien t s  of variat ion 

Plasma pool 

8 3  

1 00 

2 

3 

No . repl ica t es 

1 0  

1 0  

5 

5 

Mean b etame thasone (ng/ml) 

6 . 26 

14 . 3 7 

1 . 82 

4 . 60 

C .  V . ( % )  

6 . 3 

9 . 2  

1 7 . 4  

1 0 . 3 



2 .  7 HAEMATOLOGf 

Total whi t e  c e l l  coun t s  were made w i thin one hour of  collection . 

A haemocytome ter coun t ing chamb er was used . Differen t ia l  whi t e  c e l l  

coun ts were made b y  coun t ing and c lass i fy ing  2 00 leucocyt es on 

air-dried smea r s  s ta ined with May-Grunwald-Gi e sma s tain ( Benj amin , 

19 6 1 ) . 

2 .  8 STATISTI CAL ANALYSIS  

The concept o f  s tatist ical s
-
ign i ficance i s  ba sed on est ima t es 

of  the probab i li t y , P ,  of  a part icular occurrence being  due to the 

operat ion of  c han ce  factors . By conven t ion , a probab i l ity of 5 

percent ( P  = 0 . 05 )  i s  desc ribed as ' s ign if i c ant ' .  Throu ghout this 

study levels of  s i gni f ic ance are deno ted thus ; 

* p < 0 .  os 
** p < 0 . 0 1 

* >� *  P < O . OO l  

' s i gni ficant ' 

' hi ghly s i gnifican t '  

' ve ry highly significant ' 

Analyses o f  variance ,,,ere applied to s t eroi d and glucose 

concentrat ions . In these analyses the ' main effec t s ' o f  t rea tment 

and samp lin g day , and their interac t ions ,  were partitioned u s ing 

or thogonal coef f i c ients ( Cochran & Cox , 1 9 6 0 )  taken fro m  the tab les 

o f  Fisher and Ya tes ( 19 6 3 ) . For plasma glucose �oncen t rat ions a 

non�orthogona l comparison was also made b etween Group I and Group I I  

over the samp ling p eriod from day 9 to 1 9 . 

In three ins tances where samples \vere not availab l e  the 

mis s ing da ta \vere sub s t i t u t ed by the mean of the preceding and 

s ucceeding mea surements . 

All est i mates of  s teroid concentration were transformed to 

logarithms prior to statist ical analyses ( Blis s ,  1 9 6 7 ) . The 

follm-1ing relat ionship was used : 

transformed s teroid  concen tra t ion = log10 (x  + 1 . 1 ) 

where x i s  the s t eroid concentration in n g/ml . Th is relat ion ship 

had been estab l i shed previously on empirical grounds (Barre l l ,  1 9 7 6 ; 

Wilson , 19 7 7 )  by  the finding of  linear relationsh i p s  b etween the 

est imated mean and its standard error for subgroups of non-transformed 

s teroid data . 
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For each group the mean concentra t ion o f  each steroid and 

i t s  nine ty-five percen t con f idence .interval ( CL9 5 ) (Bli s s , 196 7 ;  

Gre en , 1 9 72 )  was calculated from log-transformed data . For 

cort isol , the CL95 wa s based on a pooled variance (Bliss , 1 9 6 7 )  

est imated over a l l  samp ling days in a l l  groups . The CL9 5  for 

each be tame thasone mean concentrat ion wa s based on a within-group 

pooled variance as one group did not receive b e t amethason e .  

The pooled variance ( S 2) from which CL9 5 s were calculated 

was derived as follows : 

s2 � (� x 2 

d . n . .  N . 

( � �)
2 

N ) 
N 

[d . n .  (N- 1 ) ]  -m 

where X individual log-transformed data point , 

N numb er of  individual s  p er group , 

n = numb er of  trea tmen t groups , 

d number of  sampl ing days , 

m numb er of  miss ing da ta poin t s .  

Mean variances (S  2 ) were then derived : 
X 

or 

S· 2 
X 

s 2 - s2 
-
X 

N-m 

for those means based on 

data which include a missing data point . 

From this mean variance CL9 5s were calculated : 

CLg s = X ± t .  Sx 

tts ing t for [ d .  n .  (N-1 ) ]  -m degrees of  freedom . 

. Mean pla sma glucose concen t rat ions were calculated from non­

transforme d data and a pooled variance was used to e s t imate the 

CL95s of each mean . 

The CL95 s ,  calcula ted for each mean , prov ided e s t imates of  

the probability o f  a repeat exper iment resul ting in means of  

different magnitude . The probab ility that repetitions of the 
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experiment would produce mean values outside the range delineat ed 

by  the CL9 5s is  thus 1 in 20 . Wh ere the CL9 5s of t \..ro t rea tment 

groups did no t overlap the prob ab ility that the mean values for 

tho s e  two groups were different is  t herefore greater than 95 

percen t  (P < 0 . 05 )  and the difference can be describ ed a s  significant . 

Whi t e  b lood c ell coun t s  \·lere compared on days 0 , 1 ,  2 ,  9 and 1 9  

u s ing S tudent s '  t test  (Blis s ,  1 9 6 7 ) . A comparison Group I + II  

versus Group I I I  was made , follmved by  a comparison b e tween Group 

I and Group I I .  

3 .  RESULTS 

3 . 1 BETAMETHASONE CONCENTRATIONS  

Marked differences in mean peak pla sma level s  o f  b e tame thasone 

produced by suspens ion s of d i f feren t  concen tration were recorded ; 

4 . 70 ng/ml and 1 . 78 ng/ml in Groups I and I I  res pec t ively . Ho\vever , 

differenc es in dura t ion of de t ec tab le pla sma level s  were not so 

a pparent ( Fig. 3 : 3 ) . In b o th treatment groups the mean peak 

concent rat ion occurred on the day a f t er inj ection . By day 4 the 

mean betame tha sone conc ent rat ion in pla sma for each group had 

fallen to levels not sign i f ican tly dif feren t from that of  the 

control group . However , on day S the mean plasma c oncen t rat ion in 

Group I I  was again signif icantly dif ferent from the control 

( Fi g .  3 : 3 ) .  The analysis o f  variance of  b etame tha sone concentrat ions 

in Group I and II indicated h i ghly signif icant dif ferenc es in peak 

levels and in their ra t e  of dec line ( Table 3 : VI I )  . .  

The ra t e  of  ab sorption o f  betame thasone a lc ohol su spens ions 

was var iab l e ; pa rt icularly that of the more concen t ra t ed 
• 

f ormula t ion . While two cows in Group I did no t experience peak 

levels unt il day 2 ,  4 cows in Group II did no t experience peak 

concent rat ions unt il day 3 .  Within each trea tment group , peak 

plasma concen tra t ions of b etame thasone varied widely . In Group I 

(mean peak concentra t ion , 4 . 70 ng/ml ) in dividual concentrat ions 

ranged £rom 2 .  25  to 1 1 . 9 2 :n g/ml and in Group II  (mean , 1 .  78  ng/ml ) 

the range was 0 . 52 to 5 . 8 7 n g/ml . 
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Figure 3 : 3  Plasma betame thasone concentrations (means and CL9 5 s)  in 
cows following admini strat ion of two differen t 
formulat ions at a dose rate of 4 0  mg/cow .  
Group I ;  2 rng /m l  suspens ion . Group I I : 2 0  mg /ml suspens ion . 
Group I I I ; saline-treated cont rol group . 
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Table 3 : VI I  S ummary of - the ana lysis o f  varianc e o f  be tame thasone 
concen trations in the plasma of cows treated with 
two dif ferent formulations . 

Source - of variation Degrees of freedom ' F ' 

A .  Treatment I vs Treatment I I  1 9 . 9 9  X 10-4 

B .  Sampling days 13 

post-treatmen t - l inear 1 2 6 3 . 2 7*** 

pos t-treatmen t - quadratic 1 1 12 . 6  71•** 

pos t -trea tment - cubic 1 34 . 3 1**)� 

rema inder 10 0 . 38 

c .  Interac t ion A x B 13  

Treatmen t I vs Trea tment II 
1 4 4 .  301<**  

x post-linear 

Treatment I vs Treatmen t I I  
1 2 8 . 36*** 

x pos t-quadratic 

Treatment I vs Treatment I I  1 8 .  567<* 
x po st-cub ic 

remainder 1 0  1 . 04 

D .  Res idua l mean square 2 5 2  0 . 0 1 19 9 3 1 3  
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In some of the pre-treatment and control group samples a ' blank ' 

effec t was apparent . That is , in some instances anima l s  not treated 

with b etamethasone apparently had low concentrat ions of  this steroid 

pre s ent in thei r  plasma . In mo st  cases the e s t imated concent rat ion 

of this b etamethasone 'b lank ' was below the s ens i t ivit y  l imit of the 

as say . However ,  one cow in the control group had a ' betamethasone ' 

concentra t ion of  b et\veen 0 . 4 4 and 0 .  7 3  ng/ml on 1 4  of  the 2 2  sampl ing 

days . 

3 . 2 .  CORTISOL CONCENTRATIONS 

There was a wide range of cortisol concentrat ions recorded in 

individual cows prior to treatment wi th betame thasone , as well as in 

cows in the un treated control group ( Table 3 : VII I ) . Immediately b efore 

treatmen t , individual cortisol c oncen t ra t ions ranging from 0 . 1 9 to 

44 . 10 ng/ml were recorded . An examinat ion o f  the CLgss for the mean 

pla sma concentrat ions of the un t reat ed  cows showed signficant differences 

b e tween individuals over the 22  day period o f  the experiment . One cow ,  

No . 5 6 , had a particularly low concen t ration o f  cor tisol throughout .  

Tab le 3 : VI I I  Early-morninga plasma cor tisol levels in untreated cows 
over  a twen ty- two day period . 

Cow no • He an cor tisol (ng/ml ) Upper ci
95

b - . Lov1er CL9 5  

. 2 7  1 5 . 85 2 1 . 62 - 1 1 . 55 

5 2  5 . 4 1  6 . 84 - 4 . 2 3 

5 4  8 . 2 8 1 1 . 34 - 5 . 9 7  

5 6  0 . 2 7 0 . 30 - 0 . 2 3 

6 7  7 . 67 10 . 58 5 . 49 

7 0  9 .  7 8  1 3 . 68 - 6 . 9 2  

7 5  1 .  7 5  2 . 9 2 - 0 . 9 1  

88  7 . 85 1 1 . 46 5 . 2 9  

9 3  1 . 86 2 . 54 - . 1 .  3 1  

9 8  1 0 . 98 13 . 86 - 8 . 6 6 

Group mean 5 . 34 9 . 10 - 2 . 9 6  

a . Samples co llected  b etween 6 . 00 - 7 . 30 am . 

b .  Based on individual variances . 
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Admini stra t ion of  ei ther be tamethasone formulat ion caused 

a profound and long-lasting depres s ion of early-morning c or tisol 

levels . Twenty-four hours after treatment mean cortisol 

concentra t ions of 0 . 76 and 0 . 78 ng/ml were recorded in Groups  I 

and II respec tively . Individual cows had cortisol concentration s  

ranging from zero to  1 . 2 3 ng/ml a t  that t ime . Those cows which 

had received the 2 mg/ml suspension showed some recovery af ter 1 2  

days (mean concentra t ion ,  2 . 04 ng/ml ) , whi l s t  the cort i so l  level s  

in thos e  c ows treated with the more slowly absorbed 20  mg/ml 

suspen s ion were s t i l l  ma ximally depre s sed af ter 19 days (mean 

conc ent ra t ion , 0 . 54 ng/ml ) (Fig .  3 : 4 ) . 

Af ter  trea tmen t there wa s a h igh ly s ignificant d if f erence in 

mean cort.isol  profiles , as  ind ica ted in the summary of  the ar 1.lysis 

o f  variance ( Table 3 : IX) by the in t eract ion between t reatments  and 

sampling days . Graphica lly ,  thi s  is shmvn ( Fig . 3 : 4 )  as an 

elevat ion of  mean cortisol concentrat ion recorded for Group I 

a f ter day 1 0 .. On days 1 2 ,  1 6  and 1 9  the mean pla sma cortisol 

concentrat ions of Group I and the cont rol group (Group III) were 

not s i gn i f i can t ly d i f ferent . Mean cort isol concentrat ion s  in 

Group II showed no s igns of returning toward their pre-t rea tment 

level \vithin the experimental p eriod . One cow in Group I I  had 

detec tab l e  cort isol recorded on on ly one day post -t rea tment . 

3 . 3  GLUCOSE CONCENTRATIONS 

Betametha sone treatmen t caused a highly significant el evat ion 

in mean pla sma glucose concentrat ion ( Fi g .  3 : 5 ,  Tab le 3 : X) .  The 

great est e levat ion was re.c orded in th ose cows \vhich were treated 

with t he lmv concentrat ion sus pen s ion ,  while the high c onc entrat ion 

formulat ion exerted a more prolonged ef fect . In Groups I and I I  

respect ively , the maximum mean glucose conc entrat ions were 8 4 . 1 

percent and 47 . 6  percent above mean pre-t rea tmen t values .  

Differe�c es in p eak glucos e concentrat ions were highly s i gnificant , 

as  were the ra t es a t  wh ich pla sma glucose concentrat ion dec l in�d 

(Tab le 3 :  X) . 
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Tab le 3 : IX Summary �f the analysis of  variance of  cortisol  
concentrations in the  plasma o f  cmvs treated w i th 
two b e tame thasone formulat ions . 

S ource of  va riation Degrees of freedom I F ' 

Trea tmen t s  2 

control vs trea ted 1 1 9 2 . 70*** 

Trea tmen t I vs Trea tment II  1 0 . 04 

Sampling days 1 6  

p r e  - vs post-trea tmen t 1 244 . 84*** 

remainder 1 5  0 .  7 1  

Int era c t ion A X B 3 2  

con trol VS trea ted 
1 9 8 . 6 3*** 

x pre - vs pos t  -

control vs treated 
1 3 . 86a 

x pos t-linear 

Trea tmen t I vs Treatment I I  1 4 . 83* 
x pre - vs pos t-

Trea tment I vs Treatment II  1 8 . 32** 
x pos t-l inear 

rema inder 28  0 . 60 

Re s idual mean square 459 0 . 08750 

a . Jus t  fails  to reach signif icance (P = 0 . 05 ,  F 3 . 9 2 ) . 



Tab le 3 : X  Summary o f  the analys is  o f  variance of plasma gluco s e  
concentrations in cows treated w i t h  two b etame thasone 
formula t ions . 

Source o f  variation Degrees of freedom ' F '  

A .  Treatment s  2 

con trol vs t reated 1 2 60 . 2 9"'** 

Trea tment I vs Treatmen t II  1 1 .  79  

B .  Sampling days 1 6  

pre- vs post-treatmen t 1 1 2 6 . 0 1 *** 

post-l inear 1 5 36 . 8 1 *** 

pos t-quadra t ic 1 1 2 4 . �3*** 

post-cub ic 1 42 . 26*** 

remainder 1 2  1 . 3 1  

c .  Intera c t ion A X B 32  

control vs treated 
vs pos t - 1 4 5 . 74*** 

x pre-

control vs treated 
1 280 . 04*** x pos t-linear 

control vs t reated 
1 5 4 . 06*** 

x post-cub ic 

con t rol vs treated 
1 5 . 9 2* x pos t-quadra t ic 

Trea tmen t I vs Trea tment I I  
1 44 . 05*** 

x pos t - l inear 

Treatment I vs Treatment I I  
1 4 0 . 36*** 

x post-cub ic 

Treatmen t I vs Treatmen t II  
1 1 .  34** 

x post-quadrat ic 

remainder 25  0 . 6 2 

D .  Non-orthogonal compar ison 

Trea tment I vs Treatment I I  
1 7 . 8 3** 

x Days 9 - 19  

E .  Residua l  mean square 459  0 . 1 3899  
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3 . 4  HAEMATOLOGY 

Betame thasone treatment exer ted s ignif icant effe c t s  on 

differen t ial white b lood cell  coun t s  ( Fig . 3 : 5 ) . On days 1 and 2 

there wa s a very h ighly s ignificant d ifference in neutroph i l  numbers 

b e tween t reated and un treated cows , and a s ignificant dif ference 

(P < 0 .  0 2 )  in neutrophil numbers b e t\veen Groups I and I I .  Highly 

s ignificant dif ferences in numb ers of c irculating eosinoph i l s  were 

re corded b et\veen treated and control · cmvs on days 1 ,  2 and 9 ,  but 

s ignificant d i f ferences were not recorded be tween Groups I and II . 

L)�phocyt e counts were no t signi ficantly dif ferent , although on day 

1 the d i f ference b etween trea ted and untreated an imals  approached 

s ignificance ( 0 . 05 < P < 0 . 1 ) . 

While neutroph il numb ers were eleva ted to a greater de gree in 

the group receiving the 2 mg/ml suspension , they remained e levated  

for  a longer period o f  t ime (approximately three days longer)  in 

the group t reated with the 20 mg/ml suspension . 

4 .  D I SCUSS I ON 

Th is  first  experimen t confirmed the ob servation of  P . C . Box 

that the rate at  which an inj ected suspens ion of b etame thasone 

alcohol is ab sorbed is dependent on the volume in which the dose 

is administered . 

' 

When 40 mg o f  b etame thasone al cohol was administered 

subcutaneou sly to  cows , the great er peak plasma concentration was 

clearly produced by the suspension with the lower concentrat ion 

( 2  mg/ml ) . The ' results  also demonstra t ed that the l en gth of  

time for which b etamethasone was  detectable in  plasma was 

inf luenced by the concentrat ion of  the inj ected suspension , with 

the more concentrat ed formu la t ion (20 mg/ml) producing detectab le 

plasma concentrations for a t  least two days longer than th e dilute 

suspens ion . Th e ab sorption o f  the more concentra ted suspension 

was ,  howeve r ,  mo re variable , as reflec t ed in the range of time s 

taken for peak plasma concentra t ions of b e tame thasone to b e  

reached i n  individual cows . The mean peak plasma con c entration 
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o f  b etame thasone in Group II woul d  have b een considerably higher 

had al l cows within that group experienced their peak pla sma 

c oncentration on the same day . 

Thi s  effect o f  concentration on the rate of ab sorption of an 

inj ected suspension , an effect of a high solids : veh icle ra tio , has 

b een demonstrated for other poorly-solub le drugs ( Chapter I I ;  

Section 4 . 4 ) .  

That the diff erenc es in the pla sma b etame thasone prof iles 

produced difference in effects is demonstrated by the results  of 

the cort isol assays , the p la sma glucose analyses and the haemato logy 

result s .  

Wh ile the magn itude of the cortisol depres sion produced by each 

formulat ion was the same , that recorded in the group trea ted wi th 

the more rapidly ab sorb ed 2 mg/ml suspension pers i s t ed for a much 

shor ter t ime , O ther workers (Kanchev et al , 1 9 76)  have repor ted 

that heifers trea t ed with the same formulation had thei r endogenous 

cor tisol  levels depressed for ' a t l east 16 days ' ;  the durat ion of 

their  study . Th eir  resul ts  are not comparable to those reported 

here , however , as  in their t r ial b etame thasone was admin istered 

daily for nine days . 

The prolonged depres s ion of  cortisol recorded in the group 

treated with the s l owly ab sorbed 20 mg/ml suspension is  comparable 

to that seen by Fai�c lough , Hunter and Welch ( 19 8 1 )  in a cow 

trea t ed with a long-act ing dexame thasone formulat ion . Following 

the inj ect ion of 20  mg of dexame thasone trimethylacetate suspens ion 

these workers noted  that endogenous cort i sol  secret ion wa s s ti ll 

depressed 22 days a f ter trea tmen t .  S imilar ly Mollman and eo-workers 

( 19 77 )  demonstrated tha t in humans b et amethasone formu lat ions which 

are slowly ab sorb ed depress endogenous cor t isol concentrat ions for 

a l onger period than do more rapidly ab sorb ed formulat ion s .  

In cat tle , c o r t i sol concentrat ions are usually highest in 

the early morn in g  (\-Tagner & Oxenreider , 1 9 72 ; MacAdam & Eb erhar t , 

1 9 72 ; Fulkerson e t  al , 1 980)  a lthough in some in dividuals 

cortiso l  levels may peak at other t imes o f  the day (Welsh et al , 

6 9  



19 79 ) .  Fulkerson and co-•.vorkers ( 1980)  no ted that within an 

individual cow , cortisol levels may a l t er by as much a s  30 ng/ml 

s everal t imes in the course of a s ingle day . For thes e  reasons , 

Fulkerson an d colleagues ( 19 80) cau tioned against es tab l ishing 

a basal mean cort isol concentrat ion from samples drawn once  daily 

and against comparin g mean concentrations established by  such 

methods in d i f ferent studies . Even so , the early morning mean 

p lasma cortisol concentrat ions recorde d in the present experiment 

(Tab le 3 : VI I I )  are s imilar to those reported by other workers 

u s ing comparab le  as say me thod s (Wa gner & Oxenreider , 1 9 72 ; 

70 

MacAdam & Eb eJ::hart , 
_
1 9 72 ; Welsh e t  al , 1 9 7 9 ; Fulkerson et  al , 1980 , 

Breves e t  al , 1 9 8 0 ) . Breves and eo-workers ( 1980)  studied early 

morning cortisol concentrat i on s  in a group of 20 cows for several 

weeks b efore and a f t er calving : mean cortisol concentrat ion s for 

ind ividual cmvs ranged from 0 t o  13 n g/ml . 

I t  is  well  rec ognised that the intensity and durat ion of  

ac t ion o f  s t eroids is inf luenc ed by  their ra te of absorption 

(Junkmann , 1 9 5 7 ; Van der Vies , 1 9 6 5 ; 1 9 75 ; \�oollett  & Evan s ,  1 9 7 1 ;  

Brotherton , 1 9 76)  and this point is  i l lustrat ed by the pla sma 

glucose concentrations rec orded in the present study . The 

elevation of  glucose leve ls reflec t s ,  both in magnitude and 

duration , the mean p lasma levels of  b e tame thasone in the two 

trea tment groups . 

Severa l worke1;s have shown that in cattle rapidly ab sorbed 

solu tions of corticosteroids produce a more rapid and more 

pronounced elevat ion of plasma glucose than do suspen s ion s of 

the same , or comparabl e , corticos tero ids (Burns , 1 96 3 ;  S tockl 

et  al , 1 9 6 9 ; Wooll e t t  & Evan s ,  1 9 7 1 ;  Sch illinger & Klee , 1 9 79 ) . 

However , the durat ion for which p lasma glucose i s  eleva t ed is 

longer following a dministrat ion o f  suspension s ,  which are 

absorb ed over a longer period o f  t ime . These findings are 

complemen ted by those  of  the present study in which the more 

s lowly ab sorb ed suspension of betame thasone produced a more 

prolonged , if les s int en se ,  e levat ion of plasma glucose  than the 

more rapidly ab sorb ed suspen s ion . 

The 8 4 %  eleva t ion in plasma glucose concentrat ion produced 

in the pre s ent s tudy by the 2 mg/ml suspension is almo s t  identical 
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to tha t  repor ted b y  Woolle t t  an d Evans ( 19 7 1 ) following adminis tration 

of a s imilar dos e  of the same formu la t ion . 

The intens i ty and durat ion of  effe c t  of each b e tametha sone 

suspens ion on c ircula t ing neu troph i l  numbers aga in reflected 

their d i f ferences in ab sorpt ion rat e . The magni tude and dura t ion 

of this e levat ion in the group receiving the 2 mg/ml sus pens ion i s  

very s imilar t o  that repor t ed by  o thers us ing this suspension at  

the lower dose rat e  of  0 . 05 mg/kg (Anon . , 1 9 7 7 ) . No c l ear ef fect 

on lymphocyt e numb ers was not ed in the pres ent experiment , although 

in thos e  cows t reated ,.,ith the d i lute suspension , numb ers slmvly 

declined over  several days . Th is ob servat ion is  dif ferent from 

that o f  other workers (An on . , 1 9 7 7 )  who have noted that 

betametha�one  caused a marked depression in numbers of lymphorvtes 

with in 24  hours . Mean pretrea tment lymphocyte numb ers in tha t 

earlier study though we re abou t twice as  high as those seen here , 

and this may have contributed to the differences in ob served e f fec t s . 

In both studies , pret rea tmen t l ymphocyte numb ers ,.,ere within the 

normal range (Anon . , 1 9 7 5 ) . 

Goet sch and colleagues ( 1 9 5 9 )  reported that while another 

synthe t i c  corticosteroi d ,  9 a-f luoroprednisolone , caus ed an 

elevat ion in numb ers o f  circula ting neu t roph ils in cattle , i t  was 

without effect on lymphocyt e numb er s . Schalm ( 19 72 )  on the other 

hand , reported that 9 a - fluoropredniso lone caused lymphocyt e 

numbers to decline  over a per iod of  30 to 60 hours . 

In this experiment an a t t empt has b een made  to relate p la sma 

profiles  o f  b e tametha sone  to the in ten s ity and durat ion o f  effect  

of  two dif ferent suspens ions o f  b etamethasone al cohol . Depression 

of endogenous cortisol leve ls  does not appear to be a ·good 

indicator of  dura t ion of  act ion , as  with the concent rated 

su spension espec ially , cortisol l eve ls were still maximally 

depressed lon g  after plasma b e tame thasone fell b elow de tec tab le 

l evels . P lasma glucose levels and c ircu la t ing neutrophi l  

numbers seemed t o  be the parameters which b est reflec ted the 

d if ferences in b e tame thasone profiles produced by  the two 

dif ferent suspens ions . 
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CHAPTER IV 

THE D I SPOS I T I ON OF C E RTA I N  BETAMETHASO N E  FORMULATI ONS 

A DM I N I STERED TO CATTL E B Y  D I FFERENT PARENTERAL ROUTES 

1 .  I NTRODU CT I ON 

The experimen t describ ed in the previous chapter clearly 

demonstrated that following s ubcutaneous inj ec tion , the rat e o f  

ab sorp tion of  a given dos e o f  be tame thasone alcohol is  governed 

7 3  

by the concentration , o r  sol ids : veh icle ratio , o f  the adminis tered 

s uspens ion . I t  is  recogni sed tha t the route by which a parenteral 

formulat ion is admin istered may in fluence the rate of ab sorp tion 

(Chap ter I I ,  Section 3 . 1 ) , so an exper imen t  was planned in which two 

s u spensions of betame thasone alcohol would  b e  administered to c a t t l e  

b y  three different parenteral routes and the resu l t ing plasma profiles 

compared with those produced follow ing the administration of a water­

so luble ester of betame thasone . The data derive d from these s tudies  

would enab le dispos i t ion kine tics of  b e tame thasone in cattle  to  b e  

defined . 

2 .  MATERI ALS AND METH O DS 

2 . 1 ANU1ALS 

Nine clinically normal , non-lac tatin g ,  non-pregnant , Friesian 

cows were u s ed . All were 3 or 4 yea rs old and in good condition . 

They were grazed as  a single mob on good quality pas ture and hay 

was o ffered ad libi tum whenever the cows were brought into the yards . 

Body weigh t s  were recorded prior to  the first intravenous 

inj e c tion . As it was no t possible to weigh animals sub sequen tly , 

a weigh-band was used prior to sub s equent treatmen t s  to check for 

any marked variations in body weigh t s . 

2 . 2 .  TREATMENTS 

Three formu lations of betame thasone were u s ed ; 



I .  Be tamethasone sodium phosphate solu t ion ,  4 mg/ml ( 1 ) 

I I .  Betame thasone a lcohol suspension , 
-
2 mg/ml ( 2 )  

Ill . Be tame thasone a lcohol suspension , 20 mg/ml ( 3 )  

A l l  treatments were adminis tered a t  the rate o f  0 . 1 mg/kg body 

wei ght . Three cows were allocated to each treatmen t group , and 

during the course of  the experiment each group received i t s  allocated 

f ormula t ion by the intravenous , the in tramuscular and the 

s ub cutaneous route . The t iming of these trea tments  is  shown in 

Tab le 4 :  I .  

Sub sequently , the second treatmen t group ( I I ) , received an 

in travenous inj ection of b etame thasone sodium phospha te solut ion . 

Tab le 4 : I Days from commen cement of  experiment on which dif feren t 
betame thasone formula t ions were adminis tered to cmvs . 

Route of admin i s t rat ion 

I .  

I I .  

Ill . 

I V 

I M 

s c 

betamethasone solut ion 

2 mg/ml s uspens ion 

20 mg /ml suspension 

Treatmen t 

I II 

3 2 

1 5  1 3  

29  28 

48a 

a Supplemen tary t rea tmen t ,  intravenous solution 

III 

1 

9 

52 

Intravenous inj ec t ions were made into the j ugular vein , 

subcutaneous inj e c t ions were made in tha t part of  th e neck which 

was c overed when the left  ear was laid back flat and in tramuscular 

inj e c t ions were made with a 2 . 5  cm needle inser ted to i t s  full 

length into the c ranial por tion of the bi ceps femoris muscle . 

Following inj e c t ion ,  bl ood samples were collected at  various 

intervals , the frequency of  which differed for each trea tment . 

( 1 ) Be tnesol Inj e c t ion , Glaxo Laborator i es Ltd . , Greenford , England . 
( 2 )  Be tsolan Suspene ion , Glaxo New Zealand Ltd . , Palmerston North .  
( 3 )  EPHE/ 1 /4 , experimen tal suspension , Glaxo New Zealand Ltd . , 

Palmerston Nor th .  
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Cows trea ted wi th betamethasone sodium phosphate solution ( Group I )  

h a d  samples dra'vn a t  0 . 2 5 ,  0 . 5 ,  0 . 75 ,  1 and 1 . 5  hours af ter inj e c t ion , 

then at hourly in tervals  un t i l  10  hours . After the administrat ion 

of a supplemen tary in t ravenous inj ect ion of the solution to cows in 

Group II , samples were also drawn at 1 6  hours , 24 hours , and then 

hourly un t il 3 1  hours pos t-inj ect ion . In mos t  cas es following 

extravascular inj ec t ion , sampling commenced at 0 . 5  hours post­

inj e c t ion and con tinued , in some cases , for up to 8 0  hours . 

Plasma was separa t ed and stored prior to betame tha sone assay 

a s  described previously ( Chapter Il l ,  Sec t ions 2 . 3  and 2 . 5 ) . 

2 . 3 CALCULATION OF DISPOSITION KINETICS 

Fol l mving intravenous inj ec t ion ,  disposi t ion curve data from 

individual cows were analysed ac cord ing to a s ingle compartment open 
. . 

mod e l  (Rit schel , 1 9 7 6 ; Baggot ,  1 9 7 7 )  describ ed b y  the equat ion ; 

where Cp 

B 

( Equat ion 4 :  1 )  

the plasma concentrat ion a t  t ime t .  

the zero t ime plasma drug concentration int ercept o f  the 

termina l phase of the exponent ial dispos it ion curve . 

e = the base o f  the natural logarithm ( ln) . 

B the apparent first -order di sappearance rate constant 

ob tained from the terminal sl ope of a semilogari thmic plo t of plasma 

drug concentrat ion versus t ime ( Fi g .  4 : 1 ) .  

Following transformat i on o f  pla sma concentra tion values to 

logari thms , iterat ive least-squa res l inear regression l ines were 

used to derive the values for B and B which best f i tted the 

t erminal exponential pha se of the disposit ion curve . The overall 

e l iminat ion rat e  constan t , B ,  was calculated from ; 

B = -b X 2 . 303 ( Equa tion 4 : 2 ) 

where b is  the slope o f  the least-squares l inear regress ion line 

describ ing the disappearance of  dru g from the plasrr� (Baggo t ,  19 7 7 ) . 

From the rate constant B was calculated the  plasma ha l f-life 

( t� or t�s ) of betame thasone according to  the formula (Baggot , 1 9 7 7 ) ; 

t� ln2 
B 

( Equation 4 : 3 ) 
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The z e ro-t ime concen tra t ion intercep t ,  B ,  was used to calcula t e  

the apparen t spec i f i c  vo lume of  d i s t ribut ion (V ' d) (Baggot , 19 7 7 ) ; 

V ' d Dose 
p;-

( Equat ion 4 : 4 )  

The body c learan ce o f  betame tha sone , defined a s  the volume of b lood 

c leared o f  t�e drug by the various eliminat ion processes per un i t  

t ime (Ba ggot , 1 9 7 7 ) , was calculated  from th e formula 

Cl8 = f3 . Vd (area) 

where Vd (area) = Dose 
(Area) . f3 

( Equat i on 4 : 5 )  

(Equa t ion 4 :  6 )  

and ' Area ' is area un der the dispos it ion curve (Equa t ion 4 : 1 1 ) .  

Body clearance i s  expres sed in uni t s  ml . kg- 1 . hr- 1 . 

Becau s e  of  the instantaneous dilut ion in circulat ing  blood , 

the d i fferences in con centrat ion b etween the two suspensions  o f  

b ethame tha sone alcohol could not b e  expec t ed t o  exert any influence 

on d i sposi t ion follmving int ravenous inj e c t ion . Therefore , the 

dat a  ob ta ined fol lowin g administra t ion of  the suspens ions by this  

rou t e  were pooled . 

Where appropriat e ,  the d i s po s i t.ion cu rve data ob tained 

following extravascular inj ect ion were ana. Lysed ac cording to the 

s ingle compartment open model described by the equa t ion (Rit schel , 

1 9 7 6 ) ; 

Cp = B ' e- B ' t - �' ' e-Kab t (Equa t ion 4 :  7 )  

where B '  = the z ero t ime p lasma drug concen trat ion intercept o f  

the t erminal pha se of  the exponen t ial disposition curve . 

8 '  = the apparent first-order d i sappearanc e rat e  constant 

ob ta ined from the slope of th e terminal phase o f  the disposition 

curve . 

B ' '  = the z ero time concen trat ion intercept o f  the exponent ial 

ab sorption cut�e (equivalent to 'A '  in Rit schel ' s  nomenclature) . 

Kab = an apparent  f irst-order ab sorpt ion rat e  constant 

ob t a ined from the slope o f  the ab sorpt ion curve . 

Following ext ravascular admini strat ion the regression l ine 

desc rib ing the absorpt ion phas e  wa s ob tained by the me thod o f  
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:res id.ual s  (Rit schel , 1 9 7 6 ) . Ac tual p lasma conc entrat ion values 

were sub tra c t ed from points lyin g  on the extrapo lat ed exponent ial 

l ine whi ch describes  the elimina t ion phas e .  A leas t-squares l inear 

re gression l ine was then placed throu gh the ' residua l ' poin t s  

( Fig . 4 : 2 ) ( 5 )  

From the ab sorpt ion phase regression l ine was calculated the 

ab sorption ra te constant , Kab ; 

-b " X 2 . 303  (Equa t ion 4 : 8 ) 

where b " i s  the s lope of  that l ine .  The ab sorption half-l i fe , that 

i s  the t ime taken for half o f  the inj ected dose to be  ab sorb ed , 

is  ob tained from the equat ion ; 

t� = ln2 2ab ( Equat ion 4 : 9 )  

To determine the exten t  t o  wh ich a formulation was sy stemically 

avai lab le fol lowing extrava scular admini strat ion , the area under 

the plasma concentrat ion curve (AUC) was compared \vi th the AUC 

ob tained a f ter intravenous inj ect ion. Th e AUC was calculated by  

the t rapezo idal me thod (Ritschel ,  1 9 76 ; Baggot , 1 9 7 7 )  accordin g to  

th e  formula ; 

78 

AUC 
o -+tn 

c c1 x t1 ) + [ c 1 + c
2 x C t2-t 1 ) J + [c

2 + c3 x ( t3-t 2 ) ] + . . .  
-----

2 2 

[G ·
1 +· cn x ( t· -t . 1 ) J ng /ml . hr n- n n-

2 

( Equa tion 4 : 1 0 )  

where C = the plasma concen t ra t ion af ter n time intervals t .  n 

For this relative b ioava ilab ility study ,  AUC was calcula ted by 

thi s  me thod from 0 to 24  hours only . 

The area under the curve from 0 hours to in f in i t y  was 

calculated thu s ;  

AUC o -+oo AUC O -+tn + Cp ( t * )  

8 ' 
( Equat ion 4 :  1 1 ) 

where Cp'(t*) i s  the last measured concentrat ion o f  drug in the 

( 5 )  The interc ept of thi s  regre ssion l ine with the ordinate should 
b e  equal to the in terc ept of the elimination pha s e  (Baggo t ,  1 9 7 7 ; 
Curry , 1 9 7 7 )  but i s  not always so (Rit schel , 19 7 6 ) . ( S ee 
d i s cussion , page 9 6 ) . 
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Figure 4 : 2  Semilogari thmic graph depictin g  the plasma concentra t ion 
of betame thasone af ter in tramuscular inj e c t i on of the 
2 mg/ml suspension at  a dose rate of 0 . 1 mg/kg to a 
single cow (no . 1 2 8 ) . 
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pla sma and B '  i s  the apparent overal l  e l iminat ion rate c onstant 

(Baggot , 1 9 7 7 ) . 

In those  instances where ab sorpt ion following extravascular 

inj ect ion was extremely rapid , the rate of ab sorpt i.on coul d  no t 

b e  es t imat e d  from the data collec ted . In such instances an 

e s t imate o f  ab sorpt ion half-life wa s .made using the me thod o f  

Swin tosky , D i t t e r t  and Doluisio ( 1969 ) . This me thod i s  only 

applicable to dru gs in which the ab sorp t ion rate is  more than f ive 

times grea ter than the e l iminat ion rat e ,  and as sumes tha t when 

plasma concentrat ion reaches its  peak , ab sorpt ion is 9 5 %  to 9 9 %  

complete . The perc entage of a drug rema ining unabsorbed ( that 

is 5% and 1 %) is plo t t ed against the t ime at  whic h  the plasma 

concentration reaches i t s  maximum . The slope of l ines j oin in g  

these 5 % . and 1 %  points wi th the 1 0 0 %  unab sorbed point ( that i s ,  

t ime zero) give est imat es of the ab sorpt ion half-life ( Fi g .  4 : 3 ) .  

3 .  RESULTS 

For most of  the dura tion of  the experiment body wei ght , as 

e s t imated b y  we i gh-band , rema ined remarkab ly constant . Hm<1ever ,  

in those c ows t rea t ed on day 48 and day 52 , an average ,.,e i ght 

los s of ab ou t 7 . 5% was apparent . No adj ustment was made in the 

pre-calcu lated dos e administered to these cows . 

Betamethasone sodium phosphat e  so lution inj ect ions p roduc ed 

very similar p lasma concentrat ion curves regard less of  the route 

of administrat ion . Fol lowing intravenous � intramuscular or 

sub cu tan eous inj ec t ion , the h ighest mean plasma concentrat i on was 

recorded a t  the first sampling t ime o f  0 . 25 hours post-inj e c t ion 

(Fig.  4 : 4 ) .  Individual peak p la sma concentrat ions were also 

recorded at  th is t ime exc ept in t\<10 cows (No . s 41  and 62)  in 

which t he peak wa s recorded a t  0 . 5  hours after subcutaneous 

inj ec
.
t ion . 

Af t er int ravenous inj ect ion o f  b etamethasone sodium 

phospha t e  s o lu t ion , peak plasma level s  at 0 . 25 hours ranged f rom 

3 6 . 5 1  n g/ml to  128 . 7 7  ng/ml (mean , 6 4 . 28 ng/ml ) (Tab le 4 :  I I ) . 

By lO
_
hours c oncentrat ions ranged from 9 . 4 1 ng/ml to 20 . 2 7 n g/ml 

(Mean , 1 2 . 9 5 ng/ml) , and in thos e  3 c ows which \vere sampled up 

unt il 31 hours , concentra t ion s b et\<leen 1 .  04 and 2 .  17 n g/ml \vere 

recorded at that t ime . 
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Figure 4 : 3  The ab sorpt ion half-life  of betamethasone sod ium phosphate  
adminis t ered by  extravascular inj ec t ion to  c a t t le . 
(Calculated by the method o f  Swintosky , Dittert & Dolu i s io , 
1 9 6 9 ) . 
a .  The t�ab calcu la ted at  this point applied to all the 

intramuscular inj ect ions as wel l  as  to  one subcutaneous 
inj ect ion (cow no . 34) . 

b .  The t�ab ca lculated a t  this po int appl ied to the 
subcutaneous inj ect ion in cmvs no . 4 1  and 62 . 
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Table 4 : 1 1 Plasma b e tame thasone concent rat ions (ng/ml ) in cows 
following the administrat ion of b etame thasone sodium 
phosphate solution , 4 mg/ml , a t  a dose rate of  0 . 1  
mg/kg 

Peak level 1 0  hours 32 hours 

Cow No . IV IM se IV IM se IV IM 

34 36 . 5 1  60 . 78 42 . 9 6  9 . 4 1  8 . 59 1 1 . 83 NA 0 . 38 

4 1  6 1 . 3 3 70 . 69 29 . 1 7 1 2 . 43 10 . 5 7 1 0 . 64 NA 1 . 24 

62  4 5 . 82 43 . 7 4 29 . 5 1  10 . 1 6  7 . 8 3 9 . 8 1  NA 0 .  19  

1 13 8 3 . 8 1  NA NA 20 . 2 7 NA NA 2 . 1 la NA 

12 8 1 2 8 . 7 7  NA NA 14 . 43 NA NA 1 . 04a NA 

1 5 3  63 . 18 NA NA 1 3 . 40 NA NA 2 . 1 7a NA 

NA No t as sayed 

a 
3 1  hours , rather than 32 
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se  

1 . 36 

0 .  72 

0 . 5 3 

NA 

NA 

NA 



Peak values recorded following extravascular inj ection of  

the be tamethasone s o lu tion were  not remarkably different from 

those ob t ained following intravenous admini strat ion ( Tabl e  4 : II ) . 

The best  f i t ting least-squares l inear regression l ines for 

the disposition curves produced following int ravenous inj ection 

of betame thasone sodi um phospha te indicat ed tha� in 4 out of 6 

c ows , distribut ion was c ompleted by  0 . 5  hours . In the remain in g 

2 cows d is tribut ion was completed by  0 . 75 and 1 . 0 hour 

respec t ively . The o ther dispo si t ion kinetics  calculated from 

these regression l ines ( Tab le 4 : I I I ) , ind ica ted tha t b etamethasone 

had a large volume of distribut ion in cows (mean , 2665 . 0 ml/kg) , 

an apparent first-order disappearance rate constant ranging from 

0 . 09 4 7  to 0 . 1283 per hour , and a half-life  which ranged from 

4 . 6 3  to 7 . 32 hours . 

The range of values calculated for body clearance ( C lB ) of  

b e tame thasone showed considerable variation between individuals , 

with a two-fold d i f ference between the fastest and the slowest 

rates (Table  4 : IV) . 

Following extravascular inj ect ion o f  b etamethasone solution , 

ab sorption occurred too rapidly for a rigorous pharmacokinetic 

analysis to be  app l i ed to the absorpt ion phase ( Fig . 4 : 5 ) . 

However , estimat es o f  the ab sorp tion half-life  ( t1 b ) were �a 
made using the me thod o f  Swi� tosky , Dit tert and Doluisio ( 196 9 ) . 

Ab sorption half-lives were e s t ima ted by this method to b e  b etween 

2 . 25 and 3 . 5  minutes a f t er intramuscular inj ection of the 

solution , and be tween 2 . 2 5 and 7 . 0  minu tes fol lowing sub cu taneous 

admini s tration ( Fi g . 4 : 3 ) .  

The eliminat ion phase of  each dispo s i t ion curve wa s analysed 

convent ionally and values for the y-axis int ercep t (B or B ' ) ,  

the apparent first-order e liminat ion ra te constant ( 8  or 8 ' )  and 

the plasma half-life ( t1 0 1 ) are . shown in Tab le 4 : V .  The t erms �� 
B '  and 8 '  ob tained from the anal ys'is o f  the disposi t ion curve 

fol l owing extravascular inj ect ion are not not�ally considered to 

be the same as B and 8 ob tained following intravenous inj ect ion 

because of the inf luence ab sorptive processes have on the 

disposi t ion curve . However ,  in this experiment the ab sorptive 
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Tab l e  4 : 111  Disposi t ion k ine t ic s  of  b etame thasone in cattle  
following intravenous inj ection of the sodium 
phosphate solution ( 0 . 1  mg/kg) . Single compa r tment 
open mode l .  

Cmv No . Weight (kg ) B (ng/ml) B (hr- 1 ) t� (hr) V' d (ml /kg) 

34 29 3 . 4  29 . 1 7  0 . 1 2 14 5 . 7 1 3365 . 1  

4 1  283 . 5  42 . 06 0 . 1 4 9 7  4 . 63 2549 . 3  

62 308 . 2  3 2 . 44 0 . 1 1 14 6 . 22 3039 . 6  

1 1 3 266 . 4  49 . 34 0 . 1 0 15 6 . 83 2054 . 2  

128  252 . 0  5 1 . 58 0 . 1 2 8 3  5 . 40 192 3 . 3  

153  2 3 1 . 7 32 . 4 5 0 . 0947  7 . 32 3058 . 6  

2 72 . 55 39 . 5 1 0 . 1 1 78 6 . 02 2 6 65 . 0  
. mean 

± SD 2 8 . 12  9 . 54 0 . 0 199  0 . 9 8 58 6 . 8 
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Tabl e  4 : IV Body clearance of  b e tamethasone - in cows following 
the intravenous  inj ection of be tame thasone sodium 
phospha te , 0 . 1  mg /kg . 

Cow 

34 

4 1  

6 2  

1 13 

12 8  

1 5 3  

mean 

± SD 

AUC o-tro(ng/ml . hr) 

244 . 9 4  

287 . 95 

288 . 32 

49 1 . 26 

442 . 4 7 

355 . 36 

35 1 . 72 

9 7 . 1 7 

Vd ( area ) (ml/kg) 

3 36 2 . 9  

2 3 1 9 . 8  

3 1 1 3 . 4  

2005 . 5  

1 76 1 . 5  

29 7 1 . 5  

2 589 . 1  

65 0 . 8 

S (hr-1 ) 

0 . 1 2 14 

0 . 149 7 

0 . 1 1 14 

0 . 1 0 1 5  

0 . 1 283  

0 . 0947  

0 . 1 1 78 

0 . 0 1 99 

Cln (ml . kg- 1 . hr- 1 ) 

408 . 3  

347 . 3  

346 . 8  

203 . 5  

226 . 0  

281 . 4  

302 . 2  

79 . 1  
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Pla sma concentra t ions o f  betametha sone follow:�ng intramu scular inj ect ion 
o f  the sod ium phosphate ester (4 mg/ml) a t  a dose rate o f  0 . 1 mg/kg to s ingle cow (no . 4 1 ) . 
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Table 4 : V  Elimin a t ion kine t i c s  o f  betame t_hasone follm.;ring the 
adminis tration of the sodium phosphate es ter by  
different  routes . Do se , 0 . 1 mg/kg . 

Rout e  Cow no . B or B 1 (ng/ml) e Or S I  (hr- 1 ) t12(hr)  

34  29 . 1 7 0 .  12 14 5 . 7 1 
IV 

4 1  42 . 06 0 .  149 7 4 . 6 3 

6 2  32 . 44 0 .  1 1 14 6 . 2 2  

x ± SD 34 . 56 ± 6 . 70 0 . 1 2 75 ± 0 . 0 199  5 . 5 2 ± 0 . 8 1  

3 4  2 7 . 64 0 . 1 3 1 7  5 . 2 6 

IM 4 1  26 . 66 0 . 09 8 5  7 . 0 3  

6 2  30 . 08 0 .  1464 4 . 73 

x ± SD 28 . 1 3 ± 1 .  76  0 . 1255  ± 0 . 0245 5 . 6 7 ± 1 . 2 0 
=�� ==���-==-

34 2 3 . 29 0 . 0832  8 . 3 3 

se 4 1  25 . 7 6  0 . 1060 6 . 5 3 

62  24 . 6 2 0 . 1 1 60 5 . 9 7  

x ± SD 24 . 59 ± 1 . 18 0 . 1 0 1 7  ± 0 . 0 1 6 8  6 . 9 4 ± 1 . 2 3 
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phase was so rapid , in relation to sampling t imes , that B '  and 

S ' can b e  consi dered equivalent to B and S respectively . Because 

of  this , and b ecause there were no s i gnificant  differen c es b e tween 

routes in e s t imates of mean values for eliminat ion kinetics ,  for 

e ach cow an overal l  mean value for the eliminat ion t� was 

calculated . Thus half-life e s t ima t ions based on 3 experiment s  in 

each of  the 3 cows gave values (mean ± SD) of 6 . 43 ± 1 . 6 6 ,  

6 . 06 ± 1 . 2 6  and 5 . 64 ± 0 . 80 hours for cows 3 4 ,  4 1  and 6 2  

respec t ively.  These estimates o f  t� were not significantly 

dif ferent . 

Intravenous admini strat ion of  suspen sions of b etamethasone 

alcohol produced no clea r peak in plasma concentrations ( Fig . 4 : 6 ) 

and while the mean plasma concentrat ion over the f ir s t  fc.. ur ho"rs 

was lower than that recorded folloHing the inj ect ion of the 

solub l e  e s t er of b etamethasone , thi s  dif ference was s i gnif icant  

over the  first  h our only . The d i sposition curves produced were 

unsu itab l e  for pharmacokinetic  analysis ;  they v1ere too flat and 

the sampling  period was too shor t .  Plasma concentrat ions a t  

0 . 25 hours ranged from 6 . 6 7 ng/ml t o  19 . 5  ng/ml (mE!an , 1 4 . 86 

ng/ml) and a t  10  hours ranged from 6 . 2 6 ng/ml to 2 3 . 9 1  ng/ml 

(mean , 1 2 . 6 3 ng/ml) . 

Up to 3 2  hours af ter ex travascular inj ec tion , mean p la sma 

concentra tions produced by the two suspensions were �i gnificantly 

different ( Fig . 4 : 7 ,  Fi g .  4 : 8 ) . The 2 mg/ml suspension produced 

peak concentrat ions wi thin 6 to 10 hours in all indiv i dual s . · 

Peak concen t ra t ions ranged f rom 3 . 3 1 ng/ml to  6 . 69 ng/ml , and 

declined over the sampling p eriod to be tween 0 . 14 ng/ml an d 1 . 5 7  

ng/ml a t  5 6  hours . On the other hand , plasma concentrat ions 

produced by the 20 mg/ml suspension never exceeded 1 .  6 I "  ng/ml , 

and maximum levels -.;.;rere not produced unt i l  10  to 2 5  hours after 

inj ec tion (Tab le 4 : VI ) 
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to cows at a dose ra te of 0 . 1 mg/kg . 
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Tab le 4 : VI Plasma c oncen t ra t ion of betamethasone (ng/ml) 
following extravascular inj e c t i on of  suspens ions 
o f  differen t concen tra t ion . Dos e ,  0 . 1 mg/kg . 

P lasma concentrat i ons a t  periods a f te r  
admini strat ion 

Route  Cone . of  Cow Peak at time (hours ) n hours 56 hours 
suspension no . 

1 1 3 6 . 49 8 2 . 70 1 . 18 

2 mg /ml 1 2 8  6 . 6 9 6 2 . 29 0 . 94 

IM 153  4 . 9 7 8 2 .  1LI 0 . 14 

1 4 1  0 . 58 1 0  0 . 4 1 0 . 2 9 

2 0  mg /ml 1 7 0  0 .  7 7  2 5  0 . 5 7 0 . 53 

1 7 1  0 . 64 1 0  0 . 26 0 . 3 7  

1 1 3 4 . 68 1 0  2 . 9 8 1 . 5 7  

2 mg /ml 128  3 . 3 1 1 0  2 . 15 1 . 04 

153 3 . 95 8 3 . 00 0 .  7 2  
s e  

14 1 1 . 53  1 0  1 .  4 2  0 .  7 8  

20 mg/ml 170  1 .  6 1  14  0 . 82 0 . 98 

1 7 1  0 . 39 1 0  0 . 1 6  . 0 . 08. 

NA Not assayed . 

9 1  

8 0  hours 

NA 

NA 

NA 

0 . 74 

0 . 4 6 

0 . 0  

NA 

NA 

NA 

0 . 5 3 

o .  30. 

0 . 03 



\ihile the mean peak plasma concentrat ion of be tame tha sone 

produced by the 2 mg/ml suspens ion was higher after intramuscular 

inj e c t ion than a f ter subcutaneous inj e c t ion , the difference was 

not s i gnificant . • Neither was the difference in mean peak 

concentrations produced by the inj ect ion of  the 20 mg/ml su spens ion 

int o  d ifferent s it e s . Af ter in tramuscular inj ection ,  the more 

dilute suspension produced peak levels  sooner than the 20  mg/ml 

suspension . However , such t ime differences  were not seen a f ter  

subcutaneous admini strat ion , nor were they d i scernible when the 

mor e  concentra t e d  suspension was inj ected  into  different s ites . 

Eliminat ion rate constant s and absorption rate constant s 

following extravascular inj ection of  the 2 mg/ml suspens ion d i f fered 

markedly bet\-leen ind iv iduals (Table 4 : VI I ) . Eliminat ion half­

l ive s ranged f rom 1 1 . 6 3 hours up to 2 9 . 7 0  hours , and in 2 ou t of 

3 animals , betame thasone was eliminated more slm-1ly follmving 

subcutaneou s ,  a s  opposed to intramuscular , inj ection .  No c l ear 

d i f f erence in the rate of  abs orpt ion from d ifferent s ites was 

not e d ,  and absorption half-lives ranged from 1 . 52 hours to 4 . 05 

hours . 

As disposit ion curves produced for the 20 mg/ml suspen s ion 

(Fig.  4 : 7 ,  Fig . 4 : 8 )  were too flat for ana lysis , absorption and 

e l iminat ion rat e  constants were not calculated for this 

formulat ion . 

The relat ive b ioavailability of  betamethasone a lcohol 

suspensions was l ow follmving ext ravascular inj ec t ion . Over  

the  first 24  hours after  inject ion of  the  2 mg/ml suspen s ion ,  

rela tive availab i lity ranged from 1 5 . 04 % t o  2 7 . 99 % ;  the lowest  

values bein g  obtained after subcu taneous administration (Table 

4 : VI I I ) . The relat ive ava ilability of  the 20 mg/ml suspens ion 

could not be calculated f rom data obtained in these experimen t s , 

but i t  was obviously very low (Fig . 4 : 7 ,  Fig. 4 : 8 ) . 
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Tab le 4 : VII  Dispo s it ion kinet ics  of  betame thasone in  cat t l e  
following extravascular inj ec tion of  a 2 mg/ml 
suspens ion . Dose , 0 . 1  mg /kg . 

Cow Rout e  B '  (ng/ml ) B 11 (ng/ml)  B ' (hr- 1 ) · t�B ' (hr) Kab (hr- 1 ) t�ab (hr ) 
no . 

1 1 3 IM 9 . 5 7 8 . 2 2 0 . 0373  1 8 . 56 0 . 1 9 5 7  3 . 54 

se 5 . 3 7 4 . 3 5 0 . 023 3  2 9 . 70 0. 1442  4 . 80 

1 2 8  11;1 4 . 60 4 . 99 0 . 02 5 7  26 . 99 0 . 45 5 3  1 .  5 2  

se 4 . 1 6 4 . 2 7 0 . 0268 2 5 . 82 0 . 204 1 3 . 39 

1 5 3  IM 7 . 35 6 . 8 1  0 . 05 9 6  1 1 . 63 0 . 1 7 1 1  4 . 05 

se 5 . 1 6  4 . 64 0 . 0286 24 . 2 6 0 . 2 338 2 . 9 6 

Table 4 : VIII  Area under disposit ion curve (ng/ml . hr)  and relat ive 
b ioavailab i l ity (% )  of be tametha sone alcohol following 
extrava scular administrat ion to cows . Dos e ,  0 . 1 mg/kg . 

Cow no . rva 1Mb scb 

1 13 450 . 38 12 6 . 08 80 . 36 
( l OO )  (27 . 9 9 )  ( 1 7 . 84 ) 

1 2 8  4 1 3 . 49 73 . 9 7  62 . 18 
( 1 0 0 )  ( 1 7 . 8 9 )  ( 1 5 . 04 )  

1 5 3  3 1 5 . 7 0  73 . 03 52 . 2 9 
( lOO)  (23 . 1 3 )  ( 1 6 .  56 )  

.a .  Betamethasone sod ium phospha te solut ion , 4 mg/ml . 

b .  Betamethasone alcohol suspens ion , 2 mg/ml . 
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Figure 4 : 7  Pla sma c oncen t rat ions of  betame thasone (means and CL9 5 s )  
following int ramuscular inj ect ion o f  dif ferent 
suspen sion s  to cows at  a dose rat e  of 0 . 1 mg/kg .  
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Figure 4 : � Plasma concentrations of be tame thasone (means and CL9 5s )  
foll owin g subcu taneous inj ec t ion o f  different 
suspens ions to cows at a dose rat e  of  0 . 1  mg/k g .  



4 .  D I SCUSS I O N  

In this second ser ies o f  experiments the sodium phospha te 

es ter of b etamethasone was used a s  a h i ghly soluble  reference 

compound , and i ts ab sorption and eliminat ion characterist ics 

were compared w i th those o f  suspensions of the relatively 

insolub le  betamethasone alcohol . Such sodium phos phate esters 

are rapidly hyd ro lysed in  vivo to free corticosteroid (Melb y  

& Dale , 196 9 ; Hare et al , 1 9 75 ; Panaretto & Wallace , 1 9 7 8 ) . 

There are very few pub lished reports wh ich deal with those 

aspects of betametha sone which have been examined in the present 

s tudy . There are , however , some reports per tain ing to 

dexamethasone , an epime r  of  betame tha sone . The two s tero ids are 

so similar in structure that in the ab sence of  informat ion to the 

contrary i t  is  reasonable to assume that the pharmacokinet ic s  

and pharmacodynamics of  the two s tero ids should b e  very s imi lar . 

There i s , however ,  some suggest ion that betamethasone may be 

95 

s li ghtly more potent than dexame thasone in some species (Peche t , 1 9 6 4 ; 

Pee ts e t  al , 1969 ; Brander & Pugh , 1 9 7 7 )  and in several species the 

plasma prote in b ind ing of  the two stero ids is d i f ferent (Pee ts e t  al 

1 969 ; Hollman , 1 9 7 7 ) . For ins tance , in the cm.,r 32% more 

dexametha sone than b etame thasone i s  bound to plasma proteins 

( Peets et al , 1 9 6 9 )  and as only unbound s teroid is capab le of 

b iological ac tivity , the d ifference in b inding may par tially expla in 

the marginally greater activity o f  betame thasone (Peets e t  al , 1969 ; 

S ilber & Arcese , 1 9 6 4 ) . Although plasma betame thasone concentrat ions 

a t tained in cattle have no t previously  been pub l ished , the very rapid 

absorption of the solubl e  ester after administra t ion by extravascular 

inj e c tion is  as expec ted (S ilber & Arcese ,  1 9 6 4 ) . The sodium 

phosphat e  ester o f  dexamethasone produced peak plasma concentrat ions 

within 30 minutes o f  int ramus cu lar inj ect ion in 4 out of 5 human, 

subj ec ts  (Melby & Dale , 1969)  and wi thin 2 to 2 0  minutes of intra­

muscular inj ec tion in cattle (Fairclough , Hunter & �.;relch , 1 9 8 1 ) . 

After subcutaneous  inj ec tion in '
sheep th is soluble ester of  

dexameth asone produced peak p lasma levels wi thin 30 minutes 

(Panaretto , 1 9 7 9 ) . 



The peak plasma concen t rations recorded in the present study 

f o llowing the extravascular inj ection of b etame thasone sodium 

phosphate ( 29 . 1 7 to 70 . 6 9 n g/ ml )  are not markedly d i s s imilar 

f rom - th ose reco rded by Fairclough , Hunter & Welch ( 1 9 8 1 )  af ter 

the in tramuscular inj ect ion of dexame tha sone sodium phospha t e .  

Those workers recorded peak concentrations of  2 2  n g /ml t o  7 0  ng/ml 

a f t e r  the administration o f  a smaller dos e  than tha t used here ; 

they used 2 0  mg for a Jersey cow .  

Th e  half-life o f  ab sorption of  b etame thasone sodium 

phospha te following extravascular inj e c t ion , e s t imated to be  

b e t�.;reen 2 . 2 5 and 7 . 0 minu tes (Page 78 ) is  of  a s imilar magn i tude 

to the mean ab sorption half-life of 4 . 4  minutes calculated for 

a wide variety o f  drugs in solution (Bederka , Takemori & Miller ,  

1 9 71 ) . The rate a t  which aqueous solutions disappear from a given 

in tramuscular inj ection s i te has been found to be s imila r for 

all drugs tested (Bede rka , Takemori & Miller , 1 9 7 1 ;  Chapter II , 

Sec t ion 4 . 2 ) .  

Pub l ished referenc es to  the plasma ha lf-l i f e  of  betamethasone 

following in travenous inj ec t ion are rare . Several publ icat ions 

(Melby,  1 9 7 7  and Swart z  & Dluhy , 1 9 7 8 ,  are examp les) dealing �.;ri th 

the human subj ect  described ' dexame thasone ' and ' be tame thasone ' 

as havin g a hal f-life  o f  around 5 hours , but do not give de tails o f  

administrat ion . Fol lowin g  in travenous adminis trat ion of  

dexame thasone sodium phosphate to human s ,  plasma half-lives ran gin g 

from 1 . 6  hours to 8 .  3 hours have b een recorded (A raki e t  al, 1965 ; 

Ha re e t  al , 19 75) . 

Da ta repor
-
ted by Johnson and co-�vorkers (19 7 6 )  suggest  a 

plasma half-life of  2 . 4  hours for betamethasone sod ium phosphate 

i. n  the human . 

The hal f-life o f  dexame thasone in the dog has been reported 

as  1 . 0 to 1 . 5  hours ( S ilber , 1 9 �9 ; S ilber & Arcese , 1964) . 

An inspection . o f  data presented by Fa irclough , Hunter and 

Welch ( 19 8 1 )  sugge s t s  that dexame thasone may have a half-life  

in  cattle  of  about 7 . 5  to  9 . 0  hours following administrat ion of  

the sodium phosphate e s t e·r by the intramuscular route .  
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I t  would appear , therefore , that in a given species 

b e t ame thasone and dexame thasone have a s imilar plasma half-l i fe , 

that the plasma half-life  can vary markedly between individuals 

of the same species , and tha t  the plasma half-life values reported 

h ere for betame thasone sodium phosphate (4 . 6 3 hours to  8 . 33 hours ; 

Table 4 : III and Tab le 4 : V)  are of similar magnitude t o  those 

e s t ima ted from the dispo s it ion curves of dexame thasone sodium 

phosphate in cows ( Fairc lough , pers . corn . ) .  

The s imilarity of the d is pos i t ion curves of b etame thasone 

s od ium phospha te following admini stration by differen t rou tes 

( Fi g .  4 : 4)  suggests tha t  in the cow at least , the in travenous 

rou te offers no advantage over intramus cular or subcutaneous 

inj ec t ion. in terms of plasma s t eroid concent rations a t tained ur 

maintaine d .  

The large values obtained for the apparen t speci f ic volume 

of dis tribution of betame tha sone (Table 4 : II I ) , all of wh ich 

e xceed the ac tual volume of  the body ( that is , are greater than 

1 L/kg ) imply that be tame thasone is widely dis tributed (Baggo t ,  

1 9 7 7 ) . I t  has been demons t rated that in vivo , dexame thasone 

rapidly d i f fuses in to cells  (Hare et  al , 19 75)  and p resumably 

the s ame occurs wi th b etame thasone . 

The term ' body clearance '  describes rat es o f  drug removal 

from the body independen tly of the distribution processes ( Baggot , 

19 7 7 ) . In 15 human subj e c t s , the body c learance for 

dexamethasone fo llm11ing the int ravenous administ ra t ion of the 

s od ium phosphate es ter , ranged from 9 1 . 2  to 3 79 . 8  ml . hr- 1 . kg- 1 

( 1 . 52 to 6 . 33 ml . min- 1 . kg- 1 ) (Hare e t  al , 1 9 75 ) . The values 

for betame thasone in cows , presented in Tab le  4 : IV ,  are 

comparable both in magnitude and individual variation . 

While it was recognised tha t betamethasone alcohol is  

' p rac tically insoluble ' in  water (Anon . ,  19 7 1 )  it  was 

ant i cipated that  following inj e c t ion into a large volume of · 

c i rcula t ing blood the inj ected crystals would  ra pidly dis solve 

and tha t a f irs t-order e liminat ion curve would resul t .  Tha t  

th is d i d  no t occur can b e  seen from Figure 4 : 6 .  I t  appears that 
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even after intravenous administra t ion the particles of b etame thasone 

alcohol take several hours to dissolve . 

In the betame thasone suspen s ions used , 98%  of the part icles 

were smaller than 5�  (Holmes , M . B . , Glaxo New Zealand Lt d . , pers . 

corn. ) .  Studies in dogs have shown that when insolub le part icles 

of this s i z e  are inj ected int ravenously they become lodged in the 

liver and s pleen (Kanke et al , 1 9 80 ) . It  is  therefore likely that 

the in travenously administered  suspens ions of be tamethasone 

alcohol found temporary residence in those tissues before f ina lly 

dissolving in plasma . 

The kinetics  of the extravascular inj ect ion of  b e t amethasone 

a lcohol suspens ions again clearly demons t rated that absorption , 

and hence the disposit ion curve , i s  strongly influenced by  the 

sol id s : vehicle rat io of  the inj ec ted suspens ion ; the more 

concen trated suspens ion produc ing much lower plasma level s  than 

the more dilute one .  

As outlined unde r ma terials and me thods (2 . 3 ) , the regre ssion 

line which describes the absorpt i on phase of a s ingl e compartment 

open model following extravas cular administration i s  obtained by 

the me thod of residuals . The in tercept of this l ine with the 

ord inate should e qual that of the eliminat ion phase . That this 

may no t always be  the case is  impl icit in the biexponen t ial 

e quation used by Ritschel to  describe this model (Equat ion 

4 :  7 ) . There are three possible reasons why B 1 and B 1 1 may not 

coin c i de (Reuning , R . H . , The Ohio State Un iversity , p er s .  corn . ) .  

In the f irst cas� , experimental  inaccuracies arising from the 

d i f f iculties inherent in measur ing such small quan t i t ie s  may 

resul t  in a relat ively poor f i t  of the regression l ine  to the 

data points . Another pos s ib il ity is that the dispos it ion of 

the drug is , in fac t ,  best described by a two-compartment open 

model but there are too few early data points to determine thi s .  

A third pos s ib ility i s  that the ab sorp tion phase i tself  may not 

b e  monoexponent ial (Ballard , 1 9 68 ) ; the pat tern of  absorption 

of microcrystalline suspens ions is l ikely to be comp lex (Van 

der Vies , 1 9 75 ; Brotherton , 1 9 76 ) . 
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In each instance '..rhen be tame thasone alcohol , 2 mg/ml , was 

administe red  by ext ravascular inj e c t ion B ' and B ' ' fa iled to 

coincide (Tab l e  4 : VII ) . In s i tuations such as this , where the 

intercepts  of the t'..ro regres s ion l ines are not the same , the rate 

constant derived from the regression l ine describing the 

absorption phase should no t ,  s tric t l y  speaking , be  called Kab • as 

it may represent a mixture of absorpt ion and distribution rate 

cons tan t s  (Reuning , pers . com . ) .  

A comparison of the rates of  ab sorption (Fig . 4 : 3 ,  Table  

4 : VI I )  and e l iminat ion (Table 4 : V ;  Table 4 : VII)  shows marked 

d ifferences b e tween the soluble and rela tive ly insoluble formulat ions 

of b etame thasone ; the soluble  f ormulat ion b eing ab sorb ed  many t imes 

more rapidly than e ither of  the suspens ions . Prolonged ab sorption 

influenced the rate at which b e t amet hasone '..ra s eliminat e d  f rom the 

plasma , as  c an be s een by comparing the apparent elimina tion rate 

constan t s  and plasma half-l ive s (Table 4 : V ;  Table 4 : VI I ) . 

Following the extravascular inj e c t ion of  th e 2 mg/ml suspension , 

half-life values were t'vo to f ive t imes longer than follm..ring 

admin i st ra t ion of the solu tion . 

The bioavailab Uity o f  the 2 mg/ml suspens ion (low in all cases ) 

wa� inf luenced by  the route o f  inj ection , with the smallest area 

under the curve (AUC) resul ting from sub cutaneous inj ec t ion . 

While  in t>..ro cows a t  least , absorption occurred more slmvly 

following subcutaneous inj ec t ion ,  and less completely in all three , 

i t  i s  poss ible that th is result i s  more a reflect ion o f  a difference 

due to  the re gion of  the body rather than a difference due to the 

rout e  of  inj e c t ion . Recent s t udies in cattle ( see Chapter II , 

Sect ion 3 . 1 )  have shown tha t  the region o f  the body in '..rh ich the 

inj ec t ion is made is at  least a s  important as the rout e  of 

administ ra tion , that inj e c t ion by  the same rout e  may show differe�t 

ava i labi l ities b etween body regions and , in some inst ances , 

s ubcutaneous inj ect ion in one region may give a b e t t e r  availab ili ty 

t han intramuscular inj ec tion in ' ano ther . The differences describ ed 

in thes e  experiments canno t ,  therefore , be  ascribed solely to  the  

rout e  o f  inj ection , as  regional differences may wel l  have been 

more important .  

tVfASSEY UNIVERSITY 
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5 .  CONCLUSI ONS 

The experiments described in this chap ter have provided 

further confirmat ion that the rate at which inj ec ted  suspens ions 

of betame thasone alcohol are absorb ed is governed by the vo lume 

in which the dose is given . The c oncentration of a suspension 

e xerts a profound effect on the rat e  and extent to which the  

inj ected stero id is  absorbed . 

Some data suggested  that the s i t e  and the rou te of inj ect ion 

may influence the b ioavai lability of the suspende d betamethasone , 

and that the ava ilabil ity of  the soluble  form of be tame tha sone is  

rela t ively una f fec ted  by  the rou t e  of admini strat ion . 

Where absorption and elimination ra te constants could b e  

det ermined f o r  be tame thasone , and where comparab le data were 

avail able for dexametha sone , the di sposit ion kinetics of  

betame tha sone appeared to be very similar to those reported 

for i t s  epimer . 

1 00 



CHAPTER V 

TH E PHARMACOLOGI CAL ACT I V I TY I N  C OWS OF A 10 MG/ML 

SUS PENS I O N  OF  B E TAMETHASONE 

1 .  J NTRODUCTI ON 

2 .  MATER I AL S  AND t'IETHODS 

2 . 1 An imals 

2 . 2  Trea tments  

2 . 3 Samples 

2 . 4 Experimental des ign 

3 .  RESULTS 

3 . 1 Betame thasone concentra t i ons 

3 . 2 Cor tisol concentrat ions 

3 . 3  Glucose concent rat ions 

4 .  D I SCUSS I ON 

5 .  CONCLU S I ON 

1 0 1  



102 

CHAPTER V 

THE PHARMACOLOGI CAL ACT I V I TY I N  COWS O F  A 10 MG/ML 

SUS PENS I ON OF  B ETAMETHASONE 

1 .  I NTRODUCTI ON 

The studies reported in Chapters I ll and IV of  this thes is , 

and those of  P . G. Box (pers . corn . ) con firmed that a be tamethasone 

formulation having a prolon ged effect coul d be prepared by 

increas ing the solids :veh icle ratio of  an aqueous suspens ion of 

the alcohol . Thus , for a given dos e ,  a l e ss in t ense effec t ,  

but one of grea ter durat ion , could b e  achieved by merely decreasing 

the volume in wh ich that dose was a dministered . 

It  wa s noticed , however , tha t when the manufacturer ' s ( 1 ) 

recommended dose o f  betame thasone ( 0 . 05  mg/Kg) was administered 

as  a 20  mg /ml suspens ion , the volume of th e appropriate dose 

was inconvenient ly sma l l .  For example , a Jersey cow would  

·receive a dose  of approxima tely 1 ml .  

It �vas for this reason tha t a decision was made to inve s t i gat e 

the suitab ility of  a 1 0  mg/ml suspension of betamethasone . A 

suspens ion o f  this concentrat ion had already been shown in pilot 

s t udies ( P . G . Box an d colleagues , pers . corn . ) t� produce e f f e c t s  

of promisin g  int ensity and durat ion . 

It was envisaged that any commerc ial product available at 

this conc entrat ion would initially be recommended for use in 

the induct ion of parturit ion in da iry cattle , and that a dose 

of 2 ml  lvould be  administ ered by subcutaneous inj ection . 

The a im of  this exper imen t , therefore , was t o  examine a 

1 0  mg/ml suspens ion for its effe c t s  on p lasma concent rat ions o f  

glucose a n d  cor tisol , and to relate changes in these to the 

plasma betame thasone concentrat ions produced . 

( 1 )  Glaxo New Zealand Lt d . , Palmerston North . 



2 .  MATERIAL S  AN D METHODS 

2 . 1 ANIMALS 

Ten healthy , non-pregnant , non-lactat ing cows of mixed ages 

were use d .  Four were Jers eys and 6 were Fr ies ians . Four had been 

spayed some months previously for reasons not connected with this 

study . 

During the course of the experiment , the  cows were grazed 

as  a s in gle mob on good quality pasture and were fed hay at the 

rat e  of  2 b ales per day . 

Bef ore t reatment the cows ' wei ghts ranged from 3 7 0  t o  5 1 5  Kg 

(mean ± S . D .  = 453 ± 4 7 . 6 Kg) . 

2 .  2 TREATMENTS 

All cows rec eived 2 ml of a 1 0  mg/ml a queous suspens ion of 

betamethasone alcohol ( 2 ) , adminis tered by subcutaneous inj ect ion 

on the left  s ide of the neck in an · area over the fourth and f if th 

cervical vertebra e .  Th i s  s i t e  more closely approximates  that 

commonly used in c l inical pract ice than does the s ite behind the 

ear used in the studies described in Chapters I l l  and IV . 

Ind ividual dose rates ranged f rom 39  to 54 �g/Kg (mean ± S . D .  

44 . 4  ± 0 . 5  �g/Kg) . 

2 . 3  SAMPLES 

Blood samples were collected from all cows once daily between 

7 .  30 and 8 .  00 a .. m. oH 6 occasions over a 7 day period b efore 

treatment and on 2 1  occa s ions over a 29 day period af ter treatmen t .  

Plasma was separated and stored a t  -20°C .  Est imat ions of 

betamethasone , cort isol and glucose concentrat ions were carried  

out according to methods described in Chapter Ill , S e c t ions 2 . 4 ,  

2 . 5  and 2 . 6  res pect ively . 

For a supplementary study involving betamethasone est imat ions 

only , addit ional blood samples we re collected from 3 cows at mor e  

frequent intervals throughout t h e  4 8  hours after inj e c t ion . 

( 2 )  
Bet sopart , Glaxo Ne�..r Zealand Ltd . 
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2 . 4 EXPERIMENTAL DES I GN 

No c on trol group was included in th is study and , in keeping 

with several pub l i shed s t udies o f  this nature (Goetsch , McDonald 

& Odell , 1 9 5 9 ; Maplesden , Mc Sherry & S tone , 1 9 70 ; Nef f , Connor 

& Bryan , 1 9 60 ; Heidrich e t  al , 1 9 6 3 ; Woollett & Evans ,  1 9 7 1 ; 

Schi l l in ger  & Klee , 1 97 9 ) , the pre treatmen t values for each 

parameter examined were used to estab l i sh a re ference baseline . 

For each parame t er studied a mean value and i t s  CL9 5  were 

calculated (Chapter Ill , Sect ion 2 . 8 ) f or ; 

i )  each day 

i i) th e . overall pre treatment period . 

Af t e r  treatment with betame thason e ,  each mean observat ion 

for a parame ter was cons idered t o  be  s i gn i f icantly d i f ferent from 

i t s  mean pretreatment value only f or a s  long as the CL9 5s o f  each 

did not overlap .  

3 .  RESULTS 

3 . 1  B ETAMETHASONE CONCENTRATIONS 

A be tame thasone ' blank ' e ffect grea ter than the s en s it ivity  

of the assay was recorded in  7 pretreatment samples from 2 cows . 

This  led to  an erroneously high mean pretrea tment ' b etametha sone ' 

level and made interpretat ion of  subsequent betamethasone 

prof iles d i f f icult . 

A mean peak pla�ma level of  betametha sone of 0 . 6 n g/ml was 

recorded 24 hours af ter inj ect ion ( F i g .  5 : 1 ) .  Individual peak 

plasma levels ranged from 0 . 32 to 1 . 83 ng/ml and all but 3 

occurred a t  that t ime . 

The addit ional samples , from the 3 cows included a s  a 

supplemen tary study , showed slowly r ising betame tha sone  levels 

reach ing a peak between 25 and 31 hours ( Fi g .  5 : 2 ) . 

The mean plasma concentrat ion of betamethasone was 

eleva t e d  above the pretreatment ' b lank ' conc ent rat ion for 7 days , 

but was s i gnif ican t ly differen t  from it  for 4 days only (Fig . 5 : 1 ) .  
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Figure 5 : 1  Plasma concentrat ions of betame thasone (means and CL95 s )  
i n  c ows following subc u t aneous inj ect ion o f  2 m l  of  a 
10  mg/ml suspension . Ho�izontal l ines indicate the 
pretreatment mean and i t s  upper c195 . 
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.Figure 5 : 2  Mean plasma betamethasone conc entrat ions in 3 cows over 
a 48 hour per iod following the subc utaneous inj ect jon _ _ 

o f  2 ml of a 1 0  mg/ml suspens ion . 
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3 . 2 • CORTI SOL CONCENTRATIONS 

In all  cows , betamethasone treatmen t pro foundly depressed 

endogenous cort i sol l evels  ( Fi g .  5 : 3 ) . Cort isol was depressed 

to a mean concent ra t ion which was no t s ignif icant ly d ifferent 

from z ero and levels  did not start to  recover un til  the end of 

the s econd week.  Whi le cort isol levels in some ind ividuals 

(for example , No . 1 1 7 ,  Fig.  5 : 4) recovered  rapidly after th is 

t ime , in others ( for example , No . 6 7 , Fig .  5 : 4 )  there was st ill  

no s i gn of  recovery by the  end of  the  experimental p er iod ; that 

i s ,  29  days a f ter  treatmen t .  

Indiv idual mean pret reatment cort isol concentrat ions ranged 

from 1 0 . 50 ng/ml to  2 1 . 04 ng /ml (Tab le 5 : I ) , but differences 

between cows were not s i gnificant . On the mornin g of treatment 

individual cows had cort isol levels ranging from 9 . 7 4 ng/ml to  

22 . 75  ng/ml . 

3 . 3  GLUCOSE CONCENTRATIONS 

Increases in plasma glucose ranging from 3 1 . 8% to 106 . 9 %  

1 0 6  

above pretreatment concent rat ions were recorded (Tab le 5 : II ) . The 

mean peak glucose  concent rat ion wa s s een on the s econd day a f t er 

betamethasone treatment and was 4 1 . 3% greater than the pre treatment 

mean for the group . The plasma glucose concentrat ion remained 

s ignif icantly elevated for 8 days ( F i g .  5 : 5 ) .  



O 
E ' 
0'1 
r:: 

-

..J 
0 (f) -
... 
0:: 
0 
0 

3 0  

2 5  

2 0  

1 5  

1 0  

5 

. l 1 ! �- -·o· I,/G_3'> _ _ _ _  - - - - - - - - - - - - - - - - - - - - _ · _ _ _  - - - - - - - - - - - - - - -
o / \ 

DAYS 

26lz'sl 
2'7 29 

1 0 7  

Figure 5 : 3  Early-morning p lasma c ortisol c oncent rat ions (means and CL95 s )  
in cows following t h e  subcutaneous inj ect ion o f  2 ml of a 
1 0  mg/ml suspens ion o f  be tametha sone . Ho rizontal l ines 
ind icate the pre trea tment mean and i t s  upper and lower CLg 5 s .  



0 
E 

30 

2 5 

2 0  

........ 1 5 m 
t: 

-
...1 

� 1 0  
;:: a: 
0 
() 5 

./·\ . . , ' \  . 
' \  
' \ 
' 
' ' 

� •' � \ I. 1 
I • I 
\ ' 
I � I. ' 

I I 
I I 
I I I I \ I 

I 
' 
' I 
I I 1 1 �I 

• 

·-
· No. 6 7  

· - - - - ·  N o .  1 1 7 

..... / I 

I I 

I 
I I I 

• f, I •  I \  ' .  
I '  . I l .• 
I � .... I I I I I I I I I 

' 

. ,.-",,·· 
•' 

,-· 

I 
,.. 

-·�-== :....c":N.::.�--�:.-·:;;•--•!.'=-- . , · - · - · - · - · - · - ·  ...... 

.___ 6....-.---_ _,.3....,.._-,-1-.-11456 1 a ·t 1 113115 1sl21ol22 2612's I 
-5 -2 0 2 1 2  14 19 21 27 29 

DAYS 

Figure 5 : 4  Early-morning pla sma cor t i sol c oncentrat ions in  2 cmv-s 
fol lowing subc u taneous inj ect ion of 2 ml of a 10 mg/ml 
suspens ion of betamethasone . 

108 

/ 



1 09 

Tab l e  5 : 1  Ear ly-morninga plasma cort isol concentrat ions in 
cows over the s ix samp l ing days be fore treatment 

Cow no . Mean cortisol (ng/ml )  UEper CL95 
b - Lower CL9siE_g/ml ) 

od 1 6 . 7 0 18 . 1 2  1 5 . 38 

3 9  1 5 . 42 2 1 . 74 1 0 . 86 

4 1d 1 0 . 50 1 9 . 42 5 . 46 

6 7  2 0 . 28  2 3 . 86 1 7 . 21 

32d 2 1 . 04 25 . 3 2 1 7 . 45 

1 1 7  1 6 . 6 7  2 4 . 3 7  1 1 . 29 

1 2 8  1 4 . 26 20 . 64 9 . 76 

1 7 0  1 5  . t. 2 2 6 . 4 3  8 . 82 

350d 1 8 . 32 2 3 . 0 4 14 . 52 

7 7 7  1 2 . 95 2 1 . 70 7 . 56 

Group mean 1 5 . 88 23 . ooc 1 3 . 95 

a .  collected be tween 7 . 30 an d 8 . 00 a . m . 

b .  based on individual c m.; variance 

c .  based on  pooled pret reatment variance 

d.  spayed cm.;s . 



Table 5 : II Plasma glucose concentrat ions in cows : pret reatment 
concentrat ion s and peak concentrat ions follovling 
subcutaneous inj ection of  2 ml of betamethasone 
a lcohol suspens ion , 10  mg /mla 

Cow no . Pre t rea tment - mean Post-treatment Increase Day -of  Eeak 
( ±  S . D . ; mM/L) Eeak (mM/L) (%)  level  

0 3 . 3 7  ± 0 . 1 9  4 . 60 36 . 5  1 

39  3 . 1 8  ± 0 . 26 4 . 85 52 . 5  2 

4 1  3 . 42 ± 0 . 1 7  5 . 30 55 . 0  1 

6 7  3 . 58 ± 0 . 1 7  5 . 40 5 1 . 8  7 

82  3 . 02 ± 0 . 14  6 . 2 5 106 . 9  2 

1 1 7  3 . 2 3 ± 0 . 1 5  4 . 75 47 . 0  2 

1 2 8  3 . 40 ± 0 . 20 4 . 60 35 . 3  4 

1 70 3 . 02  ± 0 . 1 7  4 . 40 45 . 7  1 

350 3 . 30 ± 0 . 1 6 4 . 35 3 1 . 8  1 

7 7 7  3 . 38 ± 0 . 20 4 . 65 37 . 6  1 

Group mean 3 . 29 ± 0 . 2 4 4 . 6 5 b ± 0 . 63 4 1 . 3  2 . 

a .  Dos e ,  mean ± S . D .  = 44 . 4  ± 0 . 5  pg /Kg 

b .  Based on da ily �eans 

1 10 
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4 .  D I SCUSS I ON 

A 2 m1 dose of a 1 0  mg/ml suspens ion of betamethasone , when 

administered to cattle  by subcutaneous inj ect ion , produced a 

l ower p lasma concentra tion than d id the same volume of  a 20  mg/ml 

suspension (Chap ter I l l , Sect ion 3 . 1 ) . However , the durat ion for 

which b e tamethasone was de tec table was similar and absorpt ion of 

the 10 mg/ml suspen s ion was less variable between animals than 

that of the 20 mg/ml suspens ion . 

The · 10  mg/ml b etame thasone suspension is in t ended for use 

in the induc tion of prema ture parturit ion in cat tle  and so it 

i s  of interest to compare its  effects with tho s e  of other 

corticosteroid formu lat ion s in t ended for the same purpo s e .  

Fai rc lough , Hunter and Welch ( 1 98 1 )  studied the concentrat ions 

of  dexame thasone in the plasma of 2 c mvs t reated with 20 mg of 

dexametha sone t rime thylac etate ( T}� ) su spens ion (3 ) , a formulat ion 

widely u sed in New Zealand to in duce calvin g  (Chapter VI , 

1 1 2  

Sect ion 3 . 1 4 ) . The peak d examethasone concentrat ion of 0 . 5  ng/ml 

was s imilar to the betametha sone concent rat ion seen in the present 

study .  Dexamethasone wa s d etectable by their a ssay for 8 to  14 

days ; that is a pprec iably longer than the period repor ted here for 

betametha son e .  However , had pre treatmen t ' blank ' va lues not been 

encountered in the present stud y ,  it is pos s ib le that post- treatment 

concentrations of b�tamethasone would have remained signif icantly 

dif ferent from pret reatment values for longe r .  

The pro found depre s s ion of endogenous cort i so l  concentrat ions 

tha t  wa s seen fo llowing inj ect ion of other betamet hasone 

formulat ions (Chapter Ill , Sect ion 3 . 2 ) was also r ecorded in this 

experiment following a smaller total dose of betamethasone . 

While  the cort isol levels in some of the cows in the present 

s tudy had returned to  the normal range within the observat ion 

period , o thers were s t ill maximally depressed af ter 29 days . A 

s imilar · pro longed and profound depression of endogenou s cor tisol 

(J)  Opticortenol , Cib a  Ge igy , Base l ,  Switz erlan d .  



has b een demonstrated following administration of  a 2 0  mg dose 

of dexamethasone TMA (Fa irclough , Hunt er & Welch , 1 98 1 )  or  

triamcinolone ace tonide ( S tellflug , Louis & Haf s , 1 9 78 ) , another 

long-ac t ing corticostero id used to  induce calving ( Chap ter VI , 

Sec tion 3 . 23 ) . 

Pret rea tment c ort isol concentrat ions were s ign if icantly higher 

·than those s een in un treated cows in the exper iment repor ted in 

Chapter I l l  ( Sect ion 3 . 2 ) . The mean pretreatment cort isol l evels 

reported for the group of  cows in this study are also higher 

than those repor t ed by other workers using comparab le a ssay 

methods , although ind iv idua l animal means are similar in many 

cases (MacAdam & Eberhart , 1 9 7 2 ; Wagner & Oxenre ider , 1 9 7 2 ; 

Breves et al , 1 9 80 ) . However , b ecause of the pulsat ile nat ure o f  

cortisol secret ion , mean concentrations repor ted i n  d i f ferent  

studies should be c ompared with caut ion (Fulkerson et  al , 1 9 8 0 ;  

Chapter II I ,  Sec tion 4 ) . 

Th e peak elevat ion of  4 1 . 3% in plasma glucose c oncentra t ions , 

recorded in the present s tudy , is  less  t han that reported  by 

other workers using comparable doses of more ra pidly ab sorbed 

formulat ions of betametha sone ( Burns , 1 9 63 ) , its epimer 

dexame thasone (Maple sden , Mc Sh erry & Stone , 1 960 ; Stockl , 

Onderscheka & Zacherl , 1 9 6 9 ; Schill inger & Kl ee , 1 9 7 9 ) , and 9 

a-fluoroprednisolone (Neff , Connor & Bryan , 1960 ) . However , 

plasma glucose was ma intained at  elevated levels for only 5 6  

t o  96  h ours by these rapid ly-ab sorbed formulations . While  

elevated leve l s  could be ma intained for longer by inc rea sing the 

dose ( Goe tsch , McDonal d & Odell , 1 959 ; Nef f , Connor & Bryan , 

1 9 6 0 ; Bu rn s 1 9 6 3 ;  Woo llet & Evans , 1 9 7 1 ) , in no case did  the 

durat ion of  elevat ion approach the  8 days seen in the present 

study after  u s ing the s lowly-abs orbed betamethasone formula t i on .  

Comparable doses of  the s lowly absorbed dexametha sone TMA 

formula tion have been shown to  eleva te plasma glucose by b etween 

33% and 4 8 % , but eleva ted glucose concentrations were ma inta ined 

for 3 to 4 days only (Heidrich et al , 1 9 63 ; Stockl , On derscheka 

& Zacherl , 1 9 69 ) . 

1 1 3 
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Re sults from d i fferent s tudies should be compared with c au t ion,  

a s  unde f ined va riations in experimental condit ions may ma sk or  

a ccentuate d if ferences in  response . In d i f f erent studies , comparable 

do ses  of  the same fo rmulat ion of corticosteroid may produce effec t s  

on blood glucose of e ither different magni tude (for example , Stockl , 

Ond erscheka & Za cherl , 1 9 6 9  and Schill inger & Klee , 1 9 7 9 )  or 

d i f ferent durat ion ( for example , Goetsch , Mc Donal d  & Ode ll , 1 959 

and Ne f f ,  Connor & Bryan , 1 96 0 ) . Wh ile it has been shmvn that 

increa s ing the dose of a cor t icosteroid will increa se the int ensity 

and durat ion of  its  e f fect on pla sma glucose  (Burns , 1 96 3 ; Woollett  

& Evans , 1 9 7 1 ) , in some studies  a greater  dose  has  actually 

produced a smal l er re sponse than that seen in other studies where 

the same formulat ion has been used (for example , \.Joollett  & Evans , 

1 9 7 1 and Schi l l inger & Klee , 1 9 7 9 ) . 

5 .  CONCLUS I O N  

The results  repor ted here ind icate that a corrnnerc ial ly produced 

10 mg/ml a queous suspension of betametha sone , when admini stered to  

cat t le a s  a 2 ml  dose  by the  subcutaneous rou te ,  can b e  expec ted t o  

produce effects o f  modera te int ensity and ext ended duration . 

The · effects of  this betamethasone formulat ion compare favourably,  

i n  t erms of  ma gnitude and dura t ion , with  tho s e  produc ed by  the 

' long-ac t ing'  dexamethasone formulation mo s t  commonly used in Ne1.v 

Zealand for the induct ion of prema ture calvin g .  



CHAPTER VI 

I NDUCTI O N  O F  PARTUR I T I ON I N  CATTLE US I NG CORTI COSTE RO I DS ; 

A RE V I EW 

1 .  I NTRODUC T I ON 

1 . 1  Synchron i za tion of  the calving per iod with availab i l i ty 
of labour 

1 . 2 Induc t ion of calving to minimise dys tocia prob lems 

1 . 3  Induc t ion of parturition for thera peu t i c  reasons 

1 . 4 Induc t ion of  calving as par t of a milk fever control programme 

2 .  THE MECHAN I SM B Y  WH I CH CORT I COSTE ROI DS I NDUCE PARTUR I T I ON 

2 . 1  Changes in maternal peripheral plasma concent rations of  
hormones abou t the time of calving 

2 . 1 . 1 Cor tisol 

2 .  1 . 2  Oestrogen s 

2 . 1. 3  Progesterone 

2 . 1 . 4 Pros taglan d ins 

2 . 1 .  5 Prolac t in 

2 . 2  Plasma hormone concen trations in the u terine and ova r ian veins 

2 . 3  Hormonal changes in the foetus 

2 . 4  Hormonal changes associated w ith induced calving 

2 . 5  In terpre tation of the endoc rine events preceding par turi t ion 
in the cow 

3 .  CORT I COSTERO I D  FORMULATI ONS WH I CH HAVE B E E N  USED I N  AN ATTEMPT TO 
I NDUCE CALV I NG 

3 . 1 Cor tisol 

3 . 2  Prednisolone 

3 . 3 Me thylprednisolone 

3 .  4 9a. - fluoropre dnisolone aceta t e  

3 . 5  6a.-9a.-di f luo roprednisolone sodium phosphate 

3 . 6  Eff i cacy of  corticos teroids lacking a c 16  substitc tion 

3 . 7 Dexamethasone sodium phospha t e  solu tion 

3 . 8  ' Az ium ' formulat ions of  dexame tha sone 

3 . 9  ' D�xame thasone ' ,  formulat ion not speci fied 

3 . 10 Dexame thasone in intramammary formula tions 

3 . 1 1  Dexame thasone me tasulphobenzoate solution 

3 . 1 2  Dexame�a sone isonicotinate 

1 15 



1 1 6  

3 . 1 3  . ' Shor t-ac t in g ' an d ' long-ac t ing ' formulat ions o f  corticosteroids 

3 . 1 4 Dexame thasone trime thy1acetate 

3 . 1 5 Dexame thasone TMA with prednisolone 

3 . 16 Dexame thasone ison ico tinate in long-a c t ing formulat ion 

3 . 1 7  Dexame thasone phenylpropionate with dexame thasone sodium 
phosphate 

3 . 1 8 Betame thasone alcohol 

3 . 19 Betame thasone alcohol , long-ac t in g  formulat ion 

3 . 20 Flume thasone solut ion 

3 . 2 1  Flume thasone suspension 

3 . 22 Flume thasone granulat e  for oral administrat ion 

3 . 23 Triamc inolone ace tonide 

3 . 24 Int ravenous inj ect ion of co r ticosteroids 

3 .  2 5  1\.,ro-inj ec  t ion trea tmen t regimen s 

4 .  E F FECTS OF  I NDUCED CALV I N G  ON TH E CAL F 

4 . 1  Calf mor ta l i ty fol lm.,ring induced calving 

4 . 2  Immune s tatus  of  c alves 

4 . 3  Calf growth rate subsequent to  induc t ion 

5 .  E F FECTS OF I NDUC E D  CAL V I NG ON THE COW 

5 . 1  Retained foetal membranes and u terine invo l u tion 

5 . 2  Effec t s  o f  re ta ined foetal memb ranes on sub sequent 
reproduc t ive performance 

5 . 3  At tempt s  to reduce the incidence o f  re tained foetal 
membranes 

5 . 4 The risk o f  mas t i t i s  in cm.,rs t reated Hi th cort icost eroids 

5 . 5  Metabolic d isease in cows fol lowin g induction of  pa r turi tion 

5 . 6  Misce l laneous i llnesses assoc iated  with induc t ion o f  
calving 

5 . 7  Milk produ c t ion sub sequent to  induct ion of calving 

6 .  CONCLUS I ONS 



CHAPTER VI 

I N DUC T I ON OF PARTURI T I ON I N  CATTLE US I NG CORTI COSTE ROI DS ;  

A REV I EW 

1 .  I NT RODUCTI ON 

The first report on the use  of  cor ticosteroids to  induc e 

premature par turition in cattle  was publ ished by Adams in 1969  

(see also , Adams & Wagner , 1 9 6 9 ; Adams , 1 9 70 ) . However , the 

suggest ion tha t cor ticosteroids might induce calving , i f  

administered i n  l a t e  ges tat ion , had been raised several years 

earlier ( Tucker & Me ites , 1 965) , and had b een demonstrated  for 

dexame thasone in 1 9 6 5  (Frerking & Gruner t ,  1 9 7 1 )  an d for 

flume thasone in 1 9 6 7  (Brown et al , 1 9 7 0 ) . 

Follmving these initial reports , the use of cort icosteroid s 

to induce calv i ng re ceived much atten tion from researchers in 

Europe and Nor th America (Jochle , 1 97 1 ;  1 9 7 3 ;  Carrell , 1 9 7 4 )  but  

i t  \vas only in  New Zealand that this  procedure gained \viclespread 

acceptance (yJe lch , 1 9 7 1 ;  1 9 72 ; We lch , Newl ing & An derson , 1 9 7 3 ) . 

For example , i t  wa s e s t ima ted that in 1 9 7 2  approximat ely 1 20 , 000 

New Zealand da i ry c ows , or 5 %  of  the na tion a l  herd, were induced 

to calve prema t urely (We lch , Ne"tvlin g & Anderson , 1 9 7 3 ) . By 1 9 7 5  

t h e  f igure had risen to 1 50 , 000 cows (HcGowan , \-Jelch & Hunter , 

1 9 75 )  an d by 1 9 78 it  is l ike ly that up to 75% of  Ne\v Zealand 

dairy farmers were using  the technique on at  least some of their 

c ows (Welch & Scot t , 1 9 79 ) . 

Induction of  calving wa s read i ly ac cepted in New Zealand 

b ecause  of th e largely s easonal pattern of  dairying in wh ich the 

peak of  lac tat ion should coincide wtth the maximum past ure growth ., 

Cows must  maintain a 1 2.  month calving cyc le for lactat ion to 

coincide with pas ture avai labil ity , and induc tion of calving gives 

the otherwis e  late-calving cow the oppor tunity to  b ecome pregnan t 

in time .to  calve a t  the optimal t ime the following  year (We lch , 

Newling & An derson , 1 9 7 3 ; Widdows , 1 9 7 4 ; Tervit , 1 9 7 6 ) . The se 

same seasonal pressures also apply in parts o f  Au s t ralia (AlJ en 

1 1 7 

& Herrin g ,  1 9 76 )  and to a lesser extent in Ireland (O ' Farre l l ,  1 9 7 9 ) . 
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New Zealand da iry farmers were also a t t racted to the technique 

b ecause it o ffered them a means of termina ting the calving sea son , 

thus a llowing the milking herd to  be  managed as a single unit (Welch , 

Newling & Anderson , 1 9 7 3 ) . 

The technique has a l so b een strongly promoted a s  a means by  wh ich 

the numb er of non-pregnant cows in a herd may be reduced .  This a im 

can b e  achieved by extending the ma ting per iod by a further eight 

weeks . Then to avoid the inconvenience of  a correspondingly ext ended 

cal�ing period , parturit ion can be induced in s elec ted cows about half­

way through the followin g c a lving s eason (Anon . ,  1 9 7 7 ; Welch , 1 9 7 7 ; 

Welch & Sco tt , 1 9 7 9 ) . 

There are , h owever ,  features o f  the technique wh ich in some cases  

may be  considered unacceptab le ,  or at  least un desirab le . For in s t ance , 

the mortality ra t e  among calves  born t o  induced parturit ion is very 

high under New Zealand cond itions (We lch , 1 9 7 2 ; \-Jelch , Newling & 
Anderson , 1 9 7 3 ; \.Jelch & Ka ltenbach , 1 9 7 7 ; Welch , Crawford & Dugan z i ch ,  

1 9 7 7 ; Welch et al , 1 9 79 ) , but this loss is acceptable  because o f  

the low value of  dairy calves i n  relat ion to wha t fa rme rs see a s  

the b enefits  of  the t echnique (We lch , Newling & Anderson , 1 9 7 3 ; Tervit , 

1 9 76 ) . In other coun t ries , in which ca lves are more valuable , the  

high ca] -f mo rtality rate has me ant tha t induct ion o f  calvin g ,  a s  

practised  in t h i s  c ount ry , h a s  not found a s imilar widespread 

applicat ion (O ' Farre l l  & Crmvley , 1974 ; Carrol , 1974 ; Kudlac , 1 9 7 8 ; 

Plende rleith ,  1 9 7 9 ) . 

In his 1 9 7 3  review of  the subj ect of  induced parturition , Joch1e 

made a distinct ion between ' precociou s ' and ' premature ' parturit ion . 

Precoc ious parturi t ion , he stated , is the del ivery one to two weeks 

early of  a fully developed foetus which does not need special care 

and 1i7hich has an exc e l lent chance of surviva l . Prema ture parturit ion , 

on the other hand , he def ined as the delivery some t ime during the 
� 

las t  t imest er o f  ges t a tion o f  a l ive foetus which needs spec ia l care 

i f  it  is to  survive . Thus , ac�ording to  Jochle ' s  d e f ini tion , i t  is 

the induc t ion o f  premature pa rturit ion which is of ten pract ised in 

New Zea.land ,  while overseas it i s  the induct ion of precoc ious 

parturition which ha s been more readily accepted . 

The ab ility o f  synthetic corticosteroids to  induce premature 

or precoc ious parturi t ion in cat t le has found applicat ions in 

five main areas . Th ese a re : 
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i )  to synchronize  the calving period with seasonal requiremen t s ; 

i i )  t o  synchroni z e  the calving period w i t h  the availab i lity o f  

labour , to facilitate ob servat ion and management o f  calving,  

and to overcome the inconvenience caused by  late-calving c ows ; 

i ii)  to avoid or minimise  dys toc ia problems and to t erminate 

unwant ed pregnancies ; 

iv) for the therapeu t i c  t erminat ion of  p regnancy for var ious 

clinical reasons ; 

v) and in conj unct ion with a milk fever cont rol programme using 

vitamin D an alogues . 

The u s e  of induced calving to suit the seasonal nature o f  New Zea land 

farming has been mentioned in the preceding para graph s .  

1 . 1  SYNCHRONIZATION OF THE CALVING PERIOD WITH AVAILAB ILITY OF LABOUR 

Wagner , Wil lham and Evans ( 19 74 )  showed that induct ion o f  calving 

using corticost eroid s c ould be an effec t ive management p roc edure for 

r educing the amoun t of  supervis ion required and al lowing more effic ient 

use of  avai lable labour . Inst ead of  constant daily supervision of 

b eef  cows during the calving season , ob servat ion could be limi t ed to 

attending  small groups o f  treated cows during a two-day period each 

\veek . 

Each Saturday , they selected from their h erd  o f  304 cmvs all 

those wh ic:h were within 7 to  1 4  days of  expect ed term. These cows 

were t reated with short-a c t :Lng formulat ions of either f lume thasone 

or dexamethasone , with the result that they calved within 36 to 60 

hours of  inj ect ion . This system ensured a reduc t ion in calf losses 

because ade qua t e  assist ance was alway s availab le during the restricted  

calving period each week . I t  was est imat ed that sub st an t ial 

financial savings could be ach ieved with this techniqu.e . 

For successful application of  induc e d  precocious partur ition 

Wagner , Willham and Evans ( 19 74 )  recommended that cat t le sho�ld b e  

in ' adequate t o  good body condition ' at  the t ime o f  treatmen t , that 

treat ed cows should be  clos ely supervised during the two days a f t er 

treatment , that newborn calves be  assisted  in their initial · a t t empts  

to suckle ,  that a l l  c ases  of  retained foetal membran es be  adequately 

treat ed an d that the leve l o f  disease problems should be  minimal 

in any herd in which this proce dure is applied . 



Wint er and colleagues ( 19 74 )  also recommend ed the induc t ion 

of precoc ious pa rturition to compres s the calving period of  

b ee f  cat tle in to a pred ic table t ime span which could be  

synchronized "Vli th avai lab l e  labour , while s imilar recommenda t ions 

were mad e  for dairy herds by Beards ley and eo-workers ( 19 7 4 ) . 

The use of induc ed calving to cause expec ted lat e-calvers 

to  calve about the same t ime as the maj ority of the herd was 

advocated for beef cat tle  b y  Poncelet and Moody ( 19 75 )  and 

for  dairy cattle by O '  Farrell and Crowley ( 1 9 7 3 ) , Thomas ( 19 75 )  

and O ' Fa rre ll  and Langley ( 1 9 75 ) . 

1 . 2 INDUCTION OF CALVING TO MINIMI S E  DYSTOCIA PROBLEMS 

Fron1 the time tha t the technique of in ducing parturit im. 

\V"ith corti.costeroids ,.,as introduced (Adams , 1 9 6 9 ) ,  it  has been 

suggested that it cou ld provide a useful mean s whereby pot ent ial 

dystocia problems due to foetal overs ize  coul d  be  minimis ed 

( Jochle , 1 9 7 1 ) . Du rin g the la st week or so of  ge s tation the 

reported \veigh t ga ins of calves i n  u t ero range from ab out 0 .  3 

to  0 . 6  kg/day (Beardsley , et al , 1 9 74 ;  Wagner , 'Hllham & Evans , 

1 9 7 4 ;  Huller et al , 1 9 75 ; O ' Farrell & Langley , 1 9 75 )  and so it 

i s  reasonab le to expe c t  that calves delivered several days 

premature would be s i gnificantly smal ler than if they had been 

carried to term, and h ence less l ikely to  have a diff icult b irth . 

HoHever , the resu l t s  of  field trials , in Hhich the influence 

o f  induc tton on calving d i fficulty has been inves t i ga ted , of ten 

appear contradic tory . 

Kelly , HcLennan an d Bell ( 1 9 7 3 )  used a corticost eroid to 

induce calvin g in two groups o f  he i fers bred to a Charola is bull : 

c ircums tances in which h erd mates had experienced serious dystoc ia 

prob l ems . Th ey found tha t  by reduc in g gestat ion by  even 7 t'o 10 

d ays , b i r th weigh t s  were reduced and the incidence of  dystoc ia 

minimised . Calf vigour an d survival '"ere good and the authors 

c ommented that because the t ime of calving was pred ic tab l e · 

following treatmen t ,  c lose supervis ion could be  provided to 

minimise or avoid any potential prob lems . Plender leith ( 19 74 ;  

1 9 79 )  found that indu c tion o f  parturition with corticost eroids 

was a useful means of  reduc ing dystocia prob lems in early-bred 
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da iry he ifers and in he ifers cros s-b red to bulls of  the larger 

b ee f  breeds . These resu l t s  are conf irme d by those  of Terblanche ,  

Kri t zinger and Van Heerden ( 19 76 ) , Gravetz  and Kor d t s  ( 19 7 9 ) , 

Holness  and S prowson ( 19 7 9 ) , Holden and Reader ( 1 9 79 ) , Herak , 

}fukek and Tomaskovic ( 19 79 )  and Diskin and Bcx - ( 19 8 1 ) . 

Several \vorkers , howeve r ,  found that while birth weigh t s  

of calves born t o  induced calvings were reduced , there wa s 

e i ther no reduc t ion in calving  difficu l t y ,  or the calv ing 

d i f f iculty wa s actually greater amongst induced cm.;rs (O ' Mary 

& Coonracl , 1 9 7 3 ; Winter et  a l , 1 9 7 4 ; Beards ley et  al , 19 7 4 ;  

La Voi e  et  a l , 1 9 7 5 ; Beardsley e t  al , 1 9 7 6 ) . 

In a 1 9 7 4  study by Winter and his colleagu e s , it  was shown 

that whereas beef cows induced to calve had sign i f ican tly 

h i gh er cal v ing  difficulty scores than naturally ca lving cows , 

calf  vigour \vas not affec ted . 'i�a gner ( 19 7 5 )  st a t ed that by 

redu c ing b ir th weight the chance  of survival  of  crossbred 

calves could be improved ,  but Carroll ( 19 7 4 )  poin ted out that 

mos t  controlled exper imen t s  clearly indicated n o  reduc t ion in 

calv in g  difficulty resu lted even \vhen a s igni f icant decrease  

in b i r th \veight \va s achieved . 

A probab l e  reason for this apparent failure o f  the technique 

to reduce calving diffic u l ty is tha t induced cows o f t en calve 

without adequate  prepara t ion . Os inga , S tegen ga and Jochle 

( 1 9 7 1 ) reported that re laxa tion and preparation of th e b irth 

canal \vas o f ten incomplete , and Mut iga and Kiptoon ( 1 9 78 )  

encoun tered dy stoc ia as  a result . Fur thermore , Welch , Newlin g  

and Anderson ( 1 9 7 3 )  repor ted that u terine inert ia wa s sometimes 

encountered dur ing induc ed  parturit ion . It was not ed  by 

Wollrab and Dit tmer ( 1 9 7 9 )  that the fur ther f rom term 

par turit ion wa s induced , the grea ter were the calving problems , 

despite the reduced birth weight  of  the calve s . 

Diskin and Box ( 1 9 8 1 )  suggested that \vhen calving i s  

induc eq us ing  those cor ticost eroids which produce a quick 

response ( that i s ,  the so-called ' short-actin g ' f ormulat ions ) ,  

hi gher rat es of  dystocia may be encountered . Th is  sugges tion , 
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in . c onjunc t ion with a variety of  b iological differenc e s  inc luding 

the s tage of  ge station at the t ime of treatment , may exp lain the 

differences in results  between some pub l ished studies . 

I t  a l so appears that where a herd history indica tes  that 

severe dystocia problems neces sitating embryotomy or caesarean 

operat ion are l ikely to be encoun tered , then the induct ion of 

parturit ion with corticost eroids, by reducing calf b irth weight , 

may reduce the severity of  the probl em . However , ava i lab le  

evidence a l so suggests  tha t where the incidence of  dy stoc ia due 

to ma terna l / foetal di sproportion is not great , then calv ing 

diff icul ty may b e  increased as  a result  of  incomplete  preparat ion 

of the b irth canal . 

Cor ticost eroids have been shown to  be  rea sonab ly safe and 

e ff ic ient ab ortifac ients for use in mismated cows and heifers 

in the middle and last trimes t er of pregnancy (Sloan , 1 9 7 6 ) , 

a l though in some cases of  unwanted pregnancy in young heifers , 

severe dy stoc ia prob lems ·may st ill  be en countered (Jackson , 1 9 7 9 ) . 

1 . 3  INDUCTION OF PARTURITION FOR THERAPEUTIC REASONS 

Th ere are ins tances when th e induc t ion of premature or 

precoc ious parturit ion may be desirab le e i ther as  a means of 

a llev iat ing the clinical condition o f  a cow su ffering a severe 

i l lness in late pregnancy , or a s  a means of  salvaging a l ive calf 

from h er (Hansen & Christ iansen , 1 9 7 1 ) . 

In 1 9 7 1  Bal larini repo r ted on the use of  the technique 

to  save e ither th e cmv or the c alf in severe cases of trauma t i c  

ret icu loperitonitis , card iovascular disease o r  bronchopneumonia . 

Other c l inica l  condit ions �vhich have benefit ted f rom induc t ion 

inc lude preparturient prolapse of the vagina (Carre l l , 1 9 74 ; 

Herak , Makek & Tomaskovic , 1 9 7 9 ; Herak & Kunst , 1 9 7 9 ) , ' downer 

cows ' ( Vujosevic et al , 1 9 7 2 ; Mut iga & Kiptoon , 1 9 7 8 )  and 

severe preparturient udder oedema (Mutiga & Kiptoon , 1 9 78 ; 

Herak & Kuns t ,  1 9 7 9 ) . Prolonged gestations have been 

succes·sfully t e rmina ted �vith corticosteroids (Karg et a l , 1 9 7 1 ;  

Mut iga & Kiptoon , 1 9 78 ; Herak & Kunst , 1 9 7 9 ) . 
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Spence ( 19 78 )  and Plenderleith ( 19 7 9 )  tried unsucce s s fu l ly 

to treat cows with pregnancy toxaemia by induc ing premature 

partur i t ion . 

Car ter , Butler and Va lli ( 19 7 1 )  trea t ed a cow \vith 

hydrops allantoi s by indu c ing par tur i t ion using dexametha sone 

on day 2 1 1  of  pregnancy . Becaus e  the cmv developed severe 

d iarrhoea , met ri t is and pneumon ia , and died 4 days af ter 

calving , they concluded tha t the technique was t oo r isky t o  

be  useful . However ,  other workers ( Christ iansen & Hansen , 1 9 74 ; 

Vandeplassche et .al , 1 9 74 ; Herak , Hakek & Tomaskovic , 1 9 7 9 ;  

Plenderleith , 1 9 79 )  have subsequently found that induc t ion 

o f  parturi t ion using cor t icos teroids between the 7 th and 9 th 

mon ths of  pregnancy i s  gen erally a very successful means of  

t rea t in g  hydrops allantois .  

Cort icosteroid t rea tmen t will not induce parturit ion 
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i f  the calf is dead ( Ballarin i , 1 9 7 1 ;  Vanderplassche e t  al , 1 9 74) . 

1 .  4 INDUCTION OF CALVING AS PART OF  A MILK FEVER CONTROL PROGRM1HE 

Paren teral a dmin istration of  vitamin D3 or i t s  deriva t ives 

has b een used for a number of  years to prevent milk feve r in 

periparturient dairy cows . However ,  the eff icacy o f  these drugs 

depends on their b eing given w i th in the correct t ime intervc:: l 

before parturit ion . When given too soon and repeated there is 

a danger of toxic i t y .  Res earchers in Israel an d i n  Nor thern 

Ireland have receutly used corticosteroids t o  ensure that cows 

trea ted with vitamin n3 analogues calve within the opt imum 

period of t ime ( Sachs & Hurwit z ,  1 9 78 ; Bar , Sachs & Hun.;it z , 

1980 ; McMurray , Rice & McBride , 1980) . 

2 .  THE M ECHAN I SM BY  WH I CH CORT I COSTERO I DS I NDUC E PARTUR I T ION  

In recent yea rs there has developed an  appre c iat ion o f  

the central role p layed by foe tal cor tisol i n  the in i t ia t ion of  

normal calving. It  is this  und.erstanding o f  the role of 

endog�nous co r t icosteroids that has led to an explana t ion of 

the p robab le mechanism b y  >vhich c ertain synthetic c o r t icosteroids 

induce premature parturit ion . However , while the hormonal 



changes Hh ich occur in the ma ternal and foetal c irculations 

are now fairly well document e d ,  there remain some areas of 

uncert ainty about how such changes come about , and in 

s eparat in g  c ause and e f fect . 

2 . 1 CHANGES IN MATERNAL PERIPHERAL PLASMA CONCENTRATION OF 
HORNONES ABOUT THE TIME OF CALVING 

2 . 1 . 1  Cor t isol . Adams and Wagner ( 1970)  reported that 

there is a rise in mat ernal corticost eroid concen tra tion s  

during the l a s t  4 days b efore calving an d that these 

concentrat ions then dec l ine rap idly a f t er delivery . Wh ile 

most other studies have indica ted that maternal cortisol 

concentrat ions increase sometime during the last fe-.7 da ys of  

.pregnancy to  peak at or shor tly b efore delivery (Eberha rt & 
Patt , 1 9 7 1 ;  Hof fman , Schams & Karg , 1 9 72 ; Hof fman et al , 1 9 7 3 ; 

Smi th e t  a l ,  1 9 7 3 ; Hudson et al , 1 9 76 ;  Seren e t  al , 1 9 7 7 ;  

Bolte et al , 1 9 7 7 ; Rof fman et al , 1.9 7 7 )  such rises may be  small  

(We lch et al , 1 9 75 ; McGowan , l.Jelch & Hunter , 1 9 75 ; Hof fman 

et al , 1 9 7 7 )  an d ,  in some ins t ances , b ecause of individual 

variation , may not represent a s t at i s t ically s i gn i f icant 

dif ference from the norma l (Coml ine et al , 19 7 4 ; Garverick 

et al , 1 9 74 ;  Fairc lough et al , 1 9 75 ; Hun ter e t  al, 1 9 7 7 ) . 

Prepartum cor t isol concen trat ions in th e dam are repo r t ed 

to range from between 4 to 6 ng/ml ( Coml ine et  al , 1 9 74 ; 

Hudson e t  a l , 1 9 7 6 ; Hunt er et al , 1 9 7 7 ; Hof fman et al , 1 9 7 7 )  

u p  t o  1 0  o r  2 0  ng/ml (Comline e t  al , 1 9 7 4 ; Fa irc lough et al , 

1 9 75 ; Welch e t  al , 1 9 75 ; Hc C-ovmn , 1-Je lch & Hunter , 19 75 ; Hunter 

et al , 1 9 7 7 ) . The peak concen t ra t ions reported at or shortly 

before calving range from 8 to  abou t 20 ng/ml (Hudson et al , 

1976 ; Hoffman et al , 1 9 7 7 ) . 

2 . 1 . 2  Oe strogens .  A ten- fold increase in peripheral . 

p lasma oestrogen levels during the last month o f  pregnancy 

is  the first  maj or change in ma ternal steroid hormones as cows 

approach parturit ion ( Smith et al , 1973) . Over the last 4 

or s · weeks be fore calving oest rogen concent rat ions increa s e  

in a gradual fash ion un til the last week o f  gestat ion 

( Edqvist et al , 1 9 7 3 ; Smith et al, 19 7 3 ;  Welch et al , 1 9 75 )  
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when concentrat ions rise  sharply to a p eak a t ,  or even a day or 

two before , parturit ion (Hoffman et a l , 1 9 7 3 ; Smi th et al , 1 9 7 3 ; 

Mather e t  al , 1 9 74 ; Comline et  al , 1 9 7 4 ; Peterson e t  al , 1 9 7 5 ; 

Welch et al , 1 9 7 5 ; Drinan , Won g & Cox , 1 9 76 ; Seren e t  al , 1 9 7 7 ;  

S tellflug  e t  al , 1 9 78 ) . 

A very rapid dec line in plasma o es trogens begin s  at , or 

shor tly before , delivery and min imum levels  are reached within 

2 4  to 36  hours (Ho f fman , Schams & Karg , 1 9 7 2 ;  Edqv i st et al , 

1 9 73 ;  Hoffman e t  al , 1 9 7 3 ; Smi th et  al , 1 9 7 3 ;  Mather et  al , 

1 9 74 ; Comline e t  al , 1 9 7 4 ; Tsan g ,  Hacke tt  & Turner , 1 9 7 5 ; 

Peterson et  a l , 1 9 7 5 ; S t ellflug  et  al , 1 9 78 ) . 

Du ring lat e  pregnancy , oestrone is  the maj or oestrogen , 

b eing presen t  at concentrat ions 5 to 1 0  t imes higher than 

oestrad iol ( Edqvist et al , 1 9 73 ; Smi th et al , 1 9 7 3 ; Tsan g ,  

Hacket t  & Turner , 1 9 75 ) . Mather and eo-workers ( 19 74)  repor ted 

dif ferences in prepar tum oestrogen concen t rat ion s b e t�veen b reeds , 

wh ile Tsang , Ha-ck e t t  and Turner ( 1 9 7 5 )  reported cons iderab le 

variat ion between indivi duals . 

2 . 1 . 3 Progesterone . Concentrat ions of progesterone in 

maternal periph e ra l  plasma decline gradually over the last 

month or so  o f  pregnancy ( Fairclough , Hunter & Welch , 19 75 ; 

Welch et al , 1 9 75 ; Drinan , \vong & Cox , 1 9 76 ;  Hunt e r  et al , 1 9 7 7 ; 

Hoffman et  al , 1 9 7 7 )  until  one or two days prior to parturi t ion , 

a t  wh ich t ime there is a sudden sharp decline ( Edqvist  et al , 

1 9 73 ; Hof fman e t  al , 1 9 73 ; Comline e t  al , 19 74 ; Seren e t  al , 

1 9 7 7 ) . Th i s  sharp dec l ine occurs e ither sligh t ly b efore 

( Smith et a l , 1 9 7 3 )  or at the same t ime as (Hoffman , Schams & 
Karg , 1 9 7 2 )  t h e  rise iri mat ernal  cortisol . 

2 . 1 . 4  Prostaglandins . Hunter and eo-workers ( 19 7 7 )  f ound 

l i t t le change in prost aglandin F concen t rat ions in ma ternal 

p eripheral plasma unt il between 48  and 36  hours prepar tum. 

From that t ime on there \vas a gradua l increase un til  24  hours 

before d e l ivery when there \va s a d rama t ic rise to  peak levels 

during labour . In one cow they measured shor t ,  sharp peaks of  

prostaglandin F on days 1 4  and 9 prepartum, and suggested that 
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these surges of prostaglandin ac t ivity may have occurred in 

other cmvs but b een missed b ecause of the infrequent nature 

of  the sampling . 

2 . 1 . 5  Prolact in .  Concentrat ions have been reported to 

show a sharp increa se , las t in g  for about 24  hours , j ust before 

calving (Hoffman , Schams & Karg ,  1 9 7 2 ; Hoffman et  al , 1 9 7 3 ) . 

2 . 2  PLASMA HORMONE CONCENTRATIONS IN THE UTERINE AND OVARIAN VEINS 

Oestrogen concen t rat ions in the uterine  vein or the ovarian 

vein rise slowly ove r the last few weeks of ges tation b efore 

increasing sharply to a peak about 3 days b efore calving ( Pe t erson 

et al , 1 9 7 5 ; Hun ter et al , 1 9 77 ) . However ,  oestrogen concentra t ions 

are 2 to 5 t imes h igher in plasma flowing in the uterine  vein than 

in the peripheral c i rculat ion ( Comline et  al , 1 9 7 l• ;  Evans , 1 9 7 4 ; 

Peterson et al , 19 7 5 ; Hof fman et  al , 1 9 7 7 ) . Concent rat ions in the 

uterine vein ref lect more ac curat ely short term changes in 

oestrogen metabolism than do concentrat ion s in the per ipheral 

circula t ion (Hoffman , Schmidt & Schal lenb erger , 1 9 79 ) . 

Changes in conc entrat ion of  progest erone in the ut erine and 

ovar ian veins reflect  those seen in the per iph eral c irculat ion . 

Hmvever ,  in con t rast to  the oe st rogens , progest erone levels are 

lowes t  in the uterin e  vein and highest in the ovarian vein 

(Coml ine et al , 1 9 7 4 ; Evans & Wagner , 1 9 7 6 ; Hoffman et  al , 19 7 7 ) . 

Progesterone concent rat ions in pla sma from the ovarian vein may 

be 5 0  to  1 50 t imes h igher than in the uterine vein or periphera l 

c irculat ion (Fa irclough , Hun ter & Helch , 1 9 7 5 ) . 

The c oncen t rat ion of prostaglandin F in uterine  venous plasma 

does not shmv any con sisten t  changes un t i l  two or three days 

b efore term , at  wh ich t ime levels rise sharply to peak during 

labour ( Fa irclough , Hunter & Welch , 1 9 7 5 ) . 

2 . 3  HORHONAL CHANGES IN THE FOETUS 

In 1 9 7 0  Adams and Wagner suggested that the rise  in ma ternal 

plasma cortisol concentrat ions seen j us t  prior to calving might 

be the Lesult of  an increased cortisol s ecret ion by  the foetus 

and the transport of thi s  hormone across the plac enta into the 

maternal c ircu lat ion . Wh ile it is now c lear that corti sol does 
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not cross the placenta from the foe tus in s ignificant amount s  

(Hudson e t  a l , 1 9 7 6 ; Hof fman , Schmidt & Schallenb erger , 1 9 7 9 )  

there is universal agreemen t that cor tisol levels in the foetal 

calf  rise  as parturi t ion approaches . 

Be tween 20 days and about one week prepartum cortisol 

concen t rat ions in the foetus inc rease · s lowly f rom 5 to 15  ng/ml 

t o  1 0  t o  20 ng/ml . ( Comline et al , 1 9 74 ; Welch et a l , 1 9 7 5 ; 

Hunter e t  al , 1 9 7 7 ) . In the last 10  to 7 days o f  ges tation 

foetal cor tisol concentrat ions rise  more rapidly , with a sharp 

inc rease in the last few hours b efore delivery ( Coml ine et  al , 1 9 7 4 ; 

Fairclough e t  al , 1 9 7 5 ; �.Je lch et  al , 1 9 7 5 ; Hunter et al , 1 9 77 ) . 

Cor t isol concentrat ions in the foetus at , or  shortly b efore , 

delivery range from 50 to  100 ng/ml (Comline et al , 1 9 7 4 ; 

Fairclough et al , 1 9 7 7 )  in contra st to mat ernal c oncentrat ion s 

which remain be low 20  ng /ml (Fa irc lough e t  al , 1 9 7 5 ) . 

Cor tisol concentrat ions in the foetal cal f 1 hour prepartum 

are about half those  measured in the newborn calf 1 5  minutes 

a fter b irth (Comline et al , 1 9 7 4 )  and these levels reflect an 

abrupt inc rease in cortisol sec re tion by the calf in the last 

5 minu tes before delivery . Comline and his colleague s  ( 19 7 4 )  

warn that cort i sol levels measured i n  the ne,Jborn are thus 

unrepresentative of  cort isol concentrat ions in the foetus in u terc . 

Cortisol level s  in the. calf fall sharply a fter de livery (Eberhar t  

& Pat t ,  19 7 1 ;  Comline et  al , 1 9 74 ) . 

In contrast to maternal oestrogen concent ra t ion s  those 

in the foetal calf ahmv l ittle or no change as parturition 

a pproaches (Pe� erson et al , 1 9 7 5 ; Hunter et al , 1 9 7 5 )  although 

there may be  a slight increase up to ab ou t 3 days b efore del ivery 

(Hunter et al , 1 9 7 4 ; Hof fman , Schmid t & Scha llenberger , 1 9 79 ) . I t  

i s  unlikely that oestrogens cross the bovine pla centa in 

s i gnificant amount s (Hof fman et al , 1 9 7 7 ; Hoffman , Schmidt & 
S chal lenberger , 1 9 7 9 ) . 

2 . 4  HORMONAL CHANGES AS SOCIATED WITH INDUCED CALVING 

There is general agreement tha t apart  from a profound 

decline in maternal endogenous ·cortisol conc entrat ions follo\.,rin g 
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induc t ion of  calving us in g  synthet ic glucocort i c o id s , the changes 

s een prior to delivery are es sen t ially s imilar to those  preceding 

natura l b i r th .  

Fo llowing the inj ec t i on o f  ' short-a c t ing ' formulat ions of  

f lumethasone (Hoffman , Schams & Karg ,  1 9 72 ; Hof fman et al , 1 9 7 3 ; 

Drinan , Won g & Cox , 1 9 7 6 ; Mostl  et al , 1 980) or dexamethasone 

(Adams & Wa gner , 1 9 7 0 ; Evans , 1 9 7 4 ; Comline et a l , 1 9 74 ;  

Garverick et al , 1 9 7 4 ; Evans & Wagner , 19 7 6 ; Beardsley et al , 1 9 76 ; 

Bolte et al , 1 9 7 7 )  to  induce calvin g ,  ma terna l cortisol leve ls 

decrease profoun dly within a few hours and rema in depressed for 

up t o  5 days . ' Long-act ing ' formulat ions can b e  expected to  

d epres s en dogenous cor t isol  levels for  longer periods ( Stellflug,  

Loui s  & Ha f s , 1 9 78 ; Fairclou gh , Hunter & Welch , 198 1 ) . 

Un der the same regimens cort isol concentrat ions in the calf 

r emain una f fec ted prior to parturi t ion ,  but exhibit  the typica l  

sharp rise  during the b i r th proces s ( Comline et al , 1 9 7 4 )  s o  that 

con c entrat ion s  equivalent to those recorded following natura l  

b irth are found (Drinan , Wong & Cox , 1 9 7 6 ) . 

The inj ection of d exame thasone  or flumethasone in late 
-

pregnancy causes a pronounced rise in ma ternal plasma oestrogen_ 

concentrat ions ( Edgvist  et al , 1 9 7 1 ;  Evans , 1 9 7 4 ;  Ch ew e t  al , 

1 9 7 8 ) : an increase which b e gins ab out 24  hours after  admin i s t ra t ion 

of the synthetic cort icosteroid ( Evans & 'vagner , 1 9 7 6 ; Te rb lanche 

& Labuschagne , 1980) . While some workers report that total 

oestrogen concentrat ions are not s ign i fican tly d i f ferent from 

those  seen in assoc iation with natural b irth (Hoffman et al , 

1 9 7 3 ; Barth et al , 1 9 7 8 )  others report that the ra te at wh ich 

oestrogen levels increa se in the f ew days prior to calving i s  
-- -

great er i n  induced cows  ( Comline et a l , 1 9 7 4 ; Beards ley e t  a� , 

1 9 7 6 ; Bolt e  e t  al , 1 9 7 7 ) . Ma ternal leve ls at  b irth may b e  

h i gher than (Drinan , Won g  & Cox 1 9 7 6 ; Kesler e t  a l , 1 9 7 6 ) , 

lmver than (Mo s t l  et a l , 1980) , or es sent ially s imilar to 

(Hoffman , Sc hams & Karg , 19 7 2 ; Comline et al , 1 9 7 4 ; Bolte et al , 

1 9 7 7 ; Barth e t  al , 1 9 78 )  those recorded in as socia t ion with 

natural parturition . 
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Following delivery , oe s t rogen concentrations are repor ted to 
decline s harply ( Evan s ,  1 9 7 4 ; Lin dell ,  Kindahl & Edqvist , 19 7 7 ;  

Chew et al , 1 9 7 8 ; Terblanche & Labuschagne , 1980) in a manner not  
d i fferent from that s een af ter natural calving (Bolte  e t  al , 19 7 7 ;  
Chew et al , 1 9 7 8 ) . In one report , however , it was reported that 
following induced calv in g ,  oestrogens took longer than ncrmal to 
decline to  basal levels (Drinan , Wong & Cox , 1 9 7 6 ) . 

Proge sterone concentrat ions are reported to decline in 

essen tially the same pattern whe ther calv ing is natura l or 

induced ( Edqvis t  et a l ,  19 7 1 ;  Hoffman , Schams & Ka r g ,  1 9 72 ;  

Comline et al,  1 9 7 4 ;  Evans & Wa gner , 1 9 7 6 ; Drinan , Wong & Cox , 

1 9 7 6 ; Beardsley et al,  1 9 7 6 ; Kesler et al , 1 9 7 6 ; Bolte et  al , 

1 9 7 7 ; Chew et a l, 1 9 7 8 ;  Terblanche & Labuschagne , 1 9 80) . Evans 

and Wa gner ( 1 9 76 )  reported tha t the decl ine in proge s t erone 

levels seen prior to induc ed par turit ion preceded th e increase in 

oestrogen levels . 

Following administra t ion of  the ' long-actin g ' cort icosteroid 

dexametha sone trimethylacetat e ,  prostaglandin metabolit es in 

ma ternal pla sma increase gradual ly unt i l  24  hours b efore b ir th , 

a f t er which t ime they increa se abruptly unt i l del ivery . An 

increase in oes trogen concen t ra t ion precedes the inc rease in 

prostaglandin . The f ina l prec ipitous decl ine in progesterone 

concentrations before birth is s ynchronous with the f inal rise in 

prostaglandin metabolites (Linde ll , Kindahl & Edqvis t ,  19 7 7 ;  

Fairclou gh et al , 198 1 ) . 

Comline and eo-workers ( 19 7 4 )  reported that c ows  \vhich 

failed to calve  following admin i stration of dexamethasone st ill  

exhib ited a t ransient rise  in plasma oestrogen concentration s , 

and Evans and Wagner ( 19 7 4 )  no ted that such cows had s igni f icanLly 

lower oestrogen concentration s  prior to treatment than those v1hi ch 

did  calve . Cows which failed t o  calve  af ter dexamethasone 

treatment were also recorded a s - having higher pre-treatment 

conc en t rat ions of  progesterone, and a f ter  t rea tment ,  p rogesterone 

levels in these non-respon din g c mvs did not decline  as much as  

in  cows in  wh ich induc tion was  succes sful (Chew et  al , 1 9 78 ) . 
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W11�n parturit ion is induced by the administrat ion of 

dexamethasone to the calf,  materna l hormone changes are 

essen t ially ident ical to tho se recorded prior to natural calvin g ,  

b u t  change s  may occur more rapidly a s  the dose of  dexamethasone 

is increa s ed (Hunter et al , 1 9 7 4 ; Fairc lough et a l , 1 9 7 5 ; 

Fairclough et a l , 1 9 8 1 ) . 

Minor differences in hormonal changes reported by  different 

researchers may be due to dif ferences in both the int ensity and 

dura t ion of act ion of dif ferent corticost eroid formulat ions 

used , the dif ferent st ages o f  pregnancy at which calving wa s 

induce d ,  the d i f ferent sampl ing me thods used and , in addit ion , 

to ind ividua l b iological va riat ion . 

2 . 5 INTERPRETATION OF THE ENDOCRINE EVENTS PRECEDING 
PARTURITION IN THE COH 

I t  is  universally accepted that the s ignal to in i t iate 

parturition comes from the foetal hypothalamic-pituitary-adrena l 

axis (Kenn edy ,  Kendrick & Stormont , 195 7 ; Dros t ,  1 9 6 9 ; Eberhar t 

& Pa t t , 1 9 7 1 ;  Welch , Fro st & Bergman , 1 9 7 3 ; McGov1an , Welch & 

Hunter , 1 9 75 ; Hunter e t  al , 1 9 7 7 ; Thorburn , Challis & Currie , 

1 9 7 7 ;  Fairclou gh et al , 1 98 1 ;  and many others) . Ris ing foe tal 

cortisol l evels provide the s i gna l which ini t iates the  

parturit i on process  and the  t ransmission of this s i gnal to the 

maternal compar tment is  mediated not by passage of hormones 

acros s  the placenta from calf  t o  mother (Hud son et  a l , 1 9 76 ; 

Hof fman , Schmidt  & Scballenb erger , 1 9 7 9 ) , but through a change 

in the a c t ivit ies of steroidogenic enzymes in the placenta  

( Flin t , Ricke � t s  & Craig ,  1 9 7 9 ) . 

The increases in maternal cortisol levels a t  t erm arise 

more a s  a resul t  of  the process o f  par turit ion than a s  part of  

the mechanism involved in the  t erminat ion of pregnancy ( Smith 

et a l , 1 9 73 ; Hudson e t  al , 1 9 76 ; Hunter et al , 1 9 7 7 ; Hoffman 

et a l , 1 9 7 7 ) . Cort isol concentrations in the dam probab ly rise 

in response to stress and , in fact, are highest in tho se cows 

experiencing calving difficult ies (Hudson et al ,  1 9 7 6 ) . The 

incr ease in prolac t in concen trations i s  also probab ly a 

res ponse rather than an ini t ia t ing mechanism (Hof fman , 

Schmidt  & Schal lenberger , 1 9 7 9 ) . 
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Tha t the corpus lu teum in the cmv i s  the only s igni f icant 

source of progesterone during la te pregnancy is indicated by 

the high level s  of progesterone in the ovarian venous plasma 

(Edqvist et al , 1 9 7 3 ; Fa irclough , Hunter & We lc h ,  1 9 75 ; Hof fman 

et al , 1 9 7 7 ) . The h i gh levels o f  oest rogen in the uterine venous 

pla sma indica t e  tha t  the foetoplacen tal unit is the main source 

of oes t ro gens (Edqv i s t  et al , 1 9 7 3 ; Peterson et al , 1 9 7 5 ; Welch 

et al , 1 9 7 5 ; Evans & �.Jagner , 1 9 7 6 ) . The lack of change in 

oestrogen concent ra t ions in the calf rule out the pos s ib i l i t y  

that t h e  foetus i t self is t h e  s ource of t h e  increa sed oestrogen 

p roduct ion (Peterson et al , 1 9 7 5 ; Hof fman , Schmidt & Scha l 1 enberger , 

1 9 7 9 ) . 

It  i s  probab le tha t in lat e  pregnancy the rising foetal 

cortisol e ither induces the produc t ion of new enzymes or 

activat e s  pre-exis t ing en zymes in th e placenta ( Flint , Ricke t t s  

& Crai g ,  1 9 79 ) . The placenta then increases it s produ c t ion of  

oest rogens ( Edqvist  et al , 1 9 7 3 ; Fa irc lough et al , 1 9 75 ; Hun t er 

e t  al , 1 9 7 7 ; Fa irc lough et al , 1 98 1 ) . po s s ibly b y  an enhanced 

uptake and convers ion of  progest e ron e ( Comline et al , 1 9 7 4 ; 

Lindel l , Kindahl & Edqvi st , 1 9 7 7 ; Fl int , Ricket t s  & Cra i g ,  19 7 9 ) . 

Such a hypothesis would explain the gradual changes seen in 

these h ormones over the la st weeks
· 

of pregnancy . However , it 

is not proven that an enhanced convers ion of proge st erone to 

oe strogen by th e b ovine placenta is respons ible for these 

hormon a l  changes ( Fa irclough e t  al , 1 9 7 5 ; Fairclough e t  a l , 1 9 8 1 ) 

and this hypothes i s· has b een disput ed b y  some workers (Hof fman , 

Schmidt & Schallenb erger , 1 9 7 9 ) des pite the fact that i t  has 

b een c on f irmed in the sheep and goa t  ( Flint & Ricke tt s , 1 9 7 9 ; 

Flint , Ricket ts & Craig , 1 9 7 9 ) . 

The rising oestrogen c on centrat ions may thems e lv�s cause 

regre s sion of the corpus lu teum (Flint , Ricket t s  & Cra i g ,  1 9 79 ) 
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or they may induc e the produc t ion by the cotyledons of  lu t eolyt ic 

prostaglandin ( Edqvist et al , 1 9 73 ; Fairclough , Hun ter & Welch , 19 75 ; 

Hunter et a l , 1 9 7 7 ;  Fairclough et a l , 1 9 8 1 ) . Some �v-orkers , however , 

have sugge s t ed that lut eolysis  has already occurred before thi s 

fina l maj or surge of pros taglandin secret ion and tha t the h igh 

levels  of  proges t erone present up un t il tha t t ime are su f f ic ient 



to prevent the  luteolytic a c t ion of  prostaglandins ( Thorburn � 

Challis & Curr ie , 1 9 7 7 ; Hof fman , Schmid t & Schallenberger , 1 9 7 9 ) . 

The uterin e  muscula ture and b i r th canal are p repared for 

partur it ion b y  the rising oest rogen c on centra t ion s �,;rh ich 

increase u te rine c ontrac t ility and enhanc e  respons ivene s s  t o  

oxytocin and to prost aglandin s  (Edqvist  e t  al , 1973 ; Evans & 
Wa gner , 1 9 7 6 ; Henricks, Rawlings & Ellicot , 1 9 7 7 ; Thorburn , 

Challis & Curr ie , 19 7 7 ;  Hof fman , Schmidt & Schallenb erger , 1 9 79 ) . 

In summary then ,  while there rema ins some unc ertainty ove r  

whi ch hormona l  changes are ' cause ' a n d  which a r e  ' effect ' , 

there is l i t t le doubt that the ini t iat in g  s ignal for the hormonal 

cas cade wh ich t e rminates  pregnancy c ome s from th e foetal calf 

throu gh an inc rea sed secret ion of cort isol . When prema ture 

parturit ion is induced by admini stra t ion of synthetic 

corticostero ids it is this signal which is being crudely 

mimi cked (Jochle , 1 9 7 1 ;  Mc Gowan , Welch & Hunter , 1 9 75 ) . It  is 

known that some synthet ic st eroids such as  dexame tha sone readily 

cross the placenta  from the ma t erna l c irculat ion ( see Na thanielsz , 

in the d i s cu s s i on sect ion of  Ho f fman e t  al , 1 9 7 7 ) , and such 

synthetic  c ort icos t eroids presumab ly a c t iva te or induc e the 

placenta l  en zymes which are normally the targe t of endo genous 

foe tal c or t i so l .  Such a hypothesis i s  suppo rted by the c lose 

s imilarit y  of  the hormona l even t s  prec eding natural and induc ed 

calvin g .  

3 .  CORT I COSTE RO I D FORMULA T I ONS WH I CH HAVE BEEN U S E D  IN  AN ATTEMPT 
TO I N DU C E  CALV I N G  

3 . 1 CORTISOL 

Even when do ses as high as 1 g o f  the natura lly occ urring 

cor t icost ero id cort isol (hydrocortisone ) are used close  to term ,  

such t reatmen t will n o t  induce prema ture calv ing (Lauderdale , 

1 9 72 ; Hagg & Schlitz , 1 9 7 3 ; Coml ine e t  al , 1 9 7 4 ) . Simi larly , 

the use of  adrenoc or t icot roph ic hormone (ACTH) , \llh ich s t imula tes 

the a drenal cortices t o  produc e and re lease cortiso l , is not 

e f f ec t ive in bringin g  about c alvin g  (Welch , Fros t  & Bergman , 

1 9 7 3 ) . 
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3 . 2  PREDNISOLONE 

Brown and colleagues ( 1 9 70 ) repo r ted  that when 4 cows were 

inj ected int ramus cularly with 200 mg of prednisolone on two 

occas ions 24 hours apart during the last month of ge station , 

a l l  anima ls developed signs of impend ing parturi t i on ,  bu t 

none ac tually calved prematurely . 

3 . 3  METHYLPREDNI SOLONE 

1 3 3  

Ha gg and Sch l i t z  ( 1 9 7 3 ) repor ted that 40 m g  of  me thylprednisolone 

administ ered b y  int ramammary infus ion fa iled to induce premature 

calving in 10 cows between days 2 1 3 and 257 of  ges t a t ion . 

3 . 4 9a-FLUOROPREDN ISOLONE ACETATE 

Tucker an d Meites ( 19 6 5 ) noted tha t administ ra t ion of 

9a� f luoropredniso lone acetate caused udder development in pregnant 

heifer s , and warned tha t 15 mg /day for several days in la t e  

gestation may induce premature pa rtur i t ion . 

Lauderdale ( 1 9 72 ) reported tha t 9a-f luoroprednisolone 

acetate at a dose of  20 mg/ day for 3 days " . . . .  does not c au s e  

abortion , but  d o e s  tend to shorten gestat ion len gth when 

admin i s t ered �vi t h in t�vo weeks of expec ted partur i t ion . 1 1  

3 .  5 6a-9a - D IFLUOROPREDNI SOLONE SODiill1 PHOSPHATE 

When 6a-9a-di fluoroprednisolone sodium phospha t e  solut ion 

was inj ected int ramuscula rly in 1 to 3 do ses of 10 to 20 mg a t  

intervals o f  2 t o  3 day s t o  1 00 cows t ha t  were 4 t o  9 month s  

pregnan t , none aborted o r  calved premat urely . Of another 4 5  

cows with systemic disea s e  �vhich were also t reated lvith t h i s  

steroid , only 3 aborted , po s s ible becau s e  o f  the s everity of  

the ir disea s e  s ymp toms ( Ba llarini & Bonomini , 1 9 7 5 ) . 

3 . 6  EFFICACY OF CORTICOSTEROIDS LACKING A c 1 6  SUBSTITUTION 

The result s reported above .for cortisol , predn iso lone , 

methylpredniso lone , 9a�f luoropredniso lone acetate and 6a-9a­

difluoropredn isolone s odium phospha t e , have led s ome lvorkers 

t o  suggest that cort icost eroids wh ich lack a sub s t itution 

in the c 1 6 posit ion are ineffec t ive a s  inducers o f  partur i t ion 



(Jochle ,  1 9 73 ; Anon� , 1 9 7 4 ; Ballarini & Bonomini ,  1 9 7 5 ) . However , 

while in prac t ice these st eroids are rela t ively unrel iab le for 

this purpose , s t udies condu c t ed by the Syn tex Corporat ion (J . C .  

Siegrist , pers . c orn. ) have d emonstrated that both prednisolone 

and 9a -fluoropredniso lon e a cetate are , in fac t ,  capab le of 

causing premature ca lving . 

I t  may b e  tha t cor t icos teroids lacking a sub s t itution of  

the c 1 6  posit ion do not cross the placenta as read ily a s  tho s e  

\vhich do , and so may b e  l e s s  ab le to a c t iva te the stero idogenic 

enzymes \vhich in it iate the ca lving proc e s s .  It  is known tha t 

the placenta seems t o  be an e f fective barrier to cort isol 

(Hoffman et al , 1 9  7 7 ) Hh ile dexamethas one , \vhich is very 

e f f ec t ive for induc ing calvin g ,  read i ly en ters the calf  

fol lm-1ing administra t ion t o  the cow (Husband , Brand on & 

La scelles , 1 9 7 3 ; Na than ielsz , in Hoffman et al , 1 9 7 7 ) . In this 

same con t ext i t  has b een established that dexame tha sone and 

triamcinolone , both of which are capab le of inducin g  calv ing 

(Welch , Newlin g  & An derson , 1 9 7 3 ) have a greater volume of 

distribut ion and a pparently en ter cel l s  more readily than do 

cort i sol or predni solone (Araki et al � 1 9 6 5 ) . 

3 . 7  DE��THASONE SODIUM PHOSPHATE SOLUTION 

Bosc ( 1 9 7 1 ) treated 4 3 c ows int ramuscula rly with e ither 

8 mg or 16  mg of  dexametha sone as the sod ium pho sphat e ester . 

Cows were trea ted  on either day 265 or day 274  of pregnancy . 

Response t ime varied with the s iz e  o f  the dose and stage of 

pregnancy.  TI1e average interva l from t rea tment to calving 

f9r cows trea t e d  on day 2 65 was 1 2 7 . 9  hours followin g the 8 mg 

d os e ,  and 5 1 . 2  hours following the 1 6  mg dose . Cows t reated 

with these same doses on day 2 74 responded in 5 8 . 7  and 34 . 9  

hours respec t ive ly . Some cows failed t o  respond t o  the 8 mg 

dos e ,  espec ially when treat ed a t  the earl ier s tage of  

pregnancy . 

Frerking and Grunert ( 1 9 7 1 ) repor t ed that a 1 0  mg dos e  

o f  dexametha s one sodium phos phat e  woul d  reliably induce c a lving 

\vhen administ ered close to t erm , but at any t ime earlier than 

the la st mon th o f
-

ges tat ion a dose of  even 40 mg wa s unreliab l e . 
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They reported also  that heifers responded to t reatmen t less 

cons isten t ly than c ow s . 

In the last month of  ges t a t ion , doses of  d examethasone 

sod ium phospha te in the order of 16 to 20  mg have produced 

avera ge response t imes o f  b etween 3 2 . 6  hours and 6 9  hours 

(Vuj o sevic e t  al , 1 9 7 2 ; 1 9 7 3 ; Ba s e , Fevre & Vaslet de Fontaubert , 

1 9 7 5 ; Wollrab & Dittme r ,  1 9 7 9 ) : the shor ter response t imes 

b eing rec orded for cows closer to t erm . 

A f ew fa i lure s , even close to term , have b een repor ted 

(Base , Fevre & Vas l e t  de Fon tauber t ,  1 9 7 5 ; Wol l rab & Di t tmer , 

19  79 ) . 

3 . 8  ' AZIUM ' FOfu�LATIONS OF DEXAMETHASONE 

Dexamethason e ,  in various formula tion s ,  is the mos t  widely 

used and repor ted glucocorticoid suitable  for the in duc t ion of 

calving .  Many reports fail to specify the formulat i on o f  

dexame thasone used , but mos t  o f  the North Ameri can s tudies 

prob ab ly refer to a 2 mg/nu solution of  dexame thasone in the 

organ i c  solvent polye thylene glyco l ( 1 ) or to a 2 mg /ml aqueous 

suspens ion of dexame tha sone < 2 ) . S teroids inj ec ted in organic 

solven t s  frequen t ly precipi t a t e  at inj ection sites ( Ballard & 

Nel son , 1 9 70 ) , an d i t  i s  not unrea sonab le to expec t simi lar  

b ehaviour from dexamethasone in  polyethylene glycol (W . B .  Youn g ,  

Schering Corpora t ion , pers . corn . ) . Ab sorpt ion of such 

precipita ted s t eroia occurs as from an aqueous suspension .  For 

th i s  reason , no great dif ferences in e f fect b etween the two 

'A�ium ' formula tions n eed b e  anticipated , and so no a t temp t to 

dis t inguish between them is made in the following discuss ion . 

Dexame thasone , specified only as ' Az ium ' , was the 

formula tion used in the first reported s tudy of cor ticost eroid­

induced calvin g (Adams , 1 9 6 9 ) . Adams t reated 22 cows b etween 

days 2 35 and 280 of gestation with an int ramuscular inj ect ion 

of 20 mg of dexame thasone . Nine teen o f  the 22 calved wi thin 

22 to 56 hours , w i th the mean response t ime b eing 45 hour s . 

( 1 ) 'Azium Solution ' , Scher ing Corporat ion , Kenihmrth , USA 

( 2 ) ' Azium Aqueous Suspens ion 1 ,  Schering Corpora tion , Kenih.rorth , 
USA . 
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In a s tudy aimed at  reduc ing dystocia associated with foetal 

oversize and attempt ing to s ynchronise the calving period with 

availab il i ty of labou r ,  . Beardsley and eo-worker s  ( 19 74 ) induced 

dairy cows pregnant for 2 7 3  days using doses of  20 mg or greater . 

The ave rage response t ime was 4 5  hours and the average ges tation 

length was shortened by 5 days as  compared to untreated cows . 

Calving diff iculty was greater in the induced cows , however ,  

b e cause o f  inadequate preparat ion o f  the b ir th canal . 

Wagner , \Hllham and Evans ( 1 9 74 )  used an ' Azium ' formulat ion 

o f  dexame thasone in a tria l  designed to assess the us efulnes s of  

inducin g  parturi tion in b ee f  cattle as a management technique 

under condit ions s imi lar to those found in the f i e ld . The dose 

used ranged from 20 to 60 mg and cows \vere inj ected 7 to 1 4 days 

before their expe cted calv ing da t e . There v1ere some failures 

( 30 of 189 ) among the cows receiving a lower dose rat e ,  but mo st 

cows calved be tween 36 and 60 hours af ter inj e c t ion , 48 hours 

b eing the mean response t ime . 

S imilar results are report ed from other maj or s tudies 

where ' Azium ' formulation s have b een used (Huller et al , 1 9 7 5 ; 

Bea rdsley e t  al , 19 7 6 ;  Ke sler e t  al , 1 9 7 6 ) . The r esponse time 

is shor ter in cmvs treated closer to term (Adams & Wa gner,  1 9 70 ) . 

3 . 9 ' DEXAMETHASONE ' , FORMULATION NOT SPEC I FIED 

Several s t udies have been reported in vlhich nei ther the 

formulat ions of dexamethasone u sed , nor their source , are 
' 

spec if ied . Fol�owing adminis trat ion of  20  mg doses of  these 

formulat ion s during the last three weeks of pregnancy mean 

response t imes were reported as 3 1 . 3 ,  5 7 . 4  and 5 2 . 5 ,  44 . 5 ,  4 7 . 7  

5 2 . 8  and 44 . 5  hours (Levis , Slyter & Cotton , 1 9 74 ; LaVoie , Winter 

& Moody , 1 9 7 7 ; Pipe r , Comb s & Peterson , 1 9 78 ; Barth et  al , 1 9 78 

and Davis e t  al , 1 9 7 9 , respect ive ly ) . 

For the dexame thasone formulat ions so far d iscus sed , ' failur� ' 

ra tes , tha t i s ,  cows not c alving \vi thin 72 hours of  inj ec t ion , 

may range as h igh a s  1 0  t o  20% , even amongs t cmvs treated during 
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the las t three weeks o f  ges tat ion (Adams & Wagner , 1 9 70 ; Levis , 

Slyter & Cot ton , 1 9 74 ; Beardsley et al , 1 9 7 4 ;  Evans , 1 9 74 ; 

Bosc , Fevre & Vaslet de Fontaub ert , 19 75 ; Garver ick et al , 

19 74 ; Kesler e t  al , 1 9 76 ; Earth e t  al , 1 9 7 8 ;  Davis et al , 

1 9  79 ) . 

3 . 10 DEXAMETHASONE IN INTRA}�RY FORMULATIONS 

Fif t een of 103 cows t rea ted with an intramammary 

mas titis preparation conta ining dexame thasone aborted or 

calved prematurely \-lithin 1 to 13 days . The total dose 

a dministered ranged f rom 1 0  to 40 mg , ( Gindel l e , Buchegger & 

Meyer , 1 9 7 1 ) . In ano ther s tudy , 5 out of 10 cows t reat ed with 

10 mg /quarter between day 2 1 3 and day 256 of ges t at ion ca lved 

within 3 days ( Ha gg & Schli t z , 1 9 7 3 ) . Ballar ini ( 19 73 ) 

reported that par turi tion was in duced more f requen t ly b y  

int ramammary dexame thasone a s  ges t a t ion advanced and milk 

production declined . He also reported that the effect was 

dose  re la ted . 

3 .  1 1  DEXAJ1E11iASONE METASULPHOBENZOATE SOLUTION 

Holness and Sprowsan ( 1979 ) induced parturi tion in 1 1  

cows and heifers u s in g  an in tramuscular inj ect ion of dexame thasone 

metasulphob enzoa t e  solution . A dose of 50 mg inj ected b e tween 

days 2 6 2  an d 2 7 1  of ges ta t ion induced calving with in 42 to 7 3  

hours ; 1 3  days earlier , o n  average , than unt rea ted con t rol 

cm�s.  

3 . 1 2 DEXAMETHASONE I SONICOTINATE 

A 20 mg dose of dexamethasone isonicotinate  suspension ( 3 )  

h a s  proven sui tab le a s  a means o f  inducing premature 

par turi t ion in cows with a variety of disea s e  c ondition s  

(Hansen & Chr istiansen , 1 9 7 1 ;  Chr i s t iansen & Hansen , 1 9 74 ) ; 

most animals c alving within 4 days o f  inj ec t ion . 

A group of 20  heifers treated with this preparat ion 

b etween days 269 and 280 of ges t a t ion had a mean respon s e  

t ime o f  42 . 2  hours , a n d  c a lved , on average , 5 days earlier 

than un treated control animals ( Gruner t , Ahl ers & Joch le , 

19 75 ) . 

( 3 ) ' Voren ' , Boehringer Ingelheim ,  German Federal Repub l ic 
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3 . 1 3 ' SHORT-ACTING ' AND ' LONG-ACTING ' FORHULATIONS OF 
CORTICOSTEROIDS 

The cort icos t eroid formulat ion s discussed up to this point 

are usual ly d escrib ed as ' shor t-act ing ' ( S . A . ) . They are 

inj ec t ed as solutions or as d i lu t e  aqueous sus pens ions of  fine 

par t ic le s  '"hich dissolve rela t ively rapidly in b ody f luids . 

Such S . A .  formulat ions are rap idly ab sorb ed , produc ing peak 

b lood c oncentrat ions within a f ew hours of inj ect ion and 

are e liminated f rom the b ody '�i th in 3 days (Anon . , 1 9 7 7 ) . 

S o  cal led ' long-ac t in g ' (L . A . ) or  depot formul a t ions of  

cor t icos teroids may also b e  used to induce par turi t ion . Such 

formula t ions may be prepared hy a variety of me thods ( verme, . len , 

1 9 7 5 )  which result in a preparat ion which is ab sorbed on ly 

s l owly following inj ect ion . Depot cor
.
t i costeroids t ake 2 

t o  4 days t o  ach ieve rela t ively l mv peak b lood c oncen t rat ion s 

which may , however , take two or mor e weeks to dec l ine t o  

unde tectab l e  l eve l s  (An on . , 1 9 7 7 ) . 

When used to ind uce c a lv ing , these two d i f f e rent classes 

of cort icos teroj_d formula ti on differ in their e f f ec t s .  

3 . 14 DEXAMETHASONE TRIMETHYLACETATE 

Of the L . A .  corticos t eroid formula t ions , dexamethasone 

t r ime thylac etate (TMA) suspens ion (5 mg/ml) ( 4 ) has b een the 

mon t  wid e ly used for the induc tion of  calving . 

Following int ramuscular inj ec tion into c a t t l e ,  this 

es t e r ,  which has very l ow aqueous s o lub ility , takes 2 to 3 

days t o  produce peak b lood concent ra tions of d examethasone 
' 

(Mc C..owan , \ve lch & Hunte r ,  1 9 75 ; Fairc lough,  Hunt er & Welch , 

1 98 1 ) . 

Welch , Ne\vl ing and Anderson ( 1 9 7 3 )  first repor ted on the 

u s e  of dexamethasone TMA to induce calving. Several hundred 

cov.rs were inj ected int ramuscularly with 20 mg at an ave ra ge o f  

33 days b e fore the expec ted c a lving date . The average response 

( 4 )  ' .Op ticortenol ' , Ciba-Ge i gy ,  Basel , Switz erlan d . 
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t ime was 1 6 . 3  day s ;  much longer than the response t ime expec ted 

for the S . A .  formulat ions so far discus sed . However , the cows 

in this t rial calved on average 16 . 7  days prematurely ; earlier 

than ob t ainable w ith the S . A .  c o r t icost eroids . The earlier in 

pregnancy a cow wa s t reated , the longer the response t ime ( 0 . 16  

days lon ge r  per day of gestat ion ) . 

Less  than s ix months af ter the report by Welch , Newlin g  and 

Anderson , Bailey and eo-workers ( 19 7 3)  reported on a t rial in 

which 15 Fries ian cows were g iven 30 mg of dexame thasone TMA b e tween 

days 2 40 and 252 of ges tat ion . All calved between 4 and 20 days 

after treatment (mean 1 2  . 1 ) ,  l-li th no apparent rela t ionship 

(probably b ecause  of th e sma l l  numb er of animals involve� ) 

b etween r es ponse t ime and s t age of ges t a t ion . Calve s were born 

14  to 32  (mean 2 3 . 7 ) days prema turely . 

Several other workers have used doses of  between 2 0  and 30 mg 

of dexame thasone TMA ,  in cows b e tween 2 1 9  and 2 70 days pre gnant , 

to induc e c alv ing within 7 t o  45 days o f  treatment (O ' Farrell & 
Crowley , 1 9 7 3 ;  1 9 7 4 ; Bachmann et  al , 1 9 75 ; Thomas , 1 9 75 ; Sloan , 

1 9 7 6 ) . Hean response t imes are repor t ed to be b et\veen 1 1 . 5 and 

14 days (O ' Farre l l  & Crm-1ley , 19 74 ;  l1cGowan , Welch & Hun t e r ,  19 75 ; 

Sloan , 1 9 76 ; Welch , Crmvford & Duganz ich , 1 9 7 7 )  and c a lves have 

b een born an average of 14 . 6  days prema tu rely (Mc Gowan , Welch 

& Hunt er , 1 9 75 ; Welch , Crawford & Duganzich , 1 9 7 7 ) . 

The response to dexameth asone THA i s  more variab l e  than 

the response to S . A .  corticosteroids , but cows may be induc ed t o  

calve considerab ly earlier i n  pregnancy . The variab i l i ty in 

response to L . A .  cor t icosteroids may b e  no greater than the spread 

of na tural calvings on either s ide of a mean ' normal ' ges tat ion 

length . For inst anc e ,  cows ca lving in response to a s ingle 

inj ect ion o f  20 t o  25 mg of dexame thasone TMA do so over a 

period ran ging f rom 17  to 1 8  days (Bailey et al , 1 9 7 3 ; O ' Farrell 

& Crowley , 1 9 74 )  to 22 or 2 3  days (Welch , Newl ing & Anderson , 

1 9 7 3 ; Welch , Crawford & Duganz ich , 1 9 7 7 ) . 

In the tria l reported b y  Bailey and colleagues ( 19 73 )  

untreated control cows calved over a period of 1 8  days about 
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their mean calving date . MacMillan and Curnow ( 19 76 )  f rom a 

s tudy involving well over 2 5 , 000 untreated New Zealand dairy 

cows in a s ingle s eason , reported a 2 1  day spread ab out the 

mean calving dat e . When data were corrected  for poss ib le 

recording errors , MacMil lan and Curnow reported a standard 

deviat ion of 4 . 5  days about the mean ges t a tion period of  282 

days . However , when uncorre cted data were used , data which 

inc luded probab le errors in record ing the date of ins eminat ion , 

as may occur on the farm, a s t andard deviation of  1 3 . 9  days 

was calculated . This  latter figure is  greater than the s tandard 

deviation of 9 . 9  days reported by  Welch , Crawford and Duganz ich 

(- 1 9 7 7 )  for cows induc ed in their  f ield trial . Welch and 

Kal tenbach ( 19 7 7 )  report ed a standard deviat ion of  9 . 8 days 

for the calving date of their  untreated control cows . 

Dexamethasone THA is \videly used as  the f irst inj ect ion in 

a two-inj ection regimen to in duce premature calving ( Hc Gowan , 

Welch & Hunter , 1 9 75 ; Welch , Crawford & Duganzich , 1 9 7 7 ; Welch 

et al , 1 9 7 9 )  and i t s  use in this  context is discussed in a later 

section ( 3 . 25 ) . 

3 . 1 5  DEXAMETHASONE TMA WITH PREDNISOLONE 

Severa l workers have induced premature partur i t ion with a 

formulat ion of dexamethasone TMA ( 2 . 5  mg/ml) in comb ina t i on with  

prednisolone ( 7 . 5  mg /ml) ( 5 )  (Kelly , Hc lennan & Bell , 1 9 73 ; 

O ' Farre l l  & Crowley , 1 9 7 3 ; 1 9 74 ; Bachmann et al , 1 9 7 5 ; Lindell , 

Kindahl & Edqvis t ,  1 9 7 7 ) . When a par t icular dose of  

dexamethasone TMA is  administered either alone or a s  the 

comb inat ion produc t ,  the respons e  time is essent ially similar 

(Bachmann et al , 1 9 7 5 )  which is to be expected in ligh t  of  the 

low e f ficacy of prednisoione as an agen t for inducing 

par turit ion (Brown et al , 1 9 70 ) . Any response to this 

comb ination product is thus l ikely to  b e  due to the 

dexametha sone component alone . 

( 5 )  ' Opticortenol-S ' , Ciba-Ge igy , Basel , Switzerland . 
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3 . 16 DEXAMETHASONE ISONICOTINATE IN LONG-ACTING FORMULATION 

A L .A .  formulation of  dexame thasone isonic o t inate C 6 )  has 

been used as the first  inj ect ion in a two-inj e c t ion regimen t o  

induce calving (Welch e t  al , 1 9 79 ) . O n  average , cows t h a t  were 

3 weeks or less from term at the t ime of t reatment calved 

within 7 days of receiving 2 1  mg of this formula t ion and b efore 

receivin g  a s econd inj ect ion . 

3 . 1 7  DEXAMETHASONE PHENYLPROPIONATE HITH DE:XAHETHASONE 
SODIUM PHOSPHATE 

Some workers have induced parturi t ion in cows with a 

formulation consist ing of 2 mg/ml o f  dexamethasone as the L . A .  

phenylpropionate est er suspen ded in a 1 mg/ml solut ion o f  

dexametha sone sod ium phosphat e C 7 )  (Allen & Herrin g ,  19 7 6 ; 

Terblanche , Kritz inger ·& Van Heerden , 19 76 ; Mu t i ga & Kiptoon , 

19 78 ) . 

In a large field trial Al len and Herring ( 1 9 76 )  

administered 10  m l  of  this formulat ion t o  7 16 dairy cows , 6 4 . 5 %  

o f  which calved �vithin 1 1  days . Treatment had b een admini s tered 

between 5 . 5  and 8 months of  gestation . 

Terblanche ,  Kri t z inger and Van Heerden ( 19 7 6 )  administ-ered 

13 ml of the same formulat ion to a line of 17 heifers in an 

at t empt t o  mi�imis e  an ant icipa t ed dystocia prob lem.  Trea tment 

,.,as given on about  day 26 7 of pregnan cy and 1 5  of the heifers 

calved b etween 36 and 60 hours a f t erwards (mean 5 2  hours ) . 

S imilar resu l t s  were report ed by  Mu t iga and Kiptoon ( 19 78 ) . 

\�ile  th� results reported  by Allen and Herring ( 1 9 7 6 )  are 

_ apparen t ly s imilar to  those expec ted following administrat ion 

of a L .A .  dexame thasone formulat ion prior to the last month o f  

gestation ( 3 . 14) , the rather short response t imes report ed by  
. 

Terblanche ,  Kri t z inger and Van Heerden ( 19 7 6 )  an d Mu t i ga and 

Kiptoon ( 19 7 8 )  ind icat e  tha t nearer t o  term it is probab ly the 

dexamethasone sodium phosphat e  component of this formula t ion 

( 6 )  ' Vo ren AP ' , Boehringer Ingelheim , German Federal Repub lic 
( 7 )  ' Dexafor t ' , Interve t , Boxmeer , The Netherlands 
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which ach ieves the desired resu l t . 

3 . 18 BETAMETHASONE ALCOHOL 

A short-ac ting 2 mg/ml suspension of be tamethasone alcohol C B ) 

was employed by  Plenderlei th ( 19 7 4 ; 1 9 7 9 )  to  minimise dys t o c ia 

problems . Doses of 20 t o  30 mg admini stered approxima tely 10 t o  

1 4  days b e fore term caused most cows t o  calve within 72  hours , 

although the author warned that a fai lure rat e  of 5 to 1 0 %  can 

be expec t e d . 

In two t rials , reported by O ' Farrell and Langley ( 19 75 )  and 

O ' Farrell ( 1 9 7 9 ) , a t otal of  95 late-calving dairy cows were 

t reated w i th 40 mg of betamethasone alcohol . Cows were inj ected  

intramuscularly between days 255 and 288 of pregnancy an d ,  in 

the two t rials , 7 5 %  and 7 2 %  calved within 4 or 5 days of 

receiving a s in gle inj e c t ion . 

The mean respon s e  t imes of 60 , 62  and 69 hours report e d  by  

Plenderleith ( 19 74 )  and 62 and 5 1 . 3  hours reported  by O ' Farrell 

and Langley ( 19 75 )  and O '  Farrell ( 19 79 ) , are s imilar to those 

reported for S . A .  dexamethasone formulations administered at a 

s imila r s tage of  pregnancy (3 . 7  t o  3 . 12 inc lus ive) . 

3 . 1 9  BETA11ETHASONE ALCOHOL , LONG-ACTING FOR...\flJLATION 

Diskin and Box ( 19 8 1 )  report e d  on a small trial in wh ich 

a L .A .  formulat ion of betamethasone wa s used as the first inj ect ion 

in a t•vo- inj e c t ion regimen . Two-inj ect ion regimens are discus sed 

b elow ( 3 . 2 5 ) . 

3 . 20 FLUMETHASONE SOLUTION 

Aft e r  dexame thasone , f lumethasone is the s t eroid mos t  

widely inves t igated f or use in the indu c t ion of calving . I t  i s  

the mos t  potent of the corti costeroids studied , having u p  t o  

5 0  t imes t h e  glucogenic act ivi t y. o f  dexame thasone in rat s  

(McDonald � 19 7 7 )  and 4 t imes the a c t ivity in calves n�ool l e t t  

& Evans , 19 7 1 ) . 

( 8 )  ' Bet solan Inj ec t ion ' : Glaxovet L t d . , Greenford , U . K .  
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The ab ility o f  f lumethasone to induc e premature calving 

was f irst reported by Brown and colleagues ( 19 70 ) who , in 1965 , 

a dministered doses o f  2 . 5  mg twice in the space o f  24 hours t o  

3 cows in late gestat ion . The cmvs calved within 24 to 3 6  hours 

to produce calves which were 20 to 33 days prema ture . 

Os inga , S tegen ga and Jochle ( 197 1 ) administered s ingle 

in tramuscular doses of  2 . 5  mg , 5 mg or 10 mg of f lumethasone to 

26  cows and heifers b e tween days 268 and 2 70 of gesta t ion . 

Twenty-three calved within 72 hours , but 3 of the 10 given the 

smaller do se failed to calve for 7 to 9 days , despite th e fac t 

that signs of impendin g  parturit ion did develop in response to 

the corticosteroid . The mean re sponse t ime was 4 7 . 4  hour s .  

Bal larini ( 1 9 7 1 ) a l s o  studied the effec t s  of  s ingle doses 

of f lumethasone rangin g from 2 . 5  mg to  10 mg and administered  

at  different stages of  pregnancy . No  dose  was ef fective a t  l ess  

than 2 30 days gestation .  After 2 60 days , 12  of 1 3  animals  

ca lved b etween 1 2  and 48 hours a f t er receiving either a 5 mg or  

1 0  mg dose . 

While doses of  f lume thason e a s  low as 3 . 5  mg are reported 

to produce reliab le result s  when administ ered in the last 12 days 

of  ges tat ion ( Poncelet  & Moody , 1 9 7 5 ) most  workers have chosen 

to  use s ingle 1 0  mg doses to induce calving (Karg et a l , 1 9 7 1 ; 

Jochle et al , 1 9 7 2 ; Vuj os evic et al , 1 9 73 ; Wint ers et al , 1 9 7 4 ; 

La Vo ie et ql , 19 75 ; Drinan , Wong & Cox , 1 9 7 6 ; Hoerlein & Jones , 

1 9 7 7 ) . Doses as high a s  1 5  mg ( Poncelet & Moody , 1 9 7 6 ) and 

20 mg (Kudlac , ,  1 9 7 8 ) have also been used . Trea tment administ ered 

in the las t three weeks of pregnancy has produced mean response 

t imes ran ging from 3 2 . 7  to  58 hours (Vuj osevic et al , 1 9 7 3 ; 

Winters et al , 1 9 7 4 ; La Voie et al , 1 9 75 ; Drinan , Wong & Cox , 
' 

19 76 ; Poncelet & Moody , 1 9 76 ; Hoerlein & Jones , 1 9 7 7 ) . The 

percent ages of cows failing to calve within 7 2  hours range from 

2 . 5% to .2 9 %  (Karg e t  a l , 19 7 1 ;  
·
Jochle et al , 1 9 7 7 ) . The closer 

cows are to  term , . th e  more quickly they respond to  f lurnetha sone 

(Vuj osevic et al , 1 9 7 3 ; Dr inan , Wong & Cox , 1 9 7 6 ; Kud lac , 19 78 ) . 
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As is  the case  with dexame thasone (Bos c , 1 9 7 2 ) , a t  a given s tage o f  

pregnancy larger doses produce shorter response t ime s (Osinga , 

Stegenga & Jochl e , 19 7 1 ;  Win t ers et a l , 19 74) . 

Induc t ion regimens using 2 or 3 inj ec t ion s of f lume thasone 

solut ion have been described (Lauderdale , 1 9 7 2 ; Kor d t s  & Jochle ,  

19 7 5 ; Graver t & Kord t s , 1 9 7 9 ) . Lauderdale  ( 19 72 )  wa s able to 

indu c e  par turit ion in all of 5 cows  trea ted at days 2 15 ,  2 1 6 

and 2 1 7  of  gesta t ion with 3 succes s ive 5 mg doses o f  f lumetha sone . 

In t erms o f  response-t ime , ' fa ilure ' rat e  and the s tage of  

ges t a tion a t  which parturit ion may reliab ly be  induced , 

flumetha sone solu t ion . i s thus very similar in effect  t o  S . A .  

formu l a t ions of dexamethasone and b etame thasone .  I t  may, hmvever , 

b e  relied on to induce calving a t  dose� one quarter to  one hal f  

o f  thos e  of  the o ther two s teroids . 

3 . 2 1  FLUMETHASONE SUSPENS ION 

Welch , Newl in g and Anderson ( 19 7 3 )  repor ted a trial in 

which f lurnethasone , formulat ed as a L .A .  su spension , was compared 

with t•w other L . A .  cor tico s t eroid s .  A s ingle 10  mg dose of the 

f lumet ha sone suspension was admin i s t ered to  1 65 cows which \vere , 

on average , 30 . 5  days from the ir expect ed calving dat e .  The 

mean res ponse t ime was 10 . 2  days , short er than the response t ime 

for the o t her L . A .  st eroids t es t e d  and short er than the respon se 

t imes repor ted for dexame tha sone TMA in other t r ials  ( 3 . 1 4 ) . 

While the response t ime to  f lumethasone suspens ion is  much 

lon ger than the re sponse t ime rec orded for f lume thasone solu t ions 

( 3 . 20) , c ows c an b e  induced to  calve much earlier in pregnancy 

when the L .A .  suspens ion is used . 

3 . 22 FLUMETHASONE GRANULATE FOR ORAL ADMINISTRATION 

Wh en flumet hasone so lu t ion ·i s administered to c ows b y  

int ramuscular inj ec t ion there is  a sharp inc �ease i n  blood.  

glucose  concen t rat ion s .  Peak l evels occu-r withi n  18  t o  22  hours 
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However , oral administra t ion of  a suspens ion o f  f lumethasone 

produces a less  marked elevat ion of p lasma glucose which takes 

about 36 hours to  reach i t s  maximum but which is then mainta ined  

for  a further 24  to  36  hours (Mullin g ,  1 9 70) . The oral 

formulation o f  flumethasone can thus b e  considered ' long-a c t in g ' 

(Jochle , 1 9 7 1 ) . 

Os inga , S tegenga and Jochle ( 19 7 1 )  treat ed 1 1  cows and 

heifers orally �ith either 5 mg or 20  mg of f lumethasone 

granulat e suspended in water . Treatment was administered on 

day 2 70 of gestat ion and 7 of the treated animal s  calved 

wi thin 3 day s .  Another showed s igns of impending parturit ion 

which regres sed , with a ca l f  being eventually born 9 days 

later . ' Th e  rema ining 3 showed no response to treatment . 

3 . 23 TRIAMCINOLONE ACETONIDE 

The L . A .  steroid triamcinolone ac etonide was compared 

with dexamethasone 11� or f lumethasone suspension by Welch , 

Newling and Anderson ( 1 9 73 ) . A s ingle 3 0  mg dose of 

triamc inolone induced calving in 1 66 cmvs which were , on 

average , treated 35 . 3  days b efore their expec t ed calving dat e .  

The mean response t ime '"a s  15 . 8  days , s imilar to that ob served 

for dexamethasone TMA . However ,  s ignificantly more dead calves 

were born to  cm-vrs treat ed w ith triamcinolone .  

The recommended ' therapeutic ' dos e o f  triamcinolone 

acetonide for ca t t le is 12 to 30 mg (McDonal� , 19 7 7 ) . Davi s  

and eo-workers ( 19 7 9 )  used low doses of  4 to 8 mg , administe red 

8 to 12 days b e f ore ter� as the f irst of a two-inj ect ion regimen . 

Two out o f  15  cm-vrs thus treated calved b efore a second 

cort icosteroid inj ect ion could be administered 6 days a f t er the 

triamcinolone . 

3 . 24 INTRAVENOUS INJECTION OF CORTICOSTEROIDS 

The re sponse t ime following an intravenous inj ect ion o f  
• 

f lumethasone  (Carroll ,  1 9 7 4 )  or dexamethasone (La Voie , W in t er 

& Moody , 19 7 7 )  is  no shorter than when the intramuscular route 

of  administration is  u s ed . There may b e  a s ignifican t ly 
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greater inc idence of  dystocia , however , following intravenous 

inj ection (La Vo ie , \-linter & Moody ,  1 9 77 ) . 

3 .  25 Tl-lO- INJECTION TREATMENT REGIMENS 

In an attempt to improve the prec ision and reliab ility 

o f  the technique of induc t ion of  c a lv ing and to reduce s ide 

e f fec t s , various two-inj ect ion treat ment schedules have b een 

examined .  

In s itua t ions where cows are knmvn to b e  c lo s e  to term, 

t reatment schedules involving two inj ec t ions of S . A .  cort ico­

steroids administ ered 12 to 24 hours apart have b een reported 

(La Voie et al , 1 9 7 5 ; Kordt s & Joch1e ,  19 75 ; La Vo ie , Winter 

& :tvloody , 1 9 7 7 ; Graver t & Kordts , 1 9 79 ) . In some schedules 

one of the inj ect ions pas b een administered int ravenously , 

but administrat ion by t h is route has no advanta ge over 

int ramuscular inj ect ion ( La Vo ie , Win ter & :tvloody , 1 9 7 7 ) . Only 

one of these invest igat ions (La Voie et a� 1 9 7 5 )  compared a 

s ingle inj ect ion with a two-inj ect ion regimen in the same tria l .  

Two 5 mg inj ect ion s of  f lume thasone administered 1 2  hours apar t 

were compared \vith a s ingle 10 mg inj ect ion . Treatment was 

administ ered 8 to  1 3  days b e fore term and no s i gnif i cant 

dif ferences  in effec t s  'vere demon stra ted . 

When induct ion o f  calving is  at t empted rela t ively early 

in pregnancy and/or the expected calving da tes are unknown, 

two cort icosteroid inj ect ions administ ered s everal days apart 

have produced good resul t s .  The corticosteroid formulations 

used may b e  shor t-ac t ing ( Poncelet & Moody , 1 9 7 5 ) , long-ac t ing 

(McGowan , Welch & Hunter , 1 9 7 5 ; S loan , 1 9 76 ;  Allen & Herring , 

1 9 7 6 ; Welch , Crawford & Duganz ich , 1 9 7 7 )  or the f irst 

inj ec tion IDay be a L . A .  steroid and the s econd a short-ac t in g  

one (McGowan , Welch & Hunter , 1 9 7 5 ; Welch , Crawford & 
Dugan z ich , 1 9 7 7 ; Welch et al , . 1 9 7 9 ; Davis et al , 1 9 79 ; Ho lden 

& Reader , 1 9 79 ; Diskin & Box , 19 8 1 ) . 

While  an init ial inj ect ion o f  S . A .  cort icosteroid has 

a ' priming ' ef fect lead ing to  a b et ter respon s e  t o  the secon d  
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inj ect ion 7 days later ( Poncelet  & Moody , 19 7 5 ) , the b est  results 

are ob tained when an init ial inj ect ion of L .A .  s t eroid is 

f o llowed 6 t o  12  days later by an inj ection o f  a S . A .  formulation 

( Mc Gowan , Helch & Hunt er , 1 9 7 5 ; Welch , 1 9 7 7 ;  Welch , Crawford & 

Duganzich , 1 9 7 7 ) . The b lood p rofile of  glucocort icoid produced 

b y  such a regimen more closely mimic s  the pat tern o f  foetal 

cort isol  secret ion which occurs prior t o  natural parturit ion 

(McGowan , Welch & Hunter , 1 9 75 ) . 

Inj e c t ion schedules in w·hich an in itial ' priming 1 dose 

of  cort icosteroid is follmved s ome day s later by an inj ec t ion o f  

a prostaglandin analogue have b een reported too ( Bas e ,  Fevre & 

Vas l e t  de  Fontaubert , 1 9 7 5 ; Beal et  al , 1 9 7 6 ;  Day , 1 9 7 7 ; Day , 1 9 7 9 ; 

Wel ch e t  al , 19 79 ) , but will no t be further discus sed here . 

S ingle inj ect ions of  L .A .  glucocor ticoids are abl e  to indu c e  

ab ortion . or parturit ion a s  early as the middle t r imester of  

pregnancy ( Sloan , 1 9 7 6 ) , but the respons e  t ime is  very variable , 

ranging from 6 to  29 days (Helch, New ling & Anderson , 19 7 3 ;  3 .  1 3 ) . 

The  administrat ion of  a S . A .  formulat ion 6 to 1 2  days a f t er the 

long-ac t ing one will result  in most calves b eing b orn w ith in 3 
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days a f t er that second inj ect ion (Mc Gowan , Welch & Hunter , 1 9 7 5 ; Welch , 

& Kaltenbach , 1 9 7 7 ;  Welch et al , 1 9 7 9 ; Davis  et a l , 1 9 79 ) .  The 

res ponse to this second inj ect ion is thus very s imilar t o  the 

response seen following a s in gle S . A .  corticost eroi d  inj ect ion 

during the last two
.
or three weeks of pregnancy and the 

undesirab le variab ility in response to L . A .  corticost ero ids 

alone i s  e liminated . 

Ini t ia l  doses of  cort icosteroid that are by  thems elves 

t oo small  to induce c alving may , through their ' pr imin g '  act ion , 

provide for a more predictab l e  response to  a second  inj ec t ion 

administered some days later and may reduce the inc idence of 

und esirab l e  s ide effects  ( Ponc e l e t  & Moody , 1975 ; Davies et al , 

1 9 79 ) . 



4 .  E FFECTS OF I N DUCED CALV I N G  ON THE  CALF 

4 . 1 CALF MORTALITY FOLLOWING INDUCED CALVING 

Mortal ity amongst calves born as a result of induced 

parturit ion is  main ly , but not solely , a funct ion of  th eir 

prematurity (Adams , 1969 ; Welch , Newling & Ander son , 19 73 ) . 

Most  \.,lorkers report that when calving is induced by S . A .  

glucocort icoid formulat ions administered within about 2 weeks 

of t erm , li tt l e  or no dif ference is seen in the numb er of 

s t illb i rths , in c alf  1 Yigour ' or in calf viabi lity (Osinga , 

Stegenga & Jochle , 1 9 7 1 ;  Hansen & Chr ist iansen ,  1 9 7 1 ; 

Vuj osevic et al , 1 9 7 3 ;  La Vo ie & Moody , 1 9 7 3 ;  O ' Farre ll  & 

Crowley , 19 7 4 ; Plenderleith , 19 74 ; Poncelet & Mood y ,  19 7 5 ) . 

Despite these ob s erva tion s ,  in some trials grea ter calving 

diff iculty has b een recorded in the induced cows (Winter e t  a l , 

1 9 7 4 ; La Voi e  et al , 19 75 ; Muller et a l , 1 9 75 ) . 

Res earchers are not unanimous ,  however ,  on this subj ect . 

Christ iansen and Hansen ( 19 7 4)  induced cows in the last 3 weeks 

of gestat ion and recorded 1 5 %  st illb irths from cows calving 

within 4 days o f  treatment and 23%  f rom cows taking longer . 

They no ted mor e  st i llb ir ths from cmvs t reat ed b efore day 27 7 of  

gestation , but  reported tha t there was no increase in mortalit y  

during the f irst  8 days o f  l ife among calves born alive . This 

latter f inding is  in contrast to that o f  Wollrab and Di t tmer 

( 19 7 9 )  who trea t ed cows prior to day 2 7 5  of ge station and 

reported that calf losses in the first  4 weeks of  life  were 

twice as great as occurred in calves b o rn to unt reated cows . 

Carrell ( 19 7 4 )  reported that when cmvs from a Charolai s  

herd (mean gestat ion length 2 9 0  day s)  were trea t ed on day 2 7 0 ,  

calf losses were ' d istres s ingly high ' during the f irst 6 0  day s 

a f t er parturit ion . 

There are also report s  of  improved v iab il ity amongst 

ca lves born to calvings induced la t e  in · gestat ion .  Winter 
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( 19 7 4 )  report e.d that calf v iab ility in b ee f  cat t le decreases  

f rom an opt imum as gestation length is  e ither decreased or 

increased from 2 75 days , thus when parturit ion was induced to  

produce calv ing at or near day 275 , calf  mortality was reduced 

(Winter , 1 9 7 4 )  and calf vigour was improved (Poncelet & Moody , 

1 9 7 5 ; 1 9 7 6 ) . 

Hhenever cows  are induced to calve more than about 2 weeks 

prematurely the inc idence o f  s t i l lb irths r ises (O ' Farrell & 
Crowley , 1 9 7 4 ; Thomas 1 9 7 5 ) . 0 1 Farre l l  and Langley ( 19 75 )  

advan ced the mean calvin g  date by 2 weeks and recorded a 6 . 6 % 

inc idence of s t i l lb irths and a total o f  1 3 . 3% of  calves dead 

within 7 days . These losses are st ill  no t markedly gre . .., t er 

than would b e  expected in Gr eat Brit ain after natural calving ; 

3 .  9 %  to  5 .  2 %  o f  calves b orn dead (Wij eratne & S t e,.rard , 1 9 70 ; 

Roy , 1980)  and a further 6 %  dying ' b efore sale ' (Roy , 1 9 80 ) . 

However , when Al len and Herring ( 1 9 7 6 )  induced 709  cows 

t o  calve between 5 . 5  and 8 months of  ges t a t ion , 1 4 . 2%  o f  ca lves 

were born dead . By 4 weeks the loss had r isen to  24 . 3% as  

compared with a 2 .  7%  lo ss  amongst 4 ,  330  calves born na tura.l ly 

on the same farms . 

In other trials in which calving has been induced 

relatively early in gestat ion u s ing single inj ect ions o f  L .A .  

corticosteroid s ,  t h e  report ed incidences of  st i l lb irths range 

f rom 1 1 . 2% to 4 4 . 6 % (We lch , Newling & Anderson � 19 7 3 ;  

0 1 Farrell & Crowley , l 9 7 3 ; 1 9 74 ; McGowan , Welch & Hun t er, 1 9 7 5 ) . 

The inc idence of s t illb irth s  is reported to increase b y  2 . 4% 

for each \veek ear l i er in pregnancy that calving is induced 

(Welch , Crawf ord & Dugan z ich , 1 9 7 7 ) . 

The mortality among calves is  claimed to b e  high er than 

would b e  pred icted solely on the basis  of prematurity (We lch , 

Newling & Anderson , 1 9 73 ) . Both u t erine inert ia and ' premature 

separation o f · the placenta • have b een postulated as factors 
• 

contribut ing to the high incidence of  s t illbirths .  

The par t icular L .A .  cort icosteroid u sed may influence 

the numbe·r o f  calves b orn dead . Thi s  f eature i s  indicat ed in 
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the report of Welch , Ne\vling and Anderson ( 19 7 3 )  in which the 

4 4 . 6% mortality among calves following the treatment of cows 

with t riamcinolone acetonide was signif icant ly greater than 

t he 3 1 . 3% and 3 1 . 5 %  recorded following dexame thasone TMA or 

f lumethasone suspen s ion t reatments  respect ively . 

Bo th ca lf mortality (Adams , 1969 ; Welch , Crawford & Duganzich , 

1 9 7 7 )  and response t ime (Adams & Wagner , 1 9 70 ; Welch , Ne,vl ing 

& Anderson , 1 9 7 3 )  increase with prematurity . Hm..rever , the 

response t ime per se also inf luences the propor t ion of calves 

b orn dead follmv-ing induct ion of calving (Welch , Ne,.;rling & 

Anderson , 1 9 7 3 ; Christiansen & Hansen ,  1 9 7 4 ) . Welch , Newling 

and Anderson ( 19 7 3 )  noted tha t for a given stage of pregnancy , 

a cow gave b irth t o  a l ive calf an avera ge of 3 . 2  days sooner 

than to a dead one .  It  �vas thus part ially with the aim o f  reduc ing 

calf mor tality that McGmvan , Welch an d Hunter ( 1 9 75)  int roduced 

their two-inj ection regimen to  shorten respon s e  t ime . 

In one trial , in '"h ich calves were born on average 2 weeks 

premat ure , the lowest inc idence of st illb irths \vas recorded 

amongst calves born to a two-inj ect ion t reatment schedule 

involving a L . A .  cort icosteroid follmved 6 days later by  a 

short -ac t ing one .  S ix perc en t o f  ca lves were b orn dead 

following this treatment , a percentage s ignif icant ly lower than 

the 1 1 . 2% recorded in the  same trial for calves born to a 

s ingle inj ect ion o f  L . A .  steroid . The respons e  t ime followin g  

t he two-inj ection schedule was a lso short e r ,  but  the difference 
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was not  stat istica l ly s i gnificant (Welch ,  Crawford & Du ganz ich , 1 9 77 ) . 

When calving i s  induced with a two-inj ect ion regimen , 

mortality  is unders tandab ly lmver amon gst calves born to  the 

f irst inj ect ion t han amongst those b orn following the s econd 

inj ect ion (3  to 8% as a gainst 23 to 34%)  (Welch et al , 1 9 79 ) , 

a s  cow s  calving to the f irst i�j ect ion are those  c lo ser to  term 

at  the t ime t reatment i s  init ia t e d .  

Welch and his  eo-workers (Welch & Kalt enbach , 1 9 7 7 ; 

Welch et al , 19 7 9 )  have related calf mortality to  calf s iz e  

a s  well  a s  to  prematu r it y .  I n  a trial '"here calves were born 



up · to 1 month premature , the mortality amongst calves weighing 

15 kg or mor e  at b irth · was the same (5 to  6%) regardless of  

whe ther they were born naturally or following induct ion . No 

calves from the untreat ed control group of cows weighed less  

than 15  kg  at  b irth ,  but  amongst those calves which weighed 

les s than 15 kg and whi ch were born as a result  of cort ico­

s teroid treatment , mortality rat es ran ged from 24% to 5 3 %  

(Welch & Kal t enbach , 1 9 7 7 ) . In another t r ial (Welch et al , 

1 9 7 9 )  a 1 3 %  c alf  mortality was recorded for induced calvings 

in wh ich calves  we ighed more than 15 kg , ,.,hile a 32%  mortality 

was recorded for calves of  less than that weight . Overall , 

1 6 . 6% of calves  were b orn dead and the f igure increased to 

3 5 %  by 4 days after birth . Th is latter f igure may be  

compared to t he  5 . 7 % of naturally born calves either s t il lborn 

or dying within the f irst week of life (Anon . , 19 7 7-78 ) .  

4 . 2  IMMUNE STATUS OF CALVES 

When S . A .  cort icos t eroid s are used t o  induc e  calving 

close to term, the immunoglobulin concent ration of colos t rum i s  

no d ifferent from that in naturally calving cows ( Beards ley 

et al , 1 9 7 6 ; Hoer lein & Jones , 1 9 7 7 ) . Even so , the total 

immunoglobu lin c on ten t may b e  reduced b ecause the total volume 

of colost rum may .b e  reduced (Hoerlein & Jones , 1 9 7 7 ) . The 

ab ility of these c a lves from indu ced b irths to ab sorb 

immunoglobulin s  from colostrum is not impaired , as serum gamma 

globulin conc entrations aft er suckl ing are similar t o  those o f  

calves born nat urally (Muller e t  a l , 19 7 5 ; Langley & O ' Farrell , 

1 9 7 6 ;  Hoerlein & Jone s ,  1 9 7 7 ;  Vukotovic et al , 1 9 78 ) . 

The situation is d i fferent  when calves are born earlier 

in pregnancy a f t er using L . A .  corticost eroid s .  Such premature 
. 

calves are l�thargic , slow t o  stand and suck properly (Adams , 

1 969 ; Welch , Newlin g  & Anderson , 1 9 7 3 )  and , in the crit ica l 

t ime availabl e  for immunoglobulin ab sorpt ion ,  they may not 

receive an adequate intake of  colostrum. 

The colostrum availab le to such c a lves has a r educed 

content of immunoglobulins (Bailey et al , 19 7 3 )  and the 
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compo sit ion of the secret ion may b e  further altered by t h e  

pre-calving milking w·hich is oft en found to  b e  neces sary 

t o  avoid udder damage (Welch , 1 9 7 2 ; O ' Farrell & Crowley 

1 9 73 ; Bachmann et aJ , 1 9 7 5 ; Allen & Herrin g ,  1 9 7 6 ) . 

Calves born t o  c ows trea t ed with L .A .  cort i costeroids  

also  have an impaired ab ility t o  ab sorb i�nunoglob u l ins (Bailey 

et al , 19 73 ; Husban d ,  Brandon & Lascelles ,  1 9 7 3 ) . This is 

b ecause the stero i d  is availab le to  act upon the foe tus for 

a suffic ient length of t ime to promot e  premature ' closur e '  

o f  the immunoglobul in ab sorpt ion proces ses o f  the gut ( Husband , 

Brandon & Lascelle s ,  1 9 7 3 ) . I t  is  not surpr ising , therefore , 

that some 60% of calves born fol lowing induc t ion \vith L . A .  

c orticost eroids may b e  hypogammaglobulinaemic (Bailey et a l , 

19 7 3 ) . 

4 . 3 CALF GROHTii RATES S UBSEQUENT TO INDUCTICN 

When cows are induced to  calve close to expect ed t erm , 

calves grow at  the same rate as  calves after na t ural b irths : 

l i tt le or no difference in body weight is  apparent at  wean ing 

( Carroll ,  1 9 74 ; Levis , S lyter fi, Cot ton , 19 7 LI ;  Hu ller et a l , 1 9 75 ; 

W int er & Moody , 1 9 7 7 ; Chew et al , 1 9 7 8 ) . 

In general though , the smaller a calf is  a t  b irth , the 

s lower \vill be  its ab solute  growth rate for a t  l east  the  

f irst 6 months  of  l if e  ( Roy , 1 9 8 0 )  and \vhen calves are 

delivered more than a few days prematurely a s ign ificant 

depression in gro'ilth rate  will b ecome apparen t . \fuen Ba iley 

and eo-workers ( 19 7 3 )  caused calves to  b e  born 1 4  t o  3 2  days 

early , the calves grew at  a s ign if ican t ly slmver rat e  (0 . 4 3  

kg/day) than calves b o rn  t o  untrea t ed cows (0 . 57  kg/day ) . 

5 .  E FFECTS O F  I N DUC E D  CALV I NG O N  T H E  COW 

5 . 1 RETAINED FOETAL MEMBRANES AND UTERINE INVOLUTION 

Virtually all  workers have reported that cows induced  to 
\ 

c alve prematurely' have a grea t er than normal incidence o f  

1 5 2  

retained foetal membranes (RFMs ) . Result s report ed in different 

t r ia ls .  and hence following different treatment s ,  are not strictly 

comparable unless c on trol groups have been inc luded in 
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each trial . This i s  b ecause  the incidence of  RFMs differs 

widely from country to country (a  range of 1 . 96 %  to 1 1 . 7 % has 

b een cit ed by Ar thur , 19 79 )  and b etween herds , seasons , years 

( Sandals et al , 1 9 7 9 )  and breeds (Wagner ,  Willham & Evan s ,  1 9 7 4 ) . 

A further complication to any comparison is the t ime af ter 

calving at which memb ranes are said to b e  ' retained ' .  Most  

workers assess foetal  membrane retent ion at 24  hours post­

partum a lthough some as sess them at 1 2  hours and a few at 

' 7 2  hours . Also , a lthough most  \vorkers rely on a visual 

appraisal , thi s me thod tends to under-es t imat e  the incidence 

(Carro ll , 19 74 ; Day , 1 9 79 )  as  sub stant ial port ions of the 

membranes may be  reta ined in u tero without b eing visih 1 e  at 

the vulva . Accord ingly a few workers assess retention by  

palpation . 

In trials u s in g  S . A .  cort icost eroid s within about 2 weeks 

of term, and in which un treated control c mv s  have b een included , 

the reported incidence o f  RFMs in trea ted cows ranges from 8 . 3% 

to 9 3 % ,  while 0% to 20%  o f  naturally calving cows had RFMs 

( Tab l e  6 : I ) .  Levi s ,  Slyter and Cotton ( 1 9 7 4 )  report ed no 

s ignif icant difference b e tween unt reated cows and induced cows 

in the incidence of RFMs . 

Table 6 : 1  The inc idence of RFMs in diff erent trials using short­
acting corticosteroids within 3 weeks of term . 

Incidence ( % )  of RFMs Reference 

Control cows Induced cmvs 

0 . 6  5 3 . 6  t o  62 . 5  Winter et  al , 19 74  

1 0  . 7 6  Beardsley e t  al , 1 9 74 

0 to  2 7 0  t o  78  La  Voie et  al , 1975  

15  6 1 . 9  Grunert , Ahlers & Jochl e ,  1 9 7 5  

1 2 0  to 39 Poncelet & Moody , 1 9 76 

0 to 6 2 3  to 78 La Voie , Wint er & Hoody , 19 7 7  

1 6 . 6  6 6 . 6  Bolt e  e t  al , 19 7 7  

0 8 . 3  Barth et al , 1 9 7 7  

1 4  t o  20 52 to  9 3  Davis et a l , 19 79 



The impression gained from the literature i s  that the 

inc idence of RFMs tends to b e  lower when calving is induced 

w ith L .A . ,  rather t han S . A . , corticos teroids . However ,  as 

men t ioned earlier,  compari sons between trials mu st be made  with 

caut ion . Bachmann and eo-workers ( 19 7 5 )  reported a 7 . 7 % 

incidence of RFMs in cows deliveriirg single calves af ter 

treatmen t with dexamethasone TMA .  Untreated cont rol cmvs in 

the same trial had no R�Is . In the trial reported  by Bailey 

and others ( 1 9 7 3 ) ,  2 ou t of  1 5  ( 13 .  3%) induc ed cows had RFMs , 

whereas 3 out of 15  ( 20 % )  un treated cows had t h em .  

In other trials u sing L . A .  formula tions , in which no 

unt rea t ed con trol cows have been inc luded , the incidence  of 

RFMs has been zero , (Thoma s , 19 7 5 ) , 8 . 6 % (O ' Farrell & Crowley , 

1 9 74 ) , 9 %  (\velch , Newl ing & And erson , 1 9 7 3 )  and 1 1 . 5 % and 2 2 %  

(Welch , Crmvford & Duganzich , 1 9 7 7 ) . 

Allen and Herring ( 19 7 6 )  induced parturit ion in 709  cows , 

the ma j ority of which were b e tw een 5 . 5 and 8 months pregnant , 

u s ing a product con taining a comb inat ion of L .A .  and S . A .  

dexamethasone esters ( s ee 3 . 1 7 ) . They reported a 5 0 %  inciden ce  

of RFMs . Terb lanche , Kr i t z inger and Van Heerden ( 19 7 6 ) , using 

the same produc t  on heifers \v ithin 2 weeks of term ,  a st age of 

pregnan cy a t  which the respon s e  is mos t  likely to b e  due to 

the S . A .  componen t , repor ted tha t  68 . 8% had RFMs . 

Davis and colleagues ( 1 9 7 9 )  induced calving u s ing either 

a s ingle inj ect ion of  a S .A .  st eroid or an inj ection of a S . A .  

s teroid administered some days a f t er a priming inj ec t ion of a 

L .A .  s t eroid . The cows in the  l a t ter group had s ign ificant ly 

f ewer RFMs than the cows t r eated with t he S . A .  corticos t eroid 

alone . However ,  they s t i l l  had more RFMs than unt reated cows . 

Uterine involut ion a lso occurred more quickly when calving was 

induced with two inj ect ions rather than one (Davis  et al , 19 79 ) . 

Ihe inc idence of RFMs following induction us ing o th er 

two- inj ect ion regimens has ran ged from 1 5 . 1%  to  4 0 %  (Welch & 
Kal t enb ach , 1 9 7 7 ;  Welch Crawfo r d  & Duganz ich ,  1 9 7 7 ; \ole lch 
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et al , 1 9 79 ; Davis et a l , 1 9 79 ) . 

For any t reatment regimen , the inc idence of RFMs 

increases with prematurity (Vuj osevic et al , 1 9 7 3 ; Chri s t iansen 

& Hansen ,  1 9 7 4 ;  Wagner , \.Jil lham & Evans , 19 7 4 ;  Gruner t ,  

Schult z & Ahler s , 1 9 75 ; Welch e t  al , 1 9 79 ) : under New Zealand 

condit ions the inc id ence in creases , on average , by 2 . 9 %  per 
- - -

week (Welch , Crm-1ford & Dugan z ich , 1 9 7 7 ) . The ir1cidence of 

RFHs is  highest amongst induced cm-1s experiencing difficulty 

in calving (Bea rdsley e t  al , 1 97 4 ) .  

Mo st , i f  not all , of the c ows which retain the p lacent a  

·following induced ·calving \vi l l  exper ience some degree of  

metritis  (Adams , 1 9 69 ; Adarns & 1-Jagn e r ,  1 9 7 0 ;  Evans , 1 9 7 4 )  and 

uterine involut ion is de layed . Re t ention of the foet:al 

membranes delays re-epithelial ization of caruncular su rfaces 

as well as inhib it ing r esolu t ion of the caruncular ma ss  and 

delaying the decline to no rmal in the numb ers of neu trophils 

in the endomet rium (Evans , 19 7 4 ) . Uterine tone i s  reduced in 

cows indu ced to calve u s ing cor t i costeroids and this delays 

the early stages of involution ( Piper , Comb s & Pe terson , 1 9 7 8 ) . 
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In large- scale f ield trials , b etween 22 . 4%  and 2 5 %  of all 

cm-1s with RFl1s have required ant ibac terial therapy for infec t ions 

subsequen t  to retent ion (Helch , Newling & Ander son , 1 9 7 3 ; 

Welch & Kaltenbach , 1 9 7 7 ; Welch et al , 1 9 79 ) . 

5 . 2  EFFECTS OF RETAINED FOETAL HEMBRANES ON SUBSEQUENT 
REPRODUCTIVE PERFORMANCE 

Follm..ring natural ca lving , s ignifican t ly more n_on-pregnant 

cows are found 2 to  3 months later amongst those which re tained 

their foetal memb ranes than amongst those whi ch did no t 

(Moller et al , 1 9 6 5 ; Kay , 1 9 7 8 ) . While retent ion does not in 

i tself have a marked effect (Arthur , 19 79 ; Sandals et al , 
• 

1 9 79 ) cows which retain their foetal memb ranes are much rnpre 

likely to  develop metri t is than those which do not and metrit is  

does have a detrimen tal effec t on  sub sequent reprodu c t ive 

performance (Sandals et a l , 1 9 79 ) .  It  might b e  expected , 



th erefore , that b ecaus e o f  the high incidence o f  RFMs 

associat ed with the technique , induct ion o f  calving would 

result in reduced reproduc tive effi ciency . 

While th e h igh inc idence of  metritis amongst induced 

cm.,;rs with RFHs has already been ment ioned (5 . 1 )  surprisingly 
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· few reports mention any r educt ion in fertility following 

in duc tion .  The reproductive performance of cows induced to 

calve b y  Adams ( 19 69 )  and Adams and \·Jagner ( 1 9 6 9 ) was subopt imal , 

but numb ers were small  and no  untreat ed control  an imals were 

ava ilab le for compar ison . 

Poncelet and Moody ( 1 9 76 )  reported that a lthough there 

was no ·signifi cant di f fe ren ce in sub s equent fert ility b etween 

their trea t ed group and the con t rol group , tho s e  cow s  which 

retained foetal memb ranes had a significantly lower pregnancy 

rat e  and requ ired more s ervices per conception than cows which 

did not have RF'Hs . 

Welch and Kaltenb ach ( 19 7 7 )  induced  cows t o  calve about 

a month prematurely . They reported that the calving to 

concept ion interval in crea s ed by 0 . 5 4 days for each day of  

prematur ity and conc luded that whi le the fert ility  of  the 

induced c ows Has reduced in comparison with the controls , 

their mean concept ion date  was earlier than if they had b een 

left  to calve naturally . Af ter a later trial ,  Welch and h i s  

colleagues ( 1 9 7 9 )  reported that while RFMs had n o  e f fect on 

the interval from either calving to f irst oestrus , or calvin� 

to c oncep tion ,  more cows �vere non-pregnant 2 to 3 months 

later amongst those wh ich had b een induced to calve .- Holness  

and Sprowson ( 1 9 7 9 ) , in a ra ther sma ll trial , reported that 

the concep t ion rate 'tvas markedly lowered by indu c tion , a s  

d i d  K�dlac ( 19 7 8 ) . O ' Farrel l  ( 19 79 )  reported tha t  induced 

cm-rs with RFMs had signif icant l y  lon ger calving to concept ion 

intervals . 

The overwhelming maj ori ty of workers , however , claim 

that indu c tion of  calving , toge th er with its att endant high 



inc idence of retained afterb irth , has no advers e effect  on 

sub sequent reproduct ive p erformance  (Osinga , S te genga & 

Jochle , 1 9 7 1 ;  Lauderdale , 19 7 2 ;  Poncelet et al , 1 9 7 4 ; Levis , 

S lyt er & Cotton ,  1 9 74 ; Beard s ley et al , 1974 ; Wagner , Willham 

& Evans , 1 9 7 4 ; Carrell , 1 9 74 ;  La Voie  et al , 1 9 7 5 ; Schmit t 
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e t  al , 1 9 7 5 ; Beardsley et al , 1 9 7 E ;  Bolte et a l , 1 9 7 6 ; La Voi e ,  

Winter & Moody ,  1 9 7 7 ; Barth e t  al , 1 9 7 8 )  although in many trials 

untreat ed con trol  groups ,  aga inst which valid comparison cou ld 

be made , were lacking (We l ch ,  · Newling & Anderson , 1 9 7 3 ;  

O ' Farrell & Crowley , 19 7 3 ; Christ iansen & Hansen ,  1 9 7 4 ; 

O ' Farrell & Langley , 1 9 7 5 ; All en & Herring , 1 9 7 6 ; Terb lanche , 

Kritzinger & Van Heerden , 1 9 7 6 ) . 

In several of the trials referred to above , all  c m,,s 

recorded as retaining their foetal memb ranes received local 

and /or systemic antib io t ic therapy (Osinga , Stegenga & Jochle , 

1 9 7 1 ;  Beardsley et al , 1 9 7 4 ; 1 9 7 6 ; Wagner , Willham & Evans , 

1 9 7 4 ; Levis , Slyter & Co t ton , 1 9 7 4 ) , a practice shown t o  

improve reproductive performance  (Bannerj ee , 1 9 6 5 ) . 

The effects of induct ion of  calving on sub s equent fertility 

must  remain open to  deba te .  I t  is , however , rea sonab l e  to  

a ssume that i n  the  Ne�., Zea land situat ion at least , in  which 

a hi gh proport ion of cows requ ire veterinary t reatment for 

ut erine infect ions result ing f rom retent ion of the foe t al 

memb ranes , the practice of induc ing premature calving may 

lead to  some increase in infer t ility . Any such detrimental 

effec t  on fertil ity must be balanced against the advantage 

accruing from the s ignifican t  advance in calving date and 

the lengthened mat ing period (Anon . ,  1 9 7 7 ) . 

5 . 3 ATTffi�PTS TO REDUCE THE INCIDENCE OF RETAINED FOETAL MEMBRANES 

On the b asi s  of a sma l l  t rial involving a to t a l  of 18 c ows , 

Garverick and eo-workers ( 19 74 )  c laimed that administ rat ion of  

oest radiol b enzoate , in  conj u�c t ion with dexamethasone , 

s ignificant ly reduced the incidence o f  reta ined foetal memb ranes . 

Other s t udie s  have failed to  con firm these resu l t s  (Adams , 1 9 6 9 ; 



Karg e t  al , 19 7 1 ;  La Vo ie & Moody , 19 7 3 ;  Grunert , Ahlers & 
Jochl e , 1 9 7 5 ;  Grunert , Schu l t z  & Ahlers , 1 9 75 ; Ear th  e t  al , 

19 7 8 ; Davis et al , 1 9 79 ; Wollrab & Dittmer , 1 9 79 ) . Oestro gen 

t rea tment may short en response time ( Ga-rverick, ·et  a1 , 1 9 7 4 ; 

Muller et al , 1 9 75 ; Grunert , Ahlers & Jochle , 19 7 5 ; Eart h  

et a l , 1 9 7 8 ;  Piper , Comb s & Pe terson , 1 9 7 8 ) , b u t  may also 

increase the inc idenc e of dystocia (Karg et al , 1 9 7 1 ;  La Voie 

& Moody , 1 9 7 3 ;  Grunert , Anl ers  & Jochle , 19 7 5 ) . Ma s s ive 

doses ( 1 20 mg ) of  d iethylst i lb oe s t rol , administ ered to cows 

wh ich are induced to calve within a week of t erm , may reduce 

the inc idence of RFMs ( Grunert , Ahlers & Jochle , 1 9 7 5 ;  

Grunert , S chultz & Ahlers , 1 9 75 ) . 

Adams and Wagner ( 1 9 70 )  suggested that administra t ion 

of proge s tagens might reduce the s everity of the RFM prob l em.  

However , other workers (Osin ga , Stegenga & Jochle , 1 9 7 1 ;  

Jochle e t  a l , 19 7 2 )  demonstra t ed that progestagens have no 

inf luence on the inc idence of R}�s and int erfere with the  

parturit ion proces s ,  resultin g  in  an increase in  the  incidence 

of dystoc ia , ca l f  mortality and cow mortal it y .  
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Ecbolic  drugs appear to b e  without inf luence on the 

incidence of RFMs (Adams , 1 9 69 ; Piper , Combs & Peterson , 1 9 7 8 ) . 

There are , therefore , no means yet availab le for reducing 

the numb er of induced cows which s ub s equent ly retain their 

foe ta l membranes . The sev er ity of  the effec t s  of the prob lem 

nay b e  reduced , however , by routinely administering ora l , 

parenteral or local antib iot ic therapy (Carrell , 19 7 4 ;  Wagner , 

Willham & Evans , 19 74 ; Ponce l e t  & Moody,  19 7 6 ) . 

5 . 4  THE RISK OF MASTITIS IN CQ{olS TREATED WITH CORTICOSTEROIDS 

B ecause cort icostero ids are known to decreas e  res istance 

to  inf e c t ion under certain circums tances ,  and may exacerba t e  

pre-ex i s t ing infect ions (McDonald , 19 7 7 ) , it h a s  b een suggested 

that induct ion o f  calving i s  ,contraindicated in cows in �o1hich 

mas t i"t is  is present (Wid dot-7s , 1 9 7 4 ) . Euddle , Midgley and 

Ashby ( 19 76 )  even su ggested tha t the use of  corticost eroids 

might  predispose cows to mas t i t i s . 



The latter workers report ed that during the f irst 14  days 

after treatment with dexamethasone TMA, 9 quart ers in 4 cows 

shed s t aphylococci  wherea s only 2 quart ers in 3 untreated cows 

did so . The validity of their conc lus ions may b e  quest ioned , 

however ,  becau s e  of  the high incidence  o f  subcl inical mast i t i s  

recorded prior t o  dexamethasone treatment . Welch and 

Kal t enbach ( 19 7 7 )  suggested that unsatisfactory milking shed 

hygiene could have b een responsib le for the apparent increase 

in mastitis  reported by Buddle and his colleagues . 

Certainly , Welch and Clayton ( 19 7 7 )  found no increased 

inc i dence of mast i t i s  in a retrospec t ive survey of induced cows , 

nor was any increase recorded in a trial carried ou t to study 

product ion af t er induced parturit ion (Helch & Ka l t enbach , 1 9 7 7 ) . 

Measurements o f  leucocyte concen trations  in the milk of trea t ed 

cows have not ind icated any increased incidence of c l inical or 

sub c l inical mas t it is (Bailey et al , 1 9 7 3 ;  Beards ley et al , 1 9 74 ; 

Welch & Kaltenbach , 1 9 7 7 ) . 

Several workers have warned of the need to commen ce milkin g  

s ome corticost eroid-treat ed cows before they calve , otherwise 

their engorged udders b ecome subj ect to  trauma which may 

predispose to mas t i t is (Welch , 19 72 ; O ' Farrell & Crowley , 1 9 7 3 ; 

Bachmann et al , 1 9 7 5 ; Allen & Herrin g , 19 76) . 
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5 . 5  METABOLIC DISEASE I N  COWS FOLLOWING INDUCTION O F  PARTURITION 

\�elch ( 19 7 1 )  stated , w ithout giving specific  reasons , that 

S . A .  cort icost eroids used to induce calving , but not L . A .  ones , 

may increase t he incidence of metab o l i c  diseas e .  

Widdows ( 1 9 74 )  claimed tha t  when t he response t ime 

follovling treatment with dexamethasone TMA is prolonged the 

ons et of metab o l ic disease may b e  ' more rapid than usual ' .  

Beardsley and eo-workers ( 19 74 )  recorded a small  b u t  non­

s ignificant increa s e  in m i lk f ever cases in a group of cows 

induced to c alve  u s ing a S . A .  dexamethasone formu la t ion . 

I t  is , however , unl ikely that cort icost eroids u s ed to 

induce parturit ion have any significant effect on t he inc idence 
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of periparturien t  metabolic diseas e .  S erum calc ium and magnes ium 

l evels are unaf fected by f luorinated  corti cos t eroids (Neff , 

Connor & Bryan , 1960 ; Carter , Butler & Val l i ,  19 7 1 ;  Har tman & 

Kronfeld , 1 9 7 3 ;  Kelly , "Hc lennan & Bell , 1 9 73 ;  Beards ley et al , 

19 7 6 ; Sali e t  al , 1 9 7 6 ; Kud lac , 1 9 7 8 )  and most s t ud ies have 

shown serum phosphorus l evels to b e  essen t ially unaffect e d .  

Nevertheless , Neff , Connor and Bryan ( 1 9 6 0 )  recorded a depre ssion 

of serum phos phorus after administrat ion of 9a-fluoroprednisolone 

acetat e ,  a s t eroid relat ively ineffec t ive for inducing calving 

( s ee 3 . 4  and 3 , 6 ) .  

Beards ley and eo-workers ( 19 76 )  reported that serum 

concentrations of calc ium , magnesium and phosphorous d i d  not 

differ b·e tween induced and unt reated con t rol cows . Sachs and 

Hurwitz ( 19 78 ) , Bar , Sachs and Hurwitz ( 1 980) and McMurray , 

R �ce and McBride ( 1980)  have all used corticosteroids to induce 

calving in cows previously treat ed with vitamin D analogues  t o  

prevent milk fever.  "HcMurray and col leagues concluded that the 

corticosteroids u s ed had no s ignif icant det rimental effects on 

calcium metab olism ,  an op inion shared b y  Sachs ( pers . corn . ) .  

It has been sugges t ed (Widdmvs , 1 9 7 4 )  that when met ab olic 

disease does occur in cows \vhich have b een induced to calve , 

some individuals  are l e s s  r espon s ive to treatmen t than usua l .  

Such cows may b e  less ab le t o  counteract the stress  of 

metabolic disease b ecause the corticost eroids u s ed to induce 

parturition have the effect of depre s s ing end�genous 

cor t isol s ecretion ( 2 . 4 ) .  

5 . 6  MI SCELLANEOUS ILLNESSES ASSOCIATED WITH INDUCTION OF CALVING 

In two large New Zealand t r ials mortality  amon gst induced 

cows in the month following calving was 0 . 2 5 %  and 2 %  (\Jelch , 

Newling & A11 derson , 1 9 7 3 ) . While no control groups were 

availabl e  for comparison , these f igures  may indicate that the 

t echnique is responsib l e  for some increase in cow deaths , . 

because Mol ler ( 19 7 8 ) , in a survey of  15  New Zealand da iry herds 

over a· 4 year p eriod , reported an annual loss  of between 

1 .  1 %  and 1 .  7 % .  



Welch and colleagues 0-Jelch , Newling & Anderson , 1 9 7 3 )  

suggested that at  lea s t  some o f  the cows which died following 

induc t ion " . • . . may have had a pre-existing condit ion 

exacerbated by the t rea tment " .  For example , facial eczema 

(Anon . ,  1 9 7 7 )  has been incr iminated , and as a reversib le ,  

dose-dependen t hepatopathy has been seen in a variety of 

glucocortic oid-trea t ed animals  (Ro gers & Ruebner , 1 9 7 7 ) , it 

is reasonab le to assume that induc t ion of calving v1 i th these 

drugs could cause det eriorat ion in an animal suffering from 

the effec t s  of a pre-exis t in g  liver condit ion . 

5 . 7  MILK PRODUCTION SUB SEQUENT TO INDUCTION OF CALVING 

Mos t  worker s have report ed that the milk product � on of  

c ows which have b een induc ed to calve is no t d i f feren t  from 

that of cows c alving naturally ( Osinga , Stegenga & Jochle , 

1 9 7 1 ;  Welch , 1 9 7 1 ;  Bai ley et al , 1 9 7 3 ; Thomas ,  1 9 75 ; Schmi t t  

et a l , 1 9 7 5 ; Bolte  e t  a l , 1 9 76 ; He lch & Kal tenb ach , 1 9 7 7 ; 

Bolte  et al ,  1 9 7 7 ;  Chew e t  al , 1 9 78 ;  O ' Farrell , 1 9 79 ) although 

lac tat ion may be slow in ons e t  (Os inga , S tegenga & Jo chle , 

1 9 7 1 ;  Welch , 1 9 7 2 ; Kud la c , 1 9 7 8 ) . 

However ,  report s  on l a c t a tion follmving induced calving 

are not  unanimous . Bear d s l ey and eo-workers ( 19 7 6 )  report ed 

that cows indu ced to calve barely a week prematurely had a 

s ign i f j_cant  ( 1 2 .  6%)  redu c t ion in average da i ly milk y ield 

over a 9 week period , in comparison with untreat ed control 

cows . In an earli er t rial  (Beard sley e t  al , 1 9 7 4 )  a 1 0 . 8%  

d ecrease in average daily milk yield had been recorded , but  

t h is reduction was not  s t at i st ically significant . Reduced 

produc tion �.;ras  also reported b y  Holness and Sprowson ( 19 79 ) . 

Welch ( 19 7 2 )  repor ted on a trial involving 1 4  ident ical 

twins . In each pair , the c ow with the  lat er expec t ed calving 

dat e was induced t o  calve a t  the same t ime as the e arl ier 

calving twin . Over the whole s eason , production f rom th� 

induc ed cows was about 20% b elow that of their naturally 
, 

c alving t�dns . However ,  had the  induc ed cows been left  to 

c a lve natura l ly (on average abou t 2 3  days la ter ) , their 
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produc t ion over the s eason would have been even les s .  

Sub sequent ly , Welch and eo-workers ( 19 7 9 )  have reported on 

a trial in which a significant 4 %  reduc t ion in daily milk 

yield in induced cows was more than compensat ed for by a 

1 7  day ( 9 %) longer p er iod of lactation .  

6 .  CONCLUS I ONS 
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While there are a variety of  farming situations in which 

induct ion of  precociou s or prema t ure calving could b e  c onsidered 

a useful management tool , it is only in Ne�.;r Zealand , and to a 

lesser extent other countries where intensely seasonal dairying 

is prac tised , that the t echnique has found widespread 

applicat ion and acceptance . 

A variety of corticosteroid formu lat ions and trea tment 

schedules have b een a s ses sed for their suitab il ity for different 

managemen t requiremen t s . When it is d esirable  that calvin g  

should be  induced in c m.;r s  wi.thin the last two or three weeks 

of gestat ion , s ingle inj ect ions of  a number of short-acting 

cort icosteroid formu l a t ions have b een shown to  produce 

reliable and predictable  results . In most cases , calving 

has resul t ed wi thin 3 days of trea tment . 

Earlier i n  pregnancy , the short -ac t ing cor t icosteroids 

are less e f f e c t ive , and long-ac t ing formulat ions have b een 

shown to b e  more reliab le .  The respon s e  time to such 

formulat ions t ends to b e  variab l e  and unpred ictable , and s o ,  

in an att emp t to  improve the prec ision of  the technique , two­

inj ect ion s chedules have b een developed . An in it ial priming 

dose of a long-acting st eroid followed some days later by an 

inj ect ion of a s hort-act ing formulat ion has b een shown t o  

produce a rel iab l e  and predictab l e  response . For this rea son , 

two-inj ect ion schedules are now mo st  widely used in Ne\,;r Zealand , 

where cows are often induc ed 'to calve up  to s ix w eeks or 

more before t erm . 

It  is  b el iev ed that the b lood glucocorticoid prof ile 

produc ed in the c ow by  such schedules more clos ely mimics t ha t  



o f  cortiso l ,  which is  norma l ly secret ed by  the foetal calf t o  

initiate parturition through t h e  med ium of enzyme changes in 

the placenta . 
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Calf mor tali ty can b e  very high follow ing induced 

parturition and thi s  loss  is  largely a func tion of prematurity , 

although other factors , such as prolonged respons e  t ime 

f o llowing treatment , may contribu te . The health of calves 

which survive is generally good , provided they receive 

adequate colostrum. 

Induct ion of  c alving marked ly inc reased the inc idence 

of retained foetal membranes . While there is  debate on whether 

or not . sub sequent r eprodu c t ive efficiency is imp.aired by R.t"Ms , 

it  is  certain that r etent ion pred isposes cov7S to met r it i s ,  

and metritis definit ely l eads to  reduced fert ility .  Because 

of the rela t ively high propor tion of  cows in this count ry wh i ch 

require veterinary a t t ent ion for u t er ine infect ions a s sociated 

with RFNs , it  is  reasonab l e  to as sume that the t echnique of 

in duced calving may well lead to an increase in the numb er 

of b arren cmvs . 

There is l i t t l e  evidence to  suggest tha t induct ion of 

calv ing increases the incidence of  other per iparturien t  

d i s eas e .  However , b ecause c ows  t reated with synthetic 

glucocort icoid s have a marked and of t en long-last ing depres sion 

of adrenal fun c tion , induced cmv s  may b e  less ab l e  to respond 

to the s t ress of d isease in the immed iate pos t-calv ing period . 

There i s  also some suggest ion that pre-exist ing l iver d isease 

may be  exacerba ted by administrat ion of  corticosteroid s ,  and 

for this reason in duct ion of parturit ion may b e  contra­

ind icat ed in herd s with a recent history of facia l  eczema . 

In the decade s ince · induct ion of calving first found 

applicat ion in New Zealand , a sub stant ial  amount of in format ion 

has b een accumulated on the effec t s  and s ide-effec t s  of the 

technique . It is surp rising , therefore , that no-one ha s 

assessed the economic value of  the technique and examined 



whether o r  not it  truly a chieves \vhat it is purported to 

achieve . �1 ile i t  may b e  t ru e ,  as  Welch and col leagues ( 19 7 9 ) 

c laim ,  tha t any reduct ion in milk product ion is  more than 

offset  by a lengthening of lac tation , it has yet to b e  

demonstrated that such a len gthen ing of lactat ion compensates 

for costs associated with calf los ses , retained foetal membranes 

and possib le infert i l it y .  

Th e extent t o  which t h e  techniqu e o f  induc ing parturit ion 

ac tually helps to bring lat e-calving cows ' into l ine ' \vith 

their herd mates may be j ud ged from the fac t that in one large 

f ie ld  t r ia l  (Welch et al , 1 9 79 ) , 1 9 %  of cmv-s \vhich became 

pregnant after induced c a lv ing had to b e  induced t.::> ca lve 

a gain the following year . 
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CHAP TER VII 

A COMPARI SON B ETWE E N  SUS P ENS I ONS OF  B ETAMETHASO N E , 

AND DEXAMETHASONE  TRI METH Y LAC ETAT E , USED  FOR THE  

I NDUCT I ON OF PARTUR I T I ON IN  DA I RY cows ( l )  

1 .  I N TRODUCT I ON 

Induct ion o f  premature calving  b y  the administrat ion of 

cor t icos t eroid formu lat ions is now a wid e ly accep t ed prac t ice  

in New Zealand ( Chap t er VI , Sect ion 1 ) . The t reatment regimen 

most commonly u sed i s  that  of  McGowan , Welch and Hunt er ( 19 � 5 )  

in which an inj ect ion of a s lowly-ab sorb ed cor t i cost eroid 

formulat ion is followed 7 to 14  days later b y  an inj ect ion of 

a rapidly-ab sorb ed cort icost eroid . 

I t  was d emon strat ed in Chapt ers III , IV and V of this 

thesi s  that aqueou s  sus p ensions  of b etamethasone which have 

a h i gh solids :veh icle  rat io are slowly-ab sorb ed and thus have 

a prolonged effec t .  In Chapter V i t  was con c luded that a 10  

mg/ml su spension of  b e t ame thasone alcoho l ,  administered to 

catt le as a 2 ml d o s e ,  can b e  expect ed to produce e f fec t s  

which compare favourab ly in terms o f  int ensity and durat ion 

with those produced by the f ormula t ion of dexametha son e  

trimethylacetate ( TMA) which is  widely u s ed for induct ion of 

calving.  

The c l inical trial reported in thi s  chapter was des igned 

to asses s  whether or n o t  a concentrated su spens ion of 

betamethasone alcohol was su i t ab l e  f or use as  the f irst 

inj e c t ion in a two- inj ection t reatment regimen for induct ion 
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of· prertlature calving .  Two d if f erent betametha sone concentrations  

were u s ed and compared for a number of factors \vith  a 

suspens ion of dexamethason e  TMA .  

( 1 ) A paper based on the  study desc rib ed in this chap t er has 
b een previously pub lished (MacDiarmid , 1 9 79 ; Appendix I )  



2 .  MAT E R I ALS AND METHODS 

The trial was carried out during August an d September 19 7 8  

o n  4 1  dairy farms in t h e  cen t ral Waikato area . Farmers taking 

part in the trial would normally have had cows induced at this 

t ime and h ad b een no tif ied of  the experimental requirements 

b eforehand . W ithin each herd , individual cows were a lloca ted 

to one of three treatment groups on a random b as i s . 

2 . 1  ANIMALS 

Most o f  the 6 19 cows in the trial were Jersey s ,  Fries ians 

or Jersey x Fries ian cross es . Ages ranged from 2 to  1 2  years . 

An e s t ima t e  of the stage of  p regnancy at the time of  trea tment 

was b as ed on artif icial in s eminat ion records , when these were 
. . . 

avai lab l e .  The expec t ed c a lv ing date , and thus the prematurity 

of  the calf , was based on a gestation length of 282 days which 

is  reported to be the mean for New Zealand dairy cat t le (Moller 

et  al , 1 9 6 7 ; MacMil lan & Curnow , 19 7 6 ) . Before trea tmen t all 

cows were examined per rectum to confirm pregnan cy and to 

sub s tant iate  the estimat e  of t h e  stage of pregnancy . 

In two h erds , cows had b een inseminat ed with s emen from 

Bos indicus b ulls , oo that ext ended gestation periods were 

expected (Plasse et al , 1 9 6 8 ) . Farmers repor t ed that herd mat es 

had c arried s imilar calves for 10  to 1 9  days b eyond the 

e st imat ed calving dates for Jerseys and Fr iesian s . 

2 . 2 .  TREATMENTS 

TI1e first inj ect ion of  the two-inj ect ion s chedule 

c onsisted  of ; 

1 )  2 0  mg o f  b etamethasone as a 1 0  mg/ml suspens ion ( 2 )  

( Group I ) . 

2 )  3 0  mg of be tamethasone a s  a 1 5  mg/ml suspen s ion ( 3 ) 

( Group I I ) . 

( 2 )  Bet sopart , Glaxo New Zealand Ltd . 
( 3 )  Experimental suspens ion , Glaxo New Zealand Ltd . 
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3 )  2 0  rug o f  dexamethasone a s  a 5 mg/ml suspension o f  

the  trimethylacetate ( 4 )  ( Group Ill ) . 

The s e  initial t reatmen t s  were all administer ed 

sub cu taneously . 

( 

Cows wh ich had not calved by  t he tenth (or  in a f ew cases , 

the eleventh) day after this in itial  inj ection rece ived by  

intramuscular  inj ec t ion 25  mg of b etamethasone as a 2 mg/ml 

suspen s ion ( 5 ) . 

2 . 3  S TATIS TICAL DESIGN AND EVALUAT ION 

The primary comparison wa s made between the comb ir-.ed 

b etamethasone t reatments  ( Groups I and II) and Group Ill . A 

s econdary c ompari son was made b e tw e en Groups I and I I .  

Accordingly,  cows were allocated t o  Groups I ,  II  or I l l  in 

the rat io of  1 :  1 :  2 respec t ively . 

Resul t s  were subj ected t o  an orthogonal ( independen t )  

analys i s  I + I I  versus Ill , and then I versus II . Th is  method 

gave a mor e  pm<1erful comparison b e tt.;reen the experimental 

treatment s  and the standard t reatment (Blis s . 19 67 ) . 

Supplementary direct comparison s , I versus II and II  versus 

Ill were mad e  vlhenever these d ifferences appeared to  b e  

intere s t ing . 

2 . 3  OBS ERVATIONS RECORDED 

The f o llowing were recorded ; 

1 )  Respon s e  t ime ; i . e . the numb er of days b etween 

receiving the first inj e c tion and calvin g .  

2 )  Numb er o f  cov1s calving within 10  days o f  the 

f irst  inj ect ion . 
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3 )  Numb er of  cows calvin g  within 7 days o f  r e c e iving a 

s ec ond inj ect ion of  cort icost eroid . For t h e  purposes 

o f  this t r ia l  i t  was decided that if  any cow did not 

(4)  Opt i cortenol , Ciba-Geigy New Zealand Ltd . 
(5)  Bet solan , Glaxo New Zealand Ltd . 



calve with in this period , the treatment woul d  b e  

cons idered t o  have failed . 

4 )  Prematurity o f  calves . 

5 )  Calf  mortal ity rat e s .  These  were recorded at  

b irth and a t  4 days after calving . 

6 )  Inc id ence of  metab o l ic disease .  

7 )  Inc idence o f  retained foetal m�mb ranes ; i f  v i s ib le 

at th e vulva at  2 4  hours after calving , memb ranes 

were recorded as ' re tained ' .  

8) Incidence o f  dystoc ia . 

9 )  Inc id ence o f  mas t it is o ccurring b etween the t ime 

of in itiaL inj ect ion and t ime the cows ent ered 

the m ilking herd . 

1 0 )  Inc idence of  other ma ternal illnesses . 

1 1 ) Cow mortality . 

3 .  RESULTS 

Results ar e presented in two cat egorie s : 

1 )  Dat a  ob t a in ed from all  cows trea t ed .  

2 )  Dat a  ob tained from a restricted cat egory 

cons i s t ing only of tho s e  cmv-s for \vhich mating 

records and the stage of  pregnancy as est imated by 

rec t a l  examinat ion were in agreement . 

Cows t reated within 1 0  days b efore their expec t ed calving 

dat e , and cows c arry ing Bos indicus calves were also excluded 

from the restric ted category . 

3 . 1 STAGE OF PREGNANCY AT THE TIME OF TREATMENT 

1 6 9  

Th e day of treatment rela t ive t o  the expect ed day of calv ing 

\-las calculated f or those cm.rs in t he restricted category . The 

figures ( Tab le 7 : I )  indica t ed no s ignif icant differences  b etween 

t reatment groups .  

A h ighly s i gnificant d ifference in the s tage of pregnancy 

exis ted , hm-1ever , b et�veen c m.rs \vhi ch calved to the f irst  
� 

inj ec tion alone and those which calved after the second 

inj e c t ion � - There was als-o a hj ghty s ignificant difference in th e 



stage of  pregnancy b e tween cows which calved within the 

experimental  period and those which failed to calve . 

Table 7 : 1  S tage o f  pregnancy and days b efore expected calvin g 

1 70 

(mean ± SD) on which the f irst inj ection was administered 
(restricted category ) . r 

Group Number 

I 7 0  

I I  9 3  

I ± I I  1 6 3  

I I I  1 78 

Cows calving 
t o  first 
inj ec t ion 13 6  

Cows calving 
to second 
inj ec t ion 180  

Cows which 
failed t o  
calve within 
7 days o f  
s econd 
inj ect ion 2 5  

S tage of pregnancy 
· (days) 

249 . 1 

2 5 1 . 7 

250 . 5  

250 . 9  

25 6 . 3  

248 . 7 

234 . 9  

Days b efore expect ed 
· calving 

3 2 . 9  ± 1 7 . 0a 

30 . 3  :!; ) L 9 a 

3 1 . 5  ± 1 4 . 4a 

3 1 . 1  ± 1 4 . 9 a 

2 5 . 7  ± 1 0 . 1b 

33 . 3  ± 1 4 . 8b , c  

4 7 . 1 ± 18 . 6c 

Comparison in all tab les is betw een means wit h  the  same 

superscript . 

a 

b 

c 

3 . 2 

Not s i gnifican t  

*** 

*** 

RESPONSE TIME 

There were no d i fferences b etween groups (Tab le 7 :  I I ) . 



Table 7 : II Respons e  t ime in days (mean ± SD) b etween first 
inj ec t ion and calving 

Treatment Cows calving  to  Cows calv ing t o  
group 1 st inj ect ion 2nd 

I 7 . 0  ± 2 .  1 1 2 . 6  

II  7 . 2 ± 2 . 3  1 2 . 0  

III  7 . 6 ± 2 . 4  12 . 4  

I + I I  + III  7 . 5  ± 4 . 9  12 . 4  

3 . 3  NUMBER OF COWS CALVING AFTER EACH TREATMENT 

inj ec t ion 

± 1 . 3  

± 0 . 8  

± 1 . 6  

± 1 . 4  

1 7 1  

In the groups treat ed with concent rated b et amethasone 

suspens ions (I and II) , a greater proportion o f  cows calved t o  

a s ingle inj ect ion than in the group trea ted with dexamethasone 

TMA ( I I I ) . The d ifference was highly significant (Tab l e  7 : II I ) . 

In all  treatment groups , the peak of  calving occurred on 

the second  day after administrat ion of  the second inj ect ion 

( Fi g .  7 : 1 ) .  Of the cows in Groups I ,  II and I I I  \vh ich received 

a second inj ect ion , 5 2 % ,  75% and 6 2 %  respectively calved within 

2 days of that inj ect ion . The only sign i ficant d ifference i s  

that b etween Groups I and I I  ( P  < 0 . 0 1 )  although that b etween 

Groups II and I l l  approaches signif icance ( A2 
= 3 . 7 18 ;  

0 . 05 <P < 0 . 10 ) . 

In comparison .\vith t hose in Group I I I , s ignificantly fewer 

cows in Group II failed to calve within the a llocat ed 7 days 

after the second inj ec t ion (Tab le 7 : I I I ) . 

Table 7 :  I I I  Cows calvin g  follmdng first inj ect ion and cows  
c a lving within 7 days of  s econd inj ect ion . 

No.  receiving No . ( %) calving No . ca lving wit hin No . ( %)  

Group 

I 

I I  

III  

I +  II  + I I I  

a .  *** 
b .  *** 
c .  * 

f ir s t  
inj ec t ion 

1 3 1  

1 6 6  

3 22 

6 1 9  

t o  f irst 
inj ect ion only 

na 

102b 

ss ab 

259 

(55 . 0) 

( 6 1 . 4 ) 

( 2 6 . 4 ) 

( 4 1 . 8) 

7 da:ts of  second failing 
inj ect ion t o  calve 

50 9 ( 6 . 9 )  

5 8  6 c ( 3 . 6 ) 

204  3 3c ( 10 . 2 ) 

3 12 48  ( 7 .  7 )  
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Figu re 7 : 1  Calving p a t t e rn a f t e r  in du c t ion o f  p a r t u r it ion u s in g  

c o r t icost ero i ds . 

Group I ;  2 rnl of a 1 0  mg/ml suspens ion o f  b e t ame t ha son e . 

Group I I ;  2 ml o f  a 1 5  mg/ml suspen s i o n  o f  b e t ame thasone . 

Group I l l ; 4 m l  o f  a 5 mg/ml suspen s i on of dexame t ha s one T�� . 

Second inj e c t ion ; 1 2 . 5  ml o f  a 2 mg/ml s u s pens ion o f  
b e t a me t h a s on e . 



3 . 4  CALF PREMATURITY 

In the  restric t ed category , within-group variab ility was 

high ,  but  the calves born to cows in Group I + II were 

significan t ly more premat ure t han those born to  cows in Group 

Ill (Tabl e  7 : IV) . 

Overal l ,  the c alves born following the s econd inj ection 

were mor e  p remature than t hose b orn t o  the first  inj ect ion . 

Table 7 : IV Prematurity of  calves (Hean ± SD) b orn to  c ows in 
the restric ted category . 

Calves born to 1 st Calves b orn t o  2nd All calves born 
inj ect ion inj ection 

1 7 3  

Group Number Days prem. Numb er Days prem . Number Day s Erem. 

I 39  16 . 9 ±6 . 5  2 7  30 . 2 ±2 0 .  1 6 6  2 2 . 4 ± 1 5 . 1 

II 59 18 . 8±9 . 8  30  23 . 5±10 . 4 89  2 0 . 4 ± 10 . 2  

I + II 9 8  18 . 1 ±8 .  7 5 7  2 6 . 7 ± 15 . 9 a 155 2 1 . 1 ± 1 2 . 5b 

III 38 1 8 . 1 ± 1 2 . 9 1 2 3  1 8 . 3± 1 3 . 4a 1 6 1  1 8 . 2 ± 1 3 . 1b 

I +  II + I I I  1 36 1 8 . 1 ± 10 . 0c 1 8 0  2 1 . 0± 1 4 . • 7 c 3 1 6  1 9 . 7 ± 12 . 9  

a .  *** 
b .  * 
c .  * 

3 .  5 CALF MORTALITY 

In t he f irst 4 days af ter par tur i t ion many calves eith er 

died or were destroyed b y  f armers  who f elt that the calves were 
' too small ' . I t  was not pos sib l e  in this study to  differen t iate  

betw·een those which were destroyed and those which d ied from 

other causes . 

There were no sign i f icant d i f f er en ces bet't-7een groups in 

the numb er of c alves st illb orn , nor in the numb er dead by 4 days 

of  age (Tab le 7 : V) . Th ere was a highly signif icant dif feren c e  

in mortali t y  b etween those calves b orn following a singl e  

inj ection and those born followin g  a second inj ec t ion . 
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Table 7 : V  Numb er (%) of  calves st illb orn and dying  within 4 days 
of b irth fo.llowing induc t ion of parturition . 

Group Born to : 1st Inject ion 2nd Inj ec t ion Total 
Dead a t : Birth 4 days B irth 4 days B ir th 4 days 

I 5 10 19 2 6  2 4  3 6  
(6 . 9 )  ( 13 .  9 )  ( 3 8 )  ( 5 2 )  ( 19 .  7 )  ( 29 . 5 ) 

I I  8 15  12  23  20 38  
( 7 . 8 )  ( 1 4 .  7 )  ( 2 0 .  7 )  ( 39 . 6 ) ( 1 2 . 5 ) ( 23 . 7 )  

Ill  5 8 38  70 43  78  
(5 . 9 )  (9 . 4 )  ( 18 .  6 )  (34 . 3 ) ( 14 . 9 )  ( 2 7 )  

I + II + II I  1 8  33a 6 9  l l 9 a 8 7 152  
( 6 . 9 ) ( 12 . 7 )  ( 22 . 1 ) ( 38 . 1 )  ( 1 5 .  2 )  ( 26 . 6 ) 

a .  *** 

3 . 6 METABOLI C DISEASE 

Hetabolic disease  was s een in all t reatment groups and 

occurred both b efore and after calvin g .  Differences between 

groups were not  s ignifican t (Tab le 7 :  VI) . 

Tab le 7 : VI Inc idence of me t abolic d isease amongst cows induced 
t o  calv e  by th e administra t ion of corticosteroids .  

Group No . calving Percentage inc idence 

I 1 2 2  8 . 2  

II  160  5 . 0  

Ill  2 89 5 . 5  

I + II  + I l l  5 7 1 5 . 9  

3 . 7  RETAINED FOETAL MEHBRANES 

No s ignif ican t  d i fferences were detected between groups 

in the  inc idence of RFMS ( Table 7 :  VII ) . 

Twenty-five o f  t he l l6 cows that were recorded as 

having  RFHs required veterinary attent ion for RFH-related 

prob lems and there tvas no sign ificant difference in the 

distribution b e tween groups .  



Tab le 7 : V.II Inc idence of  retained foetal memb ranes amongst cows 
induced to calve  by the  administrat ion of 
cort icosteroid s 

· Group · No . calving 
to single 
inject ion 

I 

II  

III 

72  

102  

85  

I + II + Ill 259  

3 . 8  DYSTOCIA 

Percent age 
inc iden c e  

2 6 . 4  

24 . 5  

1 7 . 6 

2 2 . 8 

To tal No . 
ca lving 

1 2 2 

160  

289  

5 7 1  

Percen tage 
inc idence 

2 2 . 1 

2 2 . 0  

18 . 6  

2 0 . 3  

Thirt y-nine cows required assis t ance at calving . These 

were distributed among Groups , I,  II and III a s  1 3 , 9 and 1 7  

re spect ively . The difference  in inc idence wa s n o t  s ignificant . 

3 . 9  MASTITIS 

In the immediat e  post -calv ing period there were 1 6  cas es 

o f  mast i t is ; 4 in Group I and 1 2  in Group III . There \vas no 

s igni ficant dif ference b etween these ttvo groups in the incid enc e  

of  mas t i t is .  

There were n o  cases of mast it is recorded in Group II , and 

the difference b etw·een Group II and Group III is s ign if icant 

(P < 0 . 0 1 ) . \fuen Groups I and II are comb ined , however , the 

d i f f erence in inc idence b etween the comb ined group and Group III 

i s  not  s i gnificant  ( P  > 0 .  2 ) . 

3 . 1 0  O THER ILLNESSES 

There were a few case s  of s evere d iarrhoea and a few cases 

of undiagnosed illness :  1 2  cows were affected in a l l .  Differences 

b e tween groups were not s ignificant . 

3 . 1 1  COW MORTALITY 

Four cows d ied in Group I ,  one in Group II and 6 in Group 

III . Th ere was no s ignificant d i f f erence b ettveen groups . 

1 7 5 



4 .  D I SCUSS I ON 

Th e concentrated betamethasone suspens ion s  used in t h i s  

t r ial had one important  economic advantage over t h e  dexamethasone 

TMA formulat ion ; a s ignif icantly sma ller percentage of  coHs 

which had been t reated with the b etamethasone suspensions ( Groups  

I and I I )  required a s econd inj ect ion of  cort icostero id . 

While t h e  reasons  for this diffe rence in pat tern of  

response  are not clear , undef ined and perhaps rather sub t l e  

d ifferences i n  absorp t ion rate could b e  respon s ib l e .  

The peak of calv in g  occurred two days af ter the s econd 

inj ect ion ( Fi g .  7 : 1 ) and this is in a ccord with the result s o f  

other t r ials (Helch , Crawford & Duganzich , 19 7 7 ;  Welch et  a l , 

19 79 ) . In the  group treat ed with the 15  mg/ml betamethasone 

formulation ( Group I I )  there was a tendency for more cows to  

calve within 2 days of receiving thei r s econd cortico s teroid 

inj ection . As cows in this group received 50% more total 

glucocor t icoid in the  ini t ial inj ect ion , this response i s  

pos s ibly a reflect ion o f  a dose effect  (Osin ga , St egenga & 
Jochle , 1 9 70 ;  Brown e t  al , 19 70 ; Bos c ,  19 7 1 )  which also carried 

over to result in a great er propor t ion of Group II calving 

within the experimental  period . 

Calf mortality at b irth was high ; ab out 1 5 % .  This i s  

cmnparab le , however , to  that reported b y  others for a doub le 

inj ect ion regimen of  t h is nature (Welch & Kaltenbach , 1 9 7 7 ;  

Welch et a l , 1 9 7 9 ) . The mortality rat e for all groups had r i s en 

to 2 6 %  by the ·fourth day after b irth , a figure which is  in flated 

b y  the numb er o f  v iab le calves which were destroyed because t h e  

f armer c ons idered them t oo small .  On some farms these very 

small c alves were kept unt il  heavy enough to go to t he freezin g  

works as b obby calves .  Unders tandab ly (Welch e t  al , 1 9 79 ) , 

those ca1 ves b orn as a result of the  first inj ect ion experien c ed 

a lower mortality rat e  ( 6 . 9 %  against 2 2 . 1%)  as  they were nearer 

to t erm at the t ime of inj ect ion . 

1 7 6  



S i gnificant differences were not detec t ed b e tw een 

t reatments in respec t t O  mat ernal illne s s .  The inc idence o f  

foetal memb ranes st i l l  retained at 24  hours was relat ively 

h i gh in all  treatment groups , but wa s s imilar to that report ed 

elsewhere for a t\vo-inj ect ion regimen of  this nature ( 2 1% ,  

Welch & Kaltenbach , 19 7 7 ;  2 1 % - 26% , Welch e t  a l , 19 79 ) . 

W11 ile 2 1 . 5% of  cows  with RFM' s required veterinary 

a t t en tion for this prob lem , most expelled them w ithout 

intervent ion '>vithin a f e\v day s .  

Before a pos sib le a s soc iation b etween cort icosteroid­

induced parturit ion and mast i t i s  can b e  ruled out ( Chapter VI , 

section 5 .  4 ) , more exper imen t al data need to b e  ob t a ined a1.d 

evaluated.  However , the  nil-incidence of mas t it is in the 

group which received the h ighest dose of  steroid ( Group II)  

would seem paradoxical i f  any direct as sociat ion bet\<leen the 

u s e  o f  corticos teroid s  and a predisposition t o  mas t itis  is  

postulated (Buddle,  Mid gley & Ashb y ,  1 9 7 6 ) . 

5 .  CONCLUS I ONS 

In a pr�vious chapter ( Chapter Ill ) , resu lt s o f  laboratory 

studies were reported which indicat ed that a f ormulation of  

b etamethasone alcohol having a h igh solids : vehic l e  rat io 

could be expec ted to produce clinical eff�cts which compared 

favourab ly with other long-ac t ing cort icost eroid formula t ions 

used for the induct ion of  premature calving . Th e  t rial 

reported in this chapt er con f irmed that such effects  are also 

demonstrab le und er f ield cond itions . In add i t ion , 

c oncentrated b et amethasone suspensions had c ertain advantages 

over dexamethasone TMA in t erms of  the numb er of cows  

calv ing to a s ingle inj ec t ion . 

1 7 7  
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CHAPTER VIII 

A COMPA R I SON  O F  D I F FE RE NT FORMULAT I ONS OF B ETAMETHASON E  U S E D  

FOR TH E I NDUC T I O N  OF  PARTUR I TI ON I N  DAI RY cows ( l )  

1 .  I NTRODU C T I ON 

The trial reported in  Chap ter VI I es tab lished that a 1 0  

mg/ml suspens ion o f  be tame thasone alcohol may b e  s a t is factorily 

sub s tituted for dexamethasone trimethyl acetate ( TMA) in the 

two-inj ection treatment  regimen commonly used in  New Zealand to  

induce calving .  

In this treatmen t regimen (McGowan , Welch & Hunter , 1 9 � 5 ) , 

an  in itial  inj e c t ion of a s lmvly-ab sorbed  corticosteroid is  

followed 7 to 1 4  days later , if  nece s sary,  by an  inj e c t ion of  

179  

one  which is more rapidly ab sorbed .  For several years a 2 mg/ml 

suspension of b e t amethasone ha s been widely used as  the second 

inj ection (Mc Gowan , \.Jelch & Hun t er , 1 9 75 ;  \.Jelch , Crawford & 

Dugan zich , 1 9 7 7 ;  Welch & Kaltenbach , 1 9 7 7 ) . It  was postulated 

that , when used a s  a second inj ection , a corticosteroid formulation 

which is more rapidly ab sorbed than the 2 mg /ml suspens ion might 

produce a shor te r  respon s e  t ime and hence a contraction of  the 

calving period . 

The trial reported in this chapter  was therefore designed 

to  compare the e f f e c t  on calving pa ttern of the commonly-used 

2 mg/ml betame tha sone suspens ions wi th that of  a 2 mg/ml solution 

o f  the h ighly solub l e  b e tamethasone sodium phosphate . 

2 .  MATERIALS AND M ETHODS 

The trial was carried ou t in  September 1 9 7 9  on 2 7  dairy 

farms in the central Waikato area . Farmers takin g part in the 

trial would normally have had cows induced to calve at this t ime 

and had b een n o t ified  beforehand of the experimental requirement s .  

( 1 ) A paper b a s ed on the s tudy describ ed i n  this chapter has 
been published (MacDiarmid ,  1 9 80 ; Appendix I I ) . 



2 . 1 ANIMALS 

The cows used were J erseys , Friesians or Jersey x Friesian 

crosses . Ages ranged from 2 to 1 3  years and da t a  were collec t e d  

from 5 5 3  cows . 

An est imate of  the stage of  pregnancy a t  the t ime of  treatment 

was based on artificia l  inseminat ion records where these were 

availab le . The expec ted  c a lving dat e ,  and thus the prematurity 

o f  the calf , was based on a gestat ion length of  282 days (Moller 

et  al , 19 6 7 ;  MacMillan & Curnow , 1 9 76 ) . Before treatment all 

c ows  were examined per rec tum to confirm pregnancy and to 

s ub stantiate the estima t e  o f  the stage of ges t a t ion . 

2 . 2  TREATMENTS 

All an imals rece ived an init ial inj ection of  2 ml of  a 10  mg/ 

ml suspension of  betame thasone ( 2 ) . Cows calving to this  s in gle 

inj ection were class if ied a s  Group I .  

1 8 0  

Animals \vhich h a d  not calved by  t h e  seventh day after  inj ec t ion 

received e ither : 

1 )  2 0  m g  o f  betame thasone alc oho l a s  a 2 mg/ml suspens ion ( 3 )  

( Group I I ) , or  

2 )  2 0  m g  o f  betamethas one a s  a 2 mg/ml solu t ion of  the sodium 

phosphate est er (4)  (Group iii ) . 

All treatments were administered by subcu taneous inj ect ion . 

As c ows became availab le they were randomly alloca ted to Groups  

I I  and  Il l .  

2 . 3 EVALUATION OF TREATMENT S  

The effects of treatments  were compared us ing t h e  appropriate 

s t a t i s t ical test s (Ch i s quare or S tu dent ' s  t test ) . The 

observat ions recorded and compared \vere : 

1 )  Re sponse t ime : the number of days between receiving 

the first inj ec t ion and _calvin g .  

( 2 )  Betsopart , Glaxo New Zealand L t d .  
( 3 )  Betsolan , Glaxo New Zealand Ltd . 
( 4 )  Betsolan Solub le Inj ec t i on ,  Glaxovet Austral ia P t y .  Ltd 

Melbourne . -



2 )  Number o f  cows calving within 7 days o f  rec e iving the 

first inj ec t ion . 

3 )  Number o f  cows calving within 1 0  days of  rec e iving a 

second inj ection of  corticost eroid . For the purposes  

of  this  t ria l i t  was decided that if any cow did  not  

calve within this  period the t reatment woul d  be  

considered to have fa iled.  

4 )  Prematurity of  calves.  

5)  Ca l f  mortality ra tes . These were recorded at  b ir th 

and a t  4 days a f ter calvin g .  

6 )  Birthweights  of  calves . 

7 )  Inc idence of  me tabolic disease amon gst t h e  cows . 

8 )  Inc idence of  re tained foeta l  membranes ; i f  vis�ble a t  

the vulva 24 hours af ter calving membranes were 

recorded as ' retained ' .  

9 )  Inc idence of  dystoc ia.  

10)  Incidence of  mas t itis occurring between the t ime o f  

ini t ia l  inj ec tion and the t ime cows ent ered t h e  milking 

herd . 

1 1 )  Inc idenc e o f  o ther maternal i l lnesses . 

1 2 )  Cow mortality .  

3 .  RESULTS 

Result s are c onsidered in two categories : 

1 )  From a l l  c mvs treated . 

2 )  From a restricted category con s isting only of  those 

cmvs for wh ich mat ing records and the stage of  pregnancy 

as e s t ima t ed by rec tal examinat ion were in agreemen t . 

Cows t rea ted with in the 10 days before their expected  

calving dat e  -.;.rere also exclude d  from this  category . 

3 . 1 STAGE OF PREGNANCY AT THE TIME OF TREATMENT 

The day o f  treatment relative t o  the expected  day of 

calving was calcula t ed for those cows in the res t r icted 

category . The f igures (Table 8 : 1 ) demonstrate s i gnificant · 

d i fferences in s t age of pregnancy b etween Group I and Group II  + 

I I I ,  and between Group II + Ill  and the ' fa i lures ' .  No 

d i fference was demons trated b etween Groups II an d II! . 

1 8 1  



Table 8 : 1  Stage of pregnancy and number of days before expected 
c alving (mean ± S . D . )  on which first inj ect ion 
administered (restrict ed category) 

Group Number Stage of pregnancy Days b ef ore expected 
(days) calving 

I 30  2 6 5 . 4  1 6 . 6  ± 7 . 2a 

I I  9 0  2 5 1 . 8  3 0 . 2  ± 14 . ob 

I l l  104 2 5 2 . 4  2 9 . 6  ± 13 . 0b 

l l  + Ill 194  2 52 . 1 2 9 . 9  ± 13 . 4a , c  

' Failures ' 14 2 3 1 . 5  5 0 . 5  ± 1 6 . 6c 

Comparison in all tab les i s  between means with same superscript . 

a .  *** 

b .  Not s i gn i ficant 

3 . 2  RESPONSE TIME 

Group Ill had a s igni f icant ly shorter response time than 

Group II (Tab le 8 : II ) . 

Table 8 : II  Respons e  t ime (mean ± S . D . )  between f irst inj ection 
and calving 

Treatment  group Number ca lving Days 

I 103  

II 2 0 7  

Ill  2 10 

II + Ill  4 1 7  

a .  ** 

3 . 3 NUMBER OF COWS CALVING AFTER EACH TREATMENT 

4 . 9  ± 

9 . 6  ± 

9 . 1  ± 

9 . 3  ± 

On hundred and three ( 18 . 6%)  of the 5 5 3  c ows which 

received the f irst inj e c t ion calved within 7 day s  (Group I ) . 

Three of  the 553 received a repeat o f  the ini t ial inj ect ion 

b ecause udder development at 7 days was con s idered 

unsat isfactory .  The s e  3 cows were dropped f rom the trial . 

Two c ows died before calving and before rece iving a second 

inj e c t ion . 

2 . 0  

2 . 0a 

1 .  6a 

1 . 8  
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In both groups which received a s econd inj ect ion the p eak 

of  calvin g occurred on the second day after the administrat ion 

of  that inj ect ion (Fi g .  8 : 1 ) . In Group Ill  a s ignif icant ly 

greater perc ent age o f  cows had calved within 2 days of  the second 

inj ection (Tab l e  8 : 1 1 1 ) . There was no signif icant difference 

bet,.;reen Groups II and Ill in the numb er of  cows fail ing to  calve 

within the t ime allocate d .  

Tab le 8 : I I I  Number ( % )  of  cows calving within a specified  t ime 
af ter receiving a second  inj ect ion of  b etamethasone 

Group Treated Ca lving within Calving within 
2 days 10  days 

II  222  15 1 ( 68 . 0 ) a 2 0 7  (83 . 2 ) 

Ill  2 2 3  1 7 1 ( 7 6 . n a 2 10 ( 94 . 2 ) 

II  + Ill  445  3 2 2  ( 7 2 . 4 ) 4 17 (93 . 7 ) 

a .  * 

3 . 4  CALF PREMATURITY , MORTALITY AND BIRTH WEIGHT 

Fai l ing to calve 
within 10  days 

1 5  ( 6 . 8 )  

13  (5 . 8 )  

28 ( 6 . 3 )  

Al though there was no difference in prematurity b e tween calves 

born in Groups II and III , the d i f ference between calves in Group 

II + I l l  and Group I was highly s igni f icant (Table 8 : IV) . 

In c omparison with Groups I I  and Ill , fe,.;rer calves were 

born dead to those cows which calved to  a single inj ection only 

(Group I)  and more o f  these calves ,.;rere still a l ive 4 days la ter 

(Table 8 : V) . There ,.;ras no s i gnif icant difference in calf  

mortalit ies b e tween Groups I I  and Ill . 

A total o f  1 42 calves (27 . 3 % )  were dead by  the fourth day 

af ter b i r th . Fifty-four (38%)  o f  thes e  had been dest royed by 

farmers b ecaus e of sma l l  s i z e .  Calves dead 4 days a f te r  b irth 

were calculated to have been mor e  premature than those surv iving 

(Tabl e  8 :  IV) . 

Birth wei ght s were obtained for 348 calves (Tab l e  8 : V I ) . 

For thos e  calves born following a s ingle inj ect ion on ly , the 

differen c e  in mean b irth weigh t s  b e tween calves alive 4 days 

after calving and those dead a t  this t ime v7as not s ign ificant . 
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Figure 8 : 1  Calving pa tt ern a f ter induct ion of  parturit ion u s ing 
betamethasone formulations . 
Group I ;  those cmvs ca lving within 7 days o f  receiving 

2 ml of  a 10 mg/ml suspension . 
Group II ; 2 ml o f  a 10  mg/ml su spension followed by 10  ml 

of 2 mg /ml suspension (second inj ection).  
Group I l l ;  2 ml of a 10  mg /ml suspension followed by 10  ml 

of a 2 mg /ml solut ion ( second inj ect ion ) . 
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However , for c a lves born after a second  inj ection , the mean b i r th 

weight o f  those surviving for 4 days was significantly grea t er 

than that o f  c a lves dead by that t ime . 

Table 8 : IV Prematurity of c alves born to cows in the restricted 
cate gory 

Days premature (mean ± S . D . ) 

Group No . c a lves Calves alive Calves dead Total calves 
at 4 days a t  4 days 

I 30  10 . 8  + 7 . 6  1 1 . 3  ± 6 . 0  10 . 9  ± 7 . 4a 

I I  9 0  1 6 . 1 + 10 . 8  26 . 7  ± 1 4 . 5  20 . 6  ± 1 3 . 5  

I l l  105c 1 8 . 5  ± 10 . 1 24 . 4  ± 16 . 7  20 . 4  ± 1 3 . 1 

I I  + I I I  1 9 5  1 7 . 4  ± 10 . 4b 25 . 5  ± 15 . 6b 20 . 6  ± 1 3 . 2a 

a .  )'ob'c 

b .  **�' 

c .  inc ludes one set  of t\Yins 

Tab le 8 : V  Numb er (%)  of calves s t illb orn and dying within 4 days 
of  b irth following induc t ion of parturit ion 

Group Calves born Dead a t  b ir th Dead at 4 ' da:l:s 

I 1 0 3  5 ( 4 . 9 ) a 8 ( 7 .  8)b 

I I  2 0 7  24  ( 1 1 . 6 ) 70 (33 . 8) 

Ill  2 1 1C 26  ( 1 2 . 3 ) 64 (30 . 3 ) 

I I  + III 4 18 5 0  ( 12 . o ) a 134  ( 3 2 . 1 ) b 

I +  II  + Ill  5 2 1 5 5  ( 10 .  6 )  142d ( 2 7 . 3 ) 

a .  * 

b .  * ** 

c .  includes one set o f  twins 

d .  54 calves destroyed : remainder ' died f rom natural causes . 
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Tabl e  8 : VI Birth weights  (mean ± S . D . )  of calves born following 
induct ion of parturition � 

Group Calves alive a t  4 days Calves dead a t  4 days 

!8_. (no . )  !8_. (no . )  

I 3 1 . 5  ± 6 . 6a ( 69 ) 25 . 7  ± 16 . 7a ( 4 )  

I I  24 . 4  ± 5 . 2  ( 89 ) 16 . 3  ± 5 . 1 ( 4 6 )  

Ill  24 . 5  ± 5 . 2  ( lOO ) 1 6 . 7  ± 6 . 2  (40)  

I I + Ill  24 . 6  ± 5 . ob ( 189 ) . 1 6 . 5  ± 5 . 6b ( 8 6 )  

a .  N . S .  

b .  *** 

3 . 5  METABOLIC DISEASES 

Metabolic d i sease '"as seen in all trea tment groups and 

occurred both before and af ter calving : the total inc idence 

was 5 . 2% (Tab le 8 : VI I ) . The d i f f erenc e in incidence b etween 

Groups II and I l l  wa s significant . 

3 . 6  DYSTOCIA 

A total of 1 1  cmvs (2 . 1% )  required assistance at calvin g .  

Differences b etween groups were not s ignifican t (Table 8 : VI I ) . 

3 . 7  MASTITIS 

Th ir ty-two c m-.1s ( 6 . 1 % )  developed clinical mast i t i s . The 

difference in inc idence bet>.Jeen groups was not sign ificant 

(Tabl e  8 : V I I ) . 

3 . 8  RETAINED FOETAL MEMBRANES 

The incidence o f  reta ined foetal memb rane s  (RFMs ) was 

signif icant ly higher in thos e  cows calving to a single inj ection 

(Tab le 8 : VI I ) . The d i f ferenc e in inc idence between groups wh ich 

calved to the second inj ect ion was not s ignificant . 

Of the 9 7  cows ( 18 . 6%)  recorded a s  having RFMs , 30  required 

veterinary attent ion for RFM-rela t ed prob lems . Signi ficantly 

more of  those cm.Js in Group I I  + I l l  >.Jhich retained their foetal 

membranes required veterinary a t t ent ion . 
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Table 8 : VII Incidence of periparturien t  illness in cows induced to calve us ing betamethasone formulat ions 

Treatmen t grouE Number Metabolic disease D:t:st o c ia Ma s t itis RFMs O ther illnesses 
No . 

I 1 0 3  4 

II 207 6 

I I I  2 10 1 7  

I I  + I l l  4 1 7  2 3  

I + l l  + I l l  520 2 7  

( Some cows experienced more than 

a .  * 

b .  * * *  

(%)  No . 

( 3. 9 )  2 

( 2 . 9 ) a 2 

(8 � 1 ) a 7 

( 5 . 5 ) 9 

( 5 . 2 ) 11 

one illne s s )  

(%)  No . ( % )  No . ( %) No . treat ed No . 

( 1 .  9 )  5 ( 4 . 8 ) 35 ( 34 . 0 ) b se 2 

( 1 .  0 )  1 0  (4 . 8 )  2 6  ( 1 2 .  6 )  10 7 

( 3. 3) 1 7  (8 . 1 )  36 ( 1 7 .  1 )  15 6 

( 2 . 3) 2 7  ( 6 . 5 ) 62 ( 1 4 . 9 ) b 2 S C  1 3  

( 2  . 1 ) 32 ( 6  . 1 ) 9 7  ( 18 .  6 )  30 1 5  

c .  Dif ference N . S .  when relat ed t o  number calving , but highly significant ( P  < 0 . 0 1 )  when related to RFMs 
present at 24 hours . 

( % )  

( 1 .  9 )  

( 3 .  4 )  

( 2 . 9 )  

( 3 . 1 )  

( 2 . 9 )  



3 . 9  OTHER ILLNES SES 

Eleven cows showed erythema and dermat i t i s  of the udder 

consistent with a diagnosis of  photosensitisation . Four had 

infect ious d iseases other than mast i tis or RFM-rela ted prob lems . 

There was no signif icant difference b etv1een groups in the 

incidence of  other i l lnesses (Tab le 8 : VII) . 

3 . 10 COW MORTALITY 

Five c ows died during the trial . There was no s i �1 i ficant 

difference b e tween groups in the cmv mortali t y  rat e . 

4 .  D I SCUSS I ON 

The c ows in the trial reported here were treated a t  a 

s ignificant ly later s tage of pregnancy than the cows o f  the 

previous t rial reported in Chapter VII (Table 8 : VI I I ) , and i t  

i s  t h i s  difference which is respon sib le for the lm.,er incidence 

of  s t i l lb irths ( 10 . 6 % versus 1 5 . 2 % ,  P < 0 . 05) in the presen t  

tria l .  Ca lves in that earlier trial ,.,ere s i gn if i cant ly more 

premature ( Tab le 8 : IX) .  

Tab le 8 : VI I I  Comparison of  the s t age of gestat ion in days 
(mean ± S . D . ) at which the first  inj ec t ion was 
administered in the 1 9 7 8  trial an d the 1 9 7 9 trial 

1 9 7 8  1 9 79 p 

Cows calvin g  to  256 . 3  ± 1 0 . 1 2 65 . 4  ± 7 . 2  *** 
1st inj ect ion 

(n = 1 3 6 )  ( 3 0 )  

Cows calving to  248 . 7 ± 14 . 8  25 2 . 1 ± 13 . 4  * 
2nd inj ec tion 

( 1 80)  ( 194)  
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Tab l e  8 : IX Comparison of  the prematurity at b irth in days 
(mean ± S . D . )  of calves born in the 19 78  trial 
and in the 1 9 7 9  tria l .  

1 9 78a . ' 19 7 9  p 

Calves born to 16 . 9  ± 6 . 5  1 0 . 9  ± 7 . 4  * * *  
1st inj ect ion (n=39 ) (30)  

Calves b orn to  30 . 2  ± 2 0 . 1  20 . 6  ± 13 . 2  * 
2nd inj ec t ion 

( 2 7 )  ( 19 5 )  

a .  Only calves from cows t rea t ed with 10  mg/ml suspens ion o f  
b etamethasone a lcohol . 

Despite the low er incidenc e  of  st illb irths , b y  the fourth 

day after b irth the calf mortali ty ra te had risen to  2 7 . 3 % ,  a 

f i gure not s ignificant ly d ifferent f rom the 26 . 6% report ed in 

the earlier trial . Of the calves which died between b irth and 

4 days o f  a ge ,  38 %  were destroyed by the farmer ( Table 8 : V) ,  

u sually because he c onsidered them too small to rear economica lly 

t o  the 25  Kg minimum �veigh t  required for bobby calves . These 

percentages , therefore , may not be a realistic e s t imat e  of  

actual calf viabi l it y . 

Mortality rates were understandab ly lower in calves b orn a s  

a resu l t  of  th e f i r s t  inj ect ion alone (4 . 9 % versus 12 . 0%) , as  

these calves were n earer to  term at  the time o f  inj ect ion (Tab le 

8 : 1 ) .  The differences  in b irth weights  of ca lves further 

i l lus trate the point that morta lity is a reflec tion of prema tur i ty . 

In Group II  + III , the mean b irth '"eight for calves dying was 

1 6 . 5  Kg and these calves · were , on average , 25 . 6  days prema ture . 

The survivors had a mean b irth weight of 2 4 . 6 Kg and were , on 

average , 1 7 . 4  days premature.  

The peak of calving occurred 2 days af ter the second inj ect ion 

( Fig.  8 : 1 ) and this is in accord with the resul t s  of the earlier 

t rial . A signif icantly h igher proport ion o f  those  cmvs which 

received b etametha sone sodium phosphat e  solut ion ( Group I I I )  had 

calved by this t ime . The more rapid response to the solub le 

b etamethasone is illustra t ed by  the significant ly shorter respon s e  

t ime o f  Group I I I  ( Tabl e  8 : I I ) . 
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Fol lowing administra tion of  the highly-soluble sod ium 

phosphate ester , peak concentrations o f  betame thasone in the 

plasma are ah.;ay s  great er than those produced by the l e s s  

soluble a lcohol ; u p  t o  1 0  t imes grea t er in some cases ( Chapter 

IV ; Sect ion 3 ;  Al so Box , pers . corn . ) .  It is  thus l ikely that 

once a cow has b een suff iciently ' prime d '  by her exposure to a 

slowly-ab sorbed cort icosteroid , the speed with which she 

responds to a second inj ect ion may be r elated , within l imi t s , 

to the plasma cortico s teroid  concentrat ion produced by tha t 

second inj ect ion . 

The d i f ferences in plasma betamethasone concentra t ions 

produced by  the different formulat ions may also be responsib l e  

f o r  the s ign ificant diff erence be tween Groups II and I l l  i n  

t h e  inc idence o f  metab olic disease . However , a d irect 

a ssoc iat ion is  diff icult  to establ i sh b ecause ,  as  explained in 

Chapter VI ( Sect ion 5 . 5 ) b etamethasone is unlikely to  have any 

signif icant advers e  effect  on ca lc ium , magnesium or phosphorus 

metabolism.  Further experimen tal c larificat ion i s  needed in 

this area , as any signif icant increase in the incidence of 

metabolic di s ea s e  must be regarded as a s erious s ide-ef fect .  

The inc idenc e of f oe t a l  membranes retained a t  24  hours 

was relatively high and was c lose to the 2 0 . 3%  reported for 

the earlier trial described in Chap ter VII ( Sect ion 3 . 7 ) . In 

mos t  cases RFMs were expelled without a s s istance within a few 

day s .  

One gains a n  impression f rom a rev iew of the literature 

that cows induced to calve by the use of  ' long-ac t in g '  

cor t icostero ids are · less l ikely to re tain the ir foetal  

membranes than cm.;rs trea ted with ' short-ac ting ' formulat ions 

( Chapter VI , Sect ion 5 : 1 ) . Presumably such a difference 

could be explained by the fact -that a longer exposure to the 

glucocort icoid would encourage the ma turat ion processes 

responsible for s eparat ion and expu l s ion o f  the placenta . I t  

is  interesting , therefor e ,  that those cows wh ich calved 

following a s ingle inj ec t ion of  betame thason� ( Group I) had 
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a greater inc idenc e of  RFMs than tho s e  £ows which calved a f t er 

receiving t\vO inj ec t ions (and were thus exposed to the s t eroid 

a c tion for longer) . However , when RFMS did occur in cows 

wh ich had been treat ed with two inj ect ions , they were more 

l ikely to require veterinary attent ion (Tab le 8 : VII) , po ssib ly 

because the affec t ed cmvs were so far from t erm that th eir 

exposure to b etamethasone was insuf f ic i ent to cause maturat ion 

of the placental s eparation process b efore the foetus was 

expelled . 

The incidence o f  other mat ernal i l lnesses did not differ 

s ignif icantly b etween groups . Dystoc ia was recorded less 

frequently than in the earlier trial whereas ma st it is was 

recorded more frequen t l y .  

Because i n  most  instances the s igns o f  erythema and 

dermatitis of the udder , considered to b e  due to photo­

s ensit isa t ion , were very mil'd , it is likely that some farmers 

failed to report cases . The in cidence of thi s pos s ib le side­

e ffect may b e  greater  than the resul t s  repo r t ed here \vould 

ind icate . Veterinarians working in the pra c t ice where th e t r ia l  

was carried ou t report ed that photosen s i t isa t ion occurs 

occasional ly followin g the u s e  of long-a c t ing dexamethasone 

est ers . The reasons for this phenomenon are not known , but 

the skin lesion s  may b e  a result of  cort icost eroid-induced 

l iver damage ( Chaper VI , Sect ion 5 . 6 ) . It  wa s suggested 

(H . C .  MacDiarmid ,  Cambridge Ve terinary Services Inc . , pers . 

c orn. ) that s imilar s igns are occasional ly seen in untreated , 

naturally-calving c ows . 

5 .  CONCLUSI ON 

The trial result s  reported in this chapter further conf irm 

the suitab il ity o f  a 1 0  mg/ml . suspen sion of betamethasone as 

the in itial ' priming ' inj ect ion of  a two-inj ect ion schedule 

to indu ce ca lv in g .  

Cows in t h i s  second tria l  were induced to  calve at  a 

s i gnif icantly later s t age o f  pregnancy than those in the 
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earlier trial (Chapter VII )  and this fact explains c ertain 

d i fferences in result s �  

I t  i s  apparent from the data that corticost eroid 

formulat ions having different rates of absorpt ion may produce 

d i fferences in the pa ttern of induced calvin g .  The possib il ity 

is also raised that the solub le b etame thasone f ormulat ion , while 

having a minor advantage over the 2 mg/ml suspension in t erms o f  

a more compact calving p e r iod , may achieve this a t  t h e  cost 

of an increased inc idence o f  metabolic disea ses . 
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CHAPTER IX 

GEN ERAL D I SCUS S I ON 

The result s  of the s tudies presented in this thesi s  are 

s i gnif icant in two respects . Fir s t ly ,  by a s imple pharmaceut ical 

techn ique designed to prolong its activit y ,  the usefulness of  

a t ried  and tested drug has b een extended . Secondl� by  prolongin g 

the a c t iv i ty of this drug , ano ther management tool has b een 

provided  which i s  able , part ia l ly at lea s t , to correct  some of 

the e f f ec t s  that poor animal husb andry or other fac tors may have 

had on the calving pattern o f  seasonal dairy herds . 

The pharmacological invest igat ions reported in Chapters 

1 9 3  

Ill , IV and V were undertaken to conf irm that by the pharmaceut ical 

manipulation o f  increas ing the solids :vehicle ratio o f  a suspens ion 

of b etamethasone al cohol , a ' long-ac t ing ' formula t ion could be  

produced . Studies in  cattle  confirmed the  practicali t y  o f  this 

mod if icat ion and demons trated that a 10 mg/ml suspens ion of 

b etametha sone had an int en s ity and du rat ion of  act ivity comparab l e  

t o  that o f  commerc ially availab l e  ' long-acting ' cort icost ero id 

product s .  

More recen t ly , the ' long-act ing ' nature of the 1 0  mg/ml 

suspension of b etame thasone has a l so been demonstra ted in dogs 

( P . G .  Box , pers . corn . ) and horses (Lea Stogdale , Univer s i ty o f  

Saskatchewan , pers . cam . ) .  

k1o ther invest igat ion into the rela tionship b e tween the 

solid s : vehicle ratio and the int ensity and duration of gluco­

corticoid activity of betame thasone suspensions in c a t t le has 

also b een recently completed (Maw, 1 9 8 1 ) . As expec ted , a 

10 mg/ml suspens ion produced an e levation of plasma glucose wh ich 

pers isted for a longer period than tha t  produced by th.e same 

dose of a 2 mg/ml suspension . Contrary to expectat ions though , 

the glucogenic eff�c t  o f  a 5 mg/ml suspension was not 

intermed iate b etween that o f  the 2 mg /rnl and 10  mg/ml suspens ions . 

Rather , i t s  intensity of  e f f e c t  was s imi lar to tha t o f  the 2 mg/ml 



suspens ion whi l e  its duration of e f fect  matched that of  the 

10 mg/ml suspens ion . I t  is  the opin ion of the present wri t er 

that the ab sorption rat e  was probably intermediate , but the 

apparently anomalous e f fects on glucose level s  were due to 

the economy of s t ero id u t i lisat ion from the d i f f erent 

formulations . Such a hypothesis is  t enable provided one accep t s  

that the rate o f  glucogenes i s  i s  a saturab le response . Tha t  

i s ,  when p lasma steroid  concentra t ions exceed some optimum, no 

further increa s e  in glucogenesis can b e  expected . 

The greatest effect on plasma glucose levels  will b e  

produced by  the  formulation which ma intains b etame thasone 

concentrat ions c lose to the optimum for the maximum time . 

The more rapidly absorb ed suspens ions will produce very high 

p lasma s tero id concentra t ions , well in excess o f  the op timum, 

but  such concentrations will b e  maintained for a short period 

only . In t erms of the glucogenic response , such formulat ions 

are 'wasteful ' of b etame thasone . On the other hand , very s lowly 

ab sorbed f ormulat ions may never produce optimum concentrations 

of steroi d  and so will  never generat e  the maximum glucogenic 

response . It thus becomes apparent that a formulat ion having 

an ' int ermedia t e '  absorption rat e  may be the one capabl e  o f  

causing the greatest gluco genic r esponse . Fur ther s t udy o f  

this pos s ib il i ty i s  des irable . 

Onc e  i t  had b een estab lished that the 1 0  mg/ml suspension 

of betame thasone was a suitable ' long-acting ' produc t , f ield  

trials were carried ou t to demon strate its  ef fectiveness a s  an 

agent for the induc t ion of calv ing . The first trial ( Chap ter 

VII) wa& based on the hypothes is tha t  the be tamethasone suspens ion 

would be no d i fferent in i t s  effec t from a commonly used 

dexamethasone formulation . In terms of  response t ime, however , 

the b etame thasone product  turned out to have certain pract ica l 

advantages . Becaus e  more cows calved af ter a single inj ect ion , 

an economic advanta ge could b e  c la ime d . However , the pos s ib l e  

dangers o f  an over-rapid response were indica t ed b y  the resu l t s  

o f  the s econd trial ( Chapter VII I )  i n  which a further compression 
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of the calving period (brought about b� the use o f  a very 

rap id ly ab sorb ed second inj ection) was obt a ined , but at the 

expense of a small  yet s ignif icant increase in the incidence o f  

metabolic diseas e . 

On the b a s i s  o f  the results of  these ttvo trials , Disk in 

and Box ( 19 8 1 )  in Ireland invest iga ted the use of  the 10 mg/ml 

product as  part of  a two-inj ec t ion regimen des igned to induce 

precocious partur i t ion in ovum-transplant ed heifers . Th e 

treatment schedule was designed to avoid an ant ic ipated 

dystocia prob l em and in all respect s  the resu l t s  were 

considered very sat isfactory . Further trials are now underway 

in Europe ( P . G .  Box,  pers . corn. ) .  

It  was ment ioned in the revietv o f  the induction of  

parturition ( Chap ter VI , S ect ion 6 )  tha t no inves t igations had 

b een made into the economic benef i t s  of  the technique as i t  i s  

applied in New Zea land . I n  an att empt to  rec tify this situa tion , 

Moller and MacDiarmid ( 19 8 1 a ;  Append ix Ill)  carried out a cost­

b ene fit analys is  of  the technique _ and investigated the 

sub sequent reproduc t ive performance of c m-1s after induct ion 

of calving (Moller & MacDiarmid , 1 9 8 lb ;  Appendix IV) . 

/ Their cost-b enef i t  analysis (Mo ller & }fucDiarmid , 1 9 8 1a )  

was based on dat a  in re levant Netv Zealand pub lica t ions ,  

together with a s urvey which they carri ed out a s  a follm-7-up 

to the induc t ion trial describ ed in Chapter VI II . They 

examined the ' extra costs ' ,  the ' co s t s  saved ' , the ' income 

lost 1 and the· ' extra re turns ' following the use  of the 

t echnique . I t  was their content ion that there is no economic 

b enefit f rom the induction o f  calving unless long-t erm 

advantages are ob tained in sub sequ ent  s eason s .  About two­

th irds o f  the cows in their survey provided such benef i t s ,  

but one th ird caused f urther economic losses . 

n a sub sequ,ent paper (Moller & MacDiarmid ,  1 9 8 1b )  the 

same author s showed that in terms of r eproduct ive performance 

after induc t ion of  calving , cows could be class if ied in to  one 
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of two populat ions . \Vhereas the reproduc t ive performance of  

the maj ority was s a t isfac tory , a minority of  cows failed to 

b ecome pregnant again despite their ab ility to come into  oestrus 

at  the expec ted t ime after calving and despite being mat ed on 

several occas ion s . It was suggested that the decrease in 

reproduc t ive e f f ic iency was a result of the h igh incidence o f  

retained foe tal memb ranes . 

The present s tudy has provided much new data rela t in g  to 

the technique o f  induction o f  calving using corticosteroids . 

Although this management tool is �.,ridely used , the convenience 

a ssociated with the c ompressed calving period must  be measured 

against the cos t s  of impaired reproduc t ive performance . The 

present indication is that the economics of the technique , as 

i t  is  currently u t i lised in New Zealand ,  are precariously 

balanced . Such an indication should provide the st imulus for  

further research , directed towards the development of  more 

flexible schedules des igned to meet the needs of individual 

cows . Eventually , a better understanding of the cascade of 

changes occur ring toward the end of pregnancy may lead to new 

comb ina t ions o f  drugs which �vould b e  c apable of init iat ing 

par turit ion prematurely a s  \vel l  as  ensuring that the subsequent 

process proceeded normally in all other respects . 
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