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Castration is a frequently performed surgery 
in thoroughbred race horses. Hoi-nional resti- 
tution therapies have been proposed ;ind 
tested in castrated males in different ;inimal 
species, including bulls (Haynes rl ul., 1976) 
and humans (Snyder 8c Lawrence, 1980), but 
no information on horses is available. Testicu- 
lar endocrine function has been shown to be 
important in the regulation of erythropoiesis 
and haenioglobin synthesis (Naets & Wittek, 
1966; Minguell 8c Sierraila, 1975; Perretta rl 
nl . ,  1982), in muscular tissue synthesis (Powers 
8c Fiorini, 1975) and skeletal tlevelopnieiit, in  
improving aggressiveness, strength and stii- 
niina (Dawson 8c Gersten, 1978; Beroz;i, 
1981), as well as being involved in muscle 
glycogen s1ipercompens;itioii (Gillespsie It 
Edgerton, 1970). Plasma testosterone concen- 
tration in a nornial stallion varies between 
0.22 and 5.54 nmol/l (Cox PI d., 1973). 
C:astration leads to a sharp decrease in these 
concentrations, being reported to be less t h x i  
1.04 nniol/l 12 h after surgery (C;:iii+iii 8c 
Kenney, 1975). Similar observations have 
been reported in dogs, where plasma testo- 
sterone concentrations are undetectable 48 Ii 

after castration (Taha rl d., 1981). 
Testosterone may play an important role in 

the locomotive performance in thorouglibrecl 
race horses, but negative metabolic effects 

. have been reported in over-dosage conditions 
(Dawson 8c Gel-sten, 1978; Beroza, 1981). I n  
order to objectively define doses ;ind admini- 
stration intervals for testosterone restitution 
therapy, it is important to clefine the c;tstra- 
tion effect on ericlogenous plasma testo- 
sterone concentration and t o  determine the 
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pharmacokinetic parameters in ;i restitution 
therapy using the most coiiinion closes applied 
at random in equine race practice. 

Eight thoroughbred race horses, between 2 
and 8 years of age, 430-500 kg body weight, 
were used. Animals were in  full training 
practice, under usual niamgeiiient and feetl- 
ing schemes. No other medication besides 
testosterone enanthate wiis given during the 
study period. One week after c;istl.atioii, 
testosterone enanthate (kiiitlly tloiiatetl b y  
Laboratorio Chile S.A.) was ii?jectetl i.m. i n  
single doses o f  0.50, 1.00, 1.25 ;iritl 1.50 g. 
leaving an approxiniately one-iiiontli interval 
between each dose (28-32 days). Blood 
samples were obtained at 8 a.m., by jugular 
venipuncture using evacuated I)lootl collec- 
tion tubes with etliylerit1i;iiiiiiietetr~i~icetic ;icitl 
(EDTA) a s  xi ~uitico~igtil;iiit. A n  iiiiti;il saiiiple 
was ol)t;iinetl 15 min 1)eIi)re castratioii t o  

evaluate nornial testosteroiie coiiceiitmtioii. 
Basal resitlu;iI testosterone conceiilratioiis 
were estiniated one week after castration. 
Post-treatment sanipling was  ;IS frequent ;IS 

possible, considering horse racing regiilatioiis, 
being no less than one clay :inti no more than 
six days between saniples. Plasnia was 
obtained within two hours after blood collec- 
tion and kept frozen until testosterone analy- 
sis was performed. 

Plasma testosterone concentration w;is 
assayed by ratlioimniunoassay (RIA) using 
reagents atid procedures provided by the 
Woi-Id Health Organization (WH( ), 1983). 
The  assay was a conventional liquid phase 
RIA for total plasrna/serum testosterone, in- 
cluding ether extraction, tritiatetl testosterone 
as tracer and dextran-charcoal for separation 
of free from antibody-bountl hormone frac- 
tion. As the technique was developed to  
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estimate total testosterone in hunian plasma 
or serum, it was validated for equine plasma 
prior to its use. The intra-assay and inter- 
assay coefficient of variation percentages 
(CV%) were 4.0% and 15.3% in low level 
quality control (QC) samples (1.5 nniolll), and 
7.5% and 8.9% in high level QC samples (19.7 
nmol/l), respectively. The  assay sensitivity was 
0.1 pmol/tube (at CV% = 10). 

The elimination rate (K,.) calculated from 
the slope of the terminal portion of log plasma 
testosterone concentration CIS. time plot was 
determined through linear regression analy- 
sis. The  area under the plasma testosterone 
concentration vs. time plot from time zero to 1 
(AUCiL,) was calculated using the linear 
trapezoidal method. The  area fi-om time 1 to 
infinity (AUC,-,) was estimated by C,,/Kc, 
where C,, is the concentration at the last 
measured time point. Mean residence time 
after intramuscular closes of testosterone 
enanthate (MRTi.,,.) was calculated by MRT,.,,,. 
= AUMCic,IAUC~L,, where AUiVICic_, is area 
under the first moment of plasma testoster- 
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one concentration z s .  time curve (Yamaoka ri 
ul., 1978). 

Since absorption rate was not readily 
obtained due to the presence o f  multiple 
absorption maxima (especially in the case of 
the 0.50-g dose) and insufficient plasma 
testosterone concentration data in the initial 
time points, an uncorrected mean absorption 
time was calculated as ~IAT,,,, , , , , . , ,  = MRTi.,,,.- 
lA,, where h,, is the respective slope of the 
terminal log-linear phase (Riegelnian & 
Collier, 1980; Jackson tk Chen, 1987). 

Differences between AUCs, K ,  and M A T  
were assessed by ANOVA as indicated by 
Wagner (1975) and Westlake (1973, 1979) 
with statistical significance taken as P < 0.05. 
When significant differences were found, 
Durinett’s multiple range test was applied to 
identify where those differences occurred 
(Dunnett, 1964; \Vagner, 1975). 

Basal plasma testosterone concentration 15 
min before castration w a s  2.04 1.55 nniol/l 
(CV = 75.95%). This high degree of variation 
was similar to that reported by others (Cox el 
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al., 1973; COX & Jawacl, 1979). Values after 
castration were significantly different from 
basal levels in all cases studied. decreasing to 
0.31 k 0.17 nmol/l (CV = 54.8%) (P < 0.01; 
1-test). Fig. 1 shows the mean plasma testo- 
sterone concentration xis. time in eight horses. 
It can be observed that absorption from the 
intramuscular depot of testosterone eniin- 
thate is high and effective levels of the 
hormone are detected until approximately 4 
weeks, particularly with the 1.0-g dose of 
hormone. Table I shows the results of the 
mean pharmacokinetic parameters of testo- 
sterone in horses. The elimination rate, a s  
estimated by K,, was not significantly dif- 
ferent between doses using ANOVA (P > 
0.05), indicating that elimination rate is incle- 
pendent of dose over the ranges employed in 
this study. 

The MAT values obtained indicate a rapid 
absorption of the drug. This absorption shows 
a great variation among animals, revealed by 
the high coefficient of variation. Absorption 
rates were independent of dose by ANOVA 
(P > 0.05). ANOVA results for AUCs inclicxte 
no statistical differences exist aniong aniiii;tls 
or  periocls of administration (P > 0.05) .  
although significant +fferences were foiiiid 
between treatments (closes). Dun nett's i i i  l i l t  i- 
ple range test revealed that statistical clifltr- 
ences exist between all doses, excepted the 
lowest (0.5 g). This is also supported by the 
AUC proportionality and normalization data 
(Table I). Only the ratio of AUCldose for the 
0.50-g dose is higher than the others. This 
is probably due to analytical errors i i i  testo- 

FIG. 2. Linearity between .4L'c; ;ind close of testo- 
sterone enanthate in horses. 

sterone determination due to the low plasnia 
concentration. These res id ts inclica te that the 
extent of the absorption from the intramuscu- 
lar depot of testosterone enanthate appears to 
be linear to the dose injected, ;IS is shown in 
Fig. 2. 

The 0.50-g dose of testosterone enanthate 
could be objectively reconimeiidetl for restitu- 
tion therapy in order to obtain hornional 
plasma concentrations close to nornial for 
about 19 days. Higher doses of the drug 
would not significantly increase-the covering 
period and could induce hepatic metabolic 
disorders. 

REFERENCES 

Beroza. C.A. (1981) Topics it1 drugs dierapy. 
Anabolic steroids in the Iioi-se. Jotiri id ./' //ir 
Aiiieriraii Mrilirol Amxiit / ioii ,  179, !?78-280. 

Cox, J.E. 8c Jawatl, N.M.A. (1979) Atlreniil-testis 
interaction in the stallion. Eyiiiiir Vr/wii /r i iy Joiir- 

l l d ,  11, 195-198. 
Cox. J.E., Williams. J. tl., Kowe, P.1-I .  L Sinitli. J.A. 

( 1973) T e ~ t o ~ t e r ~ i i e  in i~~irni:tl ,  crypthorcliitl mid 
castrated male horses. Eqtiiiw V&riiuiiy Jotiriiril. 5 ,  
85-90. 

Dtwson, H.A. L <;ersteti, K.E. (1978) Use o f  ;iii 

tinitbolic steroid in race~lack practic.e. '/%c Lqtiiiw 
Prnrfitioiirr, Febrit;try. I21LI:W. 

Dtinnett, C.W. (1964) New t;ildes l i i r  ~ntil t i~ile 
comparisons with it contrcil. Hioiiir/i.ic.v. 20. 4x2- 
491. 

Gan!jam. V.K. L Kennev. K.M. (1975) i\iitlrogeiis 
and oestrogens in nortn;iI ; i t id  c r ~ p l ~ o r c l i i d  stal- 
lions. Jotiriiril ./' Hrprcidrirtioii r i i i d  Fw/ili/!, 23, 67- 
75. 

Gillespsie, C.A. k Edgertoti. V.K. (IWO) 'I'lie role 
of testosterone ill exercise-induced glycogen 
si~percompensation. Hoinioiw ( t i t / /  Afi,tii/~ihr Hr- 
sriirrli, 2. S(i4-366. 

Haynes. N.B., Hats. N.D., I'ttrvis. K. XC h1:uins. E. 
(1976) Studies o n  the effect ot iinilatefid and 
bilater;il castrati~in oii plastii~t testosteroiie ;itid 

LH levels in the bull. Jotiriirtl o/ K~~/)torlt ir/ ioii  r i d  

Fri.tili/?, 46. 47 1 4 7 5 .  
Jackson. A.J. 1L Chen. M.L. ( I ' ~ i7 )  Application of' 

nionient analysis in  assessing rates of' absorption 
tbr bioequivalence studies. J o u w d  o/ P/iriritincrri/i- 
r d  Srieiires. 76. 6-9. 

Mingiiell. . J J .  L SierrAta, W.1). ( 1975) Molecul ;~~~ 
niech;iiiisiii of ;iction 01' the ni;iIe sex I1ornioi1t.s. 

Jotiriccil o j  Eitclort- irtolo~~, 65. 287-3 15. 
Naets, J.P. 1L Wittek. .&I. (196Ii) h.lecIi;inisni o f~ ic l io t~  

of androgens 011  erythropiiesis. 7%c Aiiwricrr~i 
Jotiritril of P/twio/ofl. 210. 3 1.5-320. 

Perretta, M., .johnson, (:., <:lievrsidi, 1.. (;;irritlo. 
A,, <;arrido. F. L Koiico, A.M. ( IW2)  Effect of 
ery~liropoietin and I ~ S I ~ S I C ~ O I I C  O I I  KNA S ~ I I -  




