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ANDRESEN, 0YSTEIN: 5rx.-Androstenone and testosterone in peri
pheral plasma of the boar during and following copulation. Acta vet. 
scain.d. 19<76, 17, 47!>---487. - Copulation was generaJly followed by in
creases in peripheral plasma ,5rx.-androstenone and testosterone levels 
lasting for per10ds of about 6i0 to mo min. The effect of copulation 
on the plasma levels of these steroids did, however, vary between 
boars. In seven out of eight boars the maximum levels of 5rx.-andro
stenone in the period 6-0 to 100 min. after copulation were from 114 
to 218 % (mean 150 % ) of the levels in samples collected before copu
lation. The corresponding figures for testosterone were from 104 to 
283 % (mean 19,0 % ) . One boar showed decreasing plasma steroid 
Ievels after copulation. 

The coefficient of correlation between the peripheral plasma 
levels of 5rx.-androstenone and testosterone was found to be + -0.6,1 
(n = W3). 

5 rx. - and r o steno n e; test o st er one; copulation; 
sexual stimulation; boar. 

Odorou1s steroids ,represent an irmporta:nit group among ste
roids secreted by ,the boar testes. Chemically they a1re C10 steroids 
with a double bond bertrween c16 and c17' and 'their biosyinithesis 

* This study was supported by the Norwegian Agricultural 
Research Council. 
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foom pregnenolone * aind progesterone is erutirely diff erenrt from 
the biosynthesi.s of androgens aind oesitrogens. (for review see 
Gower 1972). 

One of 1thes.e steroids, 50G-androsrtenone has a prominent urine
perspiration-like odour. Interest in this steroid has been evoked 
for :two ·reasons: Firisit, due rto ·ills monopolar, lipophilic nature, i1t 
accumui1ates in the adipose fisisiue •of 1the boair and makes up a 
main compooent of the boar taint or sex odour (Patterson 1968). 
This unpleasant odour can eaisily be detected in boars producing 
sirgnificanrt amounts of the srtoooid when fat rtaken from ·these 
animals is heated. The ipires.enoe of ,the siter.oid irn .the carcas1s 
therefore represents an oibsrta:e:le fo ·the ubilfaation of boar meat. 
Second, 50G-andirostenone :is excreted in the saliva of boars aJild 
may act as a pheromone or sex atttracitam:t afifeoti1ng rthe repr·oduc
Uve behaviour of oestrous siows (Melrose et al. 1971, Reed et al. 
1974). 

The peripheral p1asma levels of 50G-anidrostenone and tes.to
sterone increase during growth and sexual maturation in most 
boars, and previous studies have also indicated that sexual stimu
lation might affect the plasma levels of these steroids (Andresen 
1976). The object of the present study was to obtain more detailed 
information on the short term effect of copulation on the peri
pheral plasma levels of 50G-androstenone and testosterone in the 
boar. 

MATERIAL AND METHODS 
Series 1 

Eight Norwegian Lamdmce boars, 6 to 91h months old, were 
situdi1ed. Six of the boa:ns had previously been used fm mating 
from 15 days to one day before they were used in this study 
(Fig. 1). The animals were penned individually in a room also 
housing a number of gHts and sows. Oest:nous •sows wer•e released 
into the pens of five 1of the boars, whilst the remaining three 

* Abbreviations and trivial names used: 
50G-androstenone: 50G-androst-16-en-3-one; 
testosterone: 
dihydrotestosterone: 
pregnenolone: 
progesterone: 
HCG: human chorionic gonadotropin; 
LH: luteinizing hormone. 
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boaiis ·served as collltrol ·aniirntaLs and were not aJilowoo physical 
conitact with female animals. The soiws were ·removed .fa-om the 
pens a:s .soon ais copulation, which lasted for about 5 min., had 
taken place. One of the boru-s (no. 4) was studied twice wHh an 
interval of 28 days during whieh the boar was used for five 
services. 

All experiments were started at 10 a.m. Wi1th ·the exception of 
one ca:se (boar no. 41, Fdg. 1), blood .samples were collected 5-20 
min. befor:e the boar was presernted :to it.he oestrous sow, once 
during the copu1aition and then 30, 60, 100, 160 and 220 min. 
af.ierwards. Additional samples were collected 24 and 48 hrs. 
afiter copul•atil()D. Samples were collected with the same time 
ii.intervals iiil ·the co:nitrol animals. 

Series 2 
The <results from seri·es 1 irulicaited that .the response in pl·as

ma steroid levels to copulation was ·related to the extent to which 
the animals had been sexually stiLrnul81lied during the days prior 
to study. In order to test tMs tentative conclusion, the effect of 
copulation on p1'asma steroid levels was studied in three 8-9 
months old boars on three consecutive days. One of the boars, no. 
9, had never previously been used for mating, while the others 
(inos. 10 and 11) were 1se:ima1ly experienced alllimails. In order to 
a:vioid the effect of the presence ·of other sexuaUy maituTe pigs, 
the boairs were placed one at a time i.n a pen iin a where, 
apart f.vom the boar concerned, only pilglets were present. 

Samples of peripheral blood were collected daily at about 9 
a.m. starting on the first day after rthe boar:s had been placed in 
rthe p•enis (d•ay l, Fig. 2). On the third day of the experiments 
seven additional control samples were collected at set intervals 
during the following 5 hrs. Later on, oestrous sows were let into 
the pens of the boars on thr.ee oonsecutive day•s. Copulation took 
p•1ace whereafter it.he sow.s were removed. Samples of peripheral 
blood were collected once during and 30, 60, 90, 120, 180, 240 aind 
300 min .. aifter oopulation. 

The boa,TIS both in series 1 and 2 wer·e mcluded in a selection 
experime:nit (Standal 1967). Boars nos. 1, 2 a:nd 4 belonged to a 
line (highpoinrt) 1selected for low back fait thickness and a high 
rate of gain, nos. 3, 5, 7 and 9 had been selected iin the opposite 
di·rection (low point) while nos. 6, 8, 10 and 11 were bo8Jl'IS from 
a line which had been maintaiined without deliher:at.e seleotion 
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(control line) . The levels of 5ix-andiflostenone and tesrtosforone in 
boars from these differerut lines have been studied previously 
(Andresen & Bakke 1975, Andresen 1976). 

ALI ·samples were co1'11ected ifiiOIIIl ear veins into hepairinized 
va:cutainer;s. The damage to the vein was mi:nJ.mized by us1ing 25 
gauge needles, and development of haema:toma:s was avoided by 
applying positi¥e pressur.e at tbe site .of puncture for 1-2 min. 
after sampling. Plasma was pT·epa!red by cenkiifugaition and 
stored rut -20°C until ainalysed. 

Wi1th the exoeption of rthe samples collected during copula
tion, the boars wer.e restrained by means of a rope airound the 
snout during sampling. 

Plasma levels of 5cx-andvostenone were estimated by radio
immunoassay (Andresen 1974). The oros,sreactivity of the anll:i
bodies wi1th testostevone is less than 0.45 % . The efficiency of 
eX'tmcibion of 5cx-androstenone from pla:sma i.s 82.8 ± 4.4 % (s), 
n = 171, and this mean value was used in 1the oovrection for ex
perimellital loss.es. 

Tesitosterone was estimated by the radioimmunoassay de
scrihed by Sanwal et al. (1974) as modified by Sundby et al. 
(197 5). The antiserum crossreacted with dihydrotesiloS'terone to 
a degree of 40 % , but with 5cx-androstenone ·the cirossreactivi•ty 
is less ithan 0.45 % . A mean efficiency of extraction oif 90 % ( s = 
3.6 %, n = 120) was used ·as correction factor to calculaite the 
ooncentrations of ·testosterone. 

For the analyses of 5cx-and1vostenone, the standard deviation 
of duplicate es:timatiiorns wais 1.89 ng/ml, corresponding to a co
efficient of variation of 9.6 % of the mean value. The correspond
ing figures for the ainalyses of testostevone wer,e 0.4 7 ng/ml and 
6.2 % 1iespectively. 

RESULTS 
Series 1 

The variation in pl·a:sma steroid levels in the three control 
alllimals during a peri.od of 220 min. was in general relatively 
slight (Fig. 1, boars nos. l, 2 and 3), but ana:lyisi1s of vari·ance of 
meaisurements within animals revealed significant variatfon in 
in 5cx-androsrtenone concenrtrall:ion in boar no. 2 (P < 0.01) and 
in testosterone concentration •in all three boa:rs (P < 0.05 to 
P < 0.001). The .coefficieruts of vari,ation for the 5cx-andcrositenone 
and ·tesfo1s1terone concerutrations in rthe seven samples from each 
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Fi g u r e 1. Concentrations (ng/ml) of 5a.-androstenone 
and testosterone ( ..... ) in peripheral plasma of boars during and 
after copulation. The arrows denote copulation. Boars 1, 2 and 3 are 
control animals not allowed physical contact with female animals. The 
figures in brackets indicate days after last previous copulation. Boars 

no. 3 and no. 6 had not previously been used for matiug. 

of the three boars were found to be 11.1, 12.2 and 7.6 % and 26.0, 
11.3 and 8. 7 % respectively. 

The pfasma levels of steroids in samples collected before the 
boars were presented to oestrous sows varied markedly between 
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individual animals; 5cx-androstenone ranging from 13.8 ng/ml to 
48.5 ng/ml, and tesrtosterone ranging from 4.0 ng/ml to 17.4 ng/ 
ml. 

In three out of the six cases, copuhm.Olll mairkedly increased 
the l1eve1s of 5cx-andl'lostenone and testosterone (Fig. 1, boars nos. 
41, 5 and 6). The increase lasted for 60 fo 100 milll., whereafter 
deoreasing ·levels were observed during the homs rthat followed. 
The maxima of 5cx-androsrten0111e were 154, 183 and 218 % of the 
levels found befOl'e oopulallion. The corresponding figures for 
testosterone were 155, 279 and 283 %, respectively. None of these 
boars had been used for mating the preceding few days. 

In two oaises the inoreaise was Jess obviows (Fig. 1, boars nos. 
411 and 7), .and the Levels of 5cx"'allldrostenone 60 min. after copu
l<ation were only 114 a!lld 115 % .and the testosterone levels 104 
and 125 % of the levels in samples collected prior to copulation. 
The initial levels of steroids in these two boars were, however, 
rather high. 

In one boar (F·ig. 1, boair no. 8) oopulallion was followed by 
pla:sma tevels of 5cx-anrlrosrten!Otne and -tesrtosterone. 

In the boa:r studi·ed twice (Fi1g. l, boa:r !llO. 4) .the general leveLs 
of the two steroids during tihe .s.eoo1nd eX!periment were substan
tially higher th.alll during the fi!".srt experiment, and rthe in.crease 
was less pronounced following the second copulati'On .than the 
firist. 

No ooinsistent relationship was observ.ed betweoo the steroid 
leve1s 24 hrs. a:fter oopulation allld the ·levels recorded during the 
fil"s1t hours .after matilll·g, but from 24 to 48 hrs. following copula
tion decreasing levels were observed in most ·animals. 

Series 2 
Aif1ter moving ithe to ith.e experimental location decreas

ing levels ·of plasma steroids were observed (Fi·g. 2). 
The coefficients of va:riaition for t:he 5cx-and.rostenone and 

testosterone concent.ria:tfons in samples .ooHected during the con
trol period (day 3, Fig. 2) were found to be 15.0, 10.4 allld 6.8 % 
for 5cx-an.drostenone and 30.0, 13.8 .31Ilid 8.0 % for :testosterone .in 
boa:r.s nos. 9, 10 ·and 11 'l"especrtively. Analyisi·s of variianee revealed 
signiifioaint v.aJi.a:tion in 5cx-andrositenone ·concemtiration in boars 
nos. 10 allld 11 (P < 0.05) allld in tesitosterone concenrt11ation in all 
th!"ee boaris (P < 0.01 to P < 0.001). 
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Fi g u r e 2. Concentrations (ng/ml) of 5a.-androstenone ( • ---• ) 
and testosterone ( o • • • • • o ) in peripheral plasma of three boars 
during and following copulation on three consecutive days. The 
figures on the time axis denote days, and the subdivision within days 

hours. 

Copulation on thiree consecutive days did not seem to alter 
the etiect on the ·steroid ·levels mal"lkedly (Fig. 2). The pl'Ofiiles 
diid, however, differ somewhat between boaris. In boa:r no. 9 the 
increase in steroid levels appeair1ed very .rapid·ly, and the con.coo-
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tration of steroids in samples collected during copulation were 
in general fouind to be much higher tha:n in ithe confool sampl1es 
collected abornt 30 min. previous1ly. I:n rthi!S animal increasing 
peripheral plasma levels of steroids wer.e also observed during 
the fiTs1t 2 hrs. of the c0illt1rol period. This increase wa:s not as 
marked as that seen in connection with copukttion. 

In boar ino. 10, the response differed sliightly ifrom OIIle copu
lation :to 1the next. The 1thim copui1rution wa:s foHowed by a marked 
increase i:n 5or.-andrrostenone 11eve1s while 1the tes.tosterone re
mai1ned alt a fairly constant level. 

In boar no. 11, all copukt1bions were followed by increased 
peripheral plasma leve1s of both 5or.-iandrostenone ·and tesil:'Oster
one. 

In most ins1ta:nces ithe maximum concentrations of steroids 
were encountered within the same tiime interval as in series 1. 
The mean peripheral p1asma levels of 5or.-a:ndirostenonie and testo
siterone in 1i»amp'1es collected from 1the boars 90 mi111. after copula
tion were 138 % and 192 % oif 1tlhe leve1s in samples co1lec:ted 
before copulation. 

Neither i1n series 1 norr in series 2 d·id rthe resu1ts point to any 
great difference between lines of boars. 

The levels of 5or...,a:ndros1tenone and tesitost.erone in the total 
number of samples wer.e 1fouind 1:0 be posiiitively c;orrela:ted, the 
coefificient of cor,relrution being + 0.61 (n = 203). 

DISCUSSION 
The variation in 5or.-androstenone levels in the control animals 

in series 1 and also during the control period in series 2 was in 
geneval found to be relatively slight, alithough ithe variation was 
staitisrticaMy significant in .three of :the boa11s. Analysi1s of variance 
of measurements of tesfosterone within the same animals and 
periods revealed significant variation in all six boars, and espe
cially in boars nos. 1 and 9 considerable fluctuations in plasma 
tesbositerone concentr,aitions were observed. 

Although a few exceptions were noticed, 1tJhe resruas of the 
present studies indicate that in the boa:r, copu1a:tion is generally 
followed by increasing plasma level1s of steroid1s. This 
is in agreement with the fiindin:gs reported by Claus & Alsing 
(1976) in a ·single animal. On the other hand, sfodies on mini
pigs (Ellendorf et al. 1975) revealed no significant changes in 
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plasma tesitostetl"one concentiraitions aifter copulation al.though a 
si1gnificarnt increase in pliasma LH wa:s observed. 

The varying response seen in diififerent animals in the pres.ent 
study seems to be slightly related to the general levels of steroids 
at the start of the mating tests, and marked increases were 
noticed in borurs wHh rather different iniitiial levels. The results 
from series 1 indicated that the varying response was re
lated to the extent to which the animals had been sexually 
stimulated during 1the preceding days. However, this does not 
seem fo be rtihe case since repetiti'Ve copulations with 24 hrs. inter
vals did not chllJillge 1the response to any great extent. 

As fo the steroid levels foLlowing copula:tion in the different 
lines of boars, the number of animals i1s too small to draw final 
oonclusiorns. It is, however, evident tihat the steroid levels vary 
to a considerable degree between ·anima1s within the different 
lines. 

Restraint of .the hoars during samp1ing certainly represen:ts a 
stress to the ainimalis. Thios might have influenced the results, as 
corticostel'Oids are known fo depres·s plasma LH activity in boars 
(Liptrap & Raeside 1968). An increased sooretion of catechol
amines might ·also have occul"lred, although ii.it might be wrong to 
assume that all types of stress stimulate the sympathetic system. 
Nevertheless, it seems relevant :to mention that in V'irtro, catechol
amines have been found to i111:01iease adeny1l cyclase ootivity in 
homogenates of ·testes (Murad et al. 1969). In viv:o, however, in
jection of adrenalin has been found Ito decrease the peripheral 
plasma testosterone concellltration in men (Levin et al. 1967). 
The most likely effect of 1resirr'aiint would therefore be a lowering 
ef.fect on plasma steroid levels. Catooholiamines wHJ, however, 
a1so stimulate Hpoly;ses, and thi1s mi1ghit a:fifoot the level of 5a.
androstenone in peripheral plasma as adipose 1tiissue in boars 
might contain quantities of 5a.-androstenone per g 
fat. Such a mechanism could explain the increasing levels O!f 5a.
androsfonone and the relafi.vely 1stable peripheral plasma levels 
of testosterone folfowing the third copulaJtion in boar no. 10. 

'l'he effect of sexual ,stimulation •on the peripheral plasma 
levels of tesiticular steroids has been studied in a number of other 
species e.g. man (Fox et al. 1972, Stearns et al. 1973, Lee et al. 
1974), bull (Katongole et al. 1971, Smith et al. 1973), rabbit 
(Saginor & Horton 1968, Haltmeyer & Eik-Nes 1969, Blake et al. 
1975, Hilliard et al. 1975), stallion (Ganjam & Kenney 1975) and 
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ram (Purvis et al. 1974, Illius et al. 1976). Although Fox et al. 
found :thait copulation wais asisocia:ted with 1a ·S1ignifiC3Jl1lt increasie 
in plasma 1tesfosterone in one human ma1e, 1this finding has not 
been confirmed in other studies in men, and Lee et al. conduded 
that ".there is no evidence thait coirtus increases plasma testo
sterone". In th.e ram, ,the tesrtoster1one levels wer.e not found 1to be 
affected by copul1airlion (Purvis et al.). Howev1er, this observation 
was made at a 1time of the year when 1testicU1lair activirty was lorw. 
During the br,eeding seaison marked increases in plasma tesito
siterone haiv,e been observed in some animals after oopuliaition 
(lllius et al.). In the bull, Katongole et al. found that sexual 
srtimu1ation caus.ed LH r1eleaise whi1ch was followed by increased 
leve1s oif plasma testosterone iif lbhe testosterone level was fow, 
but unaffected if the level wais high at 1the time of tihe LH release. 
The increase in testosrterione levels in 1rabbi:ts .aifrter copulatiion is 
a1so most marked in animruls wi1th 1orw initirul levels (Blake et al.), 
and Hilliard et al. observed decreased levels in animal1s in which 
the ini1ti,al 1eve1's wer,e ihigh. 

The copulation-induced increase in •the periipheria:l plasma 
levels of 5cx.-androstenone and testosterone in boars seems to be 
comparable to rthe firs.t, rapid irncrease observed following irntra
venous HCG admini1srtiration (Andresen 1975, et al. 
1975). As i1s evident from the 24 hrs. observations, copulation 
does not, however, ·seem to have ·ainy ,effect compa:riable to the 
prolonged effect of HCG, observed as 1increases in testicular 
steroid l1evels faking place 5 to 30 hrs. after intriavenous irnjection. 

Increais1es in the pla:sma levels of 5cx.-iandrostenone will rapidly 
affect 1the levels in adipose 1tis1s:ue. Malmfors et al. (1976) found 
that the levels of 5cx.-1and:rostenone in fat doubled f!l'om ,about 1 µg 
per g to about 2 µ,g per g within 24 hris. following intravenous 
HCG injection. J,t thus seems reasonable to presume that even the 
short term ef:f ect of a ·siingle copu1'atiion might significarutly aiff ect 
the level in adipose tissue of some animals, although the concen
tration of in adirpos.e tis·sue has been found to 
be only sJightly ·affecited by the number of services which the 
boar has performed (Andresen & Bakke 1975). 
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SAMMENDRAG 
5a.-Androstenon og testosteron i perifert plasma hos rdne under og 

etter parring. 
Etter parring sA en som ,regel stigning i plasmakonsentrasjonen 

av 5a.-androstenon og testosteron i et tidsrom av 6-0 ti.I 100 mi.natter. 
Effekten av parring v,arierte imidlel"tid fra dyr ti.I dyr. Hos 7 av 8 dyr 
fant en at de hfllyeste konsentrasjonene av 5a.-androstenon i tidsrom
met 60 ti.I 100 mi.natter etter parring utgjorde fra 114 ti.I 218 % (Mid
del 150 %) av konsentrasjonene i prfllver tatt ffllr parring. De tilsva
rende verdier for testosteron var fra 1()4 ti.I 2&3 % (Middel 190 %). 
Hos en rAne fant en en nedgang i konsentrasjonene av steroW.er etter 
parring. Korrelasjonseffisienten mellom konsentl"asjonene av 5a.-andro
stenon og testosteron i perifert plasma var + -0.6'1 (in = 203). 
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