ARRERNEE(1995) 5354 F200
Korean ] Vet Res(1995) 35(2):271-278

The inhibitory effect of physiological pattern of testosterone
on luteinizing hormone secretion in sheep

Tae-jin Rhim, Kyoung-sik Park*
College of Life Science & Natural Resources, Oriental Medicine™
Sangji University
(Received Feb 25 1995)

wokoll Aeld Eulgele] sliEluEe] AP Z =R
F4) 2Allel] vzl L9}

e - A

Hdga ARALAGAE, doise
(19959 29 259 H%)

28 B 479 5HL AAG 2%lA slLE2EES] FeAQ) F713 Eu gzt SMBAHZT 2L ol
ol PlX|& A3HE AT+ ol ek ol & A3, 3M9) A2 e AHEE TR

A4 1elAE AFAHQY 2P BEEE BlEE20ES] RuliAs FY8 ugEE dNH e 87 AN
Q¥ slAE2ulEe] FUu g3 EulgelE A7) A3 3714 hE (25, 50 222 100pg)e] slaEAIEE A
wol] FRIAA HAEAEIES) okl T e BAY A, HARLEES) BF AAEYT, XA, 223 F AP
&8¢ 747} 0.18min’, 0.53]/kg, 2231 0.091/min/kg ©IAct. A 204 & slLELBIES] He) A)7He] st v
£ HAEAEES] AYHI 2L T FES A AHE AN e A g ol 8192, 384 222
768pg/kg/24h)] BIAEABEE F/1H 02 (4417 244) 3 B¢ Aol FYAIZ A, slLELulES] A2 A2
o] Z7Vell wiel Wl W YAPYAY L2 9] FF FEE A Fosisct. slaBE 2088 28 EE 397 A
2 e BIAEABIES Haishy) Aol vid) AP 2R FF FET WA Fisigle 22y slaRAHE
9] 197 Mele ST BF FEE FEATNA Faiqich AY 3olAE F 7HA o 2] Fel(AEH &
u] Felek F718 ) Yal)o] slAEAEES] FAYAH T2 Ee) Fulo]l v X AIE vlE 24T AE5H i)
Helg 757 dot BlAEAElES 3UL A4H 0.2 (32pg/kg/h) B FYARLL, F714 Ful g 157 A
3hod BAEABEE 447 A 22 39T 3713 22 (128ug/kg/h) A FYAF. A4 iz F714 gy 2
oll £Y% & (768pg/kg/h)9] BlAEAE|Eol FYSUTH YR L slaE26l2] H FYA 4417 FM3t 397 3
W 3]] 717 F wpAlEt 47 Bt 247 108 7HA o2 A wdl A, NPT e FUR sliELE
£ ¥Y ) 35 47 AR YH S o83t FAsich FAYAH T2 E ) P& 37 (p<0.034)7 AT
A ape] HF Bule(p<0.045) FAH why Bl (&4 e diaExulEe] FRldl o8 WA Frhsisich
YA g A Bule 714 st A 5A B el Zpolvt gisiet

ol 42| A5 £PollA AEH whe slAEAs|E0] FH W] BlAEXFIES] Hoh $AYPIT 2R
H1 g A7 et o] 2304908 vehd Holz gict.

Key words : testostcrone, pharmacokinetics, pulsatile, luteinizing hormone, sheep

Address reprint requests to Dr Tae-jin Rhim, College of Life Science & Natural Resources, Sangji University, Wonju 220-702, Re-
public of Korea.

— 271 —



Introduction

It is well established that testosterone(T) inhibits lu-
teinizing  hormone(LH) secretion in males. Ob-
servations that T replacement decreased gonadotropin-
releasing hormone(GnRH) pulse frequency in cas-
trated rams'?, taken together with the observation
that castration led to an increase in GnRH pulse fre-
quency compared to intact rams®, provide clear evi-
dence that T reduces LH pulse frequency by reducing
GnRH pulse frequency. T also suppresses respon-
siveness of the pituitary to GnRH in the ram*’.
However, in most previous studies, T was ad-
ministered by either implantation of Silastic tubes fill-
ed with T or periodic injection of testosterone pro-
pionafc. However, all of these treatment procedures
produced a relatively constant concentra-tion of T in
the circulation. T is secreted in distinct periodic pulses

81! Thus constant T re-

in intact males including sheep
placement dose not reflect the endogenous T se-
cretory pattern and the question arises as to whether
constant administration of T produces physiologically
normal responses. This question also is raised by the
maﬁy observations that continuous infusion of peptide
hormones causes down regulation or desensitization
of the target tissue'’, These observations suggest that
a physiologcal pattern of peptide hormone ad-
ministration is optimal for expression of biological
function. In the case of gonadal steroid hormones,
however, more effective suppression of LH by a con-
stant pattern of T than a pulsatile pattern of T has
been proposed by Hutchison and Goldman'. Thus,
the aims of the present study were 1) to establish in-
fusion rates and patterns needed to produce normal T
secretory profiles found in intact rams, 2) to de-
termine the time-course of the suppressive effect of
physiological pattern of T on circulating LH con-
centrations, and 3) to compare the effectiveness of a
pulsatile versus a constant pattern of T to suppress

LH secretion in wethers.

Materials and Methods

Experiment 1
Animal
were used in Experiment 1. They were fed grass or al-

Two Hampshire ovariectomized-ewes

falfa hay and grain, and given free access to water and
sheep mineral blocks.

Experimental protocol : Doses of 25, 50 or 100ug
of T in 5ml of ethanol-saline solution(final ethanol
concentration was less than 10% of final volume) were
used for intravenous injection. On day 1, 25ug and
50pg of T were injected intravenously via one jugular
vein to each animal. On day 2, 50ug and 100pg of T
were injected intravenously to each aninal.

Collection of samples : Single blood samples were
collected from the other jugular rein both prior to
and 1, 3, 5, 10, 15, 30, 45, 60, 90, 120, 150 and 180
mins after T injection. Blood samples were main-
tained in ice bath and centrifuged within 30 min after
samples were collected, and then the plasma was re-
moved and stored at -20TC until assay.

Hormone assay : Testosterone was measured in
duplicate sample using a previously described ra-
dioimmunoassay™, validated direct, double antibody
procedure’®. The T antibody AS-0116 was purchased
from Immuno Corp, Montreal, Canada. Assay sen-
sitivity was approximately 20pg. Intra- and interassay
coefficients of variation were 4.4% and 12.7%, respec-
tively.

Analysis of the data : Within the aid of a com-
puter program, the volume of distribution, half-life, to-
tal body clearance, and infusion rate of T were es-
timated.

Experiment 2

Animal : Six adult Hampshire wethers(ranged from
70 to 82kg BW) were used in Experiment 2. Animals
had been castrated at least 5 months before the first
infusion. They were fed grass or alfalfa hay and grain,
and given free access to water and sheep mineral
blocks.

Experimental protocol : Doses of 192, 384 or
768pg/kg/24h of T in propylenc glycol-heparinized
saline solution were used for intravenous infusion.
Each dose of T was given into 2 different animals.
For pulsatile infusion, the T solutions were infused as
six, 1h duration, pulses each 24h. Thus T was infused
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only for every first 1h at the flow rate of 15ml/h at
4h intervals for 3d at doses of 192, 384, or 768pg/
kg/24 h.

Infusion protocol : On the day before the infusion,
Tygon catheters(Norton Co, Akron, OH, USA; 1.
02mm idX1.78mm od) were inserted into each jug-
ular vein of the animals under local anesthesia
(Lidocaine Hydrochloride; Anthony Products, Arcadia,
CA, USA). One was used to administer T and the
other to collect peripheral blood. The animals then
were placed in metabolism cages with food and water,
and allowed to acclimate for 16 to 18h prior to the in-
fusion. Crystalline T was dissolved in 100% propylene
glycol(Phoenix Pharmaceutiacl, Inc, St Joseph, MO,
USA) for stock T solution. T-infusates consisted of
propylene glycol: sterile heparinized saline solution(50:
50). The final concentration of heparin in each in-
fusate was 60IU/ml. T was delivered by a pulsatile in-
fusion with the aid of peristaltic pumps(Gilson Med-
ical Electronic, Inc, Middleton, WI, USA) using PVC
Manifold Tubing(Rainin Instrument Co, Woburn,
MA, USA; 2.28mm id). Each pump was controlled
by an c¢lectric imer(ChronTrol; Lindburg Enterprises,
San Diego, CA, USA) for a pulsatile infusion.

Collection of samples : Blood samples were taken
at 10-min intervals for 4h both prior to infusion(day
0), and during the last 4h of the infusion of day 1,
day 2 and day 3. Blood samples were centrifuged
within 30 to 40 min after samples were collected, and
then the plasma was removed and stored at -20T un-
til assay.

Hormone assay : LH was measured in duplicate
plasma samples using a previously described ra-
dioimmunoassay'®. The sensitivity was 0.1ng NIH
LHS20. Intra- and interassay coefficients of variation
were 3.2% and 4.8%, respectively.

Analysis of the data : Mean LH concentrations
were compared by multifactor analysis of variance us-
ing a split-plot design with repeated measures, in
which doses of T were assigned to the whole plot and
the period of infusion to the subplots within each
whole plot. Significant differences in treatment means
between period of infusion, or between period of in-

fusion within same dose of T were determined using

least significant difference test'”.

Experiment 3

Animal : Five adult Hampshire wethers were used
in Experiment 3. Animals had been castrated at least 5
months before the first infusion. They were fed grass
or alfalfa hay and grain, and given free access to water
and sheep mineral blocks.

Experimental protocol : Five wethers were ran-
domly assigned to each of 2 patterns of treatments in
a cross-over design. The 2 treatments were 1)
constant-T(C-T); pulsatile-T(P-T). For constant in-
fusion, T(32pg/kg/h) was continuously infused at
the flow rate of 5ml/h for 3d. For pulsatile infusion,
T was infused as six, 1h duration, pulses each 24h for
3d. To achieve pulses, T(128pg/kg/h) was infused
only for the first 1h of each 4h period at the flow rate
of 20ml/h. Under these infusion protocol, same
amounts of T(768ug/kg/24h) were delivered for C-
T and P-T.

Infusion protocol : Infusion protocol used in Ex-
periment 3 was same as that in Experiment 2, with
the exception that T was delivered by either a con-
stant infusion or a pulsatile infusion with the aid of
peristaltic pumps on which PVC Manifold Tubing(0.
76mm id. for a constant infusion and 2.28mm i.d.
for a pulsatile infusion) was installed. One pump was
used for a constant infusion and the other controlled
by an electric timer for a pulsatile infusion.

Collection of samples : Blood samples were taken
at 10-min intervals for 4h both prior to infusion(day
0), and during the last 4h of the infusion(day 3).
Blood samples were centrifuged within 30 to 40 min
after samples were collected, and then plasma was re-
moved and stored at -20T until assay.

Hormone assay : LH and T were measured in du-
plicate plasma samples using previously described
radioimmunoassay(sce Experiment 1 and 2 in Ma-
terials and Methods).

Analysis of the data : LH pulses were identified
and described with the aid of the Pulsar algorithm'
using G values of 1.5, 1.4, 1.3, 1.2 and 1.1 for G(1)
through G(5), respectively. Differences of means
between the treatment groups either during pre-treat-

ment, during treatment, of between pre-treament and
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during treatment were compared using Student's t-
test”. Differences of p<0.05 were considered sig-
nificant.

Results

Experiment 1 : The disappearance of exogenous T
from the plasma of ovariectomized ewes with time aft-
er T intravenous injection is shown in Fig 1. The biex-
ponential curve indicates that T is distributed into 2
compartments: central compartment and tissue com-
partment. After intravenous injection, T is more ra-
pidly diffused into the central compartment. Once e-
quilibrium is established, T is eliminated from the cen-
tral compartment.

The pharmacokinetic data of T are listed in Table 1.
The volume of distribution of T(V.: the apparent
volume in the body in which T is dissolved) is cal-
culated by the following equation: V =Dg/Cpy,

where D, =injected T dosage

Cpo=plasma T concentration at the time of
injection

Half-life of T averaged approximately 10min(data
not shown). Total body clearance(Cl;: the sum total
of all the clearance pathways in the body ‘ncluding re-
nal and hepatic clearance) of T is calculated from the
following equation: Cl=K XV, where K, is el
imination rate constant. The infusion rate(R) is cal-
culated from the following equation: R=(C,-0.5)X
Cly, where C,; is the target concentration of T(ng/ml).

From the study to validate the T-infusion
performance(unpublished data), a significant(r=0.95,
p<0.01) linear relationship between T dose and plas-
ma T concentrations was observed(Y=-0.42+0.31 X=
where, T dose and Y=circulating plasma T con-
centrations). Using the equation as shown above, it is
estimated that intravenous infusion of T at rate of
32pg/kg/h produces mean circulating concentration
of 10ng/ml of T. This mean concentration of T is
similar to that observed in the ram during the bre-
eding season™ ",

Experiment 2 : Mean LH concentrations before
and during 3d of 3 different doses of T infusion are

Table 1. Elimination rate constant(K,), volume of
distribution(V,), and total body clearance
(Cly) of testosterone(T) estimated from
the disappearance curves of exogenous T
after intravenous injecion of T in o-

variectomized ewes

, K, V. Chr
T-dose ) (1/min/kg
mn)  (AgBW) gy
0.36 023 044 0.1¢
0.69 0.18 0.55 0.10
0.71 0.20 0.53 0.10
137 011 060 0.07
Mean+SEM  0.18+0.02 0531003  0.09+0.01

'Dose is expressed as pg/kg BW in 5ml of ethanol-sa-

line solution.
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Fig 1. Plasma testosteroné(T) profiles in o-

variectomized ewes after intravenous in-
jection of 3 different doses(25, 50 or 100
pg) of T.
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Table 2. Mean LH concentraions in wethers before(day 0) and during treatment with 3 different doses of pulsatile

testosterone(T) infusion for 3d"

Mean LH concentrations(ng,/ml)*

T-dose’
Day 0 Day 1 Day 2 Day 3
192 12.54+0.65** 14.35+0.84° 9.36+1.29* 9.56:10.26"
384 25.38+5.89* 22.67+5.20" 16.56+3.40° 14.60+2.70"
768 12.35+2.29* 17.76 +4.17* 11.94+2.49* 9.17+0.24*
Mean+SEM 16.76+3.18* 18.26+2.31* 12.62+1.71° 11.11+1.31°

'For pulsatile T infusion, T was infused as six, 1h duration, pulses each 24h. Thus T was infused only for every first

1h at the flow rate or 15ml/h at 4h intervals.
*Dose is expressed as pg/kg/24h.
*Values are mean+SEM of 2 observations.

**Values in the same row with different superscripts are significantly different(p<0.01).

shown in Table 2. Since a significant main effect(the
effect of different doses of T on mean LH con-
centrations) was not observed, the data were pooled
to analyze the effect of different durations of T in-
fusion on mean LH concentrations.

Mean LH concentrations before and during the
treatment of T are shown in lower panel of Table 2.
As duration of T infusion increased, mean LH con-
centrations

gradually reduced. Mean LH con-

centrations were significantly lower at day 2 or day 3
than at day 0. However, mean LH concentrations did
not differ between day 0 and day 1 or between day 2
and day 3.

Experiment 3 : It was observed that during a pul-
satile T infusion, circulating T concentrations were ra-
pidly increased within 20-30min after start of infusion,
whereas the concentrations were relatively stable dur-
ing a constant T infusion. Mean concentrations of T

Table 3. LH pulse parameters in wethers before(day 0) and after treatment for 3 d(day 3) with either constant
testosterone(C-T) or pulsatile testosterone(P-T) infusions'?

Mean LH concentration(ng,/ml)

Treatment
Day 0 Day 3 (Day 0-Day 3)
C-T 13.48+1.51 11.00+1.4] 248+043
P-T 11.92+1.33 7.68+£092 4.23+0.58
C-T at Day 0 vs C-T at Day 3: p=0.005
P-T at Day O vs P-T at Day 3: p=0.002
C-T(Day 0-Day 3) vs P-T(Day 0-Day 3): p=0.045
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LH Amplitude(ng,/ml)

Treatment
Day 0 Day 3 (Day 0-Day 3)
C-T 3401092 3.4510.86 -0.05£0.94
P-T 3.00£0.75 5.30+1.41 -2.30+1.32
LH Inter-pulse Interval(min)
Treatment
Day 0 Day 3 (Day 0-Day 3)
C-T 31.29+0.77 45.12+ 325 -13.83+3.96
P-T 3296+1.76 81.50+10.05 -48.54 1+:9.62
C-T at Day 0 vs C-T at Day 3: p=0.025
P-T at Day 0 vs P-T at Day 3: p=0.007
C-T(Day 0-Day 3) vs  P-T(Day 0-Day 3): p=0.034

For C-T infusion, T(32pg/kg/h) was continuously infused at the flow rate of 5ml/h for 3 d. For P-T infusion, T
(128pg/kg/h) was infused only for the first 1h of each 4h period at the flow rate of 20ml/h. Thus same amounts

of T(7681g/kg/24h) were given.
*Values are mean+SEM of 5 observations.

produced by P-T did not differ from the con-
centrations of T produced by C-T.

LH pulse parameters at day 0 and day 3 in 2 dif-
ferent treatment groups are shown in Table 3. Neith-
er mean, pulse amplitude, nor inter-pulse intervals of
LH differed between the treatment groups at day 0.
Treatment with either pulsatile or constant patterns of
T for 3d significantly suppressed mean LH con-
centrations. LH amplitude in either P-T or C-T
groups did not differ between day 0 day 3. Treatment
with either pulsatile or constant patterns of T for 3 d
significantly increased LH inter-pulse interval. Effects
of treatment on LH secretion were evaluated by
analyzing changes of LH pulse parameters between
day 0 and day 3. Changes in LH pulse amplitude did
not differ between P-T and C-T groups. However,
changes in mean LH(p=0.045) and LH inter-pulse
interval(p=0.034) were greater in C-T group than P-
T group.

Discussion

The results show that mean LH concentrations
were more reduced by C-T than by P-T and LH in-
ter-pulse interval was more increased by C-T than by
P-T, demonstrating that a constant pattern of T is
more effective than a physiological pulsatile pattern of
T in suppressing LH secretion in the ram. These ob-
servations are in agreement with the data form
Hutchison and Goldman" who found that LH con-
centrations were much lower in castrated rats re-
ceiving continous T infusion in one experiment than
those in animals receiving single bolus injection of
same amount of T in another experiment.

The results from Experiment 3 that both T pat-
terns reduced mean LH and increased LH inter-pulse
interval but did not alter LH pulse amplitude confirm
the results from the previous studies'?.

It is clear for peptide hormones that normal phy-
siological function is more effectively produced by ex-

posure to a physiological pattern than a continuous
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pattern of GnRH™?*, But very little is understood a-
bout the effects of patterns of steroid hormones in ne-
gatve feedback system.

The mechanism underlying more effective feedback
inhibition by C-T than by P-T in suppressing LH se-
cretion is not understood, but it may be explained by
the difference in relative number of androgen re-
ceptors induced by two different patterns of T. T in-
creases androgen receptor number at hypothalamus or
pituitary in males in a dose-dependent manner”.
Suppression of LH secretion by T is, at least in part,
mediated by androgen receptor in males®?. Thus,
these observations propose that less effective in-
hibition of LH secretion by the P-T infusion in the
present study may result from the short duration of T
pulse which may not be long enough to stimulate ap-
peareance of androgen receptors. However, it remains
to be understood to what extent androgen receptor
number and/or affinity are regulated by different pat-

terns of T.

Summary

The objective of the present study was to in-
vestigate the inhibitory effect of physiologically pul-
satile pattern of testosterone(T) on luteinizing
hormone(LH) in wethers. To do this, 3 separate ex-
periments were conducted. Infusion rates and patterns
needed to produce normal T secretory profiles found
in intact rams were established in Experiment 1, the
time-course of the suppressive effect of T on cir-
culating LH concentrations was determined in Ex-
periment 2, and the effectiveness of a pulsatile versus
a constant pattern of T to suppress LH secretion in
wethers was compared in Experiment 3. In Ex-
periment 1, three different doses(25, 50 or 100pg) of
T were injected intravenously to animals to do phar-
macokinetic analysis of T. Elimination rate constant,
volume of distribution, and total body clearance of T
averaged 0.18min", 0.531/kg BW, and 0.091/min/
kg BW, respectively. In Experiment 2, three different
doses(192,384, or 768ug/kg/24h) of T were infused
at 4h intervals for 3 days into animals to evaluate the

timecourse of the inhibitory effect of T on mean LH
concentration. As duration of T infusion increased,
mean LH concentrations gradually reduced. Mean
LH concentrations were significantly lower at day 2
or day 3 than at day 0. However, mean LH con-
centrations did not differ between day 0 and day 1 or
between day 2 and day 3. In Experiment 3, animals
were subjected to two different intravenous infusion
regimens for 3 days: constant T(768pg/kg/24h) and
pulsatile(one pulse every 4h) T(768pg/kg24h). Blood
samples were collected at 10-min intervals for 4h
both prior to infusion and during the last 4h of the in-
fusion. Mean LH was more suppressed(p=0.045) by
constant T than by pulsatile T. LH pulse amplitude
was not affected by constant T or pulsatile T. LH inter-
pulse interval was increased more(p=0.034) by constant
T than pulsatile T.
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