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ABSTRACT —Effects ol morming and evening injestions of pineal S-methoxyindoles (MI), melatonin (aMT}
and S-methoxytryptamine (MT), for 60 continuous days, were observed on the testes of sham-operatad (50)
and pinealeciomized (Px) Indizn palm squirrel, Funambulus pennanii mainiained under differant photoperi-
ods during the gonad active phase. Long photoperiod (LP) of 14L:100 appeared stimulatory to the testes
and caused a significant increase in the weight and seminiferous tubule diameter of both S0 and Px animals,
as compared to the animals under natural day-length (MDL). Short photoperiod (SP) of 10L:140 had an
inhibitory influence and reduced the testes weight and its tubule diameter. aMT and MT injections during
avaning hours sianificantly reduced testes weight and tubule diameter of SO and Px animals under NOL, LF
and SP. However morning injectons, under all conditions, were without any significant effect. The results
suggest an inh:bitory effect of aMT and MT, under above photoperiodic conditions, on the testes of this
tropical mammal. The time of administration of the Ml is important in the exprassion of the affect.

INTRODUCTION

Almost all animals inhabiting natural environments are
exposed to changes in important climatic tactors like tempera-
tura, rainfall, humidity and photoperiod. It is thesa factors on
which they rely 1o cue changes in their sexual status, and an
interaction between them and the sexual activity has been
reported (Pevet, 10854, b: Pevet ef al, 1987; Vivien-Roles
and Pevet, 1583). The pinea’ gland has been shown to be
invalved in the long term adaptation of animal to seasonal
reproduction (Pevet, 1985b; Reiter, 19835). The Ml synthesized
by the pineal gland act on the hypothalamo-hypophyseal-
gonadal axis and may exert a stimulatory, inhibitory or no
effect an the gonads depending on thelr mode and time of
administration (Berndtson et al, 1974; Ebels et al., 1965;
Hoffmann, 1981a; Paatl ef al,, 1971; Turek &f ai,, 1975). The
pinzal gland of F. pennanti, a trooical seasonal breader, is
sansitive to environmantal day'enagth, temperature and humid-
ity [Haldar et al., 1988; Haldar et al, 1890). Evening injec-
tions of Ml inhibit testicular activity of this rodent (Saxena et
al., 1992, Saxena, 1987}, Day-night vanations in plasma abT
suggest the existence of a diumal rhythmi- city in pineal activ-
ity of this mammal (Saxena et al, 1933),

There is, however, no report relating the time of MI
adrministration to photoperodic regulation of testicular activity
in tropical species. Therefore. the present study was aimed at
observing the effects of moming and evening adminisiration
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of aMT and MT in an Indian tropical mammal, F. pennarty,
under differant photoperiodic conditions.

MATERIALS AND METHODS

The study was performed during the testicular active phase (Apr-
June) of the annual testicular cycls of the animal (Haldare ef aft, 1990).
Adult ma'es { 100120 g bedy weight) ol F. pennantiwere obtained in
the dfirst woek of April and acclimatized. for two weeks, in a mom
fully axposed to nalural environmental conditions. They were housed
in wire net cages and providsd with foad (soaked gram seeds) and
water ad libifum. They were dividad inte ditferent groups of eight an-
mals each, in accordance with the protocal in Tabla 1. Pinealectomy
(Px) was performead foliowing the technigus of Haldar-Misra (Hakder,
19B6). Besides NDL animals were exposed 1o LP of 140100 and 5P
of 101140, The ervironmental temperature during the perod of ax-
perimentation was recorded as a maximum of 37.02°C and a mini-
mum of 28 11°C. The animals exposed to expermental LP and 5P
ware maintained at 37°C. Two such sete of animals were maintained.
One set. received injections n the morning at 7 br. and another dur-
ing evening al 16.30 hr. Ammals undar LP recesved morming injec-
tiona 2 hr after lights on and evening injections 2 112 hr befare light
off. Animals exposed to SP receivad morning injgctons 15 min after
lights on and 15 min before lights off. Solutions of aMT and MT (Siama
Chaemica Co., USA) wera made Tollowing the mathoc of Pevet and
Haldar-Misra (Pavet af /., 1982a). The anifmals were injected subcu-
tanecusly with 10pg Mifanimaliday. Control animals were injected
with vehicle (normal saling, 0.90% aguaous NaClyanimal'day. After
completicn of BU days the animals were sacrificed by cervical dislo-
cation and their body waights noled. Testes were removed, weighed
on a microelectnical balance and fixed in Bouin's fuid. They wene
processad by the routine paraffin method for histological ohearva-
tions. Semindferous tubule diameter of testes was measured by an
ocular micrometer. The data was statistically analysad with the nalp
of Student’s 't test and analysis of varance, ANOVA (Bruning ef al,,
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Table 1. Details of the expenmentzl protocol The exponmont was performed

during Agril-June (gonad active phase)

MOL 14L-100 {LP) 10L:14D (SP)
S0+saling (contral) Gl G7 G13
Px+aaling (control) G2 Ga G114
S0 +aMT Ga &) G115
Px +a MT G4 Gio G16
S50 + M1 &5 G311 G117
Px+ MT G G1e G118

50, sham operated, Px, Pinealectomized; abAT, Melatonin
MT, 5-methoxytryptamine; G.group; NDL, natural day length
LP. long photoperiod; SP. short phatoperiod

1877).

RESULTS

Results are presented in Figs. 1 and 2 and Tables 2 and
3. It is evident that in both morning and avening sets axpo-
sure to a LP of 14100 caused a significant increase in tha
tastes weight (morning, P<0.001,. evening, P=0.001), and
saminiterous tubule. diameter (moming, P<0.001; evening,
P=0.001) of S0-sal, animals as compared to the saline treated
animals uncer NDL. Exposure to a SP of 10L:140 showed a
significant reducticn in the lestes weight (moming, P<0.001;
evening,P<0.001) and seminiferous tubule diameter (mom-
ing, P<0.001, evening, P=0.001) of 30 saline reated animals
as compared to S0-saline animals under NDL. However, Px
animals maintained under LP as well as SF and injected with

galine indicated no significant effect on their testes weight and
seminiferous lwbule diameler when compared wih the Px
animals under NDL.

Evening injections of aMT and MT significantly reduced
testas weight and tubule diameter of S0 ard Px animals main-
tained under NDL, LP and SP (Fig 1, Tabla 2}, Morming injec-
tions, under all conditions, were without any significan
effect on the testes (Fig. 2, Table 3).

Results of ANOVA showed a significant variation in, the
testicular weight, in relalion 1o pineal removal (F=26.14,
P<0.001), time of MI administration (F=241.05. P<0.005) and
differant photoperiodic condition (F=10.12, P<0.001).
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Fig. 1, Effect of evening injections of melatonin (aMT), 5- methoxytryptamine (MT) and saline {Sal} on the testes weight {g/100g body weight)
ol shamoperated (S0) and pineatectomized (Px) F. pantantt exposed 10, natural daylength (NDL), long phatoperiod (141:100) and short phote-
pencd (10L:140) during the gonad aclive phase. Significance of difference from control: *, P<0.001.
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Fig. 2. Eifect of moming injections of melatanin (alT), 5- methoxyiryptamine (MT) and saline {Sal) on the testes waight (g 0Ug body weight)
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of sham-operasted (S0 and pinealectomized (Px) F. pannanti exposed to. natural daylength (NDL), long photoperied (14L:100) and short
photoperiad (100 14D0) during the gonad aclive phase.

Table 2. Effect of evening injections of melatonin [aMT) and 5- methoxytryplarmine
{MT), for 60 continuous days, on the seminiferous tubule dimeter (M) of testis in
sham-oparated (S0} and pinealectomizec (Fx) F. pannanti exposed to natural
daylength (NDL), long photoperiod (141100} and shor photapariod (10L:140) dur-
ing the gonzd active phass.

HOL 141100 {LP} 10L:140 {SP)
B04zaline 28037 +1.28 28325 + 0B4 12200 + 213
{coniro )
S0 + aMT P38 850 +1.38* 23725+ 1.96" 8963+ 214"
SO MT 23580 + 1.517 2ARAT 4 253" 94 25 4+ 2.85°
Px + salire 20550 +1.25 301,87 + 1.8B 28037 + 249
{conirol)
P+ aMmT 245.75 + | 65 23862 + 1.99° 208,75 +2.33"
P+ MT 244 87 + 213" 232,39 + 1.20° 226.87 4 2.78"

Significanue of dilferance from conteed | *, P<0.001

Tabla 3. Eftest ol morning Injections of melgionin (aMT)) and 5
methoxyiryptaming (MT), for 60 continuous days, on the seminiferous fubule
diameter (um) of testis in sham-aperated (S0) and pinealectomizad (Px)
F Pennanti exposed o natural daylengih (NOL), long photoperiod (1401000
and shor photopariod (10L:14D) during the gonad active phase.

MNOL

S0+saline 25038 +2.33
{control)

20 + aklT 250 BR + 1,35
S0+ MT 258,50 + 1.63
Px + saling 28800 + 1.17
{control)

Px + aMT 294,88 + 1.57
Px + MT 284,50+ 1.75

14100 (LF) 10L:140 (SP)
204256 4+ 273 12288 +1.91
28712 + 364 12150+ 1.20
29600 + 261 12212+ 1.98
20037 4+ 2.0 280,12 +3.31
29838+ 275 2BB.12 + 2.53
28637 + 322 28038 +3.74
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DISCUSSION

Although a large number of seasonally breeding rodent
species are known, mosl sludies have canlred on the eluc-
dation of pineal function in the control of reproduction in case
of temperale zone animals (Pevet ef &, 1987, Hoffmann,
1981b; Pevat et al, 1936),

This study shows that both aMT and MT are physiclogi-
cally active compounds inhibiting the testicular activity of this
tropical mammal. The present results indicate a sensitivity of
the animal to change in lighting condition. This result further
confirms the previous finding that the pineal and testes of
F.pennanti are sensitive to daylength (Haldar et al, 1930).
The results also demaonsirate, for the first time, that the ani-
mial can distinguish tetween tha time of the day when MM are
administered. In other words, the inhibitory effects of aMT and
MT are dependent on the period of the day when they are
administered. While evening injections led to inhibifion of test-
icular activity under bath long and short photoperiods, MI
administration during moming hours failed to produce any sig-
nificant effect on the testes of F. pennanti under short or long
photoperiod. LP was stimulatory to the testes whereas SP
was inhibitory to the testes of the squirrel, Ouwr results are
similar to those on adult go'den hamsters (Mesocricefus
auratus) in which daily aMT injections in morning, under iong
days result in gonadal maintenance (Reiter etal, 1976; Stetson
et al, 1983, Tamarkin e al., 1976; Tamarkin et al., 1977).
Other studies indicate that morning injections of aMT under
long to short days retards gonadal regression in the same
animal [Favet el &, 1982b; Turek ! &, 1980).

The present results can be explained on the basis of the
“hourglass mechanism” (Skopik efall, 1976; Underwood, 1981;
Underwood etal, 1982} according to which photoperiodic dis-
criminafion is achieved by comparison of the environmental
photoperiod to an internal rhythm of sensitivity consisting of a
light-sensitive. and a light-insensitive phase. The. extemal
coincidence model of Bunning (Bunning, 1936) explains that
light coincidant with the insensitive phase of the rhythm is trans-
lated as a short day, while light coincident with the photosen-
sitive phase of the rhythm as a long day. In the external
coincidence. model the environmental light cycle has two roles.
It acts as a zeitgeber (entraining agent) for the circadian sys-
tem and it has an inductive effect producing the long day or
short day response (Pittendrigh, 1965). The resonance
experiments by Nanda and Hamner (Nanda et al, 1958) for
daylength discrimination consist of exposing the anmals to
different cyele lengths with a light phase of eonstant duration
and dark phase of variable durations, Resonance experiments
with golden hamsters indicated that the animals can discrimi-
natz daylength in different cycles with a constant light phase
(Elliolt et ai., 1972; Stetson et al., 15975). A circadian basis for
the photopenodic reproductive response has been demon-
strated with {he help of resonance experiments in the case of
vole, Microfus agrestis (Grocock et al., 1874) and in deer
molse, Feromyscus maniciiatus (Whitsett eral, 1983). It may
be opined that in . pennanti M| injections only during evening

hours are able to cause gonadal suppression as during maom-
ing hours the animals lose sensitivity to exogenous Ml agmin-
istration. Tnis inhibitory effact of M| injection is evident under
arificial long and shorl as well as natural pholoperiod. Exog-
enous adminisiration of aMT and MT have been found lo
exert a season dependeant inhibitory influence on the testes of
F. pennanti and evening injections of bath MI inhibit the tes-
tes of the animal under ratural long days and short days
(Saxena, 1997), The plasma-aMT content in this squirel shows
a clear circadian rhythm, This endogenous rhythm is evident
during summer (April} as well as winter (Cecember) months
(Saxena et al,, 1993; Saxena, 1988) and injections given 34
hr prior to the lights off result in testicular inhitition (Saxena et
al, 1992 Saxena, 1997). In the present study also the injec-
tiens given 2 1/2 hr before lights off, in LP, and 15 min before
light off, in SF, causes gonadal inhibition. The effects are also
found to he indepandent of the pineal gland since the testas
of Px animals showed a similar response as those of 50 ani-
mals,

It nas become clear that the pineal gland is necessary for
the regulation of photoperiodic responses and that pineal
melatonin may be responsible for transmilting daylength
information (Hoffmann, 1881h; Galdman, 1983; Hoffmann,
1865 Masson-Pevet ef al., 1386).

Studies have shown that exogenous administration of MT
(via injections) o golden hamsters exhibits a biphasic sensi-
tivity. A daily injection just prior to lights on or up to 5 hrbefore
lights out induces rapid and complete gonadal regression
(Raitar at al,, 1976; Tamarkin et al, 1977; Sackman ef al.,
1877). Injeclions al olher limeas of the day are neffective, Also
pinealectamized hamster is not responsive to a single daily
injection of aMT but requires threa daily injections timed 3 hr
or 30 min apart (Goldman et al., 1979; Tamarkin et &, 1977).
Qur results are ditferant from these as in this tropical animal
only a single daily injection during evening hr results in gonad
inhitition. Also in F. pennanti Px animeals, under the lesled
photoperiodic conditions, are equally responsive o the Ml
injections. Tharefore, it can be suggested that pinealectomy
does not block the circadian rhythm of aMT and MT sensitiv-
ity in this tropical species.

Pincalectomy always appearced stimulatory to the testes
and pinealeciomized squirrels exhibited significant increase
in testes weight and =eminiferous tubule dizmeter in compari-
son to SO controls. Under SP pinealectomized animals
showed slgnificantly higher testes welght and seminiferous
tubule diameter as compared to 30 animals as these were
unable to peresive orvironmental information in the absence
of pineal gland. Therafora, thay maintained an active gonad
as avident by higher testes weight and seminifercus tubule
diameter

I he present study reveals, for the first tme in a tropical
mammalian species. thel besides aMT there also exists a
diurmal rhythm in the sensitivity of the animal to axoganous
WT injections. Pinealecomy and constant release of aMT and
MT have been reported to cause atrophy of gonad in male
European hamslers kept under long photeparod (Masson-
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Pevet et al, 1986). aMT implants have been reporied to has-
ten recrudescence in male hamsters on short days (Turek
el &, 1976), aMT implants cause testicular regression in
long=day intacl. male Peromyscus levcopus (Johnslon
el al, 1980; Lynch et al, 1976) bul do not retard testicular
regrassion on short days (Petterborg ef al, 1981). Also varnied
results have been observed on the effects of photoperiod and
melatonin on gonadal function of prepubertal and adull ani-
mals of Microtus and Peromyscus species. Although in the
case of F. pennanii silastic capsule iImplants of aMT and MT
lead to testicular regression in both inlact and Px animals,
(Saxena, 1988) the effecis of this continuous mods of MI
admin:stration under different photopenods remains 10 be
assassad.

Thus, although MT effects on sexual axis have beon stud-
iexd in different animais (Vivien-Roels et &, 1983; Vevien-Roels
1983) the results have bean variad (Pavel at al. 1886).
Reports relating to actions of MT on the gonadal tunction of
tropical mammals, experiencing different climatic conditions
than temperate animals, ars searca. Our résults of the presant
study provide evidence. for the role of pineal MT, besides aMT,
in the photopenodic adaplive response to reproduction in a
tropical seasonally breeding mammal, F. pennant. The
results suggest the possibility of the existence of a rhythm in
the gonadal response to exogenous Ml administration under
ditierant photopericds but the exact machanismes involved in
this phenomenon remain yet to be identified.
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