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Effect of melatonin supplementation on pregnancy outcome in Wistar-
Kyoto and Sprague-Dawley rats

Harbindar Jeet Singh®, Hisham Ibrahim Saleh, Sergey Gupalo, Effat Omar
Faculty of Medicine, Universiti Teknologi MARA, Sungai Buloh Campus, Sg Buloh, Selangor 47000, Malaysia

Abstract: Although melatonin supplementation is known to influence numerous physiological functions, little is however known of
its effects on pregnancy outcome. This study investigated the effects of melatonin supplementation on pregnancy outcome in Wistar-
Kyoto (WKY) and Sprague-Dawley (SD) rats aged 12—13 weeks. Upon confirmation of proestrus, each female rat was housed over-
night with a male of the same strain. On the next morning, following confirmation of mating (vaginal smear), WKY female rats were
isolated into individual metabolic cages and given 0, 25, 50 or 100 mg/kg per day of melatonin in drinking water from day 1 of preg-
nancy to day 21 postpartum. SD females were given 0 or 100 mg/kg per day of melatonin. Maternal weight, duration of pregnancy,
litter size, birth weight and body weight of pups up to day 42, and pup mortality were recorded. Data were analyzed using ANOVA for
repeated measures. Compared to controls, maternal weight gain during pregnancy was significantly lower in melatonin-supplemented
dams (P < 0.01). Litter size was significantly smaller in melatonin-supplemented dams (P < 0.01). Mean birth weight of pups was sig-
nificantly lower only in pups of dams given 100 mg/kg per day of melatonin (P < 0.001). Mean body weight of pups of dams given
melatonin was significantly lower than controls (P < 0.01). Pup mortalities were 9.5% and 21.6% in WKY dams given 25 and 100 mg/
kg per day of melatonin respectively, and all pup deaths occurred after day 21 of weaning. The results suggest that melatonin supple-
mentation during antenatal and postpartum period appears to adversely affect litter size, pup growth and mortality in WKY and SD
rats. The precise mechanism causing the death is not clear.
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Melatonin (N-acetyl-5-methoxytryptamine), a pineal
gland hormone, has been shown to regulate sleep, im-
mune system !, reproductive function in seasonal
breeders %, and, more recently, to improve sperm quali-
ty in humans P!, There is also evidence supporting its
blood pressure lowering * %, antioxidant ¥ and pain
modulating properties [,

Whilst numerous beneficial effects of melatonin sup-
plementation have been reported, information on its
adverse effects is scarce, except for a few isolated stud-
ies. Melatonin administration to adult rats has been
found to (i) suppress LHRH release and disrupt normal
estrus cycle and fertility ['%, (ii) delay sexual matura-
tion in female rats '), and (iii) disrupt spermatogenesis
in young male rats ['!l. In the red deer subcutaneous
implants of melatonin were found to inhibit mammary
development during pregnancy "%, In one of our recent
studies investigating the effects of melatonin supple-
mentation on the development of hypertension in SHR
offspring, it was noted that while administration of
melatonin in drinking water during pregnancy and up
to postpartum day 21 had no effect on the survival or
growth of SHR pups, it however caused significant
mortality in pups of the Wistar-Kyoto (WKY) strain ['¥],
Neither the reason for the difference in its effects on
WKY and SHR pups nor the cause of death in the WKY
rats was immediately evident. Previous studies have
revealed no significant toxic effects on either the dams
or the pups following melatonin supplementation dur-
ing pregnancy ! '3, Administration of 150 mg/kg per
day of melatonin to Sprague-Dawley (SD) rats through-
out gestation, for example, did not show any toxic
effects of melatonin 8. A recent review even concluded
that treatment with melatonin during pre- and post-
natal period might help reduce complications in the
neonatal period and provide wide ranging health bene-
fits 7). The evident severe adverse effects in the WKY
rats following maternal melatonin supplementation
reported recently are therefore puzzling. It is unclear if
the effects are unique to a particular strain of rat or just
to a particular colony within the strain. This study
therefore examined the effects of melatonin supple-
mentation at doses of 25, 50 and 100 mg/kg per day
during pregnancy on the duration of pregnancy, litter
size and pup growth in WKY rats. To examine if the
effect was strain specific, 100 mg/kg per day of mela-
tonin was also similarly supplemented to age-matched
pregnant SD rats.
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1 METHODS

Twenty-four female WKY rats, aged 12-13 weeks,
were housed in cages at room temperature with a 12/12
hours light/dark cycle and given ad libitum excess to
food and water. Proestrus was confirmed through a
vaginal smear, and after confirmation of proestrus, each
female was housed overnight with a fertile male of the
same strain (for 12 h). Mating was confirmed by a
positive sperm smear on the following morning. This
was marked as pregnancy day 1 (PD 1). Following
mating, females were isolated to individual metabolic
cages. WKY dams were randomised into 4 groups, with
6 dams per group. From day 19 of pregnancy the cages
were inspected for birth every day from 9:00 to 11:00 h,
and 16:00 to 18:00 h. The 24-hour period within which
the dams delivered their pups was designated as
postnatal day 1 (PND1). Group 1 (control group)
received tap water, whereas groups 2, 3 and 4 received
25, 50 and 100 mg/kg per day of melatonin (Sigma
Chemicals Co., USA) respectively in drinking water
during pregnancy and up to day 21 postpartum. In a
separate study, twelve SD dams were similarly prepared
and randomised into 2 groups with 6 dams per group.
Group 1 received just tap water, whereas group 2
received 100 mg/kg per day of melatonin. For the
preparation of melatonin, 100 mg of melatonin was
first dissolved in 15 mL of 20% ethanol and then made
up to 100 mL with deionised tap water. For controls, 20
mL of 20% ethanol was made up to 100 mL with
deionised tap water. From our previous experiences, we
noted that water intake though increases from the pre-
pregnancy state, it however remains relatively stable
over the duration of pregnancy; ranging between 24
and 27 mL per day . Consequently, based on an aver-
age intake of 25 mL per day, a stock melatonin solution
containing 4 mg/mL was prepared daily, which was
then diluted further with deionised tap water to 2 mg/
mL and 1 mg/mL solutions to deliver 100, 50 and 25
mg/kg per day of melatonin respectively. As fluid in-
take increases postpartum, the dilution of melatonin
containing drinking water was also adjusted accordingly.
To avoid degradation by light, all drinking containers
were kept wrapped in aluminium foil at all times.

All dams were weighed every four days during
gestation and on PND 1. Volume of water consumed
was recorded every four days using metabolism chambers
to confirm the dosage of melatonin. Our earlier studies
revealed that although water consumption increases
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during pregnancy when compared to before pregnancy,
it however remains generally stable for the duration of
pregnancy . Based on this, we therefore only measured
water intake every four days in the rats throughout the
period of study. Gestation period (in days) and litter
size was recorded, and the litter was weighed individually
at birth and then once every week until the age of 6
weeks.

Following either the death of the animal during the
period of study or euthanization upon completion of the
study period, external examination of the animal was
performed for any physical abnormalities. The whole
animal was immediately stored immersed in 10%
formalin for histological studies at a later date. The
liver, gastrointestinal tract (GIT), and kidneys were re-
moved and processed in a tissue processor for paraffin
embedding. The tissues were made into blocks, sec-
tioned into 3—5 micron thick sections, and then stained
with hematoxylin and eosin. The stained sections were
examined under light microscopy. Data were analyzed
using ANOVA for repeated measures, and if significant
then a post hoc Tukey test was performed. Student’s ¢
test was performed where appropriate, and data are pre-
sented as mean £ SEM. All statistical tests used were
those contained in the Statistical Package for the Social
Sciences (SPSS) software version 15.

All animals used in the study were supplied by the
animal care and breeding facility at Universiti Sains
Malaysia, Kubang Kerian, Kelantan, Malaysia. The
study was approved by the Animal Care and Users
Committee, Universiti Teknologi MARA.

2 RESULTS

No significant differences were evident in fluid intake
between the various groups during pregnancy (Table 1).
Water intake ranged between 24 and 26 mL per day,
delivering the prescribed dosage of melatonin. Water
intake during the postpartum period was significantly
higher when compared to that during pregnancy (P <
0.01; Table 1).

No significant difference was evident in mean body
weight between the controls and the four experimental
WKY groups on day 1 of pregnancy (PD1) except for
the group of dams assigned to receive 25 mg/kg per
day of melatonin, which had a slightly higher body
weight (Table 2). On day 20 of pregnancy (PD20) mean
body weight was only significantly lower in dams re-
ceiving 50 mg/kg per day of melatonin when compared
to that in controls, but there was no difference in mean
body weight between controls and the remaining mela-
tonin treated groups. However, mean percentage change
in overall body weight during pregnancy was signifi-
cantly lower in melatonin supplemented WKY dams (P <
0.001) compared to that in controls. Mean body weight
on PND1 was also significantly lower in WKY dams
receiving melatonin when compared to the controls (P <
0.01). The mean difference in peri- and postpartum
body weight was significantly greater in melatonin sup-
plemented WKY dams (P < 0.001) except for dams re-
ceiving 50 mg/kg per day of melatonin. Percentage
gain in actual maternal weight during pregnancy, which
is the difference in body weight on PNDI1 and PDI,
was significantly lower in melatonin supplemented

Table 1. 24-hour water intake during pregnancy and postpartum period in rat (mL/day)

WKY WKY WKY WKY Sprague-Dawley  Sprague-Dawley
(control) (25 mg/kg per (50 mg/kg per (100 mg/kg per (control) (100 mg/kg per
day melatonin) day melatonin) day melatonin) day melatonin)
Pregnancy (d)
4 24.8+2.1 256+ 1.1 23.8+2.4 258+ 1.1 26.8+ 1.9 24.6 + 1.8
8 26.1+23 242422 263+23 245+27 25.1+1.2 26.1+1.4
12 255+1.6 259+1.7 254+1.8 265+1.9 25.1+1.1 252+0.9
16 263+2.4 253+ 1.8 249+ 1.8 262+ 1.8 253+1.3 256+ 1.1
Postpartum (d)
24 283+1.1 28.6+1.2 29.1+1.7" 284+1.5 28.7+1.3 29.3+0.9"
28 30.2+£2.6"  29.6+0.7 282+1.9 303 +£2.17 299+1.5 30.2+0.7"
32 314+1.2" 303+14" 324+ 1.7 30.4+0.9" 31.4+1.2" 314+1.2™
36 332+22" 348+327 33.6+2.1" 342+£2.6" 33.8+2.3™ 352+£2.8"
40 402+ 1.6" 3924297 38.8+£2.2™ 41.7+3.9™ 41.8+1.8" 40.6 +£2.3"

P <0.05, P < 0.01 vs pregnancy.
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dams compared to that in controls (P < 0.05).

No significant difference was evident in mean body
weight between the two groups of SD rats on PD1
(Table 2). However, mean body weight on PD20 (P <
0.05), mean percentage change in overall body weight
(P <0.001), body weight on PND1 (P < 0.001) and ac-
tual maternal weight gain during pregnancy (PNDI1-
PD1) (P < 0.001) were significantly lower in melatonin
supplemented SD dams compared to those in controls.

Litter size was significantly smaller in all melatonin
treated WKY dams compared to that in controls (P <
0.001; Table 3). The number of pups was 66, 42, 47
and 37 in the controls, 25, 50 and 100 mg/kg per day of
melatonin treated dams respectively. The number of
pups that died was 0, 4, 0, and 4 in the controls, 25, 50
and 100 mg/kg per day of melatonin treated dams re-
spectively. Death occurred between the age of 28 and
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42 days.

Litter size was slightly but significantly smaller in
melatonin treated SD rats when compared to that of SD
controls (P < 0.05) (Table 3). No deaths were recorded
in the SD pups over the duration of the study.

The pattern of change in body weight of pups of
WKY dams supplemented with melatonin is presented
in Fig. 1. Mean body weight of pups of dams supple-
mented with 100 mg/kg per day of melatonin was low-
er than that in controls at birth and remained lower
throughout the study period (P < 0.05 and 0.01, ANO-
VA). At the age of 28, 35 and 42 days mean body
weight of pups of all dams supplemented with mela-
tonin was significantly lower than that of controls (P <
0.01 and P <0.001, ANOVA).

Mean birth weight of the pups of SD dams supple-
mented with melatonin during gestation was signifi-

Table 2. Ante partum and postpartum body weight in melatonin supplemented and control dams

Mean body Mean body Overall weight Mean body Difference in Maternal weight
weight (g) weight (g) gain during weight (g) weight between  gain during
on PD1 on PD20 pregnancy (%) on PNDI1 PD20 and PND1 pregnancy (%)
[(PD20 - PD1)/PD1] (%) [(PND1 - PD1)/PD1]
WKY rats
n 6 6 6 6 6 6
Control 171.16 £6.93 260.66 +1.30 523+1.3 231.00 +2.29 11.4£1.6 349+1.1
25 mg/kgper 188.16 +5.60" 265.00+3.65 40.8+1.9™ 214.00 £3.45™ 192+ 1.1 13.7+1.8"™
day melatonin
50 mg/kg per  170.83 £3.73  255.00+2.84" 45.2+0.9"™ 220.50 £2.92" 13.5+1.3 293+1.2°
day melatonin
100 mg/kg per 184.16+7.42 257.00+4.03 39.6+ 1.4™ 206.83 £5.26™  19.5+0.8™ 12.1 £2.3™
day melatonin
Sprague-Dawley rats
n 6 6 6 6 6 6
Control 203.58 +10.90 297.11 £15.46 459+3.0 254.31 £ 6.65 144+1.6 21.1+1.5
Melatonin 195.16 £6.56 261.45+£2.82" 33.9+14™ 230.06 £2.46™ 12.0+£0.9 16.1+1.8™

P <0.05; "P<0.01; ""P <0.001 vs their respective controls. PD: Pregnancy day; PND: Postnatal day.

Table 3. Litter size per dam of controls and melatonin supplemented WKY and Sprague-Dawley dams

Group Mean litter size per dam (n)
At birth 22-day old 42-day old
WKY rats
Control 11.0£0.57 11.0 £ 0.57 11.0 £0.57
25 mg/kg per day melatonin 7.0+£1.15™ 7.0+ 1.15™ 6.33 £1.02"
50 mg/kg per day melatonin 7.8 +£0.69™ 7.8 +£0.69" 7.8 +0.69™
100 mg/kg per day melatonin 6.16+1.07™ 6.16 +1.07™ 5.5 £1.05™
Sprague-Dawley rats
Control 9.16 £0.57 9.16 £ 0.57 9.16 £0.57
Melatonin 8.16 = 0.22* 8.16 +0.22% 8.16 +0.22%

P <0.001 compared to WKY controls; * P < 0.05 compared to Sprague-Dawley controls.
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cantly lower than that in controls and remained consis-
tently lower throughout the study period (Fig. 2; P <
0.001). There was no pup mortality in SD rats.

No significant differences were evident in the dura-
tion of pregnancy between melatonin treated and un-
treated WKY rats or SD rats (Table 4). Mean birth
weight was significantly lower in WKY pups of dams
given 100 mg/kg per day of melatonin when compared
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to that of pups of untreated WKY dams (P < 0.001).
Similarly, mean birth weight was also lower in SD pups
of dams treated with 100 mg/kg per day of melatonin
when compared to that of pups of SD controls (Table 4).

Macroscopic examination of the pups revealed no
obvious defects in the physical appearance of the liver,
GIT or the kidney apart from them being slightly smaller
in size than those in age-matched controls. Histologi-

—e— Control

—a— 25 mg/kg per day melatonin
—a— 50 mg/kg per day melatonin
—l— 100 mg/kg per day melatonin

0 7 14 21 28
Age (d)

Fig. 1. Body weight changes of pups of controls and melatonin supplemented WKY dams. P < 0.01,

35 42

Hok

‘P <0.001 when all melatonin

treated groups were compared to controls (ANOVA). P < 0.05, #P < 0.01 when 100 mg/kg per day of melatonin treated rats were

compared to controls.

—e— Control

—a— Melatonin
supplemented

Age (d)

Fig. 2. Body weight changes of pups of controls and melatonin supplemented Sprague-Dawley dams.

trols.

Hk

P <0.001 compared to con-

Table 4. Duration of pregnancy and mean birth weight of pups in melatonin treated and untreated WKY and Sprague-Dawley rats

WKY WKY WKY WKY Sprague-Dawley  Sprague-Dawley
(control) (25 mg/kg per (50 mg/kg per (100 mg/kg per  (control) (100 mg/kg per
day melatonin) day melatonin) day melatonin) day melatonin)
Mean duration 21.66£0.33 22.33+045 22.50+0.36 21.50+£0.22 21.83+£0.30 21.83+0.30
of pregnancy (d)
Mean birth 570+0.22  5.93+0.13 6.18 £0.37 5.00 +£0.23™ 5.91+0.03 5.60 £ 0.12%#
weight per pup (g)

P <0.001 compared to WKY control; ** P <0.001 compared to Sprague-Dawley control.
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cal examination of the liver, GIT and the kidney did not
reveal anything of significance except in the kidney of
one animal in the 25 mg/kg per day of melatonin group
where areas of necrosis involving the tubules were
evident, probably due to acute tubular necrosis secondary
to ischaemia. However, it has to be added that most of
the specimens were unfortunately partially autolysed,
and their finer morphological details were obscured.

3 DISCUSSION

The major observations of the study are that melatonin
supplementation during pregnancy to WKY and SD
rats resulted in (i) lower gain in body weight by the
dams during pregnancy, (ii) smaller litter size, (iii) low-
er rate of increase in body weight of pups after wean-
ing, and (iv) mortality in some of the WKY pups.

Overall gain in body weight during pregnancy, when
expressed as a percentage of body weight on PD1, was
consistently lower in melatonin supplemented WKY
and SD rats (Table 2). In general, maternal weight gain
during pregnancy is primarily due to three main factors,
which include the contribution by the developing feto-
placental units, maternal fat deposition, and expansion
in maternal extracellular fluid volume (ECFV). Litter
size was consistently smaller in melatonin supplement-
ed WKY and SD rats (Table 3) and the lower weight
gain during pregnancy in melatonin supplemented
dams could therefore be due to the lower number of de-
veloping fetuses. In addition, this could also be related
either directly to the weight of the developing fetuses
or indirectly through the impact of the number of de-
veloping fetuses on the maternal need for weight gain.
A smaller number of pups could signal a lesser circula-
tory demand during pregnancy, together with lesser en-
ergy demand during lactation and therefore a lesser
need for ECFV expansion and fat accumulation during
pregnancy. A larger number of fetuses, on the other
hand, could place greater circulatory and subsequent
energy demands on the dam, consequently resulting in
the need for a greater ECFV expansion and accumula-
tion of body fat.

Further analysis of the data revealed that the actual
maternal weight gain was also lower in melatonin sup-
plemented WKY and SD dams (Table 2). Actual mater-
nal weight gain is the difference in body weight be-
tween PD1 and PNDI1. It refers to the weight gained by
the dam excluding the feto-placental units. Increased
fat deposition occurs during pregnancy, and this de-
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pends on increased food intake. Increased food and wa-
ter intake are amongst some of the earliest behavioral
changes that occur during pregnancy in the rat ¥, Any
decrease in food intake during pregnancy could there-
fore compromise the expected weight gain. In addi-
tion, there is also evidence indicating that pineal gland
and melatonin might be directly involved in the feeding
behaviour of animals . Pinealectomy, for example,
has been found to increase food intake %, whereas me-
latonin supplementation has been shown to decrease
food intake in Wistar rats 1. Food intake was also re-
portedly decreased in zebra fish exposed to melatonin
in water and the decrease was associated with signifi-
cant increase in genes codifying for leptin and melano-
cortin 4 receptor and a reduction in the expression of
orexigenics like ghrelin and NPY 2. Besides this, sleep
promoting effects of melatonin and its agonists are also
well documented > 24, Tt is possible a combination of
hypnotic and appetite suppressing effects of melatonin
might have reduced food intake thereby contributing to
a lower weight gain in melatonin supplemented dams
in this study. Food intake was not estimated in this
study and, it is therefore not possible to confirm wheth-
er decreased food intake had contributed to the lesser
weight gain in melatonin supplemented dams. Never-
theless, the finding that total and actual weight gain
were both lower in melatonin supplemented dams sug-
gests that melatonin supplementation to WKY and SD
rats during pregnancy results in lower maternal weight
gain during pregnancy. This lower weight gain appears
to be due to a lesser number of developing fetuses and
a lower actual body weight gain, which might or might
not be related to lower food intake. The 24-hour water
intake during pregnancy was, however, not different
between melatonin treated and untreated dams in this
study (Table 1). Although water intake increased signif-
icantly during the postpartum period when compared to
that during pregnancy in all the groups, there was no
significant difference in water intake between mela-
tonin treated and untreated dams during the postpartum
period (Table 1). Postpartum increase in water intake in
rats is well documented and is associated with lacta-
tion. The slightly higher water intake on day 40 (Table
1) might be due to water consumption by the litter ap-
proaching weaning.

Litter size was consistently smaller in melatonin sup-
plemented dams (Table 3). Litter size depends on the
number of ova produced, number of conceptus that im-
plant successfully, and on the number of aborted fetus-
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es over the duration of pregnancy. Melatonin supple-
mentation to adult rats has been found to suppress
LHRH release and disrupt normal estrus cycle and fer-
tility ', Melatonin has also been found to inhibit ovu-
lation in immature rats that had been induced to ovulate
with pregnant mare serum. This effect was reversed by
GnRH, indicating that melatonin inhibits ovulation by
inhibiting the secretion of GnRH 1. In contrast, chronic
melatonin treatment has been shown to reverse continu-
ous light-induced anovulatory syndrome in the rat %,
Melatonin supplementation to pinealectomised rats had
also been found to restore ovulation and rate of embryo
implantation ?7. A study in vitro in mice also noted that
melatonin supports fertilization and early embryo de-
velopment after fertilization in vitro 8. The reason for
the conflicting findings is unclear, but it might be relat-
ed to the dose of melatonin used and the duration of its
supplementation. In this study, however, melatonin was
only commenced on PDI, and it would have had little
impact on the development of the ova or even on the
number of ova released. It could, however, influence
the number of conceptus that implant successfully and/
or on the loss of fetuses over the duration of the preg-
nancy.

Birth weight of pups of dams receiving melatonin
was not significantly different from that of the controls
except for pups of WKY and SD dams given 100 mg/
kg per day of melatonin (Table 4). Interestingly, mater-
nal weight gain was also the lowest in dams receiving
100 mg/kg per day of melatonin when compared to
those in the other melatonin treated dams (Table 2), im-
plying that the effect might be dose dependent. Little
has been published on this in the literature so far and
much remains to be explored further.

The rate of weight gain in pups of dams treated with
melatonin was also lower, and it remained so even after
weaning and discontinuation of melatonin supplemen-
tation (Fig. 1 and 2). Body weight gain of rats during
the suckling period has been found to be inversely re-
lated to litter size . Limited milk availability and
inadequate maternal care have been attributed as causes
of the slower growth of pups reared in larger litters B!,
In this study, however, the litter size of melatonin sup-
plemented dams was smaller than that in the controls
(Table 3), and litter size per se therefore does not ap-
pear to be the reason for the slower weight gain during
suckling in these pups. Milk yield was not estimated in
this study, and it is therefore not possible to conclude if
inadequate milk supply and intake might have been re-

sponsible for the lower weight gain in pups of mela-
tonin supplemented dams. Besides, the lower rate of
weight gain continued even after weaning at day 21 of
age, when the pups had access ad /libitum to food and
water. It therefore seems that the lower weight gain in
these pups might be due to factors other than the avail-
ability of food alone. However, the role of lower milk
supply during lactation and food intake after weaning
cannot be excluded at this stage.

Pup deaths occurred only after weaning, and this was
evident in pups of WKY dams given 25 and 100 mg/kg
per day of melatonin. No deaths occurred in pups of
WKY dams given 50 mg/kg per day or in pups of SD
dams given 100 mg/kg per day of melatonin (Table 3).
The reason for the discrepancy between the WKY
groups or between the WKY and SD groups is unclear.
The effect of melatonin was somewhat less severe on
every measured parameter in the dams and their pups
in the group that was given 50 mg/kg per day of mela-
tonin. It has also to be added here that the effect of me-
latonin supplementation on pup mortality was also less
severe in this study when compared to our earlier pub-
lished report where a dose of 10 mg/kg per day was
used [, The reason for this is not apparent as the mela-
tonin that was used was from the same stock and the
WKY rats were also from the same breeding colony.
The only difference was in the dose of melatonin used.
Little can therefore be gleaned from this study to ex-
plain this difference apart from suggesting that it might
indicate a biphasic effect of melatonin.

Macroscopic examination revealed no obvious de-
fects in the physical appearance of the liver, GIT or the
kidney apart from them being slightly smaller in size
than those in age-matched controls. Histopathological
examination of samples from the liver, GIT and kidney
was limited by the presence of partial autolysis in most
of the samples probably due to poor preservation of the
tissues at the time of collection. Only in one animal ev-
idence of renal tubular necrosis was noted, and it is not
possible to extend this to all the animals that died or
even used to explain the death or the poor rate of
growth in pups of melatonin supplemented pups. The
reason for the poor growth and death in some of the
pups of dams given melatonin during pregnancy and
lactation therefore remains uncertain. All that can be
concluded from this study is that melatonin supplemen-
tation during pregnancy in rats could have serious ad-
verse consequences on fetal and pup morbidity and
mortality.
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In conclusion, it appears that melatonin supplementa-
tion during pregnancy can have significant adverse ef-
fects on maternal weight gain during pregnancy. In ad-
dition, it can also affect the litter size and subsequent
pup growth after delivery and weaning, and might even
cause death in the offspring. The precise reasons for
this remain unclear as milk yield, food intake and be-
havioural changes were not recorded in this study.
Clearly, more studies are needed to examine the impact
of melatonin supplementation on food intake, milk
yield and nursing behaviour of the dams. In addition
there is also a need for more detailed and well planned
histological studies to ascertain the cause of death of
pups following melatonin supplementation during ges-
tation. It is possible that early exposure to high levels
of melatonin compromises the development of some of
the organs, which then affect the development of the
pups, resulting in death in some ones. As this study was
terminated when the pups were 6 weeks of age, longer
term studies are therefore also needed to examine the
full impact of melatonin supplementation on pup sur-
vivability.
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