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ABSTRACT

The present study was designed to investigate whether or not maternal
consumption of aqueous extract of Hibiscus sabdariffa (HS) during pregnancy
has any effect on body weight, body mass index (BMI) and weights of some
selected visceral organs at onset of puberty in the female offspring. Eighteen
in-bred virgin female Sprague-Dawley rats aged between 10-12 weeks and
weighing 125 + 5.5g (mean + SEM) with two consecutive regular 4-day estrus
cycle were randomly assigned to one of three groups of 6rats/group. One
group had tap water (control); another had 1.5g-extract/kg while the third
group had 3.0g-extract/kg in their drinking water throughout pregnancy.
Maternal fluid and food intake were recorded throughout pregnancy and
offspring weights were recorded at birth, weaning and weekly thereafter until
onset of puberty. Results showed that HS consumption during pregnancy
significantly decreased maternal fluid and food intake; increased body weight,
BMI and the weights of the kidney, liver, heart and spleen; and delays the
onset of puberty in the female offspring.
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INTRODUCTION

The effects of nutrition on the reproductive
performance of many species have been
recognized for at least a century and this
knowledge has been applied to the rearing of
domestic species. Since one complete reproductive
cycle of owvulation, conception, pregnancy and
lactation is one of the most energy consuming
activities a female mammal can undertake,
particularly in species that bear multiple young
(Egelbregt et al, 2001), it therefore follows that
with food scarcity, these animals are forced to set
priorities, shutting off reproductive functions for
the survival of the species (Wade and Schneider,
1992; Wade et al, 1996; Glass et al, 1986).

The ‘thrifty phenotype’ hypothesis (Hales and
Barker, 1992) suggested that when the foetal
nutritional environment is poor, there is an
adaptive response, which optimizes the growth of
key body organs to the detriment of others and
leads to an altered postnatal metabolism, which is
designed to enhance postnatal survival under
conditions of intermittent or poor nutrition. It was
proposed that these adaptations only became
detrimental when nutrition was more abundant in
the postnatal environment, than it had been in the
prenatal environment.

A sweetened aqueous extract of Hibiscus
sabdariffa (zobo drink) (family: malvaceae) is
commonly produced and consumed
indiscriminately in Nigeria and extracts of
Hibiscus sabdariffa (HS) have been reported to
decrease fluid and food intake through a
mechanism not yet fully understood (Orisakwe et
al, 2003; Orisakwe et al, 2004; Ojokoh, 2006).
Thus when aqueous extract of HS is administered
to pregnant animals, it may lead to decreased food
consumption in these animals with a possible
foetal  malnutrition and  the  attendant
developmental sequelae (Barker et al, 1993;
Gluckman and Hanson, 2004; Armitage et al,
2005a and b).

The present study was therefore designed to
investigate the influence of maternal consumption
of HS during pregnancy on body weight and the
body mass index at onset of puberty in the
offspring.

MATERIALS AND METHODS

Research Design

The achievement of the aims of the present study
was based on the measurement, at onset of puberty
(defined as the age in days at which vaginal
opening occurred), of the body weight and length
and organ weights and weight indices of the
female offspring of three groups of Sprague-
Dawley rats given tap water (control), 1.5g-
extract/Kg body weight/day and 3.0g-extract/Kg
body weight/day during pregnancy.

Experimental Animals

Eighteen in-bred virgin female Sprague-Dawley
rats age between 10-12 weeks and weighing 125 +
5.5g (mean + SEM) with two consecutive regular
4-day estrus cycle were used for this study. These
rats were housed individually in cages under
standard environmental conditions. The estrous
cycles were monitored and male rats of proven
fertility were introduced into the cages of the
female rats that were expected to get into the
estrous phase within 12 hours to allow for mating.
Day 1 of pregnancy was taken as the day sperm
were seen in the vaginal smear of the rats.

On day 1 of pregnancy, animals were divided
randomly into three groups of six animals each.
The first group (control) was given tap water to
drink. The second group was placed on 1.5g-
extract/Kg body weight/day in their drinking water
while the third group received 3.0g-extract/Kg
body weight/day in their drinking water. All
groups received normal rat chow ad libitum. Fluid
and food intake of the dams were measured daily
throughout pregnancy. Litter birth weights were
also recorded.

On the day of delivery, the HS solutions were
withdrawn and replaced with tap water. Each dam
in each group was allowed 9 pups to nurse
throughout the lactational period so as to eliminate
the effect of undernutrition or overnutrition of
some of the pups. After 21days, the pups were
weaned to tap water. After weaning, the female
pups were kept in groups of three per cage. Pups’
weights were recorded at birth, weaning and
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weekly thereafter till onset of puberty. Pubertal
development starts soon after weaning, so from
postnatal day 30 onwards, the young female rats
were inspected daily for vaginal opening since
onset of puberty is defined as the age (in days) at
which vaginal opening occurs (Engelbregt et al,
2000).

At onset of puberty, body weights and lengths
of the pups were measured and thereafter, the rats
were killed by inhalation of chloroform and the
kidney, heart, liver and spleen were excised and
weighed for the calculation of the weight indices.

Extraction Procedure

Mature calyces of HS were purchased from a local
market in Enugu, Nigeria, and authenticated at the
department of botany, University of Nigeria,
Nsukka, Nigeria. The extraction procedure used
was as described previously (lyare and lyare,
2006a; 2006b). Briefly, 30g of the dry petals of
HS was brewed in 400ml of boiled tap water for
45min. The resulting decoction was filtered and
evaporated to dryness giving a dark red powder
(yield 48.87%).

Statistical analysis

The Student’s t-test for paired data was used to
analyse data from the same group of rats. For data
comparison between the three groups, the one way
analysis of variance (ANOVA) was used followed
by a post-hoc Student’s Newman-Keuls test.
P<0.05 was taken as statistically significant.

RESULTS
Maternal Fluid and Food Intake (ml/kg)

Dams given HS consumed less (p<0.05) fluid per
day compared with the control dams at all the
trimesters of pregnancy. There was a significantly
increased fluid intake in the 2" trimester
compared with the fluid intake in the 1% trimester
in 1.5g/kg group whereas 3.0g/kg group and group
C showed no difference. 3.0g/kg dams also drank
less (p<0.05) fluid in the 2" trimester compared
with 1.5g/kg and Control groups. Fluid intake in
the 3" trimester in groups 1.5g/kg and 3.0g/kg was

greater than the fluid intake in the 1% trimester
whereas the control group showed no difference.
There was a significant difference in fluid intake
between the 3™ and the 2™ trimester in 3.0g/kg and
Control groups (3.0g/kg dams higher while
Control dams were lower) while fluid intake in
group 1.5g/kg dams in the 3 and 2" trimester
were similar.

Table 1:

Mean fluid intake (ml/kg/day) during pregnancy

Group 1 2" 31
trimester | trimester | trimester

Control 48.75 293.93 233.72
+3.61 +7.29 +5.3

1.5g/Kgbwt/day | 146.99 182.84 187.02
+2.07% | £245% | +4.83*

3g/Kgbwt/day 143.2 150.77 199.97 +
+3.15* + 3.58* 9.34*

N = 6 each. Values are expressed as Mean + SEM

* p<0.05 versus control rats

P p<0.05 versus 3.0g/kg rats

Table 2:

Mean food consumption (g/kg/day) during pregnancy

Group 1° 2" 31
trimester | trimester | trimester

Control 174.0 217.02 199.36
+4.59 +8.94 +6.12

1.5g/Kgbwt/day | 140.53 176.38 168.5
+4.68% | £3.66% | £5.93*

3g/Kgbwt/day 136.01 136.76 148.25
+4.67* +3.93* +2.48*

N = 6 each. Values are expressed as Mean + SEM

* p<0.05 versus control rats

P p<0.05 versus 3.0g/kg rats

Food intake/day/rat

There was a significant dose-dependent reduction
in food intake/day (p<0.05) in 1.5g/kg and 3.0g/kg
groups dams compared with Control group dams
at all stages of pregnancy except for the first
trimester where there was no significant difference
in food intake between 1.5g/kg and 3.0g/kg
groups. There was a similar change in food intake
in all the groups as pregnancy progressed except in
3.0g/kg group where the food intake by the dams
in the 2" trimester was not different from the 1%
trimester but less than (p<0.05) that of the 3"
trimester.
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Offspring Postnatal Weights

Results show a significant increase in body weight
from birth to postnatal day 28 in groups 1.5g/kg
and 3.0g/kg compared with Control group. From
postnatal day 35, however, there was a significant
increase in body weight in offspring of 3.0g/kg
group compared with both group 1.5g/kg and
Control offspring. Body weight of group 1.5g/kg
offspring was not significantly different from that

of Control group offspring.

Body parameters

There was a significant delay in the age at onset of
puberty in groups 1.5g/kg and 3.0g/kg offspring
compared with the Control group offspring with
group 1.5g/kg rat exhibiting more delay. The body
weight and length and BMI at onset of puberty in
groups 1.5g/kg and 3.0g/kg offspring were higher
than Control group offspring.

Table 3: Mean offspring postnatal weights (g) from birth to postnatal day 42.

Group PND 0 PND 21 PND 28 PND 35 PND 42
Control 5.61+0.14 22.78+0.65 32.78+.77 48.33+0.93 55.83+1.44
1.5g/Kgbwt/day 6.0+.14* 26.94+1.99* 37.78+1.21* | 44.44+2.24° 54.17+3.06"
3g/Kgbwt/day 6.11+.12* 28.33+1.20* 40.56+1.34* | 58.06+1.29* 76.94+1.07*
N =9 each. Values are expressed as Mean + SEM
* p<0.05 versus control rats
P p<0.05 versus 3g/Kg/day rats
Table 4:
Some body parameters at onset of puberty.
Group Parameters at onset of puberty

Age (9) Weight () Body length (cm) BMI (g/cm?)
Control 43.11+1.84 58.89 + 1.96 12.9+0.15 0.35+ 0.006
1.5g/Kgbwt/day 62.39 +1.84*" | 87.22 +2.52* 14.02 + .08*" 0.44 + .008*
3g/Kgbwt/day 47.56 £ 0.73* 94.44 + 2.94* 14.72 £ 0.104* 0.44 £ 0.011*

N =9 each. Values are expressed as Mean + SEM
* p<0.05 versus Control
P p<0.05 versus 3g/Kgbwt/day

Table 5:
Absolute weight of selected visceral organs at onset of
puberty.

Table 6:
Weight index (x 10°®) of selected visceral organs at
onset of puberty

Group Absolute weight (g) Group Weight Index

Kidney  Heart Liver Spleen Kidney  Heart Liver Spleen
Control 0.610 0.243 2.66 0.135 Control 10.323  4.047 44959 2248

+0.029  +0.013  +0.16 +0.017 +0.184 +0.132 +1.872  +0.225
1.5g/Kgh  0.890 0.432 5.082 0.520 1.5g/Kgh  10.282  4.993 58.644  5.923
wt/day +0.034* +0.02*  £0.122* +0.041* wt/day +0.539  +0.288* +2.152* +0.367*
3g/Kgbwt/ 0.898 0.412 5.289 0.534+0 3g/Kgbwt/  9.552 4.378 56.175 5.674
day +0.045* +0.028* +0.185* .040* day +0.484  +0.293  +1.754* +0.368*

N =9 each. Values are expressed as Mean + SEM
*p<0.05 versus Control
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Organ weights and weight index

The absolute weights and weight index of the
heart, liver and spleen were all significantly
greater in the groups 1.5g/kg and 3.0g/kg offspring
compared with the Control group offspring. The
absolute weight of the kidney, but not the weight
index, was also greater in the groups 1.5g/kg and
3.0g/kg offspring compared with the Control
group offspring.

DISCUSSION

The decreased food intake in the dams that drank
HS may have led to decreased leptin levels in
these dams (Maffei et al, 1995; Frederich et al,
1995). Since leptin is transported from the mother
to the foetus (Hoggard et al, 1997; Banks et al,
1996), it may have acted as the metabolic signal to
the foetus of the status of maternal energy reserves
and by extension, environmental food availability
thus inducing in the foetus some of the metabolic
adaptations that are designed to enhance postnatal
survival under conditions of poor nutrition in
accordance with the  “thrifty  phenotype”
hypothesis.

The weaning of the pups from dams that were
given HS extract during pregnancy to ad libitum
food and water may have represented a deviation
from the nutritional plane to which the pups had
adapted. This metabolic conflict, coupled with the
fact that the “thrifty phenotype” offspring are
better able to acquire and utilize nutrients and
demonstrate an increased risk of obesity as adults
(Barker et al, 1993) may have caused the elevated
body weight and BMI at onset of puberty.

Since body weight, BMI and plasma leptin
levels are highly positively correlated (Butzow et
al, 1999; Maffei et al, 1995; Considine et al, 1996;
Butte et al, 1997) and since puberty confers
reproductive competence, the delayed onset of
puberty coupled with high body weight and BMI
in the offspring of dams that drank HS during
pregnancy may suggest a depression of the leptin
signaling pathway that normally informs the brain
that energy resources are adequate to support
pregnancy. This is inferred from the fact that with

food scarcity, animals are forced to set priorities,
shutting off reproductive functions for the survival
of the species (Wade and Schneider, 1992; Wade
et al, 1996; Glass et al, 1986) since one complete
reproductive cycle of ovulation, conception,
pregnancy and lactation is one of the most energy
consuming activities a female mammal can
undertake, particularly in species that bear
multiple young (Egelbregt et al, 2001).

The  cardiomegaly, hepatomegaly and
splenomegaly observed in the pups from dams that
were given HS extract during pregnancy at onset
of puberty may not be unconnected with the
metabolic conflict that arose from the weaning of
these pups to ad libitum food and water.

We conclude that aqueous extract of HS
administered during pregnancy at the doses tested,
elevated BMI at onset of puberty in female
offspring through mechanism that may depend on
disruption of the leptin signaling pathway.
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