71

Nigerian Journal of Physiological Sciences 23 (1-2): 71-77©Physiological Society of Nigeria. 2008
Available online/abstracted at http://www.bioline.org.br/np; www.ajol.info/journals.nips; www.cas.org

MECHANISM OF THE DELAYED PUBERTY ONSET IN OFFSPRING OF RATS
THAT CONSUMED AQUEOUS EXTRACT OF HIBISCUS SABDARIFFA DURING
PREGNANCY

E. E.IYARE AND O. A. ADEGOKE
Department of Physiology College of Medicine, University of Lagos, Idiaraba, Lagos State, Nigeria.
E-mail address: eghosai@yahoo.com (Iyare, E. E.) Tel. +234 8052820041

Summary: Consumption of extracts of Hibiscus sabdariffa (family: malvaceae) during pregnancy has been
shown to cause maternal malnutrition which has been linked to various adverse conditions like increased
postnatal weight gain, delayed puberty onset and elevated body weight and body mass index at onset of puberty
in the female offspring. The present study was designed to investigate the possible mechanism underlying this.
Eighteen in-bred pregnant Sprague-Dawley rats were on day 1 of pregnancy, randomly divided into three groups
of six animals each. Group A (control) was given tap water to drink. Group B was given 0.6g extract/100ml
while Group C was given 1.8g extract/100ml as their drinking solution. All groups received normal rat chow
and their drinking solution ad libitum. Fluid and food intake and dam weights were measured daily throughout
pregnancy. On gestational day 18, blood sample was withdrawn from each rat for estimation of plasma Na ion
and corticosterone levels. On the day of delivery, the solutions of the extracts of Hibiscus sabdariffa were
withdrawn and replaced with tap water. After 21 days, the pups were weaned to tap water and food ad libitum.
Pups weight and age and body mass index at onset of puberty were measured. The results of the present study
showed that the increased postnatal weight gain, delayed puberty onset and elevated body mass index at onset of
puberty in the offspring of rats that consumed HS during pregnancy was associated with elevated maternal
plasma Na ion and corticosterone levels during pregnancy.
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Introduction

Extracts of Hibiscus sabdariffa (HS) (family:
malvaceae) are widely believed in folk medicine to
be effective in the treatment of a variety of ailments
(Perry, 1980; Watt et al, 1962; Oliver, 1960). The
effectiveness of HS in the treatment of these
ailments have been attributable to the various
constituents of HS like flavonoids, anthocyanins,
organic acids, Na', vitamins A and C and Fe
(Fuleki and Francis, 1968; Clydesdale, 1979; Duke
and Francis, 1973; Morton, 1987; Daffalah and al-
Mustafa, 1996; Appel, 2003; Adigun et al, 20006).
Zobo drink, a sweetened beverage made from the
aqueous extract of HS, is commonly produced, sold
and consumed by Nigerians of all ages (irrespective
of gender and physiologic state), not necessarily for
its medicinal properties, but as a substitute for
carbonated drinks or fruit juices because of the
immense cost difference and the ready availability
of HS.

We have earlier shown that rats given aqueous
extract of HS to drink throughout pregnancy drank
less fluid and consumed less food (Iyare and
Adegoke, 2008a,b,c). The effect of reduced
maternal food consumption during pregnancy on
the developmental outcome of the offspring is well
known. For example, maternal malnutrition during
pregnancy has been linked to various adverse
conditions like hypertensive, metabolic and
reproductive disorders in the offspring in adult life

(Armitage et al, 2005a,b; Gluckman and Hanson,
2004; Barker et al, 1993).

We have also shown that the offspring of rats
given aqueous extract of HS to drink throughout
pregnancy have increased postnatal weight gain,
delayed onset of puberty and elevated body weight
and body mass index at onset of puberty (Iyare and
Adegoke, 2008a,b) through mechanism that was
not clear. The present study was designed to
investigate the possible mechanism by which
maternal consumption of aqueous extract of HS
during pregnancy mediated the observed effects in
the offspring.

Materials and Methods
Experimental_animal

Eighteen in-bred virgin female Sprague-
Dawley rats aged between 10-12 weeks and
weighing 125+5.5g¢ (meantSEM) 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. Group A (control)
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was given tap water to drink. Group B was given
0.6g-extract/100ml while Group C was given 1.8g-
extract/100ml as their drinking solution.  All
groups received normal rat chow and their drinking
solution ad libitum. Fluid and food intake and dam
weights were measured daily throughout pregnancy
and at delivery.

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 21 days, the pups were
weaned to tap water and thereafter, the female pups
were kept in groups of three per cage. Pups’
weights were recorded at birth, weaning and
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, age, body weight, body
length and body mass index were recorded.

Flame photometry and radioimmunoassay:

On gestational day 18, blood sample was
withdrawn from the orbital sinus of each rat in each
group. The blood sample was then put in a
heparinised tube and centrifuged. The sodium ion
content of the plasma was assessed by flame
photometry and the corticosterone level was
assayed by radioimmunoassay.

Extraction procedure:

Mature dry dark-red calyces of HS were
purchased from a local market in Lagos, Nigeria
and authenticated by Mr T.I. Adeleke of the
department of Pharmacognosy, University of
Lagos, Nigeria where a voucher specimen number
PCG H455 was deposited. The extraction
procedure used in our laboratory was as described
previously (Iyare and Adegoke, 2008a,b). 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%).
0.6g and 1.8g of the dark red powder were weighed
and dissolved in 100ml of tap water and then given
to groups B and C respectively as their drinking
solution.

Statistical analysis:

The Student’s ¢-fest for paired data was used
to analyze 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

There was a significant decrease in maternal fluid
and food consumption in each trimester in dams
that consumed HS (HS dams) during pregnancy
(Tables 1 and 2). There was no significant
difference in the fluid and food consumption
between the two groups of HS dams except in the
second trimester when the fluid and food
consumption were significantly lower in the
1.8g/100ml group.

Table 1: Effect of consumption of Hibiscus
sabdariffa during pregnancy on mean fluid
consumption

Mean fluid intake (ml/day)

Dose of HS 1™ trimester ond 3t
consumed trimester trimester
0 (Control) 31.0£0.97 36.17 £ 29.17 £
1.22 1.45
0.6g/100ml  18.33+0.95* 220+ 2333+
1.03* 0.99*
1.8g/100ml  17.3340.84* 185+ 24.17 £
0.65° 0.54%

HS = Hibiscus sabdariffa, Control = tap water (no HS).
N = 6 each. * = P<0.05 vs Control, * =P<0.05 vs
Control and 0.6g/100ml. Values are expressed as Mean +
SEM.

Table 2: Effect of consumption of Hibiscus
sabdariffa during pregnancy on mean food
consumption

Mean food intake (g/day)

Dose of HS 1 2m 3™
consumed trimester trimester trimester

0 (Control) 21.0+ 2733+ 2417 %

1.46 0.95 0.83
0.6g/100ml 17.0£ 2233+ 21.0+
0.73% 1.20% 0.73*

1.8¢/100ml 175+ 17.83 185+
1.28* 0.797 0.89*

HS = Hibiscus sabdariffa, Control = tap water (no HS).
N = 6 each. * = P<0.05 vs Control, ¥ = P<0.05 vs
Control and 0.6g/100ml. Values are expressed as Mean +
SEM.

Weight gain during pregnancy

There was a significantly reduced weight gain
in the 1" trimester of pregnancy in the HS dams
compared with the control dams (Table 3). In the
2" trimester, only the HS dams in the 1.8g/100ml
group had a significantly reduced weight gain
compared with the control dams. There was no
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difference in weight gain between the 1% and 2™
trimesters among the three groups except in the
0.6g/100ml group where the weight gain in the 2™
trimester was significantly higher than that of the
1** trimester. There was no difference in weight
gain among the three groups in the 3™ trimester.
The weight gain in the 3" trimester in the three
groups was significantly higher than the weight
gain in the 1*" and 2™ trimester.
Plasma Na* and corticosterone concentration
There was a significant increase in plasma
Na* and corticosterone concentration in the HS
groups compared with the control group (Table 4).
The effect of HS on corticosterone concentration
appeared to be dose-dependent since the level of
corticosterone in the dams in the 1.8g/100ml group
was higher than that in the 0.6g/100ml group.

Offspring birth weight and age, body weight, body
length and BMI at onset of puberty

The birth weight of the offspring in the HS
groups was significantly higher than that in the
control group (Table 5). The offspring of the HS
dams also had significantly delayed onset of
puberty coupled with elevated body weight, body
length and body mass index.

Table 3: Effect of maternal consumption of Hibiscus
sabdariffa on  weight gain in each trimester of
pregnancy.

Absolute weight gain (g)

Dose of ™ ond 31
HS trimester trimester trimester
consumed

0 (Control) 26.3+1.6 30.5+1.8 45.6+1.9*
0.6g/100ml  21.240.7% 26.240.7°  41.840.9"
1.8¢/100ml  19.3+2.1* 22.5+2.0* 38.146.1"

HS = Hibiscus sabdariffa, Control = tap water (no HS).
N = 6 each.* = P<0.05 vs Control. * = P<0.05 vs 1%
trimester, ¥ = P<0.05 vs 1* and 2™ trimester.Values are
expressed as Mean + SEM.

Table 4: Effect of consumption of aqueous extract of
Hibiscus sabdariffa during pregnancy on plasma Na*
and corticosterone concentration.

Doses of HS Na*(mmol/L)  Corticosterone

consumed (ng/ml)
0 (Control) 135.0£0.73 12.0 0.26
0.6g/100ml 143.0£0.93* 13.67 0.61*
1.8g/100ml 144.0 £ 1.15* 18.0 0.58°

HS = Hibiscus sabdariffa, Control = tap water (no HS).
N = 6 each. * = P<0.05 vs Control. © = P<0.05 vs
Control and 0.6g/100ml. Values are expressed as Mean +
SEM.

Discussion

The results of the present study showed that
rats that consumed HS during pregnancy (HS
dams) had decreased fluid and food consumption,
decreased pregnancy weight gain and increased
plasma Na®. This is in agreement with several other
reports (Mojiminiyi et al, 2000; Orisakwe et al,
2004; Ojokoh, 2006; Iyare and Adegoke,
2008a,b,c).

Since maternal malnutrition during pregnancy
has been shown to result in low birth weight
offspring (Barker, 2000; Seckl, 1998; Philips et al,
1998; Lesage et al, 2001; Fowden and Forhead,
2004), the reduced maternal food intake induced by
HS consumption in this study, surprisingly, did not
result in low birth weight offspring. This may be
due to a variety of reasons. Firstly, the developing
foetuses of the HS dams may have recruited
adaptive mechanisms to protect their growth
(Gluckman and Hansen, 2004a,b) and/or the
malnutrition in the HS dams that commenced early
in pregnancy, may have caused placental
development that favoured increased nutrient
delivery to the developing foetuses (Woodall et al,
1996; Osgerby et al, 2002; Fowden et al, 2006).
Thirdly, the constituents of HS may have directly
influenced the growth of the foetuses. For example,
vitamin C (Jain et al, 2008; Wu et al, 2008; Yajnik,
2006), vitamin A and Fe (Ceesay et al, 1997,
Christian et al, 2003; Yajnik, 2006) and flavonoids
(Hilakivi-Klarke et al, 1998) have been shown to
have direct growth promoting effect. The elevated
glucocorticoid level observed in this study may be
due to the osmotic (and the accompanying nutrient
stress) stress in the HS dams as a result of the HS-
induced increase in plasma Na® concentration
(Mojiminiyi et al, 2000; Iyare and Adegoke,
2008b).

For most of pregnancy, the concentration of
glucocorticoids in the foetus is low and foetal
glucocorticoids are derived from the mother down
a concentration gradient through the placenta. This
transplacental concentration gradient is maintained
by the enzyme 11pB-hydroxysteroid dehydrogenase
type-2 (11BOHSD-2) that converts the active
glucocorticoids, cortisol and corticosterone, to their
inactive metabolites (Seckl, 2001). This enzyme,
therefore, is a key factor in limiting foetal exposure
to maternal glucocorticoids. Its placental activity is
regulated by nutritional and endocrine factors
(Clarke et al, 2002; Seckl, 2001). Thus, it follows
that increased foetal glucocorticoid exposure,
therefore, occurs due to increased maternal
glucocorticoid ~ levels,  decreased  placental
11BOHSD-2 activity or increased glucocorticoid
output by the foetal adrenal.
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Table 5: Effect of maternal consumption of aqueous extract of Hibiscus sabdariffa during pregnancy on
offspring birth weight and age, body weight, body length and BMI at onset of puberty.

Parameters at onset of puberty

Dose of HS Birth weight

Consumed Age (days) Weight (g)
5.61+0.14

0 (Control) 43.11£1.84 58.89%1.96

0.6g/100ml 6.0 £0.14*

1.8g/100ml 6.11£0.12*

Body length (cm) BMI (. g/cm2 )
129 +£0.15 0.35 £0.006
62.39 +1.847 87.22 £2.52*% 14.02 40 .08* 0.44 + 0.008*

47.56+0.73% 94.44 +2.94% 1472+0.104° 0.44+0.011%

HS = Hibiscus sabdariffa, Control = tap water (no HS). N = 9 each. Values are expressed as M+SEM. * = P<0.05 vs
Control, P = P<0.05 vs Control and 1.8g/100ml, %= P<0.05 vs Control and 0.6g/100ml

In the present study, there was increased
maternal plasma glucocorticoid level possibly due
to the osmotic and nutrient stresses in the HS dams
as a result of the HS-induced increase in plasma
Na® concentration (Iyare and Adegoke, 2008). In
addition, the flavonoids in the HS extract have been
shown to inhibit the activity of 113OHSD-2 (Wand
et al, 2002; Guo and Reidenberg, 1998; Zhang and
Wang, 1997; Lee et al, 1996). This greatly reduces
the conversion of the active glucocorticoid to the
inactive form and thus increases the level of
glucocorticoid reaching the foetus.

Glucocorticoids have been shown to inhibit
tissue accretion when their concentrations are
elevated beyond the normal physiological levels
(Seckl, 2001; Jensen et al, 2002). They have also
been shown to have major effects on the
differentiation of a wide range of tissues including
the lungs, liver, kidneys, muscle, fat and gut
(Fowden et al, 1998). They stimulate
morphological and functional changes in these
tissues and activate many of the biochemical
processes which have little or no function in utero
but which are essential for survival postnatally
(Fowden et al, 1998). Glucocorticoids, therefore,
signal adverse intrauterine conditions and adapt
fetal development to ensure the maximum chances
of survival both in utero and at birth.Since
glucocorticoids have been shown to inhibit
transplacental leptin flux (Sugden et al, 2001;
Smith and Waddel, 2002; 2003), the elevated
plasma glucocorticoid level observed in HS dams
in this study may have reduced the amount of leptin
reaching the foetus from the mother. Leptin plays a
significant role in the growth and development of
the foetus (Hassink er al, 1997; Ashworth et al,
2000; Yamashita et al, 2001; Smith and Waddell,
2002; 2003) and since in the fed state, circulating
levels of leptin and leptin messenger RNA levels
are closely correlated with degree of adiposity
(Maffei et al, 1995) and leptin levels fall rapidly
following food restriction, leptin may therefore act
as a metabolic signal to the foetus of the status of

maternal energy reserve and by extension,
environmental food availability. Low level of leptin
in the foetus has been associated with abnormal
foetal growth and the induction in the foetus of
some of the metabolic adaptations that are designed
to enhance postnatal survival under conditions of
poor nutrition (Hales and Barker, 1992).

Programming is a process whereby a stimulus
or insult acting during critical periods of growth
and development may permanently alter tissue
structure and function to produce adverse effects in
adult life. Increased foetal glucocorticoid and
decreased foetal leptin levels have been shown to
play significant role in the developmental
programming of offspring phenotype in adulthood
(Drake et al, 2007; Fowden and Forhead, 2006;
Seckl, 2004; McArthur et al, 2006). Specifically,
increased foetal glucocorticoid and decreased foetal
leptin levels have been shown to delay the onset of
puberty in female offspring (Smith and Waddell,
2002; 2003).

From the present study therefore, it can be
concluded that the observed increase in postnatal
weight gain and the delay in the onset of puberty
coupled with elevated BMI in the female offspring
of HS dams may have been due to overexposure to
glucocorticoids in utero following increased
maternal glucocorticoid level induced by HS
consumption.
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