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ABSTRACT

The hydrolysable Tannin (HT) is one of the phenolic compounds extracted from different vegetables and plants. The
study was planned to evaluate the effect of HT on the weekly body weight gain, nutrient intake and ovarian
histopathology of the healthy female rats. The 45 female rats (135g±5g) were completely randomized into five groups
i.e. HT0.5, HT1, HT1.5 and HT2 while HT0 was considered control group. The rats were offered different levels of HT
0.5,1, 1.5 and 2% in solution form through oral gavage method once in a day for six weeks. A significant decrease was
observed (P≤0.05) in weekly body weight, nutrient intake and weight gain of healthy female rats. No effect on water
intake was observed (P>0.05). The histopathology showed a well defined primary and secondary follicles, corpora lutea
and graffian follicles. In conclusion the HT has shown negative effect on the nutrient intake but it has shown positive
effect in reducing body weight of animals while no prominent histopathological changes and no signs of inflammation,
follicular atresia or no detrimental effects were observed on the structural integrity of the ovaries of healthy female rats.
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INTRODUCTION
Polyphenols are naturally present in many

vegetables, fruits, legumes and beverages (Spencer et al.,
2007). Among these phenolic, tannins are the most
important oligomeric compounds. Being widely
distributed among most of plant species, polyphenols
have attracted much attention in recent years due to their
multifunctional properties which are also beneficial for
human health. The tannin can be well defined as a
heterogeneous group of high molecular weight compound
which forms complexes with carbohydrates, proteins and
digestive enzymes, cellulose and some minerals (Butler,
1989; Bravo, 2009; Santos-Buelga and Scalbert, 2002).
The tannin is divided into two major groups based on
their molecular structure: Condensed tannin and HT. The
commercially used HT extract is obtained from different
woody plant sources like Chinese gall, Turkish gall,
Sumac, Terminalia chebula and Sweet chestnuts
(Castanea Sativa) (Bhat et al., 1998). The HT has high
antioxidant activities (Wang et al., 1999). These natural
antioxidants have received much attention and played an
important role to combat the obesity (Hsu and yen, 2007).

The obesity or over weight is the condition of
abnormal accumulation of lipids in adipose tissues
leading to other metabolic disorders i.e. diabetes,
cardiovascular diseases and infertility (Abu-Abid et al.,
2002; Norman, 2010; Klop et al., 2013; Wang et al.,
2014). The response of the body to insulin is impaired in
obese patients which is called insulin resistance. The

insulin is a hormone which plays a central role in ovarian
functions including follicle development, granulose cell
development etc, which can be impaired due to insulin
resistance in over weight and obese patients (Norman,
2010; Shah et al., 2011; Sagae et al., 2012; Sohrabi et al.,
2015). Oxidative stress (OS) is believed to be one of the
major contributors of such effects in obese females. The
OS has also adverse effect on folliculogenesis and oocyte
development (Agarwal et al., 2012) due to improper
functioning of the ovarian antioxidant system (Tilly and
Tilly, 1995). The antioxidant system has great role in the
prevention of acute toxic effects produced due to OS
(Agarwal et al., 2005). The OS is the condition of
production of the free radicals which results in the
development of metabolic disorders. The HT decreases
this state of OS by scavenging the free radicals (Frankic
and Salobir, 2011; Andriyas and Lal, 2013). The HT is
toxic to animals when used in large quantities and may
lead to liver and kidney damage (Waghorn et al., 1994).
Some toxic effects were observed on nutrient feed intake
(Butler, 1989; Redondo et al., 2014), but another study
reported that HT had also shown some positive effects on
feed intake and animal performance (Schiavone et al.,
2008), while 1.5 to 2.5% HT intake have shown no effect
on DMI. The literature has showed the effect of HT for
the treatment of obesity in obese animals. The positive or
negative impacts of HT on ovarian health, body weight
and nutrient intake in healthy condition are not yet
investigated. Therefore, this study was designed to
evaluate the impact of HT on the weight management and
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ovarian histological changes in healthy female albino
rats.

MATERIALS AND METHODS

Forty five female albino rats of seven to eight
weeks old with 135± 5g body weight were purchased
from Riphah International University Lahore. They were
kept in animal house of Department of Pharmacology,
Government College University Faisalabad (GCUF).
Standard guidelines of Animal Ethical Committee of
GCUF for the management of the laboratory animals
were followed which allowed for all the procedure
conducted in the laboratory. The rats were kept at room
temperature 25 ± 2 °C with 45 to 55% humidity and 12
hour dark/light cycle. The duration of the trial was of six
weeks. After seven days adjustment period, rats were
divided into 5 groups with nine rats in each using
completely randomized design. Identification marks were
given to each rat by using permanent ink marker of
different colors, which were applied to the tail of the rats
(Silverman et al., 2014). The groups were named
according to the HT dose levels i.e. HT0.5, HT1, HT1.5
and HT2 while HT0 was considered as the control.

Method of HT Solutions Preparation: The OECD’S
guidelines were followed on volume selection using rats
of different body weights. The required dose of HT for
each rat was calculated by using following formula:

Dose (mg)/kg rat = Body weight of the rat
(g)/1000g× dose (mg)

The calculated levels of HT were dissolved in
warm water to make their solutions (Oghenesuvwe et al.,
2014; Bonelli et al., 2018) and offered to the rats once in
a day through orogastric tube connected to a syringe
(Elvis-Offiah et al., 2016).

Experimental Diet: The rats were fed ad libitum with
iso-caloric and iso-nitrogenous diet as shown in Table 1.
The standard diet contained the required vitamins and
minerals as per AIN-93 guidelines (Yoshida et al., 2017;
NRC, 1995). The composition of vitamin mix and
mineral mix were used according to the formulation used
by Ravees et al. (1993).

Sample Collection: The amount of water drank per
experimental rat was measured daily by subtracting the
left over water (ml) from initial water (Laaksonen et al.,
2013). The feed offered to each group was also weighed
and recorded on daily basis to measure feed intake
(Aguerre et al., 2016; Shi et al., 2015)

Proximate Analysis of Feed: Official Method of
Analysis was used for the determination of dry matter,
crude protein, crude fiber and crude ash and crude fat.
The procedures are as follows: The samples of the diet in
hot air oven were oven dried at 65oC for 48. The dry

matter (DM) contents were determined by applying
following formula: %DM=100-%Moisture.

%Moisture = Weight of sample (g) – weight
after drying (g)/weight of sample (g) ×100

Ash contents were determined by burning the
samples at 550oC for four hours in a Muffle Furnace. The
residue was inorganic matter and represented the total
mineral contents. The petroleum ether extraction method
was used for the determination of ether extract. The
solvent ether removed lipid compounds. For the
determination of crude fiber contents, the samples were
boiled in H2SO4 and then with NaOH. The residue
represented the less digestible carbohydrates mostly
cellulose. Crude protein (CP) was determined by Kjeldahl
method which measured the total nitrogen (N). Then
multiply the N with 6.25 (AOAC, 2000). The nitrogen
free extract was calculated by difference i.e. % NFE =
100- (% moisture + % ether extract + % crude protein +
% ash + % crude fiber) (Adenike, 2013).

Histological Examination of Ovarian Tissues of
Healthy Female Rats: The rats were kept fast over night.
Three replicates were made for each group. One rat was
sacrificed from each replicate on next morning using
chloroform anesthesia. For the histological evaluation,
ovarian tissues were removed and cleaned from fatty
tissues. The tissues were washed with normal saline and
then put in 10 % neutral buffer formalin for 48 hours
before the preparation of slides. The ovarian tissues were
processed through an automated tissue processor. The
next step was embedded the samples in paraffin wax. The
5-micron thick part (slices) was taken and sliced using a
microtome which was stained with Haematoxylin and
Eosin (HandE) (Slaoui and Fiette, 2010). Stained
horizontal sections were observed under microscope
model number (XSZ107BN). The evaluation of the
ovarian histological and pathological changes was
confirmed by an Associate professor of Pathology, Allied
Hospital Faisalabad.

Statistical Analysis: All the data were evaluated through
ANOVA using IBM SPSS Statistics 21 (USA).
Differences were considered significant at P≤0.05.

RESULTS

Weekly Body Weight and Body Weight Gain (g) of
Healthy Female Rats: At the end of this six weeks trial,
the effects of different levels of HT in different groups as
H0.5, HT1, HT1.5 and HT2 on weekly body weight and
body weight gain are presented in Figure 1 and 2. Weekly
significant decrease (P≤0.05) was observed in the body
weight of all the tannin fed groups. The highest reduction
in weight was noticed in rats of HT2 group. The weekly
reduction (P≤0.05) in body weight gain of all the groups
was noticed which were fed with different levels of
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tannin. The highest decrease in weight gain was observed
in the HT2 group.

Weekly Water Intake (ml) of Healthy Female Rats:
The effect of different levels of HT on weekly water
intake in different groups HT0.5, HT1, HT1.5 and HT2
are shown in Figure 3. No effect (P>0.05) was observed
in any group.

Nutrient Intake (%) of Healthy Female Rats: The
weekly effect on nutrient intake of different levels of HT
in different groups HT0.5, HT1, HT1.5 and HT2 are
shown in Figures 4 to 8. The weekly significant decrease
(P≤0.05) was observed in dry matter intake by all groups
with tannin intake as shown in Figure 4.The weekly
effect of different levels of HT on crude fat intake in
different groups as shown in Figure 5. The weekly
significant decrease (P≤0.05) was observed in fat intake
by all groups with tannin intake. The weekly effect of
different levels of HT on crude protein intake in different
groups is shown in Figure 6. Weekly significant decrease
(P≤0.05) was observed in protein intake by all groups

with tannin intake. The weekly effect of different levels
of HT in crude fiber intake in different groups is shown
in Figure 7. The weekly significant decrease (P≤0.05)
was observed in fiber intake by all groups with tannin
intake. The weekly effect of different levels of HT on ash
intake in different groups is shown in Figure 8. The
weekly significant decrease (P≤0.05) was observed in
organic matter by all groups with tannin intake.

Histopathology of the Healthy Female Rats Ovaries:
The ovarian histopathological study was conducted by
following the procedure of Krause (2001). The
histopathological observation of the ovaries of control
group (HT0) revealed a well defined primary and
secondary follicles, corpora lutea and graafian follicles as
shown in Figure A while the rats treated with different
levels of HT i.e. HT0.5, HT1, HT1.5 and HT2 also
presented all the normal features of the ovaries like
control group as shown in Figures B to E. No detrimental
effects were observed.

Figure 1: Weekly Body Weight of Healthy Female Rats

Figure 2: Weekly Body Weight Gain of Healthy Female Rats
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Figure 3: Weekly Water Intake of Healthy Female Rats

Figure 4: Weekly Dry Matter Intake of Healthy Female Rats

Figure 5: Weekly Fat Intake of Healthy Female Rats
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Figure 6: Weekly Protein Intake of Healthy Female Rats

Figure 7: Weekly Fiber Intake of Healthy Female Rats

Figure 8: Weekly Ash Intake of Healthy Female Rats
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Figure A: (H and E; x 100) HT0

Figure B: (H and E; x 100) HT0.5

Figure C: (H and E; x 100) HT1
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Figure D: (H and E; x 100) HT1.5

Figure E: (H and E; x 100) HT2

Table 1: Diet Composition (g/kg) and Nutrient level on Dry Matter Basis (%)

Ingredients Amount (g/1000g)
Corn Starch 230
Maltodextrine 100
Sucrose 100

Soya Bean Meal 420
Maize Bran 50
Soyabean oil 50
Methionine 3

AIN 93G Vit Mix 10
AIN 93G Min Mix 35
Choline Bitartarate 2
Total Calories (Kcal) 3.822

Composition of Diet (g/kg) on Dry Matter Basis
Dry Matter 88.2 %
Moisture 11.8 %
Ash 8.7 %

Ether Extract 5.9 %
Crude Fiber 7.2 %
Crude Protein 18.9 %

Nitrogen Free Extract 47.5%
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DISCUSSION

Being naturally occurring phenolic compounds,
HT possesses many biological activities including anti-
viral, anti-microbial, antioxidant and immune-modulator
etc. (Huang et al., 2018). Nutrition is one of the most
important contributing factors in the maintenance of
health and reproduction of the living things. The hunger
and satiety are two main factors that affect intake
(Forbos, 1996). Food intake is a very complex behavior
that helps to fulfill the biological energy requirement of
the living beings (Berthoud, 2006). It has been reported
that diet containing high levels of tannin decreased the
intake and digestibility of nutrients (Frutos et al., 2004;
Ekambaram et al., 2018).

According to Butler (1992), the 2% intake of HT
has significantly reduced the DMI which was consistent
with the present work. The present data also showed that
HT had decreased the intake of crude fat, crude protein
and ash contents of the rats. The possible mechanism for
the reduction in intake might be slowed down DM
digestion which impaired the emptying of digestive tract.
As a result, satiety signals were generated as a feed back
to the nerves that were involved in intake control center
of the rats and decreased the feed intake (Narjisse et al.,
1995). It was previously reported that anti-nutritional
property of the HT affected the weight gain of the
animals. The tannin intake decreased the growth rate and
weight gain of rats and reduced feed consumption (Chung
et al., 1998; Nakamura et al., 2001). So the present study
confirms the previous findings that HT has decreased the
weight gain of rats. The mechanism behind diminish
growth rate with tannin intake might possibly due to the
systemic effects associated with tannin intake, because
the inhibition of dietary material is less important than
inhibition of the post digestive mechanism.

The diet supplemented with HT when fed to rats
significantly reduced their body weights (Hsu and Yen,
2007). The present results also confirmed the Hsu and
Yen (2007) findings that HT had significantly reduced
the body weight of the rats. The reduction in body weight
might be due to anti-nutritional property of HT, because
HT formed complexes with macronutrients i.e.
carbohydrates and protein which as a result decreased the
digestibility of the food and resulted in weight loss
(Butler, 1992). The other reason of decrease in body
weight was due to insulin and leptin resistance because it
had been reported that HT improved insulin and leptin
resistance and thus decreased body weight (Hsu and Yen,
2007). The histological study revealed that HT had
produced no sign of ovarian toxicity, inflammation,
necrosis and follicular atresia or other damaging effects
on the structural integrity of the ovaries of healthy female
rats.

Conclusions: It is concluded that the chestnut HT has
shown negative effects on the dry matter intake, crude
protein, fat, fiber and ash intake but it helps to reduce the
body weight of the rats. Therefore, it can be used to
manage obesity and its related metabolic disorders. No
prominent histopathological changes or other detrimental
effects of HT were observed on the structural integrity of
ovaries of healthy female rats. Hence, it is proved that
different levels of HT i.e. 0.5, 1, 1.5 and 2% are not
detrimental to ovarian health.
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