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Therapeutic potential of hydrolysable tannin on weight management oxidative stress
and reproductive health in polycystic rats
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Abstract

Phytonutrients get attention now days due to their wide application and their tendency to improve the productive and
reproductive performance in humans. Hydrolysable tannin (HT) is one of these bionutrients. The present study was aimed to
investigate the therapeutic effect of HT on the induced polycystic ovarian syndrome (PCOS) in rats. Forty-five adult female
rats with 4 to 5 days regular estrous cycle were selected. The PCOS was induced by a single intramuscular injection of Estradiol
Valerate 4 mg/rat/kg. The rats were offered 0.5, 1, 1.5 and 2% of HT/kg body weight through oral gavage for two months. The
results had shown a reduction (p<0.05) in average feed intake, body weight and weight gain, total oxidative stress and nutrient
digestibility in PCOS rats. Similar reduction trend (p<0.05) in serum luteinizing hormone and insulin was observed; while
serum follicular stimulating hormone, serum prolactin and total antioxidant capacity were improved (p<0.05). The ovarian
histopathology showed no signs of reduction in cystic follicles while no improvement was observed in healthy follicles. The
study concluded that the treatment with 1.5% level of HT had shown the best therapeutic potential for weight management,
reduction of oxidative stress and improvement in reproductive health of PCOS rats.

Keywords: polycystic ovarian syndrome; hydrolysable tannin; reproductive hormones; oxidative stress; histopathology.

Practical Application: Hydrolysable tannin, a phytoneutrient could be used as an herbal remedy for the treatment of PCOS.

1 Introduction

Polycystic ovarian syndrome (PCOS) is the emerging infertility
disease now a days but its severity varies in different societies
due to their eating behavior and living style (Anbu et al., 2016).
The PCOS is a complex metabolic and endocrinal disorder that
affects both animals and women in their reproductive phases
and increases the risk of reproductive abnormalities. The
characteristic features of this disease are obesity, hyperglycemia,
hyper-androgenism, an-ovulation, insulin resistance, dyslipidemia.
In PCOS patients, an increased level of luteinizing hormone
(LH), a decreased follicle stimulating hormone (FSH) and
high LH/FSH ratio was observed. The formation of the small
antral follicles and the development of multiple cystic ovaries
were also the major features of PCOS patients (Cinar & Giin
Eryilmaz, 2016). The production of reactive oxygen species
(ROS) is considered as one of the causative mechanisms behind
infertility disorders which results the condition called oxidative
stress (OS) (Sadoughi et al., 2017).

These hormonal disorders as well as OS were also due
to diet, use of drugs, unhealthy life style and environmental
factors (Andriyas & Lal, 2013; Roychoudhury et al., 2017). The
conventional therapies for the treatment of PCOS may have
many side effects. Therefore, it is necessary to use biologically
active botanical substances for infertility issues. A lot of research
trials have been performed to find out the treatment of PCOS

with medicinal plants and their functional compounds since
ancient times (Sharma et al., 2013).

The hydrolysable tannin (HT) is one of the plants bioactive
compounds (Buzzini et al., 2008). It possesses many health promoting
activities like anti-obesity, anti-diabetic (Velayutham et al., 2012;
Manzoor et al., 2020). The HT is potentially toxic to animals and
shows some anti-nutritional properties as well. It disturbed the
nutrient digestibility and helped to reduce feed intake in rats
(Dawson et al., 1999; Ekambaram et al., 2018). The reduction
in the voluntary feed intake might depend on the quantity of
tannin, its molecular weight and physiology of the consuming
animal (Hagerman et al., 1992) which exerted negative effects on
the body weight of the rats (Hsu & Yen, 2007). So, the previous
studies had proved that HT had both healthy as well as negative
effects on the rats. Therefore, the present study was planned to
evaluate its healthy effects on weight management, oxidative
stress, reproductive health and ovarian histology in PCOS rats.

2 Materials and methods
2.1 Chemicals and material

The experimental supplement HT was sponsored by the
Diversified Marketing Group (DMG), Rawalpindi and the

Received 20 Nov., 2020
Accepted 22 Dec., 2020

!Institute of Home and Food Sciences, Faculty of Life Sciences, Government College University, Faisalabad, Punjab, Pakistan
?Department of Internal Medicine, Faisalabad Medical University, Faisalabad, Punjab, Pakistan
*Department of Physiology, Faculty of Life Sciences, Government College University, Faisalabad, Punjab, Pakistan

*Corresponding author: drfaizaahmadmmt@gmail.com

Food Sci. Technol, Campinas, v42, 63720, 2022


https://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0002-0905-5572

Original Article

Hydrolysable Tannin: Weight Management and Reproductive Health in Polycystic Rats

Estradiol Valerate tablets (Progynova) were purchased from
the local medical market of Faisalabad. The kits were purchased
from Bio-Rays chemical dealer near Allied Hospital Faisalabad.
Feed ingredients were sponsored by Mukhtar Feeds and Rathan
Maize Products, Faisalabad, Pakistan.

2.2 Study design

In this study, forty-five adult female Albino rats (7 to 8 weeks old,
weighed 135 + 5 grams) were selected. They were kept in metabolic
cages at 25 + 1 °C temperature and 45 to 55% of humidity with
12-hour light/dark cycle (Amini et al., 2016) in the animal
house of Department of Pharmacology, Government College
University (GCUF) Faisalabad, Pakistan. The study was approved
by the Directorate of Advanced Studies, GCUF Faisalabad. All
procedures had been performed according to the guidelines for
the Care and Management of the Laboratory Animals (National
Research Council, 1995). The total duration of this study was
of 120 days, out of which 60 days were for rats’ adjustment for
diet acceptability and the induction of PCOS and other 60 days
were for HT treatment and sample collection period.

2.3 Polycystic induction

All the forty-five female rats were placed on the same stages
of their sexual cycle before the start of the trial. The rats were
observed daily for seven consecutive days through visual methods
as described by Byers et al. (2012) in order to evaluate their regular
estrous stages. Then the rats with a regular estrous cycle of 4 to
5 days were selected. The initial body weight and blood glucose
levels Accu-Check glucometer, Bayer of each rat were taken. A
single dose of estradiol tablets was crushed (4 mg/rat/kg) and
dissolved in distilled water and was given through intramuscular
injection for PCOS induction (Amini et al., 2016; Nofal et al.,
2019). The rats were then observed daily with visual method
until the signs of the irregular estrous cycle appeared. In PCOS
condition the level of testosterone was increased due to which
incidence of estrous phase or its duration was very less and the
rats were shown persistent di-estrous phase (Anbu et al., 2016).
To confirm the PCOS, the vaginal smear test was performed at
the start of the 6™ week of estradiol injection (Ghafurniyan et al.,
2015). Other signs of PCOS were also observed including
their weight gain and fasting blood glucose levels >200 mg/dL
(Zhai et al., 2012; Ghasemzadeh et al., 2013).

2.4 Experimental design

At the 6™ week after the confirmation of PCOS, all the
45 rats were then divided into a completely randomized design
of 5 equal groups (n=9) and were offered different levels of
HT as PCO0.5: with 0.5% HT; PC1: with 1% HT; PC1.5: with
1.5% HT; PC2: with 2% HT while PCO0: with 0% HT and called
control. Group identification marks were given to each rat
according to the method described by Silverman et al. (2014).
The following formula was used for the calculation of HT dose
(per kg bodyweight of rats/day).

Dosage (mg) = Body weight of the rat (g)/1000g x dose (mg)
(Erhirhie et al., 2014). The four calculated levels of HT were
dissolved in warm water to prepare their respective solutions
(Bonelli et al., 2018) and given through oral gavage once in a
day for 60 days.

2.5 Digestibility analysis

During the 60 days collection period, the measurement of
feed given to each group (split and leftover feed) was collected,
weighed and recorded on daily basis to measure the daily feed
consumed; while in the last seven days of the study, the feces
samples were collected, weighed and recorded daily and pooled in
tight plastic jars and stored at -20 °C for the digestibility analysis.
The proximate analysis of feed and feces were done according
to the Official Method of Analysis Chemists (Association of
Official Analytical Chemists, 1990). For the determination of
dry matter (DM) contents, the samples were dried at 105 °C
for 48 hours in a hot air oven; Muftle Furnace was used for the
determination of ash contents by incineration of the samples at
550 °C for 4 hours; Petroleum Ether extraction (EE) method was
used for the determination of crude fat contents. The digestion
method (H,SO, + NaOH) was used for the determination of
crude fiber (CF) and crude protein (CP) was determined by
Kjeldahl Method. Nitrogen free extract (carbohydrate) was
calculated by using the following Formula 1 (Adenike, 2013):

Y%moisture + % ether extract +

Carbohydrate (%NFE) = 100—
' (% ) [ %crude protein + % ash + %crudeﬁber] M

Digestibility was measured by total collection method using
Formula 2 (Shi et al., 2015):

Nutrient intake(g / kg) — Nutrient in feces (g / kg)x 100 2)

Nutrient Digestibility (%)= Nutrient intake (2 kg)
utrient intake (g / kg

Body weight gain (g) was calculated = Final weight (g) - Initial
weight (g) (Ramachandran et al., 2020).

2.6 Experimental diet

The rats were fed basal diet ad libitum (Reeves et al., 1993;
Manzoor et al., 2021) shown in Table 1.

2.7 Biochemical analysis

After overnight (12 hours) fasting, the rats were sacrificed
early in the morning using chloroform for anesthesia. Blood
samples were collected into the test tubes and allowed to clot.
The serum had been separated by centrifugation at 5000 rpm
for 20min and stored at -20 °C for biochemical analysis.
Serum follicle-stimulating hormone, prolactin, progesterone
and testosterone were analyzed by Radioimmunoassay (RIA;
Gamma Counter). Serum luteinizing hormone, serum estrogen
and serum insulin were analyzed by enzyme-linked immune-
sorbent assay (ELIZA; Eliza Reader). Erel Method was used for
the determination of total antioxidant capacity (Erel, 2004) and
total oxidative stress (Erel, 2005) and analyzed by micro-plate
spectrophotometer (Bio-lab 310).

2.8 Histological examination of ovarian tissues

Following the procedure of Slaoui & Fiette (2011), the
ovarian tissues were removed and put in buffer formalin (10%)
and embedded in paraffin wax. 5-micron thick part (slice)
arranged which was stained with Hematoxylin and Eosin.
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Stained horizontal sections were observed under a microscope
(XSZ 107BN) for the evaluation of any histopathological changes.
The evaluation of the ovarian histological and pathological
changes was performed by an Associate professor of Pathology,
Allied Hospital Faisalabad.

2.9 Statistical analysis

The statistically significant differences were evaluated by
ANOVA using IBM SPSS statistics 21 (USA). All data were
expressed as the Mean + SEM and the difference was considered
significant at p-value<0.05.

3 Results and discussion

After the 60 days of HT intake, the results of average feed
intake (FI), body weight (BW) and weight gain (BWG) of PCO
and PC0.5, PC1, PC1.5 and PC2 are presented in Table 2. After
the PCOS induction, the PCO had shown a significant increase
(p<0.05) in FI, BWG and BW. After the oral intake of HT, the
average FI, BWG and BW were decreased (p<0.05) in the PC2
as compared to PC1.5, PC1, PC0.5 and PCO (Supplementary
Material FD1). Dawson et al. (1999) reported that HT exhibited
some anti-nutritional properties which reduced the animal body
weight. As weight gain was frequently associated with PCOS

Table 1. Diet Composition (g/kg) and Nutrient levels on Dry Matter
(DM) Basis (%).

Ingredients Amount (g/kg)

Corn Starch 230
Maltodextrine 100
Sucrose 100
Soya Bean Meal 420
Maize Bran 50
Soybean oil 50
Methionine 3
AIN 93G Vit Mix 10
AIN 93G Min Mix 35
Choline Bitartarate 2
Total Calories (kcal) 3822
Composition of Diet (g/kg) on Dry Matter basis (%)
Dry Matter 88.9
Moisture 11.1
Ash 8.3
Crude Fat 5.5
Crude Fiber 6.5
Crude Protein 18.6
Nitrogen Free Extract 50

while the standard treatment of the patients ranged from the
use of drugs to lifestyle modification which included changes in
feeding habits and weight loss (Bency Baby et al., 2016). So the
present results showed that the treatment with 1.5% and 2% levels
of HT helped to decrease body weight and body weight gain in
rats. The possible mechanism for decrease in intake was due to
poor digestion of dry matter which impaired the emptying of
digestive tract and resulted in weight loss. The second proposed
mechanism that HT also acted as antioxidant might be another
reason to decrease in body weight by increasing the antioxidant
capacity (Hsu & Yen, 2007; Manzoor et al. 2020).

Next the effect on nutrient digestibility in PCOS rats fed
different levels of HT in different groups is shown in Figure 1
and Supplementary Material FD1. The percentage digestibility
of dry matter (DM), crude protein (CP), ether extract (EE) and
nitrogen free extract (NFE) had shown significant reduction in
PC 1.5 and PC2 (p<0.05) as compared to PC1, PC0.5 and PCO0.
A non-significant improvement (P>0.05) was observed in the
digestibility of crude fiber contents of all the treatment groups
as compared to PCO. The digestibility of ash in PC1, PC1.5 and
PC2 was improved (p<0.05) as compared to PC0.5 and PCO0.
The possible reason, that tannin reduced protein digestion by
inhibiting the digestive enzymes because it formed a tannin-
protein complex that was resistant to microbial degradation
and increased the flow of protein towards the small intestine
and resulted in weight loss (Bravo et al., 1992). However, 2%
level of HT decreased the digestibility of fats and carbohydrates
and mild improvement in the digestibility of ash while there
was no effect on digestibility of fiber which was also reported
previously (Bravo et al., 1994; Dalle Zotte & Elena Cossu, 2009).
The digestive enzymes were the first and the only enzymes that
were exposed to the dietary tannin when food was consumed
while; the decrease in the digestion of carbohydrates was also
observed when the activity of starch digestive enzymes was
inhibited by forming complexes with tannin (Carmona et al.,
1996). So the digestive tract was assumed to be a site of the
anti-nutritional effects of tannin. Another possible mechanism
of decreased nutrient digestibility was due to the changes
involved in the permeability of the intestinal wall. As a result
of this reaction between HT and the membrane protein of the
intestinal mucosal cells, there appeared less nutrient absorption
(Dawson et al., 1999).

The statistical results of serum insulin and reproductive
hormones in PCOS rats are presented in Table 3. The serum levels
ofinsulin, LH and testosterone were increased significantly while
FSH, estrogen and progesterone were decreased significantly
(p<0.01) in the PCO as compared to NC (Manzoor et al.,
2020) as also confirmed in previous findings (Cinar & Giin

Table 2. Average Feed Intake, Body weight and Body weight gain of PCOS Rats.

Groups PCO

PC0.5 PC1 PC1.5 PC2

22.02+0.01°
149.24 £ 3.75*

Average Feed Intake (g)
Initial Body Weight (g) (Before HT Treatment)

Average Body Weight (g) (After 60 days
treatment)

Average Body Weight Gain (g)

157.63 £ 1.33*

17.75 + 0.445*

22.01 £0.03°
148.20 £ 2.33¢

156.61 + 1.16®

15.90 + 0.465°

21.92 +0.05° 21.86 + 0.06°
148.89 + 4.01° 148.96 + 2.09°

21.96 + 0.04°
148.78 + 2.84°

154.83 + 0.96° 154.46 + 1.20% 153.83 £ 0.90¢

10.14 + 0.095¢ 9.71 £0.118° 7.99 + 0.055%"
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Figure 1. Apparent Nutrient Digestibility of PCOS Rats.
Table 3. Serum Insulin and Reproductive Hormonal Profile of PCOS Rats.
Groups NC PCO PCO0.5 PC1 PCI1.5 PC2

Insulin (WU/mL) 15.01 £ 0.16¢ 15.67 £0.28° 15.57 £ 0.12* 14.50 £ 0.13¢ 14.42 £ 0.23¢ 15.21 £0.20°
LH (mlU/mL) 1.54 £ 0.01¢ 2.68 +£0.03* 2.67 £0.03* 2.24 +£0.18° 1.96 +£0.17° 2.02+£0.12°
FSH (mIU/mL) 2.56 = 0.00* 2.20 £0.03¢ 2.27 +0.04% 2.32 +0.05° 2.48 +0.02° 2.42 +0.04°
Progesterone (ng/mL) 15.61 £ 0.03 14.01 £0.15* 14.05+0.22* 14.07 £0.13* 14.04 £0.12* 14.06 £0.10*
Prolactin (ng/mL) 30.25+0.01* 30.28 £0.06 * 30.33 £0.06° 30.33+£0.06° 30.33+£0.06° 30.40 + 0.06°
Estrogen (pg/mL) 33.77 £0.18 34.17 £ 0.16° 34.15 £ 0.14° 34.16 £ 0.14° 34.16 £ 0.12° 34.17 £ 0.12°
Testosterone (ng/dL) 1.46 + 0.00° 2.67 £0.023* 2.67 £0.06* 2,67 £0.04° 2.68 +0.061* 2.68 £0.038 *

LH: luteinizing hormone; FSH: follicular stimulating hormone; NC: Negative control.

Eryilmaz, 2016). After HT treatment the serum insulin had
shown reduction (p<0.05) in PC1 and PC1.5 as compared to
PCO0.5, PC2 and PCO. Serum LH levels of PC1.5 and PC2 had
shown reduction (p<0.05) as compared to PC0.5 PC1 and PCO
as presented in Table 3 (Supplementary Material FD1). The
serum FSH levels of PC1.5 and PC2 had shown improvement
(p<0.05) as compared to PC0.5, PC1 and PCO0. The levels of serum
progesterone, estrogen and testosterone in all treatment groups
had shown non-significant improvement (p>0.05) as compared
to PCO. The level of serum prolactin in PC2 was significantly
increased (p<0.05) as compared to PC0.5, PC1, PC1.5 and PCO.
The possible mechanism might be, when the activity of starch
digestive enzymes was inhibited by forming complexes with
tannin then these enzymes and HT complex also promoted
the hypoglycemia and stimulation of insulin secretion which
helped to control insulin resistance. Because in the pathogenesis
of PCOS, insulin resistance was considered the major initiative
element of oxidative stress (OS) which further contributed to
hyper-androgenism (Ghafurniyan et al., 2015). Furthermore,
insulin along with LH stimulated the production of high levels
of androgens. As the PCOS is a disease of unknown etiology, so
the increase in testosterone level was due to the insulin resistance
along with increased LH level; obesity and theca cell hyperplasia
and OS (Murugesan et al., 2020) so the present results also
supported these findings. But the oral administration of different
levels of HT decreased the serum insulin, LH and improvement
in serum FSH levels in all treated groups. Decreased insulin levels
with HT might be due to the extra pancreatic effect of tannin
which was independent of insulin as reported previously that the
HT had shown insulino-mimetic effects which maintained the

antioxidant environment of the pancreatic -cells (Sieniawska,
2015) while decreased insulin resistance further helped in the
reduction of LH and improvement in FSH hormones. But the
treatment with HT had shown no effect to reduce the serum
level of testosterone and estrogen and no improvement in serum
progesterone which might be due to increased levels of prolactin
and short duration of the treatment.

The statistical results of serum total antioxidant capacity
(TAC) and total oxidative stress (TOS) of all the PCOS rats fed
with different levels of HT are presented in Figure 2 and 3. The
serum level of TAC was significantly decreased and TOS was
significantly increased (p<0.05) in PCO as compared to NC
(Manzoor et al., 2020). After HT treatment the serum levels of
TAC were improved (p<0.05) in PC1, PC1.5 and PC2 as compared
to PC0.5 and PCO as presented in Figure 2. The serum TOS level
of PC1.5 and PC2 had shown a significant decrease (p<0.05)
as compared to PCO0.5, PC1 and PCO as presented in Figure 3.
The possible reason was that HT acted as a strong antioxidant
(Supplementary Material FD1) which further helped to decrease
in TOS and improvement of TAC as also reported previously
(Hsu & Yen, 2007; Manzoor et al., 2020).

The histological examination of the ovaries of PCO and
after dietary intervention with different levels of HT in PCO.5,
PC1, PC1.5 and PC2 are presented in Figure 4. In this study, the
ovarian histology of the PCO showed that the exposure of the
adult female rats with a single dose of estradiol severely affected
the follicular development and reduction in the number of
primary, secondary as well as graffian follicles and corpora lutea.
The PCO also showed the development of follicular cysts with
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Figure 3. Serum Total Oxidative Stress of PCOS Rats.

Figure 2. Serum Total Antioxidant Capac
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Figure 4. Histopathology of the PCOS Rat’s Ovaries. Images A-E shows the different level of tannin intake A: 0 % HT:
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more fatty tissues and follicular atresia as shown in Figure 4A.
The ovarian histological evaluation of the PC0.5, PC1, PC1.5 and
PC2 had shown the presence of cystic follicles; while no signs
of improvement were observed which included the increased
number of developing follicles, increased number of corpus
luteum (main sign of ovulation) and decreased the number
of cystic follicles as shown in Figures 4B to 4E. An-ovulation
(main reason of infertility) could be due to the increased level
of estrogen and testosterone and decreased FSH levels which
were confirmed in the present study. As reported previously by
Amini etal. (2016), an imbalance of the hormones was impeding
the process of folliculogenesis which increased levels of LH and
decreased levels of FSH as confirmed in the present study. The
histological examination of ovaries after the treatment with the
different levels of HT had shown the presence of the cystic follicles
and degenerated follicles, while no increase was observed in the
number of developing follicles and corpus luteum (a main sign
of ovulation) and any signs of folliculogenesis which might be
due to the increased estrogen, testosterone and prolactin levels
in all treatment groups. However no signs of ovarian toxicity
were observed (Manzoor et al., 2021).

4 Conclusions

The dietary intervention with hydrolysable tannin can
be an alternate therapy for the treatment of modern diseases,
particularly for the oxidative stress associated PCOS. In this study,
the 1.5% level of HT had shown the best results to reduce the
body weight, insulin resistance, oxidative stress and improvement
in the reproductive hormones LH and FSH. Hence HT had
shown the therapeutic potential in PCOS rats. The duration of
HT treatment in the present trial was of two months and more
encouraging results might be expected if the treatment duration
would be more than 3 to 4 months.
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