
����������
�������

Citation: Al-Eisa, R.A.; Tag, H.M.;

ElNaggar, M.S.; Abdelrazek, H.M.A.;

El-Shenawy, N.S. Evaluation of

Tribulus terrestris Extracts Relative to

Metformin on Oxidative Stress and

Histopathology of the Liver for

Diabetic Male Rats. Diabetology 2022,

3, 46–55. https://doi.org/10.3390/

diabetology3010004

Academic Editor: Giancarlo Tonolo

Received: 9 November 2021

Accepted: 10 January 2022

Published: 12 January 2022

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

Article

Evaluation of Tribulus terrestris Extracts Relative to Metformin
on Oxidative Stress and Histopathology of the Liver for
Diabetic Male Rats
Rasha A. Al-Eisa 1 , Hend M. Tag 2,3, Mohamed Salah ElNaggar 3, Heba M. A. Abdelrazek 4 and
Nahla S. El-Shenawy 3,*

1 Biology Department, College of Science, Taif University, P.O. Box 11099, Taif 21944, Saudi Arabia;
stardust20117@gmail.com

2 Department of Biology, College of Science and Arts at Khulais, University of Jeddah,
Jeddah 21577, Saudi Arabia; hendmaarof@gmail.com

3 Department of Zoology, Faculty of Sciences, Suez Canal University, Ismailia 41522, Egypt;
msemaenr@hotmail.com

4 Faculty of Veterinary Medicine, Suez Canal University, Ismailia 41522, Egypt; hebaabdelrazekvet@gmail.com
* Correspondence: elshenawy_nahla@hotmail.com or nahla-el-shennawy@science.suz.edu.eg

Abstract: Insulin-dependent diabetes mellitus (IDDM) is a metabolic condition that induces blood
glucose levels to rise due to insulin deficiency and the formation of reactive oxygen species (ROS).
The purpose of this study is to assess how efficient the antioxidant extracts Tribulus terrestris (TT) and
metformin (MET) are in reducing oxidative stress and histopathology produced by streptozotocin
in rat hepatocytes. The 36 male rats weighing 170–190 g of this study were randomly sorted into
6 groups. The first group was considered a normal control group, and the second and third groups
were normal and remedy with MET and TT extract, respectively. The fourth group was positive
diabetic, and the fifth and sixth groups were diabetic rats that were treated with MET and TT
extract, respectively. Lipid peroxidation (LPO), catalase (CAT), glutathione-S-transferase (GST), and
glutathione (GSH) were detected, and the histopathology of the liver was evaluated after 8 weeks
of treatment. Compared to regulation, morphological changes in the liver were found in diabetic
animals, with a rise in LPO and a change in GSH levels as well as CAT and GST activities. The
oxidative stress and histological architecture of the hepatocytes caused by hyperglycemia were
improved as a result of therapy in the rats with MET and TT extract. Because of its antioxidant
activities, diabetic rats with TT extract are more effective than MET in normoglycemia and hepatocyte
reconditioning. Beneficial intervention tends to benefit primarily from direct ROS scavenging and
CAT, GST, and GSH regeneration.
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1. Introduction

The number of patients with diabetes mellitus (DM) will increase to 592 million in
2035 [1]. As a result of glucose autoxidation and protein glycosylation, persistent diabetic
hyperglycemia produces O2 radicals [2], causing oxidative stress in tandem with numer-
ous health problems, including antipathy, cardiovascular diseases, kidney dysfunction,
atherosclerosis, and neuropathy [3]. Trigger factors for the occurrence of diabetic complica-
tions include decreased endogenous antioxidants and enhanced oxidative stress [4,5].

A big source of medicines for the treatment of different health conditions is medicinal
plants. Approximately 400,000 higher plant species worldwide contain active ingredients
that, if used properly, act against human and animal diseases and infections [6].

Drug formulation from herbal plants to cure DM and other diseases has drawn the
interest of many researchers [7,8]. Tribulus terrestris L (TT) is a medicinal agent used against
sexual impotence, edema, intestinal distention, and cardiovascular disorders belonging
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to the Zygophyllaceae family of plants [9]. It is spread in Western Asia, China, Africa,
Japan, Korea, Europe, and the Mediterranean region [10]. It has no notable negative effects
when taken in the healthy range of 250 to 750 mg per day [11]. Many chemicals, such
as flavonoids, oil, saponins, alkaloids, and resins, as well as nitrates are found in TT
extract [12,13]. Additionally, noted for its hypoglycemic influence is TT saponin [14]. In our
previous research, TT extracts showed to have a possible effect in diabetic male rats against
spermatotoxicity and testicular toxicity [13]. TT ethanolic extract exhibited substantial
antioxidant function in testis tissues against STZ-induced diabetes [15]. Additionally,
Kamboj et al. [16] found that TT has antioxidant properties and reduces oxidative stress;
therefore, it can mitigate renal injury. The aqueous fruit extract of TT can protect the heart
and circulatory system and maintain the architecture of liver tissue [17]. However, the
aqueous extract of TT did not test before on the hepatic of diabetic rats.

Metformin (MET), a glucose-lowering medication, is used on a daily basis to treat type
2 diabetes. Decreasing the development of hepatic glucose by suppressing gluconeogenesis
and enabling the use of peripheral glucose in the liver, intestine, and muscle has been
identified as MET’s mechanism to decrease glucose [18]. Linden et al. [19] found that MET
reduces liver enzymes in type 2 diabetes.

Brownlee [20] stated that supraphysiological glucose levels are typical for inspiring
oxidative damage in the hepatocytes of diabetic rats. In oxidative and detoxifying processes
and free radical reactions, the liver is the primary organ. In several disorders, including
DM [21], oxidative stress biomarkers are increased in the hepatocytes at an early stage.
Additionally, using gluconeogenesis and glycogenolysis, the liver is important in glucose
metabolism regulation [22].

The current study focuses on the effect of aqueous TT extract on oxidative/antioxidant
parameters of the liver tissues of streptozotocin-induced diabetic male rats to identify
their therapeutic capacity for the treatment of DM. Through the study, the histological
lesion of the liver of diabetic rats caused by streptozotocin relative to controls could help to
better explain the histopathological changes in DM and stress the protective effects of the
extract. To explain the disparity in pathways between them when it comes to therapeutic
application to treat diabetes, the TT extract is juxtaposed with MET.

2. Materials and Methods
2.1. Chemicals

Streptozotocin (STZ) was bought from the company Sigma (St. Louis, MO, USA).
The aqueous solution of thiobarbituric acid (TBA), n-butanol, pyridine, standard 1,1,3,3-
tetramethoxypropane, phosphate buffer, trichloroacetic acid (TCA), the usual Fluka prod-
ucts 5,5-dithiobis (2-nitrobenzoic acid) (DTNB), and reduced glutathione (GSH) were
acquired (Taufkirchen in Bavaria, D-B City, South Germany). All other compounds utilized
in the experiment were of analytical grade.

2.2. Preparation of Tribulus terrestris Aqueous Extract

The fruits of Tribulus terrestris were delivered from the nearby herbal market in Ismailia,
Egypt. The plant was described and authenticated by the Department of Botany, Suez
Canal University Faculty of Science, Ismailia, Egypt. A hundred grams of powdered fruit
was extracted for aqueous extraction using distilled water (200 mL) in the Soxhlet extraction
method for 12 h. Using a rotating evaporator at 40 ◦C and reduced heat, the extract was
almost completely evaporated (gummy residue). It was found that the yield was 12 percent.
The gum residue was dissolved in a sufficient quantity of sterile water and preserved at a
temperature of −20 ◦C before use [23].

2.3. Phytochemical Screening of the Extract

As defined by Costa [24], a phytochemical profile was carried out. Centered on the
chemical community, it was defined by recognition reactions. The qualitative phytochemi-
cal screening of TT extracts revealed tannins, alkaloids, saponins, and glycosides [13].
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2.4. Preparation of Metformin Drug (MET)

Metformin HCl (500 mg/tablet) was acquired from a local pharmacy. It was dis-
solve in 100 mL of distilled water after grinding it into a fine powder. The rat dosage
of MET based on the surface area was determined from the normal clinical human dose
[rat dose = ((human dose/average bodyweight of rats) × 7) [25]].

2.5. Animals Care

The Animal Center, Faculty of Veterinary Medicine, Suez Canal University, Ismailia,
Egypt, supplied stable adult male rats, aged 4–5 months and weighing 170–190 g. They
were sustained with natural light at room temperature: dark period (12 h:12 h) and supplied
with a normal diet and water ad libitum. The studies were carried out in compliance with
the generally agreed normative ethical standards for the use and treatment of laboratory an-
imals as set out in the Guidelines of the European Community; EEC Directive 86/609/EEC
of 24 November 1986 [26]. Rats were acclimatized to the laboratory setting for a week
before the commencement of the testing. Suez Canal University’s Faculty of Science gave
its approval to this project.

2.6. Induction of Diabetes Mellitus by Streptozotocin

The animals were starved overnight before being given an intraperitoneal injection of
streptozotocin at a dose of 55 mg/kg in a buffered solution (0.1 M citrate, pH 4.5), which
produced diabetes [27]. The blood glucose levels were assessed 3 days after streptozotocin
administration using reagent strips (Accu-Chek®, Roche Diabetes Care, Inc., Rotkreuz,
Switzerland). Blood from the tail vein was obtained and rats with fasting blood glucose
levels more than 200 mg/dL were recognized to be diabetic.

2.7. Experimental Design

A total of 36 animals (18 diabetic and 18 regular rats) were equally subdivided into
6 groups of 6 animals each and administered as follows: group I, vehicle-treated normal rats
(10 mL/kg purified water); group II, MET-treated normal animals (350 mg/kg/day) [28];
group III, aqueous extracts of TT-treated normal animals (10 mg/kg) [13,29]. Diabetic
rats were treated in groups 4, 5, and 6 with the vehicle, MET, and TT aqueous extract,
respectively, as shown in the above doses. All the rats were treated daily for eight weeks
orally via a gastric drain.

2.8. Glucose Tolerance Test

A glucose tolerance test (GTT) was used to assess the effects of TT and MET. Briefly, rats
were given glucose (2 g/kg body weight) intraperitoneal after overnight fasting, according
to Islam et al. [30]. Blood samples were removed from the tail vein at 0, 30, 60, 90, 120 and
180 min, and reagent strips (Accu-Chek®, Roche, Rotkreuz, Switzerland) were used to test
blood glucose levels.

2.9. Preparation of Liver Homogenate for Measuring the Oxidative/Antioxidant Parameters

Before dissection, the tissue was injected with 50 mM/L (sodium phosphate-buffered
saline; 100 mM/L Na2HPO4/NaH2PO4) at pH 7.4 and 0.1 M ethylenediaminetetraacetic
acid (EDTA) to remove all red blood cells and clots. After homogenizing the liver tissue
(0.25 g) in a 5 mL cold buffer/g tissue, it was centrifuged for 1/2 h at 2700× g. The resultant
supernatant was transferred to Eppendorf tubes and kept in the deep freezer at −18 ◦C
until being employed in various oxidative/antioxidant tests [31].

2.10. Determination of Oxidative/Antioxidant Parameters

The degree of lipid peroxidation (LPO) was measured as malondialdehyde (MDA)
using the Ohkawa et al. method [32]. MDA concentrations were determined using
1,1,3,3-tetraethoxypropane as a standard and represented as µM/g tissue.
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The activity of catalase (CAT) was calculated according to Aebi [33]. A total of 1:9 sam-
ples of 1 percent (v/v) Triton X-100 and CAT movements expressed as µM/min/g tissue
were diluted. Glutathione-S-transferase (GST) was calculated [34] using a spectrophoto-
metric assay. By calculating the conjugation of 1-chloro-2,4-dinitrobenzene (CDNB) with
reduced glutathione (GSH), we obtained the GST activity at 340 nm. The activity of GST
was expressed as U/g tissue (the quantity of enzyme conjugating 1 nM of CDNB with
GSH/min is 1 unit). For the measurements (µM/g tissue), an extinction coefficient of
9.6 mM/Cm/CDNB was used.

Beutler [35] conducted a decreased GSH content of the supernatant using GSH reduced
kits (Bio-diagnostic for diagnostic reagents, Dokki, Giza, Egypt). In the liver tissue, the
volume of GSH present was measured as mM/g tissue.

2.11. Histological Evaluation

Using a 10 percent neutral-buffered formalin solution for 24 h, a histological inspection
of the tissues was conducted and the fixative was extracted by washing overnight with
flowing tap water. Methyl benzoate was used to clean the tissues and they were embedded
in paraffin after dehydration by a graduated sequence of alcohols. Sections were cut at
6 µm thickness by a microtome and stained with hematoxylin and eosin (H&E) [36].

According to Thoolen et al. [37], histopathological scoring research was conducted.
The evaluation was represented as the sum of the individual grades of 1 (minimum),
2 (mild), 3 (moderate), and 4 (marked) for each of the following liver parameters: necrosis
of hepatocytes, cholestasis, hyperplasia, and shift in hepatocyte fat.

2.12. Statistical Analysis

The data are expressed as ±SE (n = 6) mean values. To determine substantial variations
between patient groups, regression research was conducted using a one-way analysis of
variance (ANOVA). The post hoc Tukey’s test was used for comparative purposes for each
relevant impact of medication. The threshold was set at p < 0.05 for statistical significance.
The statistical studies were carried out using the SPSS statistics version 20 software package
(SPSS Inc., Chicago, IL, USA). The correlations between various parameters were tested by
the correlation test by Pearson [38].

3. Results

The TT- and MET-treated normal group’s glucose tolerance curve was decreased as
compared to the control group, suggesting that TT and MET decreased the influence of
the GTT in normal mice (Figure 1). The diabetic group’s blood glucose levels responded
to a glucose loading in a normal diabetic manner. The rats treated with standard drug
show a decrease in glucose levels at 30 min, which increased again to reach the maximum
level (494.5 g/dL) at 90 min, and then started to decrease again at 120 and 180 min. The TT
extract showed hypoglycemic activity at 30 min (291.3 g/dL) and produced a maximum
fall after 180 min (approximately 200 g/dL) after glucose administration (Figure 1).

The activities of CAT and GST were significantly reduced in diabetic rats by 70.5% and
37.0% compared to the control group, respectively (Table 1). In diabetic animals, the LPO
level was significantly increased by 2.1-fold while the level of GSH decreased by 40.5%
in comparison to the normal rats. The CAT activities of diabetic rats were increased by
1.9- and 2.5-fold when treated with MET and TT extract, respectively, as compared to the
diabetic group. The activities of GST in diabetic animals were increased by 1.3-fold as the
effect of both MET or TT extract against diabetic rats (Table 1).

In MET- and TT-treated diabetic rats, the LPO levels decreased by 53.2% and 66.8%,
respectively, compared to diabetic rats. The MET and TT extract increased the GSH con-
centrations by 1.1- and 1.3-folds as compared to control animals, respectively (Table 1).
However, the administration of MET or TT to the diabetic group caused a significant eleva-
tion in the levels of GSH by 1.5- and 1.7-fold compared to diabetic rats, respectively. The
administration of TT extract significantly improved the above parameters more than MET.
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Table 1. Influence of MET and TT fruit extract on oxidative/antioxidant of normal and diabetic rats.

Groups MDA (µM/g) CAT Activity
(µM/min/g) GST (µM/g) GSH (mM/g)

Control 87.40 ± 3.12 43.39 ± 5.81 34.98 ± 1.97 49.21 ± 4.89
MET 42.80 ± 10.23 a 42.89 ± 5.55 33.88 ± 3.22 51.72 ± 3.28

TT extract 31.00 ± 7.18 a 51.33 ± 2.53 32.61 ± 3.00 61.79 ± 3.39
Diabetic 184.20 ± 12.22 a 12.80 ± 0.54 a 22.03 ± 0.82 a 29.26 ± 1.90 a

Diabetic and MET 86.20 ± 2.65 b 24.37 ± 1.23 b 29.05 ± 0.57 b 44.01 ± 1.23 b

Diabetic and TT 61.20 ± 4.74 b,c 32.53 ± 2.62 b,c 29.85 ± 0.88 b 50.50 ± 1.58 b,c

Values presented as mean ± SE (n = 6/group). a p < 0.05 compared to control animals, b p < 0.05 compared to the
diabetic rats and c p < 0.05 compared to diabetic and MET group. MET; Metformin, TT; Tribulus terrestris, MDA;
malondialdehyde, CAT; catalase, GST; glutathione-S-transferase, and GSH; glutathione.

Correlations were computed between CAT, GSH and GST activities with MDA content
of liver tissue in normal and diabetic rats treated with the TT extract and MET. There
were significant negative correlations among the activities of hepatic CAT, GSH and GST
with MDA content (r = −0.533, p < 0.02; r = −0.0.786, p < 0.01 and r = −0.625, p < 0.01,
respectively). In addition, significant positive correlations were found between activity of
CAT with activities of GST and GSH (r = 0.629, p < 0.05 and r = 0.774, p < 0.05, respectively).

Histological examinations of liver tissue are seen in Figure 2. Light liver tissue micro-
graphs revealed normal hepatic cell and central vein architecture and normal blood sinu-
soids in the MET- and TT-treated animals (Figure 2A,B). STZ-diabetic rats, however, showed
significant pathological changes, including degeneration of hepatocytes and fatty degener-
ation (Figure 2C). Moreover, in diabetic rats, focal aggregations of lymphocytes were also
found. Degenerative and necrotic modifications were seen in the hepatic cells of diabetic
animals (Figure 2D). However, the livers of diabetic rats treated with TT (Figure 2G,H) and
MET (Figure 2E,F) extracts greatly decreased and attenuated the histological modifications
attributable to mild changes.
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Figure 2. Influence of metformin (MET) and Tribulus terrestris (TT) extract on liver histopathology
in normal and diabetic rats. (A,B): Section from the liver showing normal hepatic tissue displayed
in MET and TT extract treated rats. (C): Section from the liver of the diabetic group showed cloudy
swelling of hepatocytes (CW) and fatty degeneration (FD); additionally, some degenerated hepato-
cytes displayed karyolized nuclei (arrows). (D): Section from the liver of the diabetic group showing
focal necrosis associated with lymphatic infiltration in the portal area (arrow). (E,F): Section from the
liver of diabetic rats treated with 350 mg/kg of MET showing dilatation of sinusoids (arrowhead).
(G,H): Section from the liver of diabetic rats treated with 20 mg/kg of TT extract showing the normal
histological structure of the hepatic tissue. Scale bars: 100 µm. H: hepatocytes, S: sinusoids, CV:
central vein, BD: bile duct, PA: portal area.

In the injected diabetic rats, histological scores dependent on hepatic necrosis, lipid
degeneration, and mononuclear cell inflammation were substantially improved relative
to the injected control animals (Figure 3). In contrast to diabetic animals, therapy with TT
decreased liver damage and necrosis substantially more than MET.
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Figure 3. Histological score of the liver in normal and streptozotocin-induced diabetic rats after
8 weeks of treatment with Tribulus terrestris (TT) extract or metformin (MET). a p < 0.05 when
compared with the normal group, b p < 0.05 when compared with the diabetic group.

4. Discussion

Oxidative stress is increased in diabetic animals due to glucose oxidation, protein
glycation, lipid peroxidation, and decreased antioxidant enzyme activity [39]. In line
with this observation, the current research found that increased levels of LPO, decreased
levels of GSH, and decreased antioxidant enzyme activity, such as CAT and GST, were
shown in the liver of diabetic animals induced by STZ. These findings corroborate those
of a recent study that found a decrease in GSH levels as diabetes progressed [40]. Protein
glycation and suppression of the actions of antioxidant enzymes (superoxide dismutase and
glutathione peroxidase) [41] may be the cause for the process of increased oxidative stress.
TT extract alleviated oxidative stress in the current research by inhibiting the activities
of CAT and GST in diabetic rats. The presence of flavonoid components [13], such as
quercetin, which protects rats from oxidative stress assaults, may explain the antioxidant
action of the TT extract.

In diabetic rats caused by STZ, LPO increased as a result of elevation the activity of
fatty acyl-coenzyme A oxidase, which initiates ß-fatty acid oxidation [42]. In the current
research, STZ-induced diabetics treated with TT extract reported a reduced level of liver
LPO relative to non-treated diabetic rats. In normal rats, the extract also greatly decreased
liver MDA levels. Similar reductions in liver LPO levels were also observed following TT
therapy in diabetic and normal rats [15].

Deficiency in CAT activity in diabetic rats was found in the current research, as
previously reported in diabetic patients [43]. Pancreatic β-cells are protected by CAT from
destruction by hydrogen peroxide. Low catalase activity increases β-cell mitochondrial
ROS, causing methemoglobinemia and hemolytic anemia, which can be due to glucose-6-
phosphate dehydrogenase deficiency.

In the present investigation, which was previously reported by Lapshina et al. [44], a
decline in GST activity was observed in diabetic rats. The re-balancing of the GST activity
with TT extract or MET is similar, but the CAT activity with TT extract increased more than
with MET therapy. It can be verified that TT extract defends against free radicals.

GSH is formed mainly in the liver, as one of the vital non-enzymatic antioxidants in
the redox protection system [45]. It is involved in the synthesis and defense against reactive
O2 compounds of essential macromolecules. The reduced concentration of GSH leads to
the pathogenesis of chronic diabetic state-related complications. A sudden drop in the GSH
content of the liver caused by STZ-injection may be one of the factors in the oxidative DNA
damage in type 2 diabetics [46]. The depleted GSH in diabetic rats was restored by MET
and TT extract in the current work. A similar result has been reported [15], suggesting that
TT extracts increased the quality of GSH. The research showed that liver GSH levels were
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significantly enhanced in STZ-induced diabetic rats treated with the extract and that the rise
was equivalent in normal rats treated with the TT extract. These findings are in line with
another study stating that the herbal A. Maurorum ethanolic extracts decrease oxidative
stress by elevating the GSH level and reducing the level of LPO [47]. The TT-extract
decreases the complications of diabetes in different ways as mentioned before [48].

There was a relationship between histological alterations in the liver and diabetes-like
oxidative stress. Dilatation of blood vessels, congestion of lobules, specific hemorrhagic
coagulative foci in the hepatic parenchyma, and mixed inflammatory cell penetration of
necrotic hepatocytes are all seen in STZ-induced diabetic rats. In this study, the use of
TT ethanolic extract in STZ-induced diabetic rats resulted in significant restoration of the
normal hepatic architecture.

5. Conclusions

Oxidative stress is a key factor in the development of diabetes and its consequences.
According to this study, oxidative stress inhibition can mediate the protective effect of TT
in STZ-induced diabetic rats more than MET. A histological examination of TT-treated
rats revealed significant liver regrowth. As a result, TT extract might be utilized to treat
diabetes and alleviate its symptoms in the liver.
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