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Diabetes mellitus (DM) has been well-known as a global health issue for decades, due to
its elevated occurrence and heightened rates of mortality and morbidity. For a very long
time, the usage of herbal therapy has been documented for DM treatment and its
complications. The aim of this study was to investigate the effect of Ginkgo biloba leaves
ethanol extract (GBE), aqueous milk thistle seeds extract (MTE), and metformin (MET)
on some physiological parameters in alloxan-induced diabetic rats. 25 male albino rats
were divided into five groups (n = 5/group): control (non-diabetic), diabetic (positive
control), metformin-treated diabetic (MET), GBE-treated diabetic (50 mg/kg), and MTE-
treated diabetic (60 mg/kg). Diabetes was induced by alloxan injection, and treatments
were administered orally. Compared to diabetic control, all treatments (MTE, GBE, and
MET) significantly increased serum superoxide dismutase (SOD) activity and decreased
malondialdehyde (MDA) levels. MTE significantly elevated serum tumor necrosis
factor-alpha (TNF-a). Regarding blood glucose, MET effectively lowered levels, while
GBE showed a variable response. Notably, MTE induced a significant increase in blood
glucose compared to both the control and diabetic groups. The statistical significance for
these findings was (P < 0.05). Our findings indicate that both Ginkgo biloba leaves
ethanol and aqueous milk thistle seeds extracts demonstrated ameliorative effects on
physiological parameters in diabetic rats, particularly by improving antioxidant status and
modulating inflammation. This suggests a potential for the phytotherapeutic modulation
of diabetic complications, highlighting these plant-based extracts as promising

candidates for further research into managing diabetes.

1. INTRODUCTION

Diabetes mellitus (DM) has been well-known as a global
health issue for decades. Scientific research for possible
curative methods from meditative plants has been persistent
for this illness [1]. Due to its elevated occurrence and
heightened rates of mortality and morbidity, in 2015, the
International Diabetes Foundation (IDF) estimated that 415
million people aged 20-79 were encountering diabetes. It is
expected that this number will rise by 2040 to more than 600
million adults for various reasons, including obesity [2].

Caused by the insufficiency or poor production of the
insulin hormone in the pancreas due to the destruction of B3-
cells. Many health complications are generated by DM; some
are life-threatening. The development of synthetic
medications is ongoing to this days; still, no curative method is
provided. Adverse effects can be caused by chronic use of
these medications; some can be severe [3]. DM is mainly
classified into type 1 DM and type 2 DM; other types include
monogenic diabetes syndromes and gestational DM, type 2
DM is the most common type, which represents 90% of the
cases [4].

Even though there are many new, improved treatment
approaches for DM, the side effects of antidiabetic
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medications are very grave [5]. One of the cornerstones for
type 1 DM treatments is insulin therapy, which has received
wide acceptance in many countries. Side effects of this
treatment, unfortunately, limited its use, such as hypoglycemia,
lipohypertrophy, weight gain, and allergic reactions [6].

As for type 2 DM, there are a lot of flora (plants) in Asian
traditional medicine that demonstrate their power in treating
DM, totaling 183; and phytochemicals are gaining traction for
DM treatment and are highly researched [6].

Recent studies indicated the significant role that active
compounds play in comparison with crude herbal extract in
DM treatment [7]. Apart from this, improvement in B-cell in
the pancreas was also noted with the use of phytochemicals [8].
Dating back 4000 years in Iraq, the Sumerians recorded the
use of herbal plants as remedies for many illnesses in clay
tablets as a medical document [1]. The Sumerians utilized
these plants to create remedies for ailments ranging from
digestive disorders to infections, laying the foundation for
herbal medicine. Their knowledge was later passed down to
subsequent civilizations, including the Babylonians and
Assyrians, who expanded on these practices [9]. The origins
of human use can be traced back 60,000 years in fossil records
[10].

Used 5000 years ago in traditional Chinese medicine,
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Ginkgo biloba L. (Ginkgoaceae) (GB) existed 250 million
years ago, is a living fossil, an ancient tree with many known
remarkable therapeutic properties [11]. GB trees have
immense medicinal value in both fruits and leaves (Figure
1(A)) [12]. The paleobotanists elucidated that GB is a member
of the Ginkgoaceae family, one of the endemic species and a
relic in China [13]. Praised for its enormous adaptability and
high resistance to pests, pollution, and almost all pathogens in
the environment [14].

(C) Milk thistle seeds

Figure 1. Study plants

Reaching 20-35 meters tall, GB is a deciduous tree notable
for its fan-shaped, bilobed leaves that turn yellow in the fall.
Being dioecious, individual trees are either male or female.
Female trees produce seeds with a fleshy, foul-smelling
covering [15].

Unlike any other antioxidants, GB’s active compound,
flavonoids, acts on a mitochondrial level. Plant extract
contains more than 60 bioactive ingredients with a unique
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structure [16]. The leaf extract, which is the most common part
of the plant used, has a great deal of phytochemicals like
terpenoids and flavone glycosides; other parts of GB can be
useful but also toxic, like seeds and fruits [17].

Silybum marianum (L.) Gaertn. is the scientific name of
milk thistle (MT), which belongs to the Asteraceae family, one
of the most rapidly expanding and ubiquitous medicinal plants
across the world [18]. The MT plant has a large brig with
purple-colored flowers that grow in sunny areas (Figure 1(B))
[19]. Found originally in Asia, the Mediterranean mountains,
and North Africa, MT today is seen growing in other parts of
the globe [20]. Native to Australia, Northern Africa, North and
South America, Southern Europe, and a handful of places in
Asia, MT is known to be an annual or biennial plant [21]. MT
is considered to have a cypsela that looks like a seed, but in
reality, it is a fruit (Figure 1(C)) [22].

MT chemical composition contains (70-80%) silymarin,
which contains six flavonolignans [23]. More than 2000 years
ago, conventionally, this plant usage was not limited to liver
issues but also for kidney, gallbladder, and spleen treatment
[24]. Research in 2023 indicated that a topical gel can be
utilized for wound recovery [25].

This study hypothesizes that both Ginkgo biloba leaf
ethanol extract (GBE), aqueous milk thistle seed extract
(MTE), and metformin (MET) can ameliorate diabetic-
induced oxidative and inflammatory damage.

2. MATERIALS AND METHODS
2.1 Experimental animals

The study was conducted on 25 male albino rats, 8 weeks
old, and weighing 250-300 g. The animals were obtained from
the animal house of the Biotechnology Research Center/Al-
Nahrain University in Baghdad. The rats were put under the
same standard conditions of room temperature, a 12/12 h
light/dark cycle, humidity, and ventilation, and had free access
to food and water ad libitum throughout the study period.

2.2 Diabetes induction

Alloxan was used to induce type 1 diabetes in this
experiment [26]. The alloxan-induced diabetic rat model was
selected for this study as it represents a well-established and
consistent model for studying type 1 diabetes and evaluating
the efficacy of potential therapeutic compounds against
hyperglycemia and associated oxidative stress, purchased
from Sigma-Aldrich Chemical Co. (St. Louis, MO, USA).
Each animal was injected intraperitoneally with 36 mg/kg of
the diabetogenic agent alloxan in a single injection.

2.3 Plant extracts preparation

The cold ethanol extraction method was utilized on 100 g of
dried GB leaves; the leaves were cleaned, ground, and soaked
in 70% ethanol at room temperature for 7 days in a dark place
with occasional stirring. After filtration, the ethanol was
evaporated at 40°C, and the extract was concentrated [27]. The
extraction process resulted in a yield of 12.0% for the GBE
from the GB leaves.

The aqua extraction method was performed on 100 g of
dried MT seeds to acquire the extract. MT seeds were ground
thoroughly, mixed with water, and heated to 60°C. Then, the



mixture was filtered with filter paper to remove solids. The
aqueous extract was then concentrated and dried to obtain a
stable powder [24]. The extraction process resulted in a yield
of 10.5% for the MTE from the MT seeds.

2.4 Other chemicals

Metformin (500 g) (Metforal) was purchased from
Laboratori Guidotti (S.p.A., Pisa, Italy).

2.5 Study groups and treatment schedule

The rats were divided into five groups; each group
contained five rats. After 24 h of alloxan injection, the diabetic
state was confirmed using a blood glucose monitor (On Call
Plus, ACON Laboratories, Inc., Germany). Rats with blood
glucose >200 mg/dl were considered diabetic; the detection
was performed using blood samples from the tail vein using a
sterile lancet [28]. Groups: Non-diabetic control (Cont),
diabetic positive control (Pos.Allox), diabetic + metformin
(MET) (oral), diabetic + GB extract (GBE) (50 mg/kg, oral),
diabetic + MT extract (MTE) (60 mg/kg, oral). The specific
doses of GBE (50 mg/kg) and MTE (60 mg/kg) were chosen
as a novel approach to explore their anti-diabetic effects, as
these concentrations had not been previously tested in this
specific animal model. All experiments were conducted ten
days after diabetic onset. Animals were euthanized using an
anesthetic overdose (e.g., sodium pentobarbital, 150 mg/kg
i.p.) for a humane and painless procedure. Confirm euthanasia
by ensuring the absence of a heartbeat and reflexes [29]. A
cardiac puncture was performed for blood and serum sample
collection.

2.6 Physiological parameters measurements

Animals blood glucose levels were measured after and
before the experiments; furthermore, complete blood count
(CBC) was estimated in the blood using GENEX count-60
(GENEX laboratories, USA), along with C- reactive protein
slide test (Arlington Scientific ASI CRP-latex, USA), tumor
necrosis factor alpha (TNF-a), malondialdehyde (MDA), and
superoxide dismutase (SOD) estimated in serum after the
experiment was finished using HumaReader HS (Human,
Germany).

2.7 Statistical analysis

Data were analyzed using Minitab software analysis of
variance (one-way ANOVA) to determine significant
differences between group means. Descriptive statistics,
including means and standard deviations, were calculated for
each group and are presented graphically. Statistical
significance was established a priori (P < 0.05).

3. RESULTS AND DISCUSSION
3.1 Activity of superoxide dismutase (SOD) in serum

Figure 2 shows serum total SOD activity, revealing a
significant decrease in the treatment groups, specifically, the
MTE group had SOD levels of 1881 +244, the GBE group
had 1783 229, and MET group had 1657.3 +221.9 compared
to the control group (2333 =+ 278) and an increase in the
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treatment groups compared to the diabetic group (1172 £36.9).
As for the variations between groups, it was clear that an
increase in SOD levels was seen in the MTE group compared
to the GBE and MET groups.

The current study revealed that SOD levels decreased in all
treated groups compared to the control group. It is well known
that all living organisms strive to maintain homeostasis in their
internal environment, including redox balance. In this result,
introducing antioxidants can disrupt the body’s natural
antioxidant response. This disruption makes the body
downregulate its own SOD production because it is receiving
external antioxidants [30].

The doses of GBE (50 mg/kg) and MTE (60 mg/kg) were
selected as a novel approach to explore their anti-diabetic and
antioxidant effects, as these specific concentrations have not
been previously investigated in alloxan-induced diabetic rats.
The findings from this study therefore represent a unique
contribution to the literature, providing a foundational dataset
for future research, particularly for dose-response studies
aimed at identifying the optimal therapeutic concentration.

The use of MET in this study was intentional. While insulin
is a more direct control for the type 1 diabetes model, MET
allowed us to evaluate if the extracts could act on broader type
1 diabetes complications like oxidative stress and
inflammation, similar to MET itself.

MTE, GBE, and MET treatment had some positive effect in
comparison to the diabetic state, by increasing SOD levels.
SOD’s antioxidant enzymes are considered a defense line
against free radicals and illness [31]. The overexpression of
SOD in the treated groups can be caused by an imbalance
associated with various pathological conditions [32]. Many
studies have explored the potential antioxidant properties of
plant extracts to mitigate oxidative stress and enhance SOD
activity [33]. As for MET, studies suggest that this treatment
exerts anti-oxidative effects that elevate SOD levels [34].

MTE might be more effective in boosting SOD activity than
GBE and MET. Some studies have shown an increase in SOD
activity after using GBE due to its therapeutic applications
[35]. As for MTE, the anti-inflammatory and antioxidant
abilities aided in reducing the oxidative burden [36], which
indicates the beneficial impact on antioxidant defense.
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Figure 2. Levels of superoxide dismutase (SOD) in study
groups
* stands for significant at P<0.05 (Pos.Allox)

3.2 Activity of malondialdehyde (MDA) in serum

Figure 3 shows serum MDA activity, revealing a significant
increase in the treatment groups, specifically, the MTE group
had an MDA level of (58.18 *+4.67), the GBE group had
(60.95 +5.1), and the MET group had (58.95 +5.56) compared



to the control group (43.09 =+ 3.33) and a decrease in the
treatment groups compared to the diabetic group (78.86 +
5.04). As for the variations between groups, an increase in
MDA levels was significant in the GBE group compared to the
MTE and MET groups.

On the other hand, MDA levels were decreased in the
treatment groups compared to the diabetic group. MDA is an
indicator of lipid peroxidation and oxidative stress; high levels
can be a biomarker for these processes [37]. Antioxidants in
plant extract can reduce MDA by scavenging for free radicals
and increasing lipid peroxidation, as some research has shown.
GBE is well known to help in MDA reduction as well by
increasing lipid peroxidation [38]. MTE has been widely
known to reduce MDA levels by mitigating oxidative stress
[39, 40], which is in agreement with this study. MET showed
its capability in reducing MDA levels in diabetic rats in this
study. MET can activate AMP-activated protein kinase
(AMPK), improve mitochondrial functions, decrease lipid
peroxidation and oxidative stress, resulting in a lowering of
MDA levels [40, 41]. MDA levels were about the same
between the treated groups. Despite their different
mechanisms, this might have converged on a common
endpoint in terms of their impact on lipid peroxidation; they
may also affect similar signaling pathways that regulate
antioxidant enzyme expression.
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Figure 3. Levels of malondialdehyde (MDA) in study groups
* stands for significant at P<0.05 (Pos.Allox)

3.3 Activity of tumor necrosis factor alpha (TNF-a) in
serum

Figure 4 shows serum TNF-o activity, revealing a
significant increase in the treatment groups, specifically, the
MTE group had TNF-o levels of (67.94 +6.14), the GBE
group had (62.39 £5.16), and the MET group had (51.28 +
6.61) compared to the control group (46.83 +7.33) and a
decrease in the treatment groups compared to the diabetic
group (91.28 +8.14). As for the variations between groups, an
increase in TNF-a levels was significant in the MTE group
compared to the GBE and MET groups.

The yielded results revealed that there was an increase in
TNF-a levels in the treatment groups compared to the control
group. TNF-a is an inflammatory parameter that increases in
diseases due to its inflammatory nature [40]. The treatments
themselves might induce a cellular stress response, which can
activate inflammatory pathways and increase TNF-a
expression [40]. Both plant extracts and MET made a
substantial reduction in TNF-a levels. According to a previous
study, GBE can inhibit inflammation, which causes a
significant drop in TNF-a level [42]. The extract has been
shown to suppress monocyte activation by blocking the toll-
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like receptor 4 (TLR4) pathway [43], which leads to a
reduction in the production of inflammatory cytokines like
TNF-o [44]. MTE was found to demote TNF-a levels in some
diseases like insulin resistance [45, 46] and decrease the
inflammatory process by primarily targeting the inflammatory
markers or has a border effect on the immune system [47, 48].
MTE decreases TNF-a levels through a combination of
mechanisms, including AMPK activation, NF-xB inhibition,
ROS modulation, and effects on immune cells. Its ability to
improve metabolic control also contributes to its anti-
inflammatory effects [49].
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Figure 4. Levels of tumor necrosis factor alpha (TNF-a) in

study groups
* stands for significant at P<0.05 (Pos.Allox)

3.4 Total white blood cells (WBCs) activity in blood

Figure 5 shows blood WBC activity, revealing a significant
increase in the treatment groups. Specifically, the MTE group
had a WBC level of 43.26 +21.42, the GBE group had 39.08
+18.43, and the MET group had 17.8 +1.095 compared to the
control group (9.2 +£3.27) and an increase in the treatment
groups compared to the diabetic group (16.22 £6.91). As for
the variations between groups, an increase in WBC levels was
significant in the MTE group compared to the GBE and MET
groups.
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Figure 5. Levels of white blood cells (WBCs) in study
groups
* stands for significant at P<0.05(Pos.Allox)

The current study revealed that WBC count was elevated in
the treatment groups compared to the control group. This
indicates a complex immune response and could be due to the
body recognizing the treatment as foreign or due to the
activation of inflammatory pathways [50]. Both plant extracts
have increased the levels of WBCs compared to the diabetic
group. The treatment, especially MTE, may indicate that the
treatment is causing a non-specific inflammatory or immune-



stressed state, rather than a beneficial immunomodulatory
effect.

In some studies, MTE was found to increase WBC count
and might be related to certain immune cell stimulation or the
mobilization of WBC from the storage pool [24].

GBE can influence the production of cytokines, which are
signaling molecules that regulate immune responses. Some
cytokines, like TNF-o and IL-1, are known to stimulate WBC
production. Therefore, GBE's interaction with cytokine
pathways could lead to an increase in WBCs [51].

As for the MET group, the levels of WBC count were lower
than those of the diabetic, GBE, and MTE groups. MET's
ability to lower WBC count is linked to its anti-inflammatory
and immunomodulatory effects, by macrophage polarization,
T cell Modulation, and reducing chemokine production [52].

3.5 Differential white blood cells (WBCs) activity in blood

Figure 6 shows the lymphocyte (LYM) activity, revealing a
significant increase in LYM activity in the treatment groups,
specifically, the MTE group had an LYM levels of (20.8 £+
5.02), the GBE group had (20.2 £4.96), and MET group had
(15.08 £1.479) compared to the control group (5.44 £2.62)
and an increase in the treatment groups compared to the
diabetic group (12.54 £6.22). As for the variations between
groups, the MTE and GBE groups showed an increase in LYM
activity compared to the MET group, but not between them.
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Figure 6. Levels of lymphocyte (LYM) cells in study groups
* stands for significant at P<0.05 (Pos.Allox)

The findings indicated that CRP agglutination
concentrations in serum were lower than 5 mg/dl, thereby
considered negative values for all groups.

Lymphocyte is an excellent indicator for innate immunity
[53]; the negative results of the CRP test are in correlation with
this finding. Our observations confirmed that there was an
increase in LYM levels in the treated groups compared to the
control and diabetic groups. The effect of the extracts on innate
response may be explained partially by their influence on
cytokine production and antioxidant activity [54]. MET might
have differential effects on various lymphocyte subsets (e.g.,
T cells, B cells, NK cells). It could potentially stimulate the
proliferation or activation of specific lymphocyte populations,
leading to an overall increase in LYM count. While Metformin
is broadly anti-inflammatory, an elevated LYM can be
indicative of heightened systemic inflammation or the
expansion of pro-inflammatory T-cell subsets [55].

Figure 7 shows the granulocyte (GRAN) activity, revealing
asignificant increase in GRAN activity in the treatment groups.
Specifically, the MTE group had GRAN levels of (16.6 +
12.87), the GBE group had (11.6 +8.79), compared to the
control group (1.56 £0.602). Yet, the MET group had a slight
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increase of (1.64 +0.669) compared to the control group, and
an increase in the MTE and GBE groups compared to the
diabetic group (2.57 £1.117). As for the variations between
groups, MTE group LYM levels were higher than both GBE
and MET groups, and GBE group LYM levels were higher
than MET group.
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Figure 7. Levels of granulocyte (GRAN) cells in study
groups
* stands for significant at P<0.05 (Pos.Allox)

Comparing the GBE and MTE groups to the diabetic group,
it was noticed that the treated groups had an increase in GRAN
activity. Some studies suggest that GBE can modulate the
activity of neutrophils and other granulocytes [56], while MTE,
particularly silymarin, and MET can also modulate immune
responses. However, in the context of chronic diabetic
inflammation, persistently elevated levels of granulocytes are
often a marker of a sustained inflammatory state [57-59]. The
increase observed here could be a non-specific inflammatory
response to the extract, highlighting a potential limitation of
the extract's therapeutic application [60-62].

3.6 Blood sugar levels(glucose) in serum

Figure 8 displays blood glucose levels. The MTE group
exhibited a highly unexpected and significant increase in
glucose levels (483.6 +20.28) compared to both the control
group (103.8 +£15.42) and the diabetic group (450.6 £50.8).
The GBE group also showed a significant increase in glucose
levels (259 +153.1) compared to the control group, but a
significant decrease compared to the diabetic group. The MET
group showed a slight decrease in glucose levels (101 +22.15)
compared to the control group, and a significant decrease
compared to the diabetic group. Notably, the GBE group
exhibited high variability in glucose levels. As for the
variations between treated groups, the MTE group recorded
the highest glucose levels, and the MET group recorded the
lowest.
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Figure 8. Levels of blood sugar (glucose) in study groups
* stands for significant at P<0.05 (Pos.Allox)



A notable variation in blood sugar levels was seen in this
study. The treatment groups showed a significant increase in
glucose levels compared to the control group. These findings
suggest that GBE may have partial hypoglycemic effects in a
diabetic environment but is unable to fully normalize blood
glucose levels. It is also possible that GBE has hyperglycemic
effects, or that the already disrupted glucose regulation of the
diabetic rats altered the effects of the GBE [63].

As for MET, hypoglycemia is a well-known adverse effect
of this medication. Furthermore, this paradoxical effect could
be a dose-dependent response, suggesting that the specific
concentrations used may be toxic or lead to adverse effects
[64].

GBE and MET had a substantial effect by decreasing blood
sugar levels compared with the diabetic group. GBE is known
to have this ability, particularly in individuals with diabetes or
prediabetes conditions, by inhibiting the activity of enzymes
involved in carbohydrate digestion and absorption [54]. In
addition, GBE has been shown to enhance insulin secretion
and sensitivity, a key factor in regulating blood sugar levels
[63]. MTE had the opposite effect; high levels of blood sugar
were noticed in the treated animals compared with the diabetic
group, suggesting a hyperglycemic effect of the extract. This
contradicts many studies that reported a hypoglycemic effect
of MTE [65]. A study confirmed that using low doses of MTE
can have no effect on lowering blood sugar and insulin levels,
but can reduce pancreatic damage [66]. While MTE
demonstrated a clear adverse effect on blood glucose
regulation, its significant ability to increase SOD activity and
decrease MDA levels indicates a potent ameliorative effect on
oxidative stress, an important complication of diabetes.

The significant elevation in blood glucose with MTE
suggests a more complex mechanism of action than initially
anticipated. One potential explanation for this paradoxical
effect is the presence of endogenous carbohydrates or other
glucose-releasing compounds within the crude extract itself,
which may have contributed to the observed hyperglycemia.
An alternative hypothesis is that the MTE, at the administered
dose, may be inducing a physiological stress response. The
activation of the hypothalamic-pituitary-adrenal (HPA) axis
can lead to an increase in glucocorticoids such as cortisol,
which are known to raise blood glucose levels by promoting
gluconeogenesis and glycogenolysis.

While these are hypotheses that require further investigation,
our findings propose that a border analysis of stress hormones
is a critical next step to fully understand the effects of MTE in
this model.

GBE and MTE together, these herbal extracts may improve
overall metabolic control, reduce inflammation and oxidative
stress, and potentially mitigate some side effects of metformin,
thereby offering a valuable combined therapeutic strategy in
diabetes management. This synthesis is based on clinical trials,
pilot studies, and reviews exploring their pharmacological and
clinical effects in diabetic and metabolic syndrome patients
[67-69].

4. CONCLUSIONS

GBE and MTE can improve several markers of oxidative
stress and inflammation in diabetic rats by boosting SOD,
WBC count, and reducing MDA and TNF-a. MTE
unexpectedly increased blood sugar, while GBE lowered it.
These findings suggest potential therapeutic benefits, but the
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hyperglycemic effect of MTE requires further investigation. In
conclusion, GBE is considered the best material in treating
diabetes parameters imbalances.

5. LIMITATIONS

A limitation of the current study is a lack of detailed
phytochemical analysis of the extracts, such as quantification
of active compounds like silymarin and ginkgolides, and the
absence of histopathological analysis of the pancreas and liver.
Further studies should aim to chemically characterize the
extracts to better correlate specific compounds with the
observed physiological effects, and include H&E staining to
directly visualize the protective effects of these extracts on
pancreatic beta-cell integrity and hepatic architecture. The
present study is limited by its lack of a comprehensive dose-
response analysis for the GBE and MTE extracts. Future
research should focus on testing a wider range of
concentrations to better characterize the therapeutic window
and dose-dependent effects of these compounds.
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