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Abstract: Diabetes is a chronic metabolic disease characterized by improperly regulating proteins,
carbohydrates, and lipids due to insulin deficiency or resistance. The increasing prevalence of dia-
betes poses a tremendous socioeconomic burden worldwide, resulting in the rise of many studies
on Chinese herbal medicines to discover the most effective cure for diabetes. Sesame seeds are
among these Chinese herbal medicines that were found to contain various pharmacological activi-
ties, including antioxidant and anti-inflammatory properties, lowering cholesterol, improving liver
function, blood pressure and sugar lowering, regulating lipid synthesis, and anticancer activities.
These medicinal benefits are attributed to sesamin, which is the main lignan found in sesame seeds
and oil. In this study, Wistar rat models were induced with type 2 diabetes using streptozotocin
(STZ) and nicotinamide, and the effect of sesamin on the changes in body weight, blood sugar level,
glycosylated hemoglobin (HbA1c), insulin levels, and the states of the pancreas and liver of the rats
were evaluated. The results indicate a reduced blood glucose level, HbA1c, TG, and ALT and AST
enzymes after sesamin treatment, while increased insulin level, SOD, CAT, and GPx activities were
also observed. These findings prove sesamin’s efficacy in ameliorating the symptoms of diabetes
through its potent pharmacological activities.

Keywords: diabetes; Sesamum indicum L.; sesamin; insulin resistance; streptozotocin

1. Introduction

Diabetes is among the most prevalent chronic diseases and is characterized by im-
proper regulation of proteins, carbohydrates, and lipids due to insulin deficiency or insulin
resistance [1]. Indications of diabetes are shown to be contingent on the gravity of the
metabolic malfunctions ranging from reduced body weight to increased blood glucose
level and even comatose. The different symptoms of diabetes resulted in the classification
of this disease into four types. Malfunctions in the autoimmune system cause damage to
insulin-producing beta cells and insulin resistance due to failing insulin receptors, which
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are characterized as type 1 and type 2 diabetes, respectively. The remaining types of dia-
betes (gestational and prediabetes) are both related to type 2 diabetes. Often inflicted by
gestational diabetes are women that are pregnant [2]. Diabetes can further impose illnesses
such as cardiovascular disease, chronic renal failure, retinopathy, neuropathy, and mi-
crovascular disease. Microvascular disease may result in dysfunctional sexual function and
impediments to wound healing. Non-healing foot wounds can cause gangrene, resulting
in amputation. Due to various health risks associated with diabetes, finding a permanent
cure is needed. Gestational diabetes usually resolves on its own after pregnancy. Although
conventional therapies for managing type 1 and 2 diabetes are available, finding a definite
cure for type 1 and 2 diabetes remains challenging. Diabetes is pervasive, and it caused
significant damaging effects on society. Today, the estimated number of people that are
imposed with diabetes mellitus is around 422 million people, and it is accountable for the
death of 1.5 million people a year worldwide [1].

The increasing prevalence of diabetes poses a tremendous socioeconomic burden
worldwide, more specifically to Asian communities. According to a study, from the
year 2011 to 2030, the forecast for the number of diabetes would be accounted from
366 million people to 552 million, respectively, with half coming from Asian countries
based on the International Diabetes Federation (IDF) [3]. Recently, the IDF also issued
data demonstrating that the highest countries with diabetes spreading rapidly are China,
India, and Pakistan [4]. Today, there is a great presumption that the current number of
140.9 million individuals in China inflicted with diabetes will continue to increase by
33.5 million people by 2045, totaling 174.4 million individuals [5]. Therefore, several
Chinese herbal medicine studies are being conducted in an effort to find the most effective
medication that can lower blood sugar as diabetes continue to prevail and affect not just
people, but also society and its economy. Among the Chinese herbal medicines are sesame
seeds. Sesame is the dry seed of Sesamum indium L., also known as flax or linseed.

Sesame is among the ancient oilseed crops and China’s four major oil crops used
to prepare a variety of food and garnish other cuisines. Various studies concentrated on
sesame as its primary subject, some of which already tested its fundamental functional
compounds. As such, results were weighed out, and some of the compounds shown
were the sesamin, sesamolin, sesamol, sesaminol, phenol, and other lignan-like active
ingredients, which all play a crucial role in curing and alleviating potential diminishing
chronic diseases [6–9]. Based on studies, in the year 2002, the former Chinese Ministry of
Health formally introduced and recognized sesame seeds as having medicinal and dietary
value for herbal medications and treatments [10]. Previous research on the processing and
consumption of sesame focuses mainly on studying its nutritional function and compo-
sition, which includes vitamins, minerals, protein composition, and amino acid profile.
Sesame seed contains great amounts of vitamin B1, dietary fiber, proteins, and important
minerals such as iron, calcium, magnesium, copper, zinc, and phosphorous [11]. In addition
to these valuable components, sesame is also a good source of vitamin E. Vitamin E is
a phenylpropanoid derivative, and its chemical structure has -OH group, which has a
reducing action and can also provide electrons [12]. The five-ring structure also has a
saturated hydroxyl chain, indicating that vitamin E possesses both reducing and lipophilic
properties [13]. Literature also indicates that sesame seeds contain 50–60% high-quality
oil that is rich in bioactive components such as polyunsaturated fatty acids, lignans, to-
copherols, and phytosterols [11,14]. These active ingredients were found to provide a
wide range of health benefits, including anti-lipogenic, anti-atherogenic, anti-inflammatory,
antioxidant, anti-cancer, cholesterol-lowering, anti-degenerative, and cardio-protective
effects [11,14–19]. As the research goes deep into analyzing the composition of chemical
components to explore active substances, in recent years, the focus of research shifted to the
function of sesame lignans. Sesame lignans (sesamin, sesamolin, sesaminol, sesamolinol,
and sesamol) are the primary active components of sesame seeds, which are reported to
contribute to sesame’s health-promoting effects. The major lignans in sesame seeds are
sesamin and sesamolin, which were found to constitute 0.1–0.5% of sesame. These lignans
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were reported to exhibit antioxidant and anticancer activities, neuroprotective properties,
cholesterol-reducing effects, and anti-osteoarthritis [16–23]. Other derivatives of sesame
(i.e., sesaminol, sesamolinol, and sesamol) were also found to possess pharmacological
properties (e.g., anti-inflammatory, antioxidant, anti-aging, and anti-hepatotoxic activities),
albeit small amounts [24–26].

In addition, prior studies on sesame revealed that sesame extracts also have the
potential to ameliorate symptoms of diabetes in STZ-induced diabetic mice [27–30]. A
study conducted in 2016 demonstrated that sesamin treatment resulted in a drop in blood
glucose levels, suppression of microglial activation, and reduction in levels of retinal TNF-α
and ICAM-1 [29]. These effects were observed to impede the progression of diabetic retinal
injury. Sesamin was also shown to lower fasting blood glucose, cholesterol levels, and
triglyceride levels, which improves diabetes conditions in diabetic mice [27]. Consistent
with this finding, a comparable investigation also documented the capacity of sesame
extract to mitigate hyperglycemia and ameliorate nephropathy in STZ-induced mice [30].
Streptozotocin (STZ) is described as a cell-killer toxin that targets pancreatic β-cells, mainly
destroying pancreatic islet cell carcinoma that cannot be removed by surgery [31]. STZ
is also an agent commonly used in inducing diabetes in animal models. Nicotinamide,
on the other hand, is a derivative of vitamin B3, which can be used to counteract the
effects of STZ by reducing the toxicity induced by STZ and protecting pancreatic β cells
from being completely destroyed [31]. The pharmacological studies of compounds present
in Sesamum indicum (Linn) seeds in the management of diabetes are scarce. Thus, this
research aims to evaluate the efficacy of sesamin (the most abundant compound in sesame
seeds) in alleviating the symptoms of diabetes (i.e., body weight loss, high blood glucose
level, and glycosylated hemoglobin, low insulin level, decrease in serum amylase activity
accompanied by a decrease in high-density lipoprotein (HDL), elevated serum triglyceride
(TG), increased cholesterol, lowered serum amylase, and hepatic injuries) using STZ-
induced rat models.

2. Results

In this study, type 2 diabetes was induced in Wistar rats as test models. The effects
of sesamin treatment on the STZ-induced diabetic rats were evaluated by observing the
changes in their body weight, blood sugar level, glycosylated hemoglobin, insulin level,
number of pancreatic islet cells, and biological serums.

2.1. The Effect of Sesamin on the Body Weight of STZ-Induced Type 2 Diabetic Rats

The results are presented in Figure 1. The changes in the body weights of both control
and diabetic rats varied as the experiment progressed. There was no observed significant
difference (p > 0.05) between the control group and the STZ-induced diabetic rats from
day 0 to 35. However, on the 36th day of the experiment, a 7.4% significant difference was
recorded, while a 9.1% difference was observed on the 43rd day. Furthermore, the body
weights of the diabetic rats continued to decrease until the 50th day by 16.5%. The rest of
the groups showed no significant difference from the STZ treatment group (p > 0.05). As
observed in this experiment, the rats treated with STZ experienced weight loss. However,
diabetic rats that were treated with metformin (MFM) and high and low dosages of sesamin
seemed to manage the weight-reducing effects of STZ in diabetic rats. As shown in Figure 1,
STZ-induced rats that were not treated with any medication experienced the greatest
amount of weight loss compared to those treated with sesamin and metformin. This effect
may indicate sesamin’s potential in alleviating significant body weight loss due to diabetes.

2.2. The Effect of Sesamin on the Blood Sugar Level in STZ-Induced Type 2 Diabetic Rats

In order to determine the blood glucose level of the treatment group, streptozotocin or
STZ was administered on the 8th day of the experiment and was compared to the control
group. The group given STZ had higher levels compared to the control group in Figure 2
(190 mg/dL, p < 0.05). By days 15 and 22, the results show that the STZ group still had
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notable differences compared to the control group. The results of day 8 and day 15 from
the STZ group, however, show that the glucose level on day 15 was lower than on day 8
by 13.3% (p < 0.05). As such, the researchers decided to readminister STZ to each group
on day 15, and it was found that glucose levels on day 22 increased by 219% (p < 0.05).
STZ was then readministered every two weeks to control the glucose levels of the STZ
group. Successful administration of STZ to induce diabetes in the rats was confirmed by
the sudden increase in blood glucose levels of the rat models. It can also be observed in
Figure 2 that the STZ group exhibited a continuous increase in blood glucose levels, but
the groups that received sesamin and metformin treatments showed a gradual decrease in
glucose levels. The comparable effects of metformin and sesamin in lowering the blood
glucose levels of diabetic rats observed in this experiment imply the potential of sesamin in
diabetes treatments.
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2.3. The Effect of Sesamin on the Glycosylated Hemoglobin in STZ-Induced Type 2 Diabetic Rats

On the eighth day of the experiment, the following drugs were given: SML, SMH, and
MFM. Results demonstrate that when comparing the STZ control group with that of the
SML-treated group, HbA1c levels show result deeming that the difference between the two
was not significant on the 15th to 22nd day with a p-value being greater than 0.05 but with
a notable difference on the 36th to 50th day of the experiment with p-value less than 0.05,
resulting in a decrease of 28.6% and 35.2%, correspondingly (Figure 3). Compared to the
STZ group, SMH showed a drop (p < 0.05) in HbA1c by 12.8%, 11.7%, 28.4%, and 33.2%,
respectively. On the other hand, the MFM group dropped (p < 0.05) 7.5%, 19.7%, 34.75, and
34.5%, respectively, compared to the STZ group. The results clearly show that sesamin and
metformin can reduce the HbA1c levels in STZ-induced diabetic rats, which may imply the
positive effects of the treatments.

2.4. The Effect of Sesamin on Insulin Levels in STZ-Induced Type 2 Diabetic Rats

In comparing the two groups, control and STZ treated, results display a 38% signifi-
cantly greater insulin intensity for the STZ-treated group, with a p-value resulting to less
than 0.05 (Figure 4). On the other hand, no significant differences were discovered between
the other groups and the STZ-treated group (p > 0.05). As illustrated in Figure 4, the
injection of sesamin in rats with STZ-induced type 2 diabetes led to a notable enhancement
in insulin sensitivity as compared to the control group. It is important to take note that
enhanced insulin secretion or improved insulin sensitivity is crucial in managing diabetes.



Molecules 2023, 28, 7255 5 of 16

Although the difference between the STZ-treated group and the other treatment groups
is not statistically significant, it does not necessarily mean that the treatment conducted
is ineffective. In this case, increasing the sample size and the refinement of experimental
parameters can be the future direction of this study in order to enhance the statistical
significance of the results.
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Figure 2. The effect of sesamin on the blood sugar of STZ-induced type 2 diabetes in rats. The
data (mean ± standard deviation) were collected from three or four independent experiments, and
the means for each cell type measured at the same incubation time exhibit statistically significant
differences (p < 0.05) when they do not share a common alphabetic letter (a, b, c, d).
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Figure 3. Effect of sesamin on glycosylated hemoglobin in STZ-induced type 2 diabetes rats. The
blood samples were collected from the retro-orbital plexus of the rats under deep isoflurane anesthesia
to determine HBA1c levels on day 50. Values (means ± SD, n = 3) not sharing a common lower case
letter are significantly different (p < 0.05).

2.5. The Effect of Sesamin on the Pancreas of STZ-Induced Type 2 Diabetic Rats

The findings presented in Figure 5A depict the outcomes obtained from the investigation
of islet cells inside pancreatic tissues, particularly on β cells. The present investigation
assessed the variations between the control and STZ-induced diabetic groups, revealing a
decrease in β cell apoptotic cells and an increase in these cells, respectively. These results are
indications that there is no significant development in the β-cell apoptosis symptoms carried
by the STZ. However, the number of islet cells in the pancreas was considerably decreased
by 242% in the STZ treatment group as compared to that of the control group (Figure 5B).
The low and high doses of SM in each treatment group and the MFM treatment group can
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significantly augment the reduction in islet cells caused by STZ, reaching 70%, 58%, and
20%, respectively. These findings indicate that sesamin, particularly at elevated dosages,
and metformin could exhibit protective properties towards the insulin-producing islet cells
located in the pancreas, which play a crucial role in the regulation of blood glucose levels.
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Figure 4. Effect of sesamin on insulin in STZ-induced type 2 diabetes in rats. The blood samples
were collected from the retro-orbital plexus of the rats under deep isoflurane anesthesia to determine
serum insulin levels on day 50. Values (means ± SD, n = 3) not sharing a common lower case letter
are significantly different (p < 0.05).

2.6. The Effect of Sesamin on Serum Biochemical Values of STZ-Induced Type 2 Diabetic Rats

Table 1 demonstrates the effects of sesamin treatment on the values of different bio-
chemical serums. The study found that between the control and STZ-treated group, the
amounts of alanine aminotransferase (ALT), aspartate aminotransferase (AST), and triglyc-
erides (TG) serums are significantly greater for the control group than that of the treated
group by 110%, 54%, and 37%, correspondingly (p < 0.05). In line with this, the study also
found that the concentrations of ALT, AST, and TG in serum are possibly reduced by the
treatment groups: SML, SMH, and MFM. Increased levels of ALT and AST in the blood
may serve as indicators of hepatic injury or inflammation. Elevated levels of TG are often
associated with insulin resistance and metabolic disturbances in diabetes. In this study,
varying inhibition rates were obtained upon administration of sesamin and metformin
treatments. ALT inhibition rates of 19%, 30%, and 30% and AST inhibition rates of 15%,
24%, and 43% were obtained from groups treated with SML, SMH, and MFM, respectively,
suggesting a potential reduction in liver injury induced by STZ. Moreover, TG inhibition
rates were 23%, 52%, and 34%. This finding implies that the administration of sesamin,
particularly in high dosages, may potentially aid in lowering increased triglyceride levels,
hence offering advantages in terms of metabolic regulation and cardiovascular health.
Furthermore, no difference was observed between the total cholesterol (TC) results of the
STZ group and the control group (p > 0.05). The SM groups of both high and low doses and
the STZ group also showed no real change (p > 0.05). However, there was a 14% increase
observed in the MFM group compared to the STZ group (p < 0.05). In addition, the results
for the high-density lipoprotein (HDL), when the STZ group was treated with the serum
HDL concentration, are lower by 18%. Including the high-dose group of sesamin (SMH)
and the MFM group, each treatment group showed an improved decrease, by 21% and 18%,
respectively, in serum HDL concentration from STZ. The low-dose group of sesamin (SML)
did not show a significant decrease in the serum HDL concentration from STZ (p > 0.05).
Results further show that when the control and STZ treatment groups were differentiated,
STZ-treated groups had a lower concentration of amylase compared to the control group
by 24%. The reduction in serum amylase concentration that is specifically induced by the
STZ (p < 0.05) can be halted through the administration of the following treatment groups:
SML, SMH, and MFM treatment with their respective percentages of 38%, 49%, and 27%.
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located in the central area with abundant cytoplasm, while β cells with less cytoplasm surround β 
cells in the peripheral area of the islet in a control pancreas. Islets in the pancreas after treatment 
with STZ in rats showed necrosis with mononuclear cell infiltration, as well as significant atrophy 
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Figure 5. The effect of sesamin on the pancreas of STZ-induced type 2 diabetes in rats: (A) histopathol-
ogy result of pancreatic tissues; (B) number of islet cells in the pancreas. The data (mean ± standard
deviation) were collected from three or four independent experiments, and the means for each cell
type measured at the same incubation time exhibit statistically significant differences (p < 0.05) when
they do not share a common alphabetic letter (a, b, c). The black arrow indicates that normal β cells
are located in the central area with abundant cytoplasm, while β cells with less cytoplasm surround
β cells in the peripheral area of the islet in a control pancreas. Islets in the pancreas after treatment
with STZ in rats showed necrosis with mononuclear cell infiltration, as well as significant atrophy
and a decrease in β cells.

Table 1. Effects of sesamin on serum biochemical amounts in STZ-induced diabetic rats.

Group 1 ALT 2 (U/L) AST (U/L) TG (mg/dL) TC (mg/dL) HDL (mg/dL) Amylase (U/L)

Control 39 ± 5 b2 126 ± 15 b 75 ± 10.3 b 72 ± 5.1 b 21 ± 1.7 a 1866 ± 129 a

STZ 82 ± 11 a 193 ± 32 a 103 ± 9.8 a 70 ± 2.9 b 17 ± 2.5 b 1423 ± 237 b

STZ + SML 67 ± 12 b 153 ± 27 b 80 ± 8.2 b 72 ± 5.3 b 18 ± 2.2 ab 1965 ± 391 a

STZ + SMH 58 ± 14 b 143 ± 24 b 50 ± 6.7 c 70 ± 2.6 b 21 ± 2.3 a 2124 ± 286 a

STZ + MFM 57 ± 13 b 122 ± 18 b 68 ± 3.3 b 80 ± 2.4 a 21 ± 2.1 a 1809 ± 154 a

1 Control: streptozotocin (STZ: 55 mg/kg/body weight, intraperitoneal injection), sesamin low dose
(SML: 20 mg/kg weight body/day), sesamin high dose (SMH: 60 mg/kg weight body/day), positive con-
trol: metformin (MFM: 250 mg/kg weight body/day); and 2 mean ± SD (n = 5), p < 0.05. Abbreviations: alanine
aminotransferases, ALT; aspartate aminotransferase, AST; triglyceride, TG; total cholesterol, TC; and high-density
lipoprotein, HDL. Values not sharing a common lower case letter are significantly different (p < 0.05).
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These results suggest that administering sesamin, especially at higher dosages, may
have a positive effect on many serum biochemical markers, mitigating the effects caused by
STZ in the rat model used for experimentation.

2.7. The Effect of Sesamin on the Liver of STZ-Induced Type 2 Diabetic Rats

The liver tissues of the STZ-induced diabetic rats were observed throughout the ex-
periment in order to determine the effect of sesamin treatment. The results are shown
in Figure 6A–D. Figure 6A demonstrates that all groups exhibit no significant lesions in
their liver tissues. When comparing the control group, outcomes of antioxidant enzymes
(Figure 6B–D) displayed that the SOD concentration in liver tissues showed a greater reduc-
tion of 28% for the STZ treatment group than that of the control group. Results also show
that the deduction of concentration in SOD being caused by STZ between the two treatment
groups, SM high-dose and MFM, can majorly develop both by reaching 55% and 47%, re-
spectively. The SML treatment group did not significantly improve the reduction in SOD in
liver tissue caused by STZ (p > 0.05; Figure 6B). However, results also display that among the
liver tissues of the groups, no significant difference between the concentration of CAT was
shown (p > 0.05; Figure 6C). Results also demonstrate that there was a significant reduction
of about 20% GPx concentration in liver tissues of the STZ treatment group as compared to
that of the control group with a p-value less than 0.05. Furthermore, the difference between
the other groups and the STZ treatment group showed no significance (p > 0.05; Figure 6D).
With these, the results observed in this experiment may indicate that the administration
of sesamin, especially at higher dosages, may exhibit a beneficial impact on the levels of
antioxidant enzymes in the liver tissues of rats with diabetes caused by STZ. Moreover,
sesamin treatment appears to counteract the decrease in SOD and GPx concentrations caused
by STZ, suggesting a possible involvement in reducing hepatic oxidative stress.
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Figure 6. Effects of sesamin on the liver of STZ-induced type 2 diabetes in rats: (A) histopathology
results of the liver tissue sample of diabetes-induced rats; (B) SOD concentration in liver tissue;
(C) CAT activity in the liver; and (D) GPx activity. The data (mean ± standard deviation) were
collected from three or four independent experiments, and the means for each cell type measured at
the same incubation time exhibit statistically significant differences (p < 0.05) when they do not share
a common alphabetic letter (a, b). The black arrow indicates the nuclear gap in the liver tissue of the
STZ-induced diabetic group, which is closer than that in the normal group.

3. Discussion

In preceding studies that focused on sesame, sesamin was found to possess substan-
tial pharmacological activities that make it a potential candidate for alleviating diabetes
symptoms through antioxidant and anti-inflammatory activities [32–35]. In this study, the
positive effects of sesamin in diabetic rats are elucidated and are consistent with related
literature. The results of this experiment reveal that rats treated with STZ experienced
decreased body weight, whereas the control groups maintained their normal body weight,
and this difference was statistically significant. This effect can be correlated with the
degradation of structural proteins since structural proteins significantly contribute to body
weight [36]. According to the findings of Ramesh et al. (2005), the ability of sesame oil to
control hyperglycemia may have a direct correlation with its capacity to prevent maximum
weight loss [37]. Given that sesamin make up almost half of the sesame component [8], it
could also be the possible reason why diabetic rats treated with sesamin (SML and SMH)
did not reduce much weight.
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Furthermore, the present study observed a significant reduction in blood glucose
levels and glycosylated hemoglobin (HbA1c) in diabetic rats treated with sesamin, as
compared to the control group of diabetic rats. Based on studies, the significant reduction
in blood glucose levels and hemoglobin can be attributed to sesamin’s ability to stimulate
glycogen production in the liver [27,37,38]. Lignans such as sesamin found in sesame seeds
were reportedly capable of regulating gene expression associated with insulin signaling,
glycogen synthesis, and glucose metabolism in type 2 diabetic rats [39]. Moreover, Hong
et al. suggested that sesamin plays a role in increasing glycogen synthesis, which prevents
a significant increase in blood glucose [27]. According to Lei et al., increased insulin
levels and reduced blood glucose levels due to sesamin can be attributed to its protective
impact on the damaged NIT-1 pancreatic β-cells produced by STZ, which may be related
to its ability to lower oxidative stress and NO production (β-cell-destructive agents) [40].
Streptozotocin (STZ) is particularly toxic to the insulin-producing beta cells of the pancreas
in mammals. As a result of the streptozotocin action, beta cells undergo the destruction
by necrosis [41]. However, in this study, there was no significant decrease in insulin levels
in the group treated with STZ alone. Therefore, it is suggested that beta cells are resilient
and will compensate to cope with insulin demand despite reduced numbers [42], but the
mechanism still needs to be further studied.

Consequently, after the administration of sesamin in diabetic rats, the results show
a considerable increase in the antioxidant capacity of the liver, suggesting a protective
effect against oxidative stress. Figure 6 demonstrates that SOD, CAT, and GPx significantly
decreased in STZ-induced diabetic rats. These results are consistent with other research
findings [43–46]. Sesamin, however, enhanced the oxidative status of diabetic rats by
boosting the levels of SOD and CAT. Increased SOD activity indicates that sesamin may
enhance the capacity to remove superoxide produced during oxidative stress [47]. At
the same time, increased CAT activity in diabetes is indicative of higher peroxide radical
generation to overcome oxidative stress [48]. Glutathione peroxidase (GPx) was also
expected to increase in sesamin-treated groups since it is an antioxidant enzyme essential
for protecting cells from the damaging effects of hydrogen peroxide [27,46,49].

Lipids were also reported to have a crucial role in the development and manifestation
of diabetes. Regardless of insulin resistance or insulin insufficiency, abnormalities in
serum lipid levels are frequently observed in diabetic populations [50]. The insufficient
insulin in the body leads to an elevated blood glucose level, along with elevated serum
triglyceride (TG), increased cholesterol, lowered serum amylase, and a decrease in high-
density lipoprotein [51]. In line with previous studies, the cause of hyperglycemia in
animals was due to the interaction between the growth and expansion of triglyceride
generated by the deficit of insulin levels [52]. Previous studies also found that diabetic
patients experience a decrease in serum amylase activity accompanied by a decrease in
HDL, suggesting a direct relationship between the two biological elements [53]. Impaired
insulin is attributed to low serum amylase levels because insulin resistance is being secreted,
as observed in the glucose levels of diabetic individuals [53]. However, the administration
of sesamin significantly improved the lipid profile of diabetic rats. In this experiment, the
diabetic rats treated with sesamin showed a significant decrease in TG and an increase in
HDL and amylase. This result also agrees with other research findings [54,55]. According
to Tai et al., sesamin may enhance blood lipid levels by lowering hepatic steatosis and
intestinal cholesterol absorption [56]. In addition, sesamin was also found to have a lipid
metabolizing effect by inhibiting major steps in fatty acid synthesis [57]. This may indicate
the sesamin’s ability to decrease the adverse effects of diabetes.

Lastly, a few indicators that may also suggest that an individual is inflicted with
diabetes are the excessive levels of aminotransaminase or AST and serum alanine amino-
transaminase or ALT, which may also be related to hepatic injury [58,59]. The increase
in the activities of AST and ALT in STZ-induced diabetic rats in this study suggests the
detrimental effect of STZ on the liver, which caused hepatic cells to leak from cytosol to
the bloodstream [60]. Sesamin and metformin treatment for diabetic rats were shown to
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considerably reduce the levels of these enzymes, which may indicate a reversal of the
adverse effects of elevated blood glucose in diabetic rats and, as a result, ameliorate liver
damage caused by STZ [54].

4. Materials and Methods

This experiment was performed according to the experimental design presented in
Table 2. A total of 30 adult male Wistar rats were used during the experiment. The rats
were divided into five groups: (1) control group, (2) STZ-treated group, (3) SML-treated
group, (4) SMH-treated group, and (5) MFM-treated group as the positive control. The
doses of sample given to each treatment group were tabulated, as shown in Table 2.

Table 2. Experimental design.

No. Group Dose of Sample (mg/kg Body
Weight/Day)

STZ (55 mg/kg
Body Weight) Animal Number

1 Control - - 6

2 Streptozotocin (STZ) - + 6

3 Sesamin low dose (SML) 20 + 6

4 Sesamin high dose (SMH) 60 + 6

5 Metformin (MFM) 250 + 6

4.1. Animal Experiment and the Effect of Sesamin on the Body Weight

Adult male Wistar rats aged six weeks were purchased from BioLASCO Taiwan Co.,
Ltd., Taipei, Taiwan. Afterwards, on days 1, 15, 29, and 43 of the experiment, rat groups 2
to 5 were given 200 mg/kg/body weight (dissolved in PBS, pH 7.4) of nicotine through
intraperitoneal injection after they acclimatized for a week duration. Together with this,
after a period of 15 min, STZ with an amount of 55 mg/kg/body weight (dissolved in 0.1
M citrate buffer, adjusted to pH = 4.5) was intraperitoneally injected in order to induce
diabetes into the rats. Meanwhile, through the use of a tube, rat groups 3 to 4 were fed with
sesamin each day with an amount of about 20 and 60 mg/kg/body weight (dissolved in
5% carboxymethylcellulose) of sesamin, which started on the 8th day of the experiment.
Comparably, 250 mg/kg/body weight (dissolved in 5% carboxymethylcellulose) metformin
was fed into group 5 every day to serve as the positive control group. For 50 days of the
experiment, the blood glucose level was monitored through accumulating blood samples.
Sacrifice was after the end of the experiment on the 50th day, and the blood and organs were
removed for analysis. The experimental protocol was approved by the Ethics Committee of
Hungkuang University (Approved no. HK-10906), and significant measures were taken to
minimize animal distress.

4.2. Blood Glucose Monitoring

The rats were subjected to 8 h fasting prior to the collection of blood samples. After
eight hours, blood was accumulated from the tail vein, and the blood sugar level was
assessed by utilizing the one-touch blood glucose machine.

4.3. Detection of Glycosylated Hemoglobin (HbA1c)

Prior to the sacrifice, the blood collection was conducted eight hours after abstaining
from food through the eye socket blood collection. Meanwhile, using the blood tubes
that held K2EDTA, blood was collected, and the tools HbA1c HPLC Assay Kit (Catalog
Number: A1C31-H100, Eagle Biosciences, Amherst, NH, USA) were utilized in order to
analyze HbA1c levels.
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4.4. Determination of Serum Insulin Concentration

An ELISA kit was used to quantify the insulin concentration in rats. A total of 25 µL
of calibrator and serum was placed into a 96-well plate and washed with wash buffer six
times. Then, the TMB reagent was added. After the TMB reagent was reacted for 15 min,
50 µL of stop solution was added to the mixture. Afterward, an enzyme immunoassay
reader (ELISA Reader (Cat No: BioTek EPOCH2, Agilent Technologies, Inc., Santa Clara,
CA, USA)) was used to measure the absorbance at a wavelength of 450 nm.

4.5. Determination of Plasma Triglycerides, Cholesterol, Amylase, HDL, ALT, and AST

A biochemical blood analyzer (FUJI-DRC-CHEM 3500, Fujifilm, Kanagawa, Japan)
and commercially available test paper were used to determine the biochemical content
of the samples. Subsequently, 10 µL was dispensed onto the test paper and then placed
inside the test paper tank. Then, the paper was read using a blood biochemical analyzer to
determine the biochemical value immediately.

4.6. Antioxidant Enzyme Assay

The liver tissue was obtained after the sacrifice of the rat for antioxidant enzyme assay.

4.6.1. Determination of Glutathione Peroxidase (Glutathione Peroxidase, GPx)

In establishing the GPx concentration in liver tissues, the commercial GPx assay kit
(Cayman, Ann Arbor, MI, USA, Item No. 703102) was utilized. Next, 0.1 g of liver tissue
were taken and added into a homogenized tube, and 1 mL of homogenization solution
(50 mM Tris-HCl, 5 mM EDTA, and 1 mM DTT) were mixed in a tube and next placed
in ice. Afterward, tissues were grounded using the tissue grinder (Glas-Col 099D GT31,
Glas-Col, Terre Haute, IN, USA) and then centrifuged at 10,000 rpm at 4 ◦C for 15 min.
Subsequently, the reagents and supernatant were mixed and incubated at room temperature
for ten minutes to make them react. Once reacted, the absorbance at wavelength 340 nm
was measured using an enzyme immunoassay reader (ELISA Reader).

4.6.2. Determination of Superoxide Dismutase (SOD)

The commercial GPx assay kit (Cayman, Ann Arbor, MI, USA, Item No. 706002) was
utilized in order to establish the GPx concentration in liver tissues; 0.1 g of liver tissue was
placed inside a tube. Then, 1 mL of homogenization solution (20 mM HEPES buffer, 1 mM
EGTA, 210 mM mannitol, and 70 mM sucrose) was added into the same tube and placed
in ice. Afterward, tissues were grounded by utilizing the tissue grinder (Glas-Col 099D
GT31) and were centrifuged at 1500 rpm at 4 ◦C for 15 min. Subsequently, the reagents and
supernatant were mixed and incubated at room temperature for ten minutes to make them
react. Once reacted, the absorbance at wavelength 450 nm was measured using an enzyme
immunoassay reader (ELISA Reader).

4.6.3. Determination of Catalase (CAT) Activity

The concentration of CAT in liver tissue was determined using a commercial SOD
assay kit (Cayman Ann Arbor, MI, USA, Item No. 707002), and 0.1 g of liver tissue were
taken and added into a homogenized tube, and 1 mL of homogenization solution50 mM
potassium phosphate and mM EDTA were mixed in a tube and were next placed in ice.
Afterward, a tissue grinder (Glas-Col 099D GT31) was used to grind the tissue. The samples
were centrifuged (10,000 rpm, 4 ◦C, 15 min). The supernatant was mixed evenly with the
reagents and placed at room temperature for 10 min until it reacted. Once reacted, the
absorbance value at wavelength 450 nm was measured using an enzyme immunoassay
reader (ELISA Reader).
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4.7. Histological Studies
4.7.1. Tissue Embedding and Sectioning

The tissue pieces of about 0.5 cm squares that were removed from the pancreas were
placed in 10% neutral formalin to fix their tissue shape and structure. Then, ethanol with
different concentrations (30%, 50%, 70%, 95%, and 99.5%) and xylene were used for the
dehydration and clearing steps, respectively. After the clearing steps, xylene was replaced
with hot paraffin solution and finally embedded the tissue with paraffin solution. The
completed paraffin specimens were cut into 5 µm serial paraffin sections with a microtome,
and the cut sections were stuck on clean glass slides, dried at 37 ◦C, and used for further
pathological staining.

4.7.2. Haematoxylin-Eosin (H&E) Staining

Tissues of the pancreas were soaked for 30 min in xylene to be deparaffinized. After
the deparaffinization, the tissues were submerged in varying ethanol concentrations for
another 30 min to rehydrate them and soaked for 10 min in distilled water. The cell nuclei
were stained by being soaked in hematoxylin for 30 s and were washed with distilled
water for several minutes afterward. The cell nuclei were then stained using eosin for two
to five minutes and rewashed using distilled water. The cells were dried by immersing
them in different ethanol concentrations for 30 s following the staining procedure. Xylene
was utilized for the cleaning procedures after two rounds of dehydration were completed.
Finally, the tissues were sealed with a cover slip.

4.8. Statistical Analysis

The one-way analysis of variance or ANOVA was performed through the use of a
digital statistical software called the Statistical Package for the Social Sciences or SPSS
Statistics 22.0 computer, and data were expressed as mean ± SD. When the F value is
deemed notable, Duncan’s test is used to differentiate the comparisons between the groups,
and resulting in a p < 0.05 would be a significant difference.

5. Conclusions

This study focused on the most active component of sesame that can lower blood
glucose levels and its mechanism of action in regulating blood glucose. In this animal
experiment, it was found that the rats treated with sesamin could lower blood sugar and
reduce HbA1C. In histopathological examination, it was discovered that rats treated with
sesamin had more pancreatic B cells, which stimulated insulin secretion. In addition,
sesamin’s capacity to inhibit key processes in lipid synthesis and enhance cholesterol
metabolism revealed its potential to ameliorate the adverse consequences of diabetes.
Observations of the livers of diabetic rats treated with sesamin revealed a considerable
decrease in the activity of AST and ALT enzymes, which may imply a reversal of the
adverse effects of high blood glucose in diabetic rats and amelioration of liver damage
caused by STZ. As sesame seeds are frequently added to breakfast or other meals, this study
encourages their potential role in alleviating the symptoms of diabetes under a certain dose
of dietary intake.
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