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Abstract

Background: Eryngium is a genus with 274 species, which belongs to the Umbelliferae family. The nine species of this genus are
endemic to Iran. The existence of terpenoids, saponins, flavonoids, and steroid components in most Eryngium species is the reason
behind their anti-inflammatory, anti-cancer, and especially, anti-diabetic effects among the well-known medicinal plants.
Objectives: This study aimed to evaluate the effects of anti-diabetic features of Eryngium thyrsoideum and caucasicum on streptozo-
tocin (STZ)-induced diabetic mice.

Methods: The extract of the plants’ dried samples was prepared by using 70% ethanol solvent and adopting the maceration method.
The mice were divided into eight groups, and the mice with a high blood glucose of more than 200 mg/dL were assigned to diabetic
groups. Diabetic animals received different doses of the extract orally or through intraperitoneal (IP) injection for eighteen days.
The animals were anesthetized by IP injection of ketamine and xylazine, and serum samples were isolated.

Results: The results showed that hydroalcoholic extract of E. thyrsoideum significantly reduced the blood sugar level in diabetic
groups receiving the extract (oral and IP) in low (100 mg/kg) and high (300 mg/kg) doses. Overall, oral glucose tolerance decreased
significantly after two hours. Coincidental management of STZ and 300 mg/kg of the extract consumed orally reduced the blood
sugar level remarkably. Serum malondialdehyde (MDA) and serum insulin levels significantly decreased and increased, respectively,
in the diabetic groups receiving low and high doses (oral and IP) of the E. thyrsoideum extract. In the case of E. caucasicum, no signif-
icant effect in terms of reducing blood sugar and other factors was observed.

Conclusions: In sum, receiving 100 mg/kg and 300 mg/kg of hydroalcoholic extract (oral and IP) decreased the blood sugar level,
while receiving oral glucose tolerance, serum MDA, and serum insulin caused a significant increase.
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1. Background

Diabetes mellitus (DM) is one of the crucial endocrine
diseases, classified as a chronic metabolic disorder. The
prominent feature of this disorder is hyperglycemia,
which causes symptoms such as atherosclerosis, stroke,
peripheral vascular disease, polyuria, polydipsia, polypha-
gia, retinopathy, neuropathy, nephropathy, glaucoma and
if left untreated, blindness (1-3). The prevalence of DM be-
came an epidemic, with 171 million infected people world-
wide in 2000, and it is predicted that it will reach 629 mil-
lion in 2045 (4). Risk factors that increase the suscepti-
bility to DM include high blood pressure, polycystic ovary

syndrome (PCO), overweight, age and gender, inactivity,
family history, and so forth (5, 6). Due to the high cost
of medicines and adverse side effects of chemical drugs,
the application of herbal medicines has been recently sug-
gested as an alternative treatment. Many reports have indi-
cated the effectiveness of various types of herbs in treating
diabetes therapy. Among the plants with medicinal prop-
erties, species of the genus Eryngium have a useful role
in lowering blood sugar. The given plants are widespread
throughout northern and central parts of Iran (7). Due
to their compounds such as flavonoids (8), coumarin (9),
saponin (10), tannin (11), caffeic acid (12), chlorogenic acid
(13), fatty acids, and terpenoids (14), these plants have sev-
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eral pharmacological effects, which can be antimicrobial
(14), anti-inflammatory (15), and antioxidant (16), etc.

2. Objectives

No study had investigated the significance of medici-
nal herbs in diabetes therapy and the anti-diabetic effects
of E. caucasicum and E. thyrsoideum; therefore, this study
aimed to evaluate the anti-diabetic effects of the extract
from these plants on diabetic mice.

3. Methods

3.1. Provision of Plant Samples and Plant Powders

Eryngium caucasicum and E. thyrsoideum were collected
from the Maragheh region, Iran, in August 2016. After
the identification, the herbarium samples with numbers
TBZ FPH 1250 and 1251 were deposited by the herbarium of
Tabriz University of Medical Sciences. The shoot parts of
the plants were dried in the open-air condition and con-
verted to a fine powder using an electric mill. The obtained
powder was extremely light and had a very low density.

3.2. Provision of Plant Extraction

Extraction was carried out by adopting the maceration
(soaking) method. First, 250 grams of plant shoot pow-
der were poured into a large, wide-mouthed Erlenmeyer
flask and added 70% ethanol equivalent; then, the con-
tents of the Erlenmeyer were stirred well to mix the pow-
der evenly into the solvent. Afterwards, the Erlenmeyer
head was covered with parafilm and placed away from sun-
light, and the contents of the Erlenmeyer were stirred ev-
ery 24 hours. When the solvent color was fixed, this pro-
ceeding was stopped, and the supernatant was filtered by
a filter paper; then, the resulting extract solvent was dried
by using an evaporator under low pressure and tempera-
ture, and kept in the freezer for testing.

3.3. Animals

This study was performed in several steps, including
the injection of streptozotocin (STZ), extracts gavage and
injection, blood sample collection, as well as mensuration
of serum insulin and malondialdehyde (MDA). To this end,
eighty male NMRI mice were purchased from Pasteur Insti-
tute, Iran. The mice were twelve weeks old with a weight
range of 30 g. They were kept under standard conditions,
including 12h light-dark, room temperature (20°C) with 60
+ 10% humidity, and were provided with suitable nutri-
tion until the initiation of the tests. Then they were ran-
domly divided into eight groups (n = 6), including group

1: Control group that received only water and food and
experienced no intervention; group 2: Diabetic control
group that received only STZ without medication; group
3: Diabetic group in which a low dose of extracts (100
mg/kg) was injected intraperitoneally; group 4: Diabetic
group in which a high dose of the extracts (300 mg/kg)
was injected intraperitoneally (17); group 5: Diabetic group
that received a low dose of extracts (100 mg/kg) by gavage
(oral); group 6: Diabetic group in which 300 mg/kg of ex-
tracts was gavaged; group 7: Control group in which 300
mg/kg of extracts was gavaged; and group 8: The group
that received STZ and gavaged with 300 mg/kg of extracts
simultaneously (for five days) (17-19).

3.4. Preparation of STZ

STZ is a powder which cannot be injected intraperi-
toneally directly; therefore, sodium citrate dihydrate
buffer should be used to dissolve STZ in order for per-
forming the intraperitoneal (IP) injection of STZ. Each mice
needs 150 mg/kg of STZ. Since STZ is sensitive to light, all
these steps should be followed in a dark place until injec-
tion (20, 21).

3.5. Stimulation of Diabetes in Mice by STZ

First, the mice were weighed, and their blood sugar
was measured. Then, 150 mg/kg of STZ was used for each
mouse based on his weight (20, 21). The measurement of
blood sugar was carried out using mice’s tails vein. In ad-
dition, STZwas injected after disinfection of mice tails with
70% ethanol. After three days, the monitored mice were
weighed, and their blood sugar was re-measured; then, the
mice with more than 200 mg/dL of blood sugar were as-
signed to diabetic groups, and the blood glucose of the di-
abetic mice was measured every three days (22).

3.6. Treatment of Diabetic Mice by Extract in IP/Oral form and
Their Surgery

Diabetic mice (i.e., groups 3, 4, 5, and 6) received the
extracts for 18 days, and were anesthetized using 80 - 100
mg/kg ketamine and 3 - 10 mg/kg xylazine on the 21st day
(23-25). The anesthetized mice were checked by adopting
the cervical dislocation method to ensure the vital signs
stop after anesthesia (26). The mice were placed on their
back, then their forelimbs were stretched out using a pin
on their front feet. A deep incision was made in the armpit
to create a cupped area. Afterwards, the blood vessels were
cut with a scalpel, and the blood was collected as it pooled.
The blood was centrifuged at 4500 rpm and 4°C for 30 min-
utes and refrigerated at 4°C for two hours, then the serum
of blood samples was kept at-70°C (27).
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3.7. Oral Glucose Tolerance (OGTT) Test

On the 18th day, the mice were gavaged 2 g/kg glucose
after12h of fasting. Blood samples were drawn from the tail
vein at zero (before using glucose) and 30, 60, and 120 min
after using the glucose (28).

3.8. Evaluation of Serum Insulin Levels

Enzyme-linked immunosorbent assay (ELISA) was car-
ried out for measuring the samples of serum insulin using
a Shibayagi kit. Biotin conjugated to insulin monoclonal
antibody was added in coated wells, including 10  serum
samples for 2 h at room temperature. After washing the
wells with wash buffer, streptavidin in conjugation with
horseradish peroxidase (HRP) was added and incubated
for 30 min. After washing again, chromogen reagent was
added to react with streptavidin-conjugated HRP residue
for 30 min, then the reaction was halted by adding the so-
lution. The absorption rate was measured at 450 nm using
a microplate reader (Bio-Rad, Hercules, CA, USA) (29).

3.9. Measuring of MDA Level

The level of MDA was evaluated using the colorimetry
method and thiobarbutyricacid reagent (TBARS)at350 nm
absorption rate according to the manufacturer’s protocol
(Jiancheng Institute of Bioengineering Company, Nanjing,
China) (30).

3.10. Measuring of Serum Total Antioxidant Capacity (TAC)

The serum total antioxidant capacity (TAC) was mea-
sured in plasma samples and assessed using the ferric re-
ducing ability of plasma (FRAP) method. This method is
based on the principle of the ferric-tripyridyltriazine com-
plex reduction to the ferrous form by the antioxidants of
a sample and causes the development of an intense blue
color, which is spectrophotometrically measurable at 593
nm. This change in absorbance is related to the antioxi-
dant capacity of the samples (31).

3.11. Statistical Analysis of Data

Data were represented as mean + SD (standard devi-
ations) and analyzed using one-way ANOVA and post-hoc
Tukey. The P < 0.05 was considered a significant variance.

4. Results

4.1. Evaluation of the Blood Sugar Change Rates

No remarkable changes were observed in blood sugar
rates in the control group during the test. The extract of
E. caucasicum was found ineffective in decreasing blood
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sugar or increasing blood insulin after repeating the exper-
iments for several times (data are not shown). Therefore,
the next experiments on E. caucasicum were halted, and the
experiments on extract of E. thyrsoideum were carried out.
As shown in Figure 1, the blood sugar level of the control
group gavaged with 300 mg/kg extract did not change sig-
nificantly in comparison with that of the control group.
The blood sugar level in the diabetic control group was in-
creased from the 3rd day onwards, and this increase was
significantly different from that recorded from the 6th day
onwards (P < 0.001). Blood glucose in the diabetic group
treated with 100 mg/kg extract by gavage, compared to
that in the diabetic control group, significantly decreased
on days 9th (P < 0.05),12th to 15th (P < 0.01), and 18th (P <
0.05), and it continued to decrease until the last days (P <
0.01). The blood sugar level of the diabetic group treated
with 300 mg/kg extract by gavage, compared to that of the
diabetic control group, showed a considerable decrease on
days 12th (P < 0.05), and this decrease became significant
from the days 12th until the last day of the test (P < 0.001).
Our finding revealed a significant decrease in blood glu-
cose levels of the diabetic group treated with the injection
of 100 mg/kg extract on days 12th and 15th (P < 0.001),18th
(P< 0.01),and 21st (P < 0.05). The blood glucose level of the
diabetic group treated with an injection of 300 mg/kg ex-
tract, compared to that of the diabetic control group, was
significantly reduced on days 12th (P < 0.01), 15th, 18th (P <
0.001), and the 21st (P < 0.01).

4.2. Blood Sugar Changes in Coincidental Management of STZ
and 300 mg/kg Extract

According to our findings about coincidental manage-
ment of STZ at a dose of 150 mg/kg by IP injection and ex-
tract (300 mg/kg) by gavage (oral), the blood sugar level of
the samples was significantly reduced compared to that of
the diabetic group on the 5th day (Figure 2).

4.3. Measurement of the Weight Changes

The weights of the control group and the control group
treated with 300 mg/kg extract by gavage increased during
the experiment (Figure 3). In addition, the diabetic control
group’s weight decreased significantly on the 3rd day (P <
0.05). The weight of diabetic group treated with100 mg/kg
(lowrange)and 300 mg/kg (high range) extracts by gavage
decreased during the experiment. The weight of diabetic
group treated with the low dose extract (100 mg/kg) by IP
injection decreased gradually during the test. Finally, a sig-
nificant reduction was observed in the weight of the dia-
betic group treated with 300 mg/kg extract by gavage on
the 3rd day compared to that of the diabetic control group,
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Figure 2. Alterations in blood sugar level of samples during coincidental management of STZ and 300 mg/kg extract by gavage (the data in the chart is reported as mean +

SEM).

and the weight continued to reduce during the test (P <
0.05).

4.4. Weight Alterations in Coincidental Management of STZ and
Extract with a Dose of 300 mg/kg

No changes were detected in the samples’ weights dur-
ing coincidental management of STZ ata dose of 150 mg|kg
byIPinjection and extract at a dose of 300 mg/kg by gavage
(oral), compared to the control (Figure 4).

4.5. Alterations in Blood Sugar on the Oral Glucose Tolerance
Test

Blood sugar levels in the control group and the con-
trol group treated with 300 mg/kg extract by gavage in-
creased 30 min after receiving the oral glucose, but they de-
creased slowly over time. Blood glucose level significantly
increased in the diabetic control group 30 min after receiv-
ing the oral glucose in comparison with that in the control
group (P< 0.001). No significant variation was observed in
blood sugar level of the diabetic groups treated with low
and high-dose extract by IP injection 30 min after receiv-

Jundishapur ] Nat Pharm Prod. 2023;18(1):e130824.



VaezHetal.

35 9
34 4
==@== Control
33 4
w=O== STZ (150mg/kg)
m 32 4 === Oral.E.t (100mg/kg)
=
-EO 31 Oral.E.t (300mg/kg)
3}
= «@-= Con.Oral.E.t (300mg/kg)
30 4
w=@e== [P.E.t (100mg/kg)
29 -
w=@== [P.E.t (300mg/kg)
28 L T Ll T : L] L]
1th 3th 6th 9th 12th 15th 18 th 21th
Day
Figure 3. Weight variation in control and diabetic groups (the data in the chart is reported as mean + SEM).
37 7
35 i
o (£ +5TZ)
33 7
0 el STZ (150 mg/kg)
g
5 3]
=
29 =
27 -
25 L] L) L)
1th 3th 5th
Day

Figure 4. Weight variation of samples during coincidental management of STZ and 300 mg/kg extract by gavage (the data in the chart is reported as mean + SEM).

ing the oral glucose; however, a significant decrease was
detected in blood sugar level of these groups after the ini-
tiation of the test (P > 0.001). The blood sugar level in-
creased in diabetic groups treated with low and high doses
of the extract by gavage 30 min after receiving the oral glu-
cose, but it decreased gradually over time. Finally, a signifi-
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cant decrease was discovered in blood sugar levels of these
groups at 120 min (P < 0.001) (Figure 5).

4.6. Investigation of Insulin Levels in Rat Serum

No significant change was found in serum insulin lev-
els of the control group treated with 300 mg/kg extract
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Figure 5. Changes in blood sugar in mice during the Oral Glucose Tolerance (OGTT) test (the data in the chart is reported as mean + SEM).

orally in comparison with those of the control group. In
addition, the level of serum insulin was significantly de-
creased in the diabetic control group in comparison with
that of the control group (P < 0.001). There was a remark-
able increase in serum insulin levels of diabetic groups
treated with 100 mg/kg extract in doses of 100 mg/kg by
gavage and 300 mg/kg extract by IP injection (P < 0.001)
(Figure 6).

4.7. Investigation of MDA in the Serum of Mice

No significant change was observed in serum MDA of
the control group treated with 300 mg/kg extract by gav-
age compared to that of the control group (Figure 7). Fur-
thermore, there was a significant increase in the diabetic
control group in comparison with the control group in this
regard (P < 0.001). Serum MDA was remarkably reduced in
diabetic groups treated with 100 mg/kg by gavage and 300
mg/kg extract by IP injection (P < 0.001).

4.8. Investigation of TAC in the Serum of Mice

The amount of serum TAC in the diabetic control group
was significantly higher than that in the healthy control
group (P < 0.05), which was increased due to the large ox-
idative stress induced by STZ. Although the elevation of TAC
occurred in both extract-receiving groups in comparison
to the healthy control group, there was no significant dif-
ference between the given groups and the diabetic control
group (Figure 8).

5. Discussion

This study mainly aimed to investigate the effects of
the extracts from two species of Eryngium on blood glucose,
serum insulin, and serum MDA in diabetic male mice. STZ
was used as a single dose to induce diabetes. After the in-
jection of STZ, the pancreatic beta cells alkylate DNA by glu-
cose transporter (GLUT2). DNA damage activates poly ADP-
ribosylation that leads to a decreased cellular NAD+ and
ATP. Eventually, STZ destroyes pancreatic beta cells (32). The
results of studies on species of the Eryngium genus have
indicated that the extracts from different species of this
plant have anti-different diabetic effects. The results of
Jaghabir’s study have shown that oral consumption of E.
creticum plant significantly reduces blood glucose concen-
tration (33). Astudy also found that glycosidic flavonols ob-
tained from the ethyl acetate fraction of the dried aerial
extract of E. caeruleum had anti-diabetic effects (34). Our
findings demonstrated that between two species of Eryn-
gium, only the hydroalcoholic extract of E. thyrsoideum had
the potential to decrease blood sugar and increase serum
insulin in diabetic groups receiving the extract by gavage
(oral)and IP injection in low and high doses in the last ten
days of the test (P < 0.001). In our study, however, no sig-
nificant change was detected in blood sugar or serum in-
sulin through the hydroalcoholic extract of E. caucasicum.
In 2019, a study investigating the anti-diabetic effects of
hydroalcoholic extract from E. caucasicum on diabetic rats
with STZ for 30 days found that this plant was not remark-
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Figure 7. Serum MDA levels among groups (the data in the chart is reported as mean + SEM; Con, control; IP, intraperitoneal; E.t, Eryngium thyrsoideum; STZ, streptozotocin).

ably effective in reducing blood sugar at 100 mg/kg extract
(35). Seemingly, different species of the plant have vari-
ous medical features based on their phylogenetic, growth
condition, different chemical constituents, or even the soil
compounds on which they grow. Our results from the sta-
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tistical data analysis, as well as the findings from previ-
ous studies on STZ, showed that STZ caused weight loss in
mice (36). Receiving E. thyrsoideum hydroalcoholic extract
by gavage and IP injection in 100 and 300 mg/kg doses was
found to reduce the weight of diabetic rats. To evaluate
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the effect of the hydroalcoholic extract of E. thyrsoideum
on glucose homeostasis in mice, Oral Glucose Tolerance
(OGTT) was used as an indicator to investigate the islets
of Langerhans’ function. When insulin secretion is insuf-
ficient, blood glucose levels can increase extremely within
two hours (after oral use of glucose), which indicates glu-
cose tolerance (37). The OGTT results of our study indi-
cated that the diabetic control group tolerated the high
level of glucose. However, no significant increase was ob-
served in blood sugar levels of the diabetic groups receiv-
ing hydroalcoholic extract at doses (100 mg/kg) and (300
mg/kg) by IP injection. No increase was detected in their
blood sugar level 30 min after receiving oral glucose, but
the decrease in blood sugar level was remarkable since the
initiation of the text (***P < 0.001). Moreover, the level
of blood sugar was increased in diabetic groups treated
with hydroalcoholic extract of the plant 30 min after re-
ceiving oral glucose at doses of 100 mg/kg and 300 mg/kg,
but this level was gradually decreased so that a consider-
able decrease was observed in blood sugar levels of these
groups after 120 min (***P < 0.001). Increased levels of ox-
idative stress act as a risk factor leading to insulin resis-
tance and metabolic syndrome in type 2 diabetes (38). Most
Eryngium species contain carotene and other antioxidant

compounds such as tannins, sucrose, saponins, and alka-
loids (39). In addition, acetylene, flavonoids, coumarin,
triterpenes, sesquiterpenes,and monoterpenes (40, 41) are
considered different compounds with antioxidant capa-
bility. New sources of natural antioxidants, such as the
methanolic extract of Eryngium leaves have been recog-
nized, which has a good antioxidant effect on H,0, in the
flowering stage, on NO in the non-flowering stage, and on
lipids through inhibition of their peroxidation. Methano-
lic extract of E. billardieri dramatically inhibits lipid per-
oxidation (42). To evaluate the protective effect of E. thyr-
soideum extract in diabetes induced by STZ, the coinciden-
tal management of STZ (IP) and 300 mg/kg extract was per-
formed on mice. Our study results revealed that diabetes
developed on the 3rd day; this implied that the gavage at
300 mg/kg extract had failed to completely protect the pan-
creatic beta cells from STZ damage and, therefore, mice
became diabetic on the 3rd day. Considering the thera-
peutic mechanism of antidiabetic drugs aiming at lower-
ing the blood sugar levels and increasing serum insulin
levels, our study results may have introduced two possi-
ble mechanisms regarding the function of the hydroalco-
holic extract of E. thyrsoideum. By way of explanation, the
plant extract may have been able to prevent further dam-
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age to pancreatic beta cells by STZ, or the extract of this
plant may have had the potential to stimulate the secre-
tion of insulin from the remaining healthy beta cells of
the pancreas. As anti-diabetic chemical drugs have various
side effects, finding novel anti-diabetic natural products
has been strongly suggested. Among the studied species
of Eryngium, only the anti-diabetic effect of E. thyrsoideum is
recognized since it increases the serum insulin and dimin-
ishes the serum MDA levels. In the current study, therefore,
the formulation of E. thyrsoideum extract as a natural anti-
diabetic drug was investigated. Furthermore, using natu-
ral drugs may help to reduce the dosage of chemical anti-
diabetic drugs as well as their side effects. Therefore, it was
recommended that further clinical human studies should
be conducted in this regard. However, the application of
this plant has some limitations which should be identified
and overcome by conducting more studies aiming at iden-
tifying its chemical and pharmacological properties, espe-
cially its effective compounds. It was also suggested that
robustand viable models should be developed to assess the
herb-insulin interactions before the extension of clinical
studies. The existing clinical evidence supports the appli-
cation of lower level of herbal medicine in the treatment
of diabetic; however, scant research attention has given to
the mechanisms of this plant activity and its mechanism
of action. Although the herb-drug interactions may often
produce therapeutic benefits via enhancing drug effects or
reducing adverse reactions, the potential risk factors asso-
ciated with these interactions and their concurrent appli-
cation with pharmaceutical medicines have not been ever
investigated in diabetic patients. In this study, therefore, it
was suggested that further studies should be carried out
to investigate: (1) the hydroalcoholic extract of the plant
in terms of phytochemistry in order for identifying its ef-
fective chemical and anti-diabetic compounds; (2) the an-
tidiabetic effect of the extract from this plant in other sol-
vents; (3) the antidiabetic effect of the essential oil from
this plant on a clinical level; and (4) the anti-diabetic func-
tional mechanism of the extract from this plant as well as
the effects of the studied plant extract comparatively and
simultaneously with several classes of anti-diabetic drugs
in order for recognizing the similarities of the functional
mechanisms of this plant’s extract.

5.1. Conclusions

Although two species of Eryngium were assessed for
their anti-diabetic effect, only E. thyrsoideum extract was
found to increase serum insulin and diminish serum MDA.
Itwas determined that the hydroalcoholic extract of E. thyr-
soideum significantly reduced MDA levels in both IP injec-
tion and gavage (oral) injection modes (***P < 0.001); this

Jundishapur ] Nat Pharm Prod. 2023;18(1):e130824.

suggested that the hydroalcoholic extract of the plant was
able toimprove antioxidantactivity in the bodyand reduce
the damage to body organs caused by oxidative stress. Ac-
cording to our study results, therefore, it was concluded
that the hydroalcoholic extract of E. thyrsoideum had the
potential to protect pancreatic beta cells from STZ damage
by stimulating the remaining healthy pancreatic beta cells
tosecretinsulin,and by increasing the serum insulin levels
alone, which contributed to the reduction of blood sugar
and serum MDA.
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