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Introduction: As herbal drugs have the potential to influence the therapeutic outcomes of 
pharmaceutical drugs, we investigated the effects of co-administration of Teucrium polium L. 
extract (TP) and Glibenclamide (Glib) on pancreatic islets in diabetic rats. 
Methods: Male Wistar rats were separated into six distinct groups (n=8). The control and 
sham control (normal saline), while four diabetic rats received different treatments (normal 
saline, Glib (5mg/kg), TP (200mg/kg), or co-administration of TP and Glib), via gavage, for 6 
weeks. Induction of diabetes was performed with Streptozotocin injection, intraperitoneally at 
a dose of 55 mg/kg. The animals were anesthetized, and their dissected pancreases were fixed 
in 10% Formalin. Stereological assessments were done to determine pancreas volume, islet 
volume, volume density of islets relative to the pancreas, and the number of beta and apoptotic 
cells within the islets. Ultimately, the data analysis was conducted using SPSS and ANOVA.
Results: Histological examinations revealed that the administration of TP, Glib, and their co-
administration did not non-significantly increase the islet volume and volume density of islets 
relative to the pancreas in diabetic rats. However, treatment with these drugs led to an increase 
in the number of beta-cells and a decrease in the number of apoptotic cells within the islet. 
Notably, co-administration of these drugs did not yield significant differences compared to 
individual treatments. 
Conclusion: This study demonstrates that TP and Glib have similar impacts in streptozotocin-
induced diabetic rats. Co-administration of the two agents did not lead to a statistically 
significant difference compared with either treatment alone.
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Type I diabetes stands as an autoimmune disorder char-
acterized by the targeted destruction of beta-cells within 
the pancreatic islets. This immune-mediated assault on 
beta-cells leads to a disruption in insulin production, ul-
timately affecting the myriad functions associated with 
insulin. The result is hyperglycemia. Histological exam-
inations of the pancreas in diabetic rats underscore the 
dramatic reduction in pancreatic islets. The remaining is-
lets exhibit signs of atrophy, with smaller and irregularly 
shaped structures. Inflammatory cells infiltrate the islets 
and their immediate surroundings, further exacerbating 
the degenerative changes. These changes are marked by 
the loss of granules and cytoplasm in beta-cells, render-
ing them darker with the presence of vacuoles and com-
pacted nuclei. Moreover, there is a significant decline in 
the number of beta-cells within each islet. The dearth of 
insulin production results in the inability of body cells to 
uptake glucose, promoting fat breakdown and glucone-
ogenesis (Ashrafihelan et al., 2010; Kasper et al., 2005). 
Given these profound metabolic disturbances, the fore-
most objective in diabetes treatment is the regeneration 
of islets and the restoration of beta-cells. 

Diabetes treatment encompasses both chemical and 
herbal approaches. Presently, Glibenclamide represents 
one of the commonly utilized chemical drugs for dia-
betes management. Categorized as a Sulfonylurea drug, 
it is prescribed in 5 mg tablet form to diabetic patients. 
Glibenclamide operates by stimulating insulin release 
through exocytosis from pancreatic cells, resulting in 
blood glucose reduction (Eliasson et al., 1996; Flatt et 
al., 1994). Several studies have also indicated that Glib-
enclamide can improve diabetes-induced alterations in 
pancreatic islets (Akinlolu et al., 2015; Kumar et al., 
2013).

Traditional medicine presents a rich source of diverse 
herbal remedies for diabetes management, with Teucri-
um polium L. (TP) being a notable example. TP belongs 
to the Labiatae family and is characterized by small 
clusters of pink to white flowers. It thrives in the des-
erts and hills of Mediterranean regions, Europe, North 
Africa, and South Western Asia, and has been used 
since the time of Hippocrates and Galen (Ardestani et 
al., 2008). TP can enhance insulin secretion, leading to 
a subsequent reduction in blood glucose concentrations 
(Asghari et al., 2020; Solati et al., 2013). In addition to 
anti-diabetic effects, TP also has another effect, includ-

ing anti-inflammatory (Tariq et al., 1989), antioxidant 
and anti-ulceric (Loucif 2023), antipyretic and antiseptic 
(Alreshidi et al., 2020; Capasso et al., 1984), analgesic 
(Baluchnejadmojarad et al., 2005), and antispasmodic 
(Parsaee and Shafiee-Nick 2006). 

The growing inclination toward herbal remedies has 
fostered their concomitant use with conventional chem-
ical medications. However, it is important to recognize 
that certain herbal remedies may interact with and modi-
fy the therapeutic effects of chemical drugs (Lorenzati et 
al., 2010). Teucrium polium (TP) has been traditionally 
used for its anti-diabetic, antioxidant, and beta-cell re-
generative properties. On the other hand, Glibenclamide 
is a commonly used chemical drug that stimulates in-
sulin secretion from beta-cells. However, the combi-
nation of these two agents has been rarely investigat-
ed. In light of this context, we formulated a hypothesis 
that co-administration of TP extract and Glibenclamide 
would prove more efficacious in diabetes management 
than Glibenclamide alone. Consequently, the objective 
of the current study is to examine the impacts of TP 
when co-administered with Glibenclamide on islets of 
the pancreas using precise stereological methods in rats 
with STZ-induced diabetes.

Material and Methods
Animals 
Procedures involving animals were in-accordance 

with the Guide for the Care. Forty-eight male Wistar 
rats, weighing between 200–250 grams and aged 6–8 
weeks, were housed under controlled environmental 
conditions (22–24 degrees centigrade and 12-hour light/
dark cycle with natural light). They had ad libitum ac-
cess to a standard pellet diet and tap water.

Induction of Experimental Diabetes
To induce experimental type 1 diabetes, after a 12-

hour fasting period, rats received a single intraperitoneal 
injection of streptozotocin (Sigma, 55 mg/Kg of body 
weight), dissolved in 0.9% NaCl. After a 72-hour peri-
od following streptozotocin (STZ) injection and while 
fasting, blood samples were collected from the tail vein, 
and blood glucose concentrations were measured using 
a glucometer (Easy GlucoTM, Infopia, Korea). The crite-
rion for classifying rats into the diabetic group is a blood 
glucose concentration exceeding 250 mg/dl (Sarkarizi 
et al., 2015).

Introduction
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Preparation of Hydro-Alcoholic Teucrium polium L. 
Extract

Fresh leaves of TP were collected from southern 
Khorasan, Iran. The plant was identified by an expert 
botanist from the division of pharmacognosy, Ferdowsi 
University, Mashhad, Iran (Herbarium No. 152-2016-
4). Subsequently dried at room temperature. 200 grams 
of the dried leaves were milled into a fine powder, which 
was then soaked in 1 liter of 50% ethanol for 48 hours 
in the dark. The obtained solution was filtered by or-
dinary filter paper, and subsequently dried on a Bain 
Marie (Mamert, Germany) at 40 degrees centigrade for 
36 hours. The TP extract was maintained at -20 degrees 
centigrade until it was required for further application, 
and the selected dosage for TP administration was 200 
mg/kg (Sarkarizi et al., 2015).

Experimental Design
Rats were randomly divided into 6 groups (n=8). The 

groups received the following treatments:
1. Control (Cont): standard diet and tap water. 2. Sham 

control (ShamCont): 0.9% NaCl. 3. Diabetic control 
(Dia): 0.9% NaCl. 4. Diabetic treated with hydro-alco-
holic Teucrium polium L. extract (Dia+TP): 200 mg/
kg TP extract. 5. Diabetic treated with Glibenclamide 
(Dia+Glib): 5mg/kg Glibenclamide (Ebrahimi et al., 
2020). 6. Diabetic co-treated with hydro-alcoholic Teu-
crium polium L. extract and Glibenclamide (Dia+TP-
Glib): 200 mg/kg hydro-alcoholic TP extract with 5 mg/
kg Glibenclamide.

The experimental protocol spanned 6 weeks (Ashrafi-
helan et al., 2010) (for diabetic groups, starting 72 hours 
after STZ injection). The NaCl, TP, and Glibenclamide 
were administered once daily by oral gavage.

Blood Sampling
Fasting blood samples were obtained at the first, and 

on days 7, 21, and 42 following the initiation of treat-
ment from the retro-orbital venous plexus. Plasma glu-
cose, triglyceride, and cholesterol concentrations were 
determined using enzymatic kits (Betagen, Iran) and a 
Photometer (Convergys®100, Germany). Furthermore, 
the body weight of the rats was measured on the same 
days (Fig. 1).

Tissue Preparation
Upon completion of the study, every rat was eutha-

nized. After performing a laparotomy and dissecting the 
rat pancreas, tissue samples were placed in cold 0.9% 
NaCl, and their adipose tissues were removed. Fixation, 
tissue processing, and paraffin embedding were done. 
Each pancreas was exhaustively sectioned into 5μm 
thickness and stained with H & E to measure pancreas 
and islet volume (Rezagholizadeh et al., 2022), modi-
fied Gomori aldehyde fuchsin to detect beta-cells, and 
the TUNEL technique to detect apoptotic cells. 

Quantification Analysis of Pancreas and Islet Volume
After H & E staining, section images were captured by 

a light microscope (BX51, Japan) connected to a cam-
era (DP12, Japan). A fine grid of points was superposed. 
The points that made contact with the pancreas and is-
lets were counted. The following formula was used to 
estimate the volume of the pancreas and volume of islets 
(Heidari et al., 2008):

estV: Estimation of the pancreas/Islets volume.                              
Sum of the number of points landing within the pancre-
as/Islet’s profiles. a/p: Area associated with each point. 
t: Distance between sections. M: Magnification. The ob-
jective lens was 10x. Volume density of islets relative to 

FIGURE 1.FIGURE 1. Timeline illustrating the experimental protocol, including the induction of diabetes, treatment periods, blood sampling days, and 
tissue collection.

∑p:
𝑚𝑚

𝑖𝑖=1
 : 
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the pancreas was also measured.

Quantification Analysis of the Number of Beta-Cells 
and Apoptotic Cells within the Islets

The number of beta-cells (Nβ) and TUNEL-positive 
cells per unit area (NA) was measured according to stan-
dard morphometric procedures. The sections were digi-
tally photographed using a ×40 objective lens. The num-
ber of these cells was counted using a counting frame 
and the following formula (Sarkarizi et al., 2020):

Nβ or NA: Beta or apoptotic cells number per unit area. 
ΣQ: total of calculated particles in islets. a/f: area corre-
sponding to each frame. ΣP: total of calculated frames 
in sections.

Statistical Analysis
Data were presented as the mean±S.E.M. Statistical 

evaluations were carried out using SPSS 13.5. One-
way ANOVA was used to compare differences between 
groups. For analysis of time-dependent differences 
(body weight and plasma glucose, triglyceride, and cho-
lesterol levels measured over time), a repeated measures 
ANOVA was performed. In this analysis, the indepen-
dent factor was group, and the repeated factor was time. 
Post hoc comparisons were performed using Tukey’s 
test. A significance threshold of P<0.05 was used.

In this study, the sham control group was included to 

account for the potential effects of oral gavage. There-
fore, comparisons were made between the diabetic 
control and sham control groups to evaluate the effects 
of STZ injection independently of the oral gavage pro-
cedure. Additionally, treatment groups were compared 
with the diabetic control to assess the effects of the ad-
ministered drugs using oral gavage.

Result
Rat Body Weight
Induction of diabetes significantly decreased the rat 

body weights on days 21 and 42 in comparison to the 
sham control group (P=0.01). Treatment with TP ex-
tract, Glibenclamide, and co-administration of them ef-
fectively prevented the loss of body weight in diabetic 
rats on day 42 (P=0.01, P=0.01, P=0.001, respectively) 
in comparison to the diabetic control group. Notably, 
co-administration of TP and Glibenclamide did not ex-
hibit a significant difference in body weight improve-
ment compared to diabetic rats treated with TP or Glib-
enclamide alone (P>0.05, Table 1).

Plasma Glucose, Triglyceride, and Cholesterol Con-
centrations

Initially, the plasma glucose, Triglyceride, and Cho-
lesterol concentrations in different groups were within 
the normal range. Induction of diabetes significantly 
increased all of them on days 7, 21, and 42 in compar-
ison to the sham control group (P=0.01, P=0.001, and 
P=0.001, respectively, for each day). Treatment of dia-
betic rats with TP extract, Glibenclamide, and co-admin-

TABLE 1: TABLE 1: Rat Body Weight (gr)

Groups At the first Day 7 Day 21 Day 42

Cont 210.52±12.11 218.38±13.41 245.63±11.26 266.13±15.47

ShamCont 208.34±11.24 212.22±14.32 240.35±12.37 261.76±13.64 

Dia 211.24±13.44 205.88±18.13 162.75±17.29 a 159.88±20.22 a

Dia+TP 209.55±14.21 203.25±19.17 216.38±23.48 235.13±18.73 b

Dia+Glib 212.47±10.99 228.25±14.28 219.88±20.44 231.75±21.43 b

Dia+TP-Glib 210.82±13.25 210.14±12.5 233.43±19.91 248.11±17.49 c

Values were expressed as Mean±S.E.M. Cont: Control, ShamCont: Sham control, Dia: Diabetic control, Dia+TP: Diabetic treated 
with TP extract, Dia+Glib: Diabetic treated with Glibenclamide, Dia+TP-Glib: Diabetic treated with TP extract and Glibenclamide 
(n=8). a P= 0.01 compared to the sham control group. b P= 0.01 compared to the diabetic control group. c P= 0.001 compared to 
the diabetic control group.
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istration of them effectively prevented the increase in 
plasma glucose, Triglyceride, and Cholesterol concen-
trations when compared to the diabetic control group, 
especially on days 21 (P=0.01, P=0.001, and P=0.001, 
respectively, for each concentration) and 42 (P=0.001, 
for each concentration). Notably, co-administration of 
TP and Glibenclamide did not show a significant differ-
ence in these concentrations compared to diabetic rats 
treated with TP or Glibenclamide alone (P>0.05, Table 
2, 3, and 4).

Pancreas and Islet Volume, and Volume Density of Is-
lets Relative to the Pancreas

Comparing the mean pancreas volume between dif-
ferent groups did not show any significant difference 
(P>0.05, Fig. 2 and 3A). This study demonstrated that 

induction of diabetes significantly decreased the islet 
volume and volume density of islets relative to the pan-
creas in comparison to the sham control group (P<0.05). 
Yet, no significant differences were found in them after 
treatment with TP, Glibenclamide, or co-administration 
of TP and Glibenclamide when compared to the diabetic 
control group (Fig. 2 and 3B and C).

Number of Beta (Nβ) and Apoptotic (NA) Cells within 
the Islet

Results obtained from modified Gomori Aldehyde 
Fuchsin staining and TUNEL technique revealed that 
induction of diabetes significantly decreased Nβ and in-
creased NA within the islets in comparison to the sham 
control group (P<0.05). Treatment of diabetic rats with 
TP, Glibenclamide, and their co-administration signifi-

TABLE 2: TABLE 2: Plasma Glucose Concentration (mg/dl)

Groups At first Day 7 Day 21 Day 42

Cont 105.42±6.24 107.57±8.45 107.31±4.38 106.57±6.75

ShamCont 102.24±4.15 105.41±8.3 108.63±6.78 104.28±4.99

Dia 103.5±8.2 331.5±12.1a 389.36±14.24b 495.08±14.49b

Dia+TP 104.44±4.6 306.35±6.76 268.73±16.74c 137.84±14.68d

Dia+Glib 105.1±6.8 311.75±10.55 226.5±12.32c 122.3±6.91d

Dia+TP-Glib 101.66±8.95 301.4±8.18 230.4±14.12c 109.85±10.87d

Values were expressed as Mean±S.E.M. Cont: Control, ShamCont: Sham control, Dia: Diabetic control, Dia+TP: Diabetic treated 
with TP extract, Dia+Glib: Diabetic treated with Glibenclamide, Dia+TP-Glib: Diabetic treated with TP extract and Glibenclamide 
(n=8). a P = 0.01 compared to the sham control group. b P= 0.001 compared to the sham control group. c P= 0.01 compared to the 
diabetic control group. d P= 0.001 compared to the diabetic control group.

TABLE 3: TABLE 3: Plasma Triglyceride Concentration (mg/dl)

Groups At first Day 7 Day 21 Day 42

Cont 75.36±4.5 74.2±5.3 79.25±3.8 76.98±4.7

ShamCont 74.86±5.1 78.24±4.9 77.34±5.4 79.74±6.2

Dia 78.41±4.7 177.98±11.3a 225.82±23.33b 260.21±28.12b

Dia+TP 74.12±5.5 176.69±13.2 111.27±10.4d 90.31±8.7 d

Dia+Glib 77.36±4.2 138.09±11.5c 112.75±9.4 d 93.52±7.9 d

Dia+TP-Glib 79.66±4.5 127.64±12.4c 102.71±10.4 d 83.57±8.8 d

Values were expressed as Mean±S.E.M. Cont: Control, ShamCont: Sham control, Dia: Diabetic control, Dia+TP: Diabetic 
treated with TP extract, Dia+Glib: Diabetic treated with Glibenclamide, Dia+TP-Glib: Diabetic treated with TP extract and 
Glibenclamide (n=8). a P = 0.01 compared to the sham control group. b P= 0.001 compared to the sham control group. c P= 0.01 
compared to the diabetic control group. d P= 0.001 compared to the diabetic control group.
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cantly increased Nβ and decreased NA when compared 
to the diabetic control group (P<0.05). However, co-ad-
ministration of TP and Glibenclamide did not show a 
significant difference in Nβ and NA compared to diabetic 
rats treated with TP or Glibenclamide alone (Fig. 4-6).

Discussion
In this research, we evaluated the impacts of Teucrium 

Polium (TP), Glibenclamide, and their co-administra-
tion on various parameters, including body weight, plas-

FIGURE 2.FIGURE 2. Photomicrographs illustrating the rat pancreas in different groups. Cont: Control, ShamCont: Sham control, Dia: Diabetic control, 
Dia+TP: Diabetic treated with TP extract, Dia+Glib: Diabetic treated with Glibenclamide, Dia+TP-Glib: Diabetic treated with TP extract and 
Glibenclamide. Arrows show pancreatic islets. (H & E ×10).
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ma glucose, triglyceride and cholesterol concentrations, 
pancreas volume, islet volume, volume density of islets 
relative to the pancreas, the number of beta-cells, and 
apoptotic cells in diabetic rats. The results of our inves-
tigation indicate that the effects of TP extract are similar 
to the effects of Glibenclamide, and co-administration 
of these substances did not lead to any remarkable dif-

ferences compared to separate administration.
Previous studies have indicated that diabetes induces 

degenerative changes within the pancreatic islets, char-
acterized by the darkening and shrinkage of cell nuclei, 
followed by a reduction in the number of beta-cells and 
a subsequent decrease in islet volume (Ashrafihelan et 
al., 2010). Similarly, in the present study, administration 

TABLE 4: TABLE 4: Plasma Cholesterol Concentration (mg/dl)

Groups At first Day 7 Day 21 Day 42

Cont 76.25±3.5 73.23±7.4 79.57±5.2 78.85±8.3

ShamCont 74.62±5.5 77.19±7.7 75.88±4.8 79.42±6.7

Dia 78.42±6.4 118.15±11.4a 165.46±14.3b 199.53±17.1b

Dia+TP 69.23±4.9 120.23±10.2 101.16±12.2c 84.63±9.3c

Dia+Glib 74.18±5.7 116.11±11.7 99.5±10.6c 90.75±8.5c

Dia+TP-Glib 70.83±8.1 102.36±9.9 93.48±10.4c 77.94±8.8c

Values were expressed as Mean±S.E.M. Cont: Control, ShamCont: Sham control, Dia: Diabetic control, Dia+TP: Diabetic 
treated with TP extract, Dia+Glib: Diabetic treated with Glibenclamide, Dia+TP-Glib: Diabetic treated with TP extract and 
Glibenclamide (n=8). a P= 0.01 compared to the sham control group. b P= 0.001 compared to the sham control group. c P= 0.001 
compared to the diabetic control group.

FIGURE 3.FIGURE 3. Pancreas volume (A), Islet volume (B), and Volume density of islets relative to the pancreas (C) in different groups. Values 
were expressed as mean±S.E.M. Cont: Control, ShamCont: Sham control, Dia: Diabetic control, Dia+TP: Diabetic treated with TP extract, 
Dia+Glib: Diabetic treated with Glibenclamide, Dia+TP-Glib: Diabetic treated with TP extract and Glibenclamide (n=8). * P< 0.05 compared 
to the sham control group.
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of STZ led to an increase in apoptosis and a reduction in 
beta-cell number, resulting in a decrease in islet volume 
and volume density of islets relative to the pancreas. 
Furthermore, consistent with previous studies, the re-
duction in the number of Beta cells leads to decreased 

insulin levels, resulting in impaired glucose uptake by 
body cells. Consequently, plasma glucose concentration 
rises, which is accompanied by an increase in triglycer-
ide and cholesterol concentrations (Kasper et al., 2005). 
These elevated concentrations were associated with de-

FIGURE 4.FIGURE 4. Photomicrographs illustrating the rat pancreatic islets in different groups. Cont: Control, ShamCont: Sham control, Dia: Diabetic 
control, Dia+TP: Diabetic treated with TP extract, Dia+Glib: Diabetic treated with Glibenclamide, Dia+TP-Glib: Diabetic treated with TP 
extract and Glibenclamide. Arrows show beta-cells within the islet. (Modified Gomori Aldehyde Fuchsin ×40).
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creased body weight in diabetic rats.
Given the growing interest in herbal medicines, there 

is a common practice of combining them with pre-
scribed chemical drugs. Some herbal drugs may amplify 
or reduce the therapeutic impacts of chemical drugs. In 

our study, we evaluated the effects of TP, a traditional 
herb with a long history of consumption, and Gliben-
clamide, a prescribed Sulfonylurea drug, on streptozo-
tocin (STZ)-induced diabetic rats.

Consistent with previous research, our findings 

FIGURE 5.FIGURE 5. Photomicrographs illustrating the rat pancreatic islets in different groups. Cont: Control, ShamCont: Sham control, Dia: Diabetic 
control, Dia+TP: Diabetic treated with TP extract, Dia+Glib: Diabetic treated with Glibenclamide, Dia+TP-Glib: Diabetic treated with TP 
extract and Glibenclamide. Arrows show TUNEL-positive cell nuclei within the islet. (TUNEL ×40).
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demonstrate that both TP and Glibenclamide signifi-
cantly reduced hyperglycemia and hyperlipidemia in 
diabetic rats, and these effects were associated with in-
creased body weight. Numerous studies suggest that TP, 
by improving beta-cell sensitivity and Glibenclamide 
by blocking potassium channels, can enhance and stim-
ulate insulin secretion from the remaining pancreatic 
beta-cells, thereby preventing hyperlipidemia and pro-
moting anabolic processes that lead to increased body 
weight (Asghari et al., 2020; Eliasson et al., 1996). Our 
study implies that TP and Glibenclamide may have 
similar effects on these parameters, with no significant 
differences observed between the simultaneous admin-
istration of these two substances compared to their indi-
vidual use.

 Histologically, Vesal et al. reported that flavonoids 
(especially cuirestin present in TP) can reconstruct be-
ta-cells in STZ-induced diabetic rats (Vesal et al., 2003). 
Our investigations also revealed that TP administration 
was able to decrease the number of apoptotic cells and 
promote the reconstruction of islets, ultimately increas-
ing the number of beta-cells.

Akinlolu et al. have suggested that Glibenclamide 
can enhance pancreatic islets and potentially promote 
beta-cell regeneration (Akinlolu et al., 2015). Further-
more, Kumar et al. reported that Glibenclamide can re-
pair the necrotic and fibrotic changes in the islets and 
increase the number of beta-cells (Kumar et al., 2013). 
Our data support these findings, as Glibenclamide ad-
ministration could decrease apoptotic cells and increase 
beta-cells in the diabetic rat model. Although some in 
vitro investigations have reported that Glibenclamide 

may increase beta-cell apoptosis, these studies were not 
conducted in vivo and had different objectives, focusing 
on non-diabetic pancreases (Maedler et al., 2005; Sawa-
da et al., 2008).

Importantly, our investigations demonstrated that 
co-administration of TP extract with Glibenclamide for 
six weeks did not lead to significant differences com-
pared to separate administrations. This lack of differ-
ence could be attributed to the limitations imposed by 
remaining progenitor cells or the restricted regenerative 
capacity of beta-cells within diabetic islets of the pan-
creas.

Conclusion
The results of this study indicate that the effects of 

Teucrium Polium L. extract are similar to the effects 
of Glibenclamide, and the simultaneous usage of these 
substances did not yield any remarkable differences 
compared to separate administrations. This can be due 
to the decrease in the regeneration capacity of beta-cells 
following diabetes.
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