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Abstract
Objective: Sambucus ebulus (SE), a famous traditional Iranian medicine, is grown in the north of Iran. As a traditional 
medicine with anti-inflammatory effects, SE has been utilized against inflammatory joint diseases, insect bites, 
infectious wounds, edema, and eczema. Type1 diabetes, is an autoimmune disease, characterized by the destruction 
of pancreatic beta cells by the immune system. For the first time, we investigated the effect of methanolic extract of SE 
on CD4+, CD8+ and regulatory T cells in experimental type 1 diabetes (T1D). 

Materials and Methods: In this experimental study, fifty-six C57BL\6 mice in 8 groups (G1-G8), were enrolled. Diabetes 
was induced by a multiple low-dose streptozotocin (MLDS) protocol and mice were daily treated with SE extract at 200 
and 400 mg/kg doses, for 35 days. Fasting blood glucose was weekly measured by a glucometer. Islets insulin content 
was analyzed by immunohistochemistry. Percentage of CD4+, CD8+ and regulatory T cells and cytokines production 
levels were evaluated by flow cytometer and ELISA, respectively.

Results: The clinical symptoms of diabetes were significantly alleviated in G2 group mice which received 400 mg/
kg SE extract. Immunohistochemistry analysis showed that the insulin content of islets increased in G2 group mice. 
Immunophenotyping analysis indicated that the percentage of CD4+ and CD8+ T cells in G2 group mice was significantly 
decreased. SE extract significantly increased the percentage of regulatory T cells. The extract in G2 and G4 groups 
mice significantly decreased IFN-γ and IL-17levels. The extract significantly increased IL-10 in G2 group mice.    

Conclusion: The protective effect of SE extract in MLDS-induced diabetes could be partly due to a decrease of CD4+ 
and CD8+ T cells and an increase of Treg cells resulting in an inflammation reduction in the pancreatic islets.  
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Introduction
Type 1 diabetes (T1D) is the most prevalent chronic 

metabolic disorder of younger adults in which progressive 
destruction of insulin-producing β-cells leads to the loss 
of glucose homeostasis (1). Its prevalence in Iran was 
estimated to be 11.4% during 2015-2016 (2). Although 
humoral immunity contributes to the onset of T1D, 
the disease is generally proposed as a T cell-driven 
autoimmune disease (1, 3).

Both CD4+ and CD8+ T cells have been considered key 
effectors involved in T1D development and progression 
(4). Based on non-obese diabetic (NOD) mice and T1D 
human studies, dysregulation of homeostasis in cytokines 
produced by different T cell subsets is believed to induce 
islet cell inflammation (5). Cytotoxic CD8+ T cells are the 
prominent T cells infiltrating the islets that mediate direct 

β-cell destruction through perforin and granzyme B (6). 
CD8+ T cells producing interferon gamma (IFN-γ) and 
tumor necrosis factor alpha (TNF-α) as the predominant T 
cell population infiltrate the islets of patients who died at 
the onset of T1D (1). Deficient major histocompatibility 
complex class I (MHC-I) NOD mice are resistant to T1D 
(7). 

Islet CD4+ T cells destruct β-cells through secretion 
of pro-inflammatory cytokines (8). T helper 1 (Th1) 
response can worsen destruction of pancreatic β-cells that 
leads to hyperglycemia in T1D (9). Th1 cells accelerate 
T1D progression by producing IFN-γ and interleukin-2 
(IL-2), while Th2 cytokines have a protective function 
in the disease (6, 10). However, Th2 and regulatory T 
cells (Tregs) have defects in the initiation of T1D so they 
are unable to control the disease progression (11). The 
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severity of inflammation in the pancreas is closely related 
to an increased expression of pro-inflammatory cytokines 
such as IFN-γ and TNF-α and a concomitant reduction 
in IL-4, IL-5 and IL-10 levels (9). Th17 cells can cause 
local inflammation and as a result, they can play a role 
in diabetes development. Inhibition of IL-17 function by 
therapeutic agents or targeting IL-17-producing cells that 
contribute to diabetes shows that IL-17 is an important 
cytokine in T1D pathogenesis (12). Furthermore, a 
fundamental role has been attributed to Treg cells in the 
regulation of immune tolerance and the self-reactive 
response during the progress of this disease (13). 

Therapeutic approaches including diet, exercise, 
transplantation, and pharmaceutical therapy have been 
used for T1D management (14). Nowadays, traditional 
herbal medicine is highly regarded as a promising strategy 
in the management of the disease. Plant-derived agents, 
with the same efficacy, overcome adverse effects of 
previous therapies (15). Sambucus ebulus (SE), from the 
Caprifoliaceae family, extensively grows in the northern 
regions of Iran, has been shown to have anti-inflammatory 
and anti-nociceptive effects (16). In Iranian traditional 
medicine, leaves, rhizomes, and roots of the plant have 
been utilized against inflammatory joint diseases, bee and 
nettle bites, arthritis and sore throat. Furthermore, SE has 
been reported to be useful in the treatment of burns and 
infectious wounds, edema and eczema (17).

The aim of the present research was to examine the anti-
diabetic and anti-inflammatory effects as well as CD4+ 
and CD8+ T cell subsets cytokine pattern following the 
use of SE leaves extract in streptozotocin (STZ) induced- 
T1D.

Materials and Methods
Preparation of Sambucus ebulus extract

SE leaves were collected from Sari, Iran in September 
2015. The voucher species of the plant has been deposited in 
the herbarium of the Faculty of Pharmacy, Sari University 
of Medical Sciences (herbarium No. 87). The leaves were 
air-dried at room temperature and then coarsely grounded 
before extraction. Here, 100 g of sample was fractionated 
by successive solvent extraction at room temperature 
using maceration with hexane (250 ml×3) then ethyl 
acetate (250 ml×3) and finally methanol (250 ml×3), 
respectively. The methanol extract (the 3rd fraction) was 
concentrated using a rotary vacuum evaporator (for about 
45 minutes at 35˚C) until a solid extract sample was 
obtained. The crude extract was freeze-dried for complete 
water removal. The extract was prepared in normal saline 
and tween 80 (5%) for pharmacological studies and kept 
at -20˚C until use.

Animals
In our experimental study, male C57BL/6 mice (age: 

6-8 weeks; weight: 18-21 g) were purchased from Pasteur 
Institute (Tehran, Iran). The mice were housed in cages 
(7 mice in each cage) with a 12/12 hours light/dark cycle 

and access to food and tap water in a ventilated room. 
Temperature and humidity of the room were held at 
25 ± 2ºC and 55-60%, respectively. All mice were fed 
with a pelletized normal commercial chow diet (Orient 
Bio., Seoul, Republic of Korea) for 7 days after arrival. 
After one-week adaptation, the animals under went 
the experiments. The study protocol was approved by 
the Animal Ethics Committee of Tehran University of 
Medical Sciences, Tehran, Iran (IR.TUMS.MEDICINE.
REC.1398.618).

Diabetes induction
Experimental autoimmune diabetes was induced using 

multiple low-dose streptozotocin (MLDS) protocol that 
closely resembles inflammatory changes within the 
pancreas in humans. Streptozotocin (STZ, Sigma, USA) 
was dissolved in 0.1 M citrate buffer (pH=4.5). The 
freshly prepared STZ was injected within 10 minutes. 
Mice were injected intraperitoneally (i.p.) with STZ 40 
mg/kg daily for 5 consecutive days. Blood glucose levels 
in mice were measured after 6 hours of fasting. Fasting 
blood sugar (FBS) concentration was measured in the 
blood drawn from the tail vein on days 0 (one day before 
the first dose of STZ), 7, 14, 21, 28, 35 using a glucometer 
Test-strips (Accu-Check instant, Boehringer Mannheim 
Corporation, Indianapolis, IN, USA). Mice with FBS 
over 250 mg/dl were considered diabetic.

Experimental design

To investigate the efficacy of SE extract in the prevention 
and treatment of STZ diabetes, animals were randomly 
divided into 8 experimental groups (7 mice in each 
group) as follows. G1: mice received both STZ (40 mg/
kg, i.p.) and SE extract (200 mg/kg) simultaneously; G2: 
mice received both STZ (40 mg/kg, i.p.)  and SE extract 
(400 mg/kg) simultaneously; G3: STZ diabetic mice 
received 200 mg/kg SE extract 15 days after the first STZ 
administration; G4: STZ diabetic mice received 400 mg/
kg SE extract 15 days after the first STZ administration; 
G5 (diabetic control group): mice received both STZ and 
normal saline containing 5% tween 80 simultaneously; 
G6(non-diabetic control group): mice received normal 
saline containing 5% tween 80; G7: healthy mice received 
200 mg/kg SE extract and G8: healthy mice received 400 
mg/kg SE extract. SE extract was i.p. administered once a 
day for 35 days (18, 19).

Splenic cell suspension
Mice were killed by anesthesia using ketamine and 

xylazine combination. It is 100 mg/kg body weight 
for Ketamine and 10 mg/kg body weight for Xylazine 
injected i.p. Single-cells were isolated from the spleens 
and the erythrocytes were lysed using an isotonic solution 
of ammonium chloride (pH=7.2). After washing with 
phosphate-buffered saline (PBS, Euroimmun, Germany), 
the cell suspensions were used for both phenotypic 
analysis and cytokine evaluation.
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Lymphocyte immunophenotyping by flowcytometry
Splenocytes suspension was adjusted to 1×106 cells/100 

µl staining buffer. The cells were stained with anti-
mouse CD4-PerCP-Cy5.5, CD8-Alexa Fluor 488, CD25-
APC,and Foxp3-PE (BioLegend, USA). For the analysis of 
regulatory CD4+ T cells, the cells were treated by fixation/
permeabilization solution (Biolegend, USA) according to 
the manufacturer’s instructions. The incubation time was 
30 minutes at 4° C. All lymphocytes subsets were analyzed 
by FACS Calibur instrument (Becton Dickinson, USA). 
The flow cytometer data analyses were done using the 
FlowJo software version 7.6.1 (Tree Star, USA).

Evaluation of Th1, Th2, and Th17 cytokines production 
For determination of IFN-γ, IL-10 and IL-17 cytokines 

level, splenocytes were dispensed in a 24-well flat-bottom 
tissue culture plate (Orange Scientific, Belgium) at 1×106 
cells/ml of RPMI-1640 culture medium (Biosera, France), 
supplemented with 10% inactivated fetal bovine serum 
(Gibco, USA100  ,( U/mL penicillin, and 100 mg/ml 
streptomycin (Biosera, France). The samples were stimulated 
with Concanavalin A (Con A, Sigma, USA) 10 µg/ml and 
incubated for 48 hours (37◦C, 5% CO2). The supernatants 
were then collected and stored at -80◦C until cytokines 
measurement. The cytokines were quantified using ELISA 
kits according to the manufacturer’s instructions (R&D 
Systems, USA). The lower limit of detection for IFN-γ and 
IL- 10 were 31.3 pg/ml and for IL-17 was 15.3 pg/ml.

Immunohistochemistry of pancreas for insulin 
detection

To investigate the effect of SE extract on insulin secretion by 
islets cells, we evaluated the insulin content in deparaffinated 
pancreatic tissue sections using immunohistochemistry. 
Briefly, the pancreaswas removed and fixed in phosphate buffer 
containing 10% formalin (pH=7.2). The paraffin blocks were 
cut into 4-5 µm thick sections. The sections on silane-coated 
slides (Azma Cell Aria, Iran) were rehydrated and treated with 
0.1% hydrogen peroxide (H2O2) for 15-20 minutes to block 
nonspecific background staining. The slides were heated in 
Tris/EDTA buffer pH=9.0. (Merck, Germany) for 10 minutes 
and washed three times in PBS. The sections were blocked 
in PBS buffer containing 0.1% Triton (Merck, Germany) and 
1% bovine serum albumin (BSA) for 60 minutes. Then, the 
slides were incubated with rabbit anti-insulin monoclonal 
antibody (dilution 1:64000, Abcam, UK) overnight and then 
with sheep anti-rabbit IgG coupled with peroxidase (dilution 
1:300, Ebn-Sina, Iran). Chromogen color development was 
accomplished with 3, 3-diaminobenzidine tetrahydrochloride 
(Sigma, USA). The slides were counterstained with Harris’s 
hematoxylin (Sigma, USA).

Statistical analysis

Statistical analyses were performed using the SPSS 
program (SPSS, Chicago, USA). All data are presented 
as the mean ± SD. Bodyweight and FBS of experimental 
group sat different time points were analyzed by repeated-
measures ANOVA. Comparing CD4+ and CD8+ T cell 

subsets percentage and cytokines concentration was 
performed using one-way ANOVA followed by Tukey’s 
test. P<0.05 were considered to be statistically significant. 
Furthermore, GraphPad Prism software 5.0 (GraphPad, 
USA) was used for drawing graphs. 

Results
Diabetes induction

Diabetes was successfully induced in mice (6-8 weeks 
old) by STZ injection. FBS concentration in diabetic 
mice was above 250 mg/dl on days 14 and 15. In diabetic 
control mice (G5), FBS was significantly higher than 
healthy controls (G6) (P<0.0001). Mice in the G5 group 
had polydipsia and polyuria in comparison to the mice of 
the G6 group. Also, the body weight of the G6 mice was 
significantly higher than that of the G5 mice (P<0.0001).

SE extract alleviated clinical symptoms of diabetic 
mice

SE extract, at 200 and 400 mg/kg, was administrered 
simultaneously with diabetes induction (G1 and G2 groups, 
respectively). The blood glucose levels in diabetic groups 
started to increase from day day 7. Interestingly, 400 mg/
kg SE extract could significantly prevent the rise of glucose 
levels in the G2 mice in comparison to the G1 and G5 mice 
(P<0.0001). There was no significant difference in blood 
glucose levels in the G3 and G4 mice which received SE 
both concentrations on day 15, in comparison to the G5 
mice.  The administration of this extract had no effect on 
blood glucose levels in non-diabetic mice (the G7 and 
G8 groups). The blood glucose levels of these mice were 
similar to those observed in the non-diabetic G6 group 
which did not receive the extract (Fig.1).

Furthermore, the body weight of the G1, G4, and G5 
mice was significantly reduced compared to the G2 and 
G6 mice (P<0.0001). However, the bodyweight of the 
healthy groups that only received the extract (the G7 and 
G8) was not significantly different from that of the G2 and 
G6 (Table 1). Body weight of the G3 and G4 mice did not 
differ significantly from the G5 mice.

Mice treated with the 400 mg/kg SE (the G2) did not 
show polydipsia and polyuria compared to diabetic mice 
(the G1, G3, G4, and G5), and were similar to non-diabetic 
mice (the G6, G7, and G8).

Effect of SE extract on CD4+, CD8+ and 
regulatory T cells percentage in the spleen of 
mice 

To analyze the influence of SE extract on splenic 
lymphocytes proportions, we assessed the percentage 
of both CD4+ and CD8+ T cell subsets in the studied 
experimental groups. First, lymphocytes were gated on a 
forward vs. side scatter dot plot and then Treg, CD8low and 
CD8hi cells populations were analyzed on gated cells. At 
least 50,000 events were counted for each sample. The 
gating strategy is illustrated in Figure 2.



          Cell J, Vol 23, No 4, September 2021 468

SE Extract and Experimental T1D 

Fig.1: Effect of SE extract on FBS in different experimental groups. To examine the differences between the groups, repeated-measures ANOVA was used and results 
are shown in a line chart. FBS; Fasting blood sugar, SE; Sambucus ebulus, STZ; Streptozotocin, G1; Mice received both STZ (40 mg/kg, i.p.) and SE extract (200 mg/kg) 
simultaneously, G2; Mice received both STZ (40 mg/kg, i.p.) and SE extract (400 mg/kg) simultaneously, G3; STZ diabetic mice received 200 mg/kg SE extract 15 days 
after the first STZ administration, G4; STZ diabetic mice received 400 mg/kg SE extract 15 days after the first STZ administration, G5 (diabetic control group); Mice 
received both STZ and normal saline containing 5% tween 80 simultaneously, G6 (non-diabetic control group); Mice received normal saline containing 5% tween 80, 
G7; Healthy mice received 200 mg/kg SE extract, G8; Healthy mice received 400 mg/kg SE extract, and ***; P<0.001.

Table 1: Body weight (g) on days 0 and 35 in experimental groups

Group G1 G2 G3 G4 G5 G6 G7 G8
Day
0   18.9 ± 1.09 18.9 ± 1.04 19 ± 1.1 18.9 ± 1.11 18.9 ± 1.09 18.6 ± 0.83 19.2 ± 1.42 18.6 ± 1.01
35 15.1 ± 0.66 21.2 ± 1.02 14.6 ± 0.91 15.8 ± 0.57 14.3 ± 0.6 23.6 ± 0.86 24.4 ± 0.81 23.8 ± 0.72
Body weight changes - 20.1 +12.2 -23.2 -16.4 -24.3 +26.9 +27.1 +28

Data are presented as mean ± SD or %. To examine the differences between G1-G8 experimental groups, repeated-measures ANOVA was used. G1; Mice 
received both STZ (40 mg/kg, i.p.) and SE extract (200 mg/kg) simultaneously, G2; Mice received both STZ (40 mg/kg, i.p.)  and SE extract (400 mg/kg) 
simultaneously, G3; STZ diabetic mice received 200 mg/kg SE extract 15 days after the first STZ administration, G4; STZ diabetic mice received 400 mg/
kg SE extract 15 days after the first STZ administration, G5 (diabetic control group); Mice received both STZ and normal saline containing 5% tween 80 
simultaneously, G6 (non-diabetic control group); Mice received normal saline containing 5% tween 80, G7; Healthy mice received 200 mg/kg SE extract, 
G8; Healthy mice received 400 mg/kg SE extract, SE; Sambucus ebulus, and STZ; Streptozotocin.

Fig.2: Representative gating strategy for CD4+ and CD8+ cell subsets. Cells were first gated for lymphocytes (SSC-A vs. FSC-A) and CD4+ and CD8+ cells were 
determined within the indicated gate. The cells were further analyzed for Treg (CD25+ FOXP3+) and CD8 low and CD8hi cells fractions.
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We observed that 400 mg/kg SE extract promoted a 
significant increase in CD4+ cells in the G8 as compared 
to the G6 (P<0.05, Fig.3A). The SE extract at both 200 and 
400 mg/kg significantly augmented the percentage of Treg 
cells in the G1 and G2 groups respectively, in comparison 
to the G5 mice (P<0.0001 and P<0.01, respectively, Fig.3B). 
The percentage of Treg cells in the G2 mice in comparison 
with the G1 mice was not significantly different. Notably, the 

percentage of Treg cells in healthy mice receiving the extract 
(the G7 and G8) was significantly increased compared to the 
healthy control mice (the G6) (P<0.01, Fig.3B).

However, SE extract at 400 mg/kg (the G2) significantly 
decreased CD4+, CD8+ and CD8high lymphocytes 
percentage in comparison to diabetic mice (the G1, G4 
and G5) (P<0.0001), whereas CD8low cells reduced in the 
G2 compared to the G1 (Fig.3A, C, D, E, respectively).

Fig.3: CD4+, CD8+ and Treg cell percentage in different experimental groups. The percentage of A. CD4+, B. Treg, C. CD8+, D. CD8low, and E. CD8hi cells in 
G1-G8 experimental groups. One-way ANOVA was used to test for differences among the groups. Tukey’s test was performed for subsequent pairwise 
comparison. G1; Mice received both STZ (40 mg/kg, i.p.) and SE extract (200 mg/kg) simultaneously, G2; Mice received both STZ (40 mg/kg, i.p.)  and SE 
extract (400 mg/kg) simultaneously, G3; STZ diabetic mice received 200 mg/kg SE  extract 15 days after the first STZ administration, G4; STZ diabetic mice 
received 400 mg/kg SE extract 15 days after the first STZ administration, G5 (diabetic control group); Mice received both STZ and normal saline containing 
5% tween 80 simultaneously, G6 (non-diabetic control group); Mice received normal saline containing 5% tween 80, G7; Healthy mice received 200 mg/kg 
SE extract, G8; Healthy mice received 400 mg/kg SE extract, *; P<0.05, ***; P<0.001, SE; Sambucus ebulus, and STZ; Streptozotocin.
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Effect of SE extract on IFN-γ, IL-17, and IL-10 
cytokines production

Our data revealed that the diabetic control group (the 
G5) had a significantly higher IFN-γ level than the 
non-diabetic control group (the G6) (P<0.05, Fig.4A). 
Besides, 400 mg/kg dose of SE extract significantly 
prevented the rise of IFN-γ and IL-17 in the G2 
and G4 compared to the diabetic control group (the 
G5) (P<0.001 and P<0.05, respectively, Fig.4A, B). 
Interestingly, the concentration of IL-10 increased 
in the supernatant of splenocytes culture of G2mice 
compared to diabetic mice (the G1, G4 and G5) 
(Fig.4C). We however observed a lower concentration 

of IFN-γ in mice treated with 200 mg/kg SE extract 
(the G1) compared to the control diabetic mice (the 
G5) (P<0.05, Fig.4A).

Effect of SE extract on insulin production in pancreatic 
islets

Immunohistochemistry (IHC) analysis of pancreatic 
tissues in different groups of mice showed increased 
production of insulin in the G2 mice but a significant 
reduction in the G1, G4 and G5 groups. The amount of 
insulin production in healthy mice receiving the extract 
(the G7and G8) was similar to that of healthy control 
mice (the G6) (Fig.5).

Fig.4: The levels of IFN-γ, IL-17, and IL-10 in the supernatant of cultured splenocytes. Comparison of A. IFN-γ, B. IL-17, C. IL-10 cytokines concentrations 
among G1-G8 experimental groups. One-way ANOVA followed by a subsequent Tukey’s multiple pairwise comparison test was done to examine the 
differences between the groups. IFN- γ; Interferon gamma‎, IL; Interleukin, G1; Mice received both STZ (40 mg/kg, i.p.) and SE extract (200 mg/kg) 
simultaneously, G2; Mice received both STZ (40 mg/kg, i.p.)  and SE extract (400 mg/kg) simultaneously, G3; STZ diabetic mice received 200 mg/kg 
SE extract 15 days after the first STZ administration, G4; STZ diabetic mice received 400 mg/kg SE extract 15 days after the first STZ administration, 
G5 (diabetic control group); Mice received both STZ and normal saline containing 5% tween 80 simultaneously, G6(non-diabetic control group); Mice 
received normal saline containing 5% tween 80, G7; Healthy mice received 200 mg/kg SE extract, and G8; Healthy mice received 400 mg/kg SE extract, 
*; P<0.05, and ***; P<0.001.
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Fig.5: Insulin production in pancreatic islets of mice that received SE extract (scale bar: 100 μm). A. Positive control group, B. G1: received STZ and 200 
mg/kg SE extract simultaneously, C. G2: received STZ and 400 mg/kg SE extract simultaneously, D. G4: received 400 mg/kg SE extract after induction of 
diabetes on day 15, E. G5: received STZ and normal saline containing 5% tween 80 (diabetic control), F. G6: received normal saline containing 5% tween 80 
(non-diabetic control), G. G7: received only 200 mg/kg SE extract (non-diabetic mice), and H. G8: received only 400 mg/kg SE extract (non-diabetic mice). 
The arrows show pancreatic islets.

Discussion
T1D is a chronic autoimmune disease that occurs 

in genetically susceptible individuals (7). The disease 
begins with destruction of the pancreatic beta cells 
because of autoimmune Th1, TCD8+, and macrophage 
attacks,resulting in decreased insulin production and 
increased blood glucose levels (1). Currently, T1D 
treatment mainly involves insulin use. The main 
disadvantage of this therapeutic approach is having no 
effect on the autoimmune process of the disease, which 
is a key event in the pathogenesis of T1D (15). There 
are various immunotherapies that reduce lymphocyte 
subsets, induce immune tolerance and activate or 

increase Treg cells (14). In various studies, SE has 
been shown as an antioxidant, anti-inflammatory and 
immunomodulatory agent. Among the various extracts 
of this plant, its methanolic extract has the best anti-
inflammatory activity based on previously published 
papers (14, 17).

For the first time, we showed that the SE extract was 
able to prevent the development of experimentaldiabetes 
so that after 35 days of extract injection, FBS in diabetic 
mice reached the normal range. Releasing of autoantigens 
results in immune cell responses, inflammation in the 
pancreas and increased blood glucose within 2 weeks 
(20, 21). 
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In the G2 mice, the FBS level slowly increased 
from day 7 to 21 and then decreased significantly and 
reached the normal range on day 35. However, blood 
glucose levels in the G6, G7 and G8 mice were normal. 
Previously, reduction of blood glucose levels was shown 
following the use of the extracts of Red ginseng, Uncaria 
tomentosa, Cassia auriculata and Bauhinia forficate (10, 
22). Additionally, we and others showed that the anti-
inflammatory effects of the herbals were dose-dependent 
(10). It seems that 400 mg/kg SE increases the survival of 
mice (mice in the G4 group vs G3 survived until the end 
of the study although their blood glucose was high). This 
protective effect can be linked to various mechanisms, 
such as restoring pancreatic function (14), regeneration 
of beta cells (14) and increasing insulin production (15). 

FBS level did not change in the G7 and G8 mice 
respectively receiving 200 and 400 mg/kg of the extract 
compared to the G6 mice. Therefore, it can be said that 
the extract had no effect on glucose metabolism. This 
effect was also shown following the use of the methanolic 
extract of Origanum vulgare (23).

Immunohistochemistry analysis of pancreatic tissues 
has shown that 400 mg/kg of the extract increased 
insulin production (G2) due to an increase in the number 
of healthy islets in the pancreas in comparison with 
the diabetic control group (the G5), whereas insulin 
production significantly reduced in the G1, G4 and G5 
mice in which a large number of pancreatic islets was 
damaged by STZ, compared to the G6 mice. Similar 
findings were obtained in previous studies using Uncaria 
tomentosa and Origanum vulgare extracts (10, 23). Since 
insulin production in the pancreas of the G7 and G8 mice 
was similar to the G6, we conclude that the extract does 
not directly affect insulin metabolism.

Both CD8+ and CD4+ T cells are involved in T1D 
pathogenesis and can cause the death of beta cells (24). 
Direct destruction of beta cells is accomplished by 
cytotoxic T lymphocyte cells that can recognize MHC 
I and auto-antigens complexes on beta cells (6). NOD 
mice deficient in MHC I were resistant towards against 
T1D. CD8+ T cells have been found in the peripheral 
blood of T1D patients. These cells, both in the early 
stages of diabetes and in its final phase, can damage the 
pancreatic islets (25). Th1 cells may have different roles 
in the development of T1D by producing IFN-y and IL-2. 
IFN-γ plays a role in the destruction of beta-cells via the 
STAT-1 pathway.IL-2 can be effective in treating T1D by 
increasing the survival rate and function of Treg cells (6). 
In this study, we observed that 400 mg/kg of the extract 
could decrease the percentages of CD4+ and CD8+ 
including CD8hi and CD8low T cells in the G2 mice. CD8+ 
T cells are divided into two groups based on the level of 
the expression of CD8: CD8high and CD8low   T cells (26). 
High levels of perforin and granzyme B in CD8low  T cells 
indicate their role as cytotoxic/effector T cells. These cells 
also produce significant amounts of IFN-γ (27). Therefore, 
these cells can be harmful to beta cells. On the other hand, 
the two doses of SE decreased IFN-γ production by the 

G1, G2 and G4 mice compared to the G5 animals, which 
could be due to the reduction in the percentage of TCD4+ 
and TCD8+ cells, the main cytokine producers. In this 
study, IFN-γ was increased in the G5 mice compared with 
the G6 animals, whereas the other two cytokines (IL-10 
and IL-17) were not significantly different which indicates 
an increase in the number or activity of CD8+ T cells or in 
the polarization of Th cells toward Th1.  In another study, 
diabetic mice produced more IFN-γ than normal mice, but 
no differences were observed in IL-4 levels (10).

In the development of T1D, a defect in the function of 
Treg cells may be more important than a defect in their 
number (6). Patients with T1D and NOD mice have a 
relative deficiency in Treg number and function. In the 
absence of Treg cells, the onset of T1D is accelerated and 
the severity of the disease increases, which can indicate 
the important role of these cells in T1D (13). Both doses 
of SE increased the percentage of Treg cells in mice of 
the G1 and G2 groups compared to the G5 mice. IL-10, 
a cytokine produced by Tregs, only increased in the G2 
mice compared to the G5 mice. Although 200mg/kg of 
SE in the G1 mice significantly increased the percentage 
of Treg cells, it did not control FBS and other symptoms 
of diabetes, while 400 mg/kg of SE in theG2 mice 
significantly increased both the Treg number and IL-10 
level, controlled diabetes symptoms and reduced FBS. 
Thus the plant extract may have an effect on the function 
of Treg cells, rather than on their number. A significant 
reduction in the percentage of Treg cells was also shown 
in STZ-induced diabetic mice while, the use of Uncaria 
tomentosa extract reach the percentage of Treg cells to the 
percentage level of healthy mice (10).

Th17 cells play an important role in T1D by increasing 
the destruction of islets via Th1 cells. Th17 cells in the 
T1D pathogenesis can also stimulate TCD8 + cells 
(25). Th2 cells produce IL-10, a cytokine that regulates 
immunity and plays an important role in providing immune 
tolerance in NOD mice (1). Inflammatory cytokines IL-17 
and IFN-γ were reduced in the G1, G2 and G4 mice and 
anti-inflammatory cytokine IL-10 only increased in the 
G2 mice. Therefore, the protective effect of the SE extract 
may be partly related to the immunomodulatory effect of 
the Th2 cytokine profile. This extract may have triggered 
the polarization of Th cells from Th1 to Th2 or from 
Th17 to Treg or a combination of both. In other studies, 
the use of Uncaria tomentosa extract increased IL-4 and 
IL-5 levels, suggesting that the cytokine profile could be 
adjusted to Th2 (10). Oral administration of a parasitic 
fungus called Cordyceps sinensis significantly delayed 
the onset of T1D and reduced its severity. This effect is 
attributed to an increase in the ratio of Treg to Th17 cells 
(25). It was also found that Origanum vulgare extract 
altered the signaling pathway of Pro-Th17 to Pro-Treg, 
and the number of Th2 and Treg cells in mice treated with 
this extract was higher than that of diabetic mice (23).

The extract of SE also has antioxidant properties (16, 
17). Since macrophages and their products from the 
reactive oxygen species (ROS) and reactive nitrogen 
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species (RNS) pathways can induce destruction of 
pancreatic beta cells, this extract is likely to prevent beta-
cell apoptosis by neutralizing these products and helpin 
improving pancreatic conditions for insulin production. 
In a similar study, Origanum vulgare extract was able to 
neutralize ROS and RNS production and prevent beta-cell 
apoptosis (23).

Conclusion
Overall, it is probable that the protective effect of 

SE extract in MLDS-induced diabetes is at least partly 
due to a reduction in the process of inflammation in the 
pancreatic islets. These results indicate that SE can protect 
mice against autoimmune diabetes and in the future, it can 
be valuable in treating diabetes and other autoimmune 
and inflammatory diseases in humans. Of course, more 
research is needed on this subject.
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