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ABSTRACT: Type 1 diabetes (T1D) is a chronic autoimmune disease that even with insulin therapy, inflammatory
complications will develop in the long term. 40 inbred C57BL/6 mice were randomly divided into four groups (n=10):
Control group consisted of healthy mice receiving citrate buffer, Diabetic group included a group of diabetic mice,
Diabetic+TX group was a group of diabetic mice treated with troxerutin (TX), and TX group was a group of healthy
mice treated with TX. Two weeks after the final dose of streptozotocin (STZ), The cytokine levels were measured using
ELISA in the culture supernatants of spleen cells after 72 hours. Radioimmunoassay was used to measure insulin and
c-peptide levels. The fasting blood sugar (FBS) was measured by an automatic glucometer device. lymphocyte prolif-
eration index was evaluated using MTT assay, myeloperoxidase (MPO) level was measured in serum and pathologic
studies of the kidney and liver were performed. The levels of interleukin 1(IL-1), IL-17, tumor necrosis factor (TNF)-a
and interferon(IFN)-y as well as MPO, FBS levels and proliferation index was significantly decreased in the treated
diabetic group compared to the diabetic mice (p<0.05). Plasma C-peptide and insulin significantly increased in treated
diabetic group than in the diabetic mice (p<0.05). Histologically, in diabetic animals treated with TX, inflammatory
and degenerative processes in both kidney and liver tissues were alleviated significantly (p<0.05). According to the
results, it was supported the anti-diabetic and anti-inflammatory effects of TX, however, more studies are needed to
investigate the effects of TX and the dose-response relationship in this disease.
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INTRODUCTION

Type 1 diabetes (T1D) is one of the most com-
mon autoimmune diseases in the world, which results
from the destruction of insulin-producing pancreatic
cells (M.A. and G.S., 2001). The prevalence of this
disease has been increasing worldwide in recent de-
cades (relative increase in annual incidence is 1.8%)
(Mayer-Davis et al., 2017). During the disease, leuko-
cytes infiltrate into the pancreatic islets and eventual-
ly cause activation of inflammatory cascades in these
islets. As a result, this inflammation, termed insulitis,
gradually destroys the beta cells of the pancreatic is-
lets. Destruction of beta cells in the pancreas leads
to insulin deficiency and eventually diabetes (Chang
et al., 2007). Insulin is a hormone that aids cells in
utilizing glucose for energy. It causes glucose to be
deposited as glycogen in liver cells and accordingly
decreases glucose levels. Therefore, in T1D the body
is unable to process glucose due to lack of insulin and
this causes raise in level of glucose and blood sugar
(Rother, 2007).

C-peptide is a byproduct of insulin production
pathway which is produced by B-cell of the pancreas
and secretes into the blood and has a longer half-life
than insulin, so they are a good indicator of insulin
levels (Kuhtreiber et al., 2015). The balance between
cytokines produced by T helper (Th)1 and Th2 cells
secreted by immune cells in the islets of Langerhans is
important in diabetes. For, the collapse of the balance
and the tendency toward cytokines such as IFN-y and
TNF-a cause the development of inflammatory insu-
litis and diabetes. destruction of B cells in diabetes
are associated with increased pro-inflammatory cyto-
kines expression such as IL-1, TNF-a and IFN-y and
Th1 cytokines such as IFN-y, TNF-a, IL-2 and IL-12.
(Khataylou et al., 2020; Xiao et al., 2014). In addition
to Th1, Th17 cells have been shown to be involved in
T1D pathology. Because some Treg cells are defec-
tive in T1D patients, they lose control of Th17 expan-
sion. Recently, some preliminary evidences suggest
that Th17 cells may be an effective factor in the onset
and development of T1D. (Emamaullee et al., 2009;
S. et al., 2012).MPO is the most toxic enzyme in neu-
trophil azurophil granules, monocyte and neutrophil
lysosomes. MPO kills pathogens by producing hy-
pochlorous acid (HCIO) during infections. However,
this hypochlorous acid may also cause oxidative dam-
age in host tissue. Increase in the level and activity of
MPO has been observed in a number of autoimmune
diseases including diabetes (Heilman et al., 2009;
Strzepa et al., 2017). In general, the extend of leuko-

cytes migration and aggregation can be measured by
assessing the level of MPO.

Since chemical drugs have many side effects, herb-
al drugs today are preferred for control of diabetes
complications. One of these herbal drugs is TX, a tri
- hydroxyethylated derivative of natural flavonoids.
TX is also known as vitamin P4 which is found in tea,
coffee, cereal grains, some fruits and vegetables(Fan
et al., 2009). This substance has many biological and
pharmacological advantages such as anti-oxidative,
anti-inflammatory, anti-fatigue, anti-thrombolytic and
anti-hyperglycemic properties (Yu and Zheng, 2017)
.Based on descriptions provided above, the present
study was evaluated the effects of TX administra-
tion during T1D on inflammatory cytokines, plasma
C-peptide and insulin levels, FBS, MPO, lymphocyte
proliferation index, inflammatory and degenerative
processes in both kidney and liver tissues.

MATERIALS AND METHODS

Animals and treatment

This study was conducted on C57BL/6 inbred
male mice aged 6 to 8 weeks purchased from the
Pasteur Institute of Iran. The mice were kept under
standard conditions with temperature (24°C) and hu-
midity (60%) and a 12h light/dark schedule and given
free access to normal food and water. After one week
of acclimatization, mice were randomly divided into
four groups (10 mice in each group): Control group
which is treated with saline, diabetic mice and diabet-
ic mice treated with TX (Diabetic + TX group (130
mg/kg body weight; intraperitoneal (i.p)) and TX
group treated with TX (130 mg/kg body weight; i.p).
The TX used in this study were based on previously
published studies (Gui et al., 2015; Shan et al., 2017).
The experimental method was confirmed by Uni-
versity of Tabriz Animal Ethical Committee (NUM:
IR.TABRIZU.REC.1398.002). All experiments were
conducted in accordance with ARRIVE guidelines
(https All://arriveguidelines.org) for the care and use
of Laboratory animals.

Diabetes Induction in C57BL/6 Mice and Treatment
Protocol

Induction of diabetes was carried out through
streptozotocin (STZ),(Sigma, Germany) at 50 mg/
kg for 5 consecutive days, intraperitoneally, and the
mice were fasted for 4 hours before induction of each
STZ dose. 10 minutes before STZ injection, 50 mg/kg
of this product was dissolved in 200 pL citrate buffer
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Figurel: Schematic diagram of sampling method and conducting experiments related to the study

with PH=4.5. When FBS (fasting blood sugar reached
300 mg/dL, the mice were considered diabetic. One
day after the last induction dose of STZ (the sixth
day), Troxerutin (Sigma, Germany) was injected i.p
at a dose of 130 mg/kg for 14 days (Faridi et al., 2019;
Lenzen, 2008).

Evaluation of Diabetes in Mice

14 days after the last induction dose of Troxeru-
tin, the FBS level in venous tail blood was measured
using a Glucometer (ACCU-CHEK, compact plus,
Ireland). To measure plasma insulin and C-peptide,
a commercial kit (Rat Insulin ELISA kit, CAT #
INSKRO020, Crystal chem. Inc, Chicago, IL) and a
radio- immuneassay commercial kit (cat # RCP-21K,
Linco Res. Inc., st.charles, MO) were used according
to the manufacturer’s protocol (the sensitivity was 1.0
ng/mL for insulin and 0.5 ng/mL for C-peptide).

Pancreatic extract

To prepare pancreatic extracts as stimulating anti-
gen, spleen cells of six C57BL/6 mice (mice in con-
trol group) were sacrificed by cervical dislocation,
their pancreas was collected immediately afterward
and homogenized in cold Phosphate-buffered saline
Containing protease inhibitor (Sigma Co, Germany)
and weighed, then homogenized tissue was placed in
two stages in a centrifuge, the first phase 3000 rpm for
10 min and the second phase 12,000 rpm for 20 min-
utes at 4°C. The supernatant was collected. Bradford
method was used to measure protein concentration
(Kruger, 1994).

Spleen Cell Culture

To cultivate the spleen cells and cell culture super-
natant used for Cytokines measuring six mice of each
group were sacrificed two weeks after the last dose of
STZ, then mice spleens were collected under sterile
conditions and were moved to Petri dishes containing
Sml medium (Sigma America) RPMI-1640 contain-
ing 10% fetal bovine serum (FBS) (Gibco German
company). Samples were completely sliced into small
pieces and obtained tissue was passed through wire
mesh with 1.0 mm diameter to prepare cell suspension
and removal of excess tissue blocks. The obtained cell
suspension (3 mL) was placed in pipes centrifuges
and 3ml ficoll (Sigma, Germany) was slowly added
so that ficoll was placed below the cell suspension and
then 15 minutes at 4°C in 600g and centrifuged. The
obtained cell pellet was washed two times in PBS and
cultured in 24 houses plate (the number of 2x10° cell/
ml from each sample) containing RPMI-1640 medi-
um enriched by 10% FBS in the presence and absence
of pancreas extract as stimulating antigen with con-
centration of 50 pg/mL for 72 hours in an incubator
containing 5% CO?2.

Cell culture supernatant Cytokines measuring
Supernatant of cell culture which was collect-
ed after 72h, were used to measure cytokines levels
(TNF-a, IL-6, IL-1, IFN-y) by Sandwich ELISA ac-
cording to instructions of commercially available
kit (Bender Med Co., Austria). The 96 wells plates
were coated with specific mouse antibodies for IL-1,
TNF-o, IFN-y, IL-6 cytokines. Standards and samples
were added in duplicates to the wells and incubated
for 2h at room temperature. Then detection antibodies
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were added for 1h and after washing the plates in PBS
(phosphate buffer saline), Avidin- HRP (Horserad-
ish peroxidase) was added and incubated for 30 min.
Again, the wells were washed. Color was developed
by adding TMB (Tetramethyl benzidine) as a sub-
strate of HRP enzyme. 2 N sulphuric acid was used
to stop the reaction. Absorbance was measured at 450
nm by ELISA reader. The cytokine levels of samples
were calculated from the standard curve. The sensitiv-
ity was 1.6 pg/mL for IL-17, and 5.3 pg/mL for IFN-y
and TNF-a and 2.3 pg/ml for IL-1 (Chiswick ef al.,
2012).

Lymphocyte proliferation index

After bleeding from the mice (all groups), , the
spleens were removed under sterile conditions. Each
spleen tissue was sliced and crushed in 5 ml of RPMI-
1640 medium containing 05% FBS. The spleens were
passed through a filter with a swelling of 0.02 ml and
the cell suspension was centrifuged at 2000 rpm for
10 minutes. In order to remove the red blood cells,
Sml of ACK (Ammonium-Chloride-Potassium) buffer
[containing 8.29g ammonium chloride, 1g potassium
bicarbonate and 32.2g EDTA] was added to the cel-
lular deposition. After the cell counting process, the
cell suspension was prepared in 1x10° cell/ml of each
sample. For each sample, three replicates were con-
sidered in the presence of 50pl of phytohemagglutinin
(1 mg/ml) and three replicates without phytohemag-
glutinin. In the three wells, RPMI empty environment
was used as blank. After 72 hours’ incubation of the
samples with 5% CO2, 25 pl of MTT (3-(4,5-dimeth-
ylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide) (5
mg/ml) was added to each well. After adding the 100ul
of DMSO (dimethyl sulfoxide), the color intensity
was determined at 495 nm, and the stimulation index
was calculated according to the following equation:
stimulation index=0D (with the presence of Phyto-
hemagglutinin (PHA)) -OD (blank)/OD (without the
presence of PHA)-OD (blank) (Tim Mosmann, 1983).

Mpyeloperoxidase (MPO) activity measurement

The activity of MPO enzyme in collected sera
was determined by method Pulli et al ( 2013). Brief-
ly, 10 uL of serum sample was added to 80 uL H,O,,
and 0.75 mM 3,3',5,5"-Tetramethylbenzidine (TMB)
(2.9mM TMB, 14.5% DMSO, 150 mM phosphate
buffer, pH 5.4). After incubation for 5 minutes at 37
°C, the change in absorbance was measured at 450
nm. The outcomes were presented as U/L over 5 min-
utes, whereby one unit of the enzyme was described

as the content of MPO degrading 1 nM H202 per
minute at 37°C.

Histological examination

To evaluate the pathologic variations, kidneys and
livers of mice were removed and kept in cold 10.00%
buffered formalin. After preparing paraffin embed-
ded blocks, lamination was done and prepared sec-
tions were stained by Hematoxylin and Eosin (H &
E) method. Then they were studied in terms of hy-
peremia, infiltration of the inflammatory cells and de-
generation in the kidney tissue by a pathologist under
a light microscopy (YS100; Nikon, Tokyo, Japan).
The severity of the lesion was determined by the fol-
lowing scores: 0= no lesion; 1= low; 2= medium; 3=
severe(Lee et al., 2010).

Statistical Analysis

Statistical analyses were conducted using the SPSS
software 19.0 and one-way ANOVA. Additionally,
the mean comparison was performed using Tukey
HSD for parametric tests and non-parametric tests
(repeated measure) for F.B.S data. Histopathologi-
cal data were performed using the GraphPad Prism
(8.0.1) software (San Diego, CA, USA). Because of
semi-quantitative nature of data obtained from his-
topathological changes, Kruskal-Wallis and post hoc
Mann-Whitney tests were performed. All values were
expressed as the Mean £ SEM. Significance at p<0.05
has been given receptive in all testes.

RESULTS

Measurement of cytokines levels

Our results provided the levels of TNF-a, 1L-17,
IL-1, IFN-y in spleen cell culture. Supernatant of di-
abetic group after 72h was markedly higher than that
of the healthy control group with significant (p<0.05)
and after treatment with troxerutin in diabetic + TX
group the level of all these cytokines decreased sig-
nificantly compared to diabetic group (p<0.05).
No significant difference was observed in group of
healthy mice treated with TX group compared to the
control group (Figure 2)

TX effect on MPO activity and Lymphocyte prolifer-
ation index

Induction of diabetes with STZ (diabetic group)
resulted in a significant increase in the activity of
MPO compared to control group and after treatment
with troxerutin (Diabetic + TX group), the level of
MPO significantly decreased compared to the dia-
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betic group (P < 0.05) (Figure3). Our findings pre-
sented marked increase in lymphocyte proliferation
in diabetic group compared to the control group (P
< 0.05). Furthermore, lymphocyte proliferation was
significantly decreased in TX treated diabetic group
compared to the diabetic group (P < 0.05). No sig-
nificant difference was observed in group of healthy
mice treated with TX compared to the control group.
(Figure4).
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Plasma C-peptide and Insulin Measuring

As our results indicated, Induction of diabetes
with STZ (Diabetic group) resulted in a significant
decrease in plasma insulin and C-peptide levels com-
pared to control group (P < 0.05) and after treatment
with troxerutin (Diabetic + tx group). Plasma insulin
and C-peptide levels significantly increased compared
to the diabetic group (P < 0.05). No significant differ-
ence was observed in group of healthy mice treated
with TX compared to the control group. (Figure 5).

Diabetic

Diabetic + TX

Control

L-17

Diabetic + TX

Figure 2: Cytokine concentration in the spleen cell culture supernatant after 72h. the values are shown as mean+SEM. columns with

no common superscript letter differ significantly (P < 0.05).
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Figure 3: Effects of TX administration on MPO level. The values are shown as mean+=SEM. columns with no common superscript

letter differ significantly (P < 0.05).
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proliferation index
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Figure 4: Effects of TX administration on proliferation index. The values are shown as mean+SEM. columns with no common super-

script letter differ significantly (p<0.05).
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Figure 5: Effects of TX administration on Plasma C-peptide and Insulin. The values are shown as mean+SEM. columns with no com-

mon superscript letter differ significantly (p<0.05).

Measurement of FBS

Our data showed that the FBS level increased in
diabetic group compared to the healthy control group;
the difference was significant (P<0.05). However, the
FBS level was significantly lower in diabetic mice
treated with troxerutin (Diabetic + TX group) than
in the untreated diabetic group (P<0.05). No signifi-
cant difference was observed in group of healthy mice
treated with TX compared to the control group (Fig-
ure 6).

Histopathological results:
The architecture of kidney and liver in control
group were normal, with regular appearance of the

tissue structure and absence of any inflammatory
process or injury throughout the tissues (Figure 6).
In diabetic group, kidney tissue revealed intense in-
flammatory cell infiltration along with hydropic de-
generation of epithelial cells in the proximal tubules
of the kidney. Besides, leakage of protein in lumen
of the renal tubules due to glomerular injury were
observed (Figure 6 and 7). In the liver tissue of di-
abetic animals, massive infiltration of mononuclear
cells (MNC) were observed throughout the liver tis-
sue along with notable fatty degeneration of hepato-
cytes and necrosis in some hepatocytes with pyknotic
nuclei (Figure 6 and 8). In diabetic animals treated
with TX (Diabetic+TX) inflammatory and degener-
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ative processes in both kidney and liver tissues were no lesion was observed in kidney and liver tissues and
alleviated significantly compared with diabetic group they resembled completely to control group (Figure
(Figure 6,7 and 8). In animals treated with TX only, 7,8 and 9).
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Figure 6: Effects of TX administration on FBS. The values are shown as mean+SEM. columns with no common superscript letter differ
significantly (p<0.05).

Kidney Liver
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Diabetic
(a)

Diabetic
(b)
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=
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i ‘ ; T L
Figure 7: Photomicrograph of kidney and liver tissues of mice. In Control group normal architecture of kidney and liver tissue is
revealed. In renal tissue of diabetic group, massive inflammatory cell infiltration (hollow arrow), and severe hydropic degeneration
along with protein leakage in the lumen of tubules (thin arrow) are seen. Liver tissue of Diabetic group shows notable inflammatory
cell infiltration (hollow arrow) and intense fatty degeneration along with necrosis of hepatocytes (thin arrow). In Diabetic+TX animals
decreased degeneration in both kidney and liver tissues as well as alleviated inflammation are observed. In TX treated animal normal
structure of kidney and liver are seen resembling control group (H & E, Scale bar: 100 um of the section).
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Figure 8: Severity of Mononuclear cell infiltration (MNC) and hydropic denegation in kidney tissue of experimental groups.
* shows significant difference with control group and T shows significant difference with diabetes group (p<0.05).
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Figure 9: Severity of Mononuclear cell infiltration (MNC) and fatty denegation and necrosis in liver tissue of experimental groups.
* shows significant difference with control group and T shows significant difference with diabetes group (p<0.05).

DISCUSSION

In this study, it appears that TX reduces the ex-
pression of inflammatory cytokines and decreases
proliferation index and MPO levels in diabetic rats,
causing anti-inflammatory effects and reducing B-cell
destruction in pancreatic islets of Langerhans. These
findings support the positive effects of TX as an an-
ti-diabetic and anti-inflammatory agent. Previous
studies have shown that TX has beneficial effects in
various diseases including cognitive dysfunction and
diabetes (Badalzadeh et al., 2015; Farajdokht et al.,
2017). These beneficial effects of troxerutin include
increased antioxidant activity, decreased lipid perox-
idation levels (Badalzadeh et al., 2015), anti-diabetes
(Sampath and Karundevi, 2014), anti-inflammatory
(Fan et al., 2009) and anti-apoptotic effects (Mokhtari

et al., 2015). In this study, the significant reduction in
spleen cell culture supernatant cytokines of diabetic
mice is provided as an evidence of the anti-inflamma-
tory activity of TX

Many studies have noted to the important role of
cytokines in regulation complex multicellular interac-
tions between P cells and immune cells in the devel-
opment of type 1 diabetes (T1D), therefore cytokines
could be considered potential immunotherapy targets
for this disorder. It is thought that cytokines such as
IL -6, IL -17, IL -21 and TNF-0, which increase the
differentiation and function of immune cells, lead to
the onset and progression of T1D. Therefore, reduc-
tion in inflammatory cytokines with immunosuppres-
sive drugs is a possible means of preventing B cell
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failure (Langrish et al., 2005). Key pro-inflammatory
cytokines in T1D are IL- 1B, TNF-a and IFN-y. IL-
17 is another cytokine that is considered to be one of
the main causes of inflammation in this autoimmune
disease.

Islet-infiltrating immune cells are thought to se-
crete these cytokines in the vicinity of beta cells at
high concentrations in T1D. These cytokines syner-
gize to produce cytotoxic effects, which eventually
destroy [ cells in the islets of Langerhans by accel-
erating apoptosis (Miller and Raison, 2016; Rabino-
vitch, 1998).The positive therapeutic effect of TX
has been shown in many other autoimmune diseases.
The results of a survey In 2020 showed that treatment
with TX in a mouse model of MS caused a decrease
in the levels of cytokines IL-17, IL-1, TNF-a and
also a decrease in nitric oxide production, which re-
sulted in improved symptoms (Jafari-Khataylou and
Ahmadiafshar, 2020). In another study, in the same
year, it was found that TX significantly reduce the in-
flammatory cytokines and enhances the anti-oxidant
activity in septic mice. Further, TX significantly de-
creased the MPO activity and lymphocyte infiltration.
TX was found safe at administered dose with potent
anti-inflammatory and antioxidant activity. Treatment
with TX caused high survival rates compared to un-
treated septic mice. Findings of this study indicated
that TX is a potential therapeutic agent in the man-
agement of sepsis (Jafari-Khataylou et al., 2021). In
line with these studies, the present study showed that
the levels of pro-inflammatory cytokines IL-1, IL-17,
TNF-a and IFN-y increased significantly in diabetic
mice and treatment with troxerutin, significantly re-
duced the levels of pro-inflammatory cytokines IL-1,
IL-17, TNF-a and IFN-y.

Another study was conducted to investigate the
protective effects of this drug on rat liver against
oxidative damage caused by D-Galactose stress, in
which troxerutin was shown to improve the symp-
toms of type 2 diabetes, including fasting blood sugar,
through an anti-inflammatory mechanism and signifi-
cantly inhibits the inflammatory response in rat liver
(Zhang et al., 2015).

We measured the anti-proliferative effect of TX on
splenocyte proliferation ex vivo. Finally, it was found
that proliferation index increased significantly in di-
abetic mice and TX significantly decreased prolifer-
ation index in diabetic mice. In line with this result,
Jafari-Khataylou et al. (2020), measured the anti-pro-
liferative effect of TX on LPS induced splenocyte pro-

liferation ex vivo and demonstrated that Splenocyte
proliferation caused by LPS significantly reduced in
TX + LPS group. In addition, it was investigated the
cytotoxic effect of TX on peritoneal macrophages and
splenocytes by MTT method, which is a common
method for monitoring of extracts and natural com-
pounds, and no cytotoxic effect on the macrophages
and splenocytes were observed in treated groups with
TX (Jafari-Khataylou et al., 2021).

MPO, a potent oxidative mediator, is found mainly
in the primary granules of neutrophils and contains
approximately 5% of all neutrophil proteins. MPO is
associated with oxidative stress because it catalyzes
the formation of ROS, which could facilitate athero-
genesis and alter fats and proteins. Increased MPO
activity has been shown to indicate inflammation(Li
et al., 2018). A number of other studies have shown
that serum MPO concentrations in diabetic children
are significantly increased compared to the healthy
control group (Heilman et al., 2009; Olza et al., 2012)
also Increased levels and activity of MPO have been
observed in a number of other autoimmune diseases
including multiple sclerosis (MS) (Gray et al., 2008)
and rheumatoid arthritis (RA) (Odobasic et al., 2014;
Strzepa et al., 2017). HCLO (Hypochlorous acid)
produced by MPO cause oxidative damage in host
tissue and MPO activity could be inhibited in diabetic
patients, thereby reducing the phagocytic activity of
neutrophils. MPO is also measured to evaluate leuco-
cyte infiltration. Our findings showed that induction
of diabetes in mice resulted in a significant increase in
MPO activity compared with controls.

In TX-treated diabetic mice, a significant decrease
in MPO activity was observed compared to the diabet-
ic group (P <0.05). In addition, as mentioned above,
the rate of proliferation of inflammatory cells in the
TX-treated group significantly decreased. Consistent
with the findings of this study, it has been shown in
previous studies that MPO activity is significantly
reduced in mice with TX-treated sepsis. In addition,
the infiltration of inflammatory cells in the TX-treated
group was significantly reduced, which was confirmed
by histological examination of the liver (Jafari-Kha-
taylou et al., 2021) and also Dadpisheh et al., (2020)
showed that TX decreased the activity of MPO, MDA,
and ROS in the sciatic nerve ischemia-reperfusion in-
jury, which is consistent with the results of this study.
In the present study, we also treated diabetic mice
with troxerutin, which showed a decrease in glucose
levels and an increase in insulin and C-peptide levels
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that in all cases, the resulting changes were significant
(p<0.05). Similar to our results, Zavvari Oskuye et al.
(2019) Showed that troxerutin significantly reduced
the blood sugar in the diabetic group (Sampath and
Karundevi, 2014). Similarly, another study examining
the role of troxerutin in the type-1 diabetes-induced
testicular disorders has shown that troxerutin plays a
key role in the management of the disease by lower-
ing blood glucose and modulating apoptosis (Ghadiri
et al., 2020). Chen et al. In a 2014 study examined the
effects of a number of natural flavonoids on diabetes.
The results of this study in many flavonoids are simi-
lar to the results of the present study

Many studies have shown decreased glucose, an-
ti-inflammatory, anti-apoptotic and antioxidant effects
of troxerutin in other models (Sampath and Karun-
devi, 2014; Yu and Zheng, 2017). Geetha et al., 2017
have shown that TX administration improved insulin
resistance and decreased serum glucose levels in di-
abetic mice. In another study done by Qadiri et al.
(2017) chronic administration of TX to type 1 diabetic
adult male mice significantly reduced blood glucose
levels and significantly increased insulin levels and
C-peptide. Moreover, TX is successful in improving
the histopathological changes of the kidney and liver.
It seems that the TX can be considered as a useful

agent in the treatment of type 1 diabetes.

CONCLUSION

Although this study supports the anti-inflammato-
ry role of troxerutin due to the significant effect of this
flavonoid on the level of pro-inflammatory cytokines
and MPO, more studies are required to confirm the
role of TX in reducing the complications of autoim-
mune T1D as well as the relationship between dose
and response.
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