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Effects of Allium tuncelianum on hyperglycemia and oxidative stress
in the kidney and liver tissues in rats with diabetes mellitus induced by
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Summary: In this study, it was aimed to investigate the effects of Allium tuncelianum extract on hyperglycemia and oxidative
stress in the kidney and liver tissues in rats with diabetes mellitus induced by streptozotocin. The rats were randomly divided into 4
groups with 10 animals in each group: Control group (C) was intraperitoneally (i.p.) treated with physiological saline solution, diabetic
control (DC) group i.p. with a single dose of 50 mg/kg streptozotocin (STZ), diabetic + insulin (D+l) group i.p. with a single dose of
50 mg/kg STZ and subcutaneously (s.c.) with 2 IU insulin for 28 days (Levemir Flexpen), diabetic + Allium tuncelianum extract
(D+AT) group i.p. with a single dose of 50 mg/kg STZ and orally with 250 mg/kg Allium tuncelianum extract for 28 days. The serum
glycated hemoglobin (HbA1c), insulin levels and the kidney and liver thiobarbituric acid reactive substances (TBARS), superoxide
dismutase (SOD), and catalase (CAT) activities were determined by using ELISA kits. Increased blood glucose levels (p<0.001),
increased TBARS levels (p<0.001, p<0.01 respectively), and decreased SOD and CAT activities (p<0.001) in the kidney and liver
tissue homogenates were determined in diabetic control group compared to control group. Allium tuncelianum extract had potent
antioxidant activities in the diabetic rats, and demonstrated improvement effects by increasing insulin levels, decreasing glycated
hemoglobin levels, and attenuating oxidative stress in the diabetic rats. This study suggests that Allium tuncelianum extract may have
therapeutic potential for patients with diabetes.
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Streptozotosin ile diyabetes mellitus olusturulan sicanlarda Allium tuncelianum’un hiperglisemi ve
bobrek ve karaciger dokularinda oksidatif stres iizerine etkileri

Ozet: Bu ¢aligmada streptozotosin ile diyabetes mellitus olusturulan siganlarda Allium tuncelianum ekstraktinin hiperglisemi ve
bobrek ve karaciger dokularinda oksidatif stres iizerine etkilerini aragtirmak amaglandi. Siganlar her bir grupta 10 hayvan olacak sekilde
rastgele 4 gruba ayrildi: Kontrol grubuna (C) periton i¢i (i.p.) fizyolojik tuzlu su, diyabetli kontrol (DC) grubuna i.p. tek doz 50 mg/kg
streptozotosin (STZ), diyabet + insiilin (D+1) grubuna i.p. tek doz 50 mg/kg STZ ve 28 giin siire ile deri alt1 (s.c.) 2 IU instilin (Levemir
Flexpen), diyabet + Allium tuncelianum ekstrakt (D+AT) grubuna i.p. tek doz 50 mg/kg STZ ve 28 giin siire ile agizdan 250 mg/kg
Allium tuncelianum ekstrakt: ugulandi. Serum glikozile hemoglobin (HbA1c¢), insiilin diizeyleri ve bobrek ve karaciger tiyobarbitiirik
asit reaktif maddeler (TBARS), siiperoksit dismutaz (SOD) ve katalaz (CAT) aktiviteleri ELISA kitleri ile belirlendi. Kontrol grubuna
gore diyabetli kontrol grubunda yiiksek kan glikoz diizeyleri (p<0.001), bobrek ve karaciger homojenatlarinda TBARS diizeylerinde
artma (p<0.001, p<0.01, sirastyla) ve SOD ve CAT aktivitelerinde azalma (p<0.001) belirlendi. Allium tuncelianum ekstrakti diyabetli
sicanlarda gii¢clii antioksidan aktivitelere sahipti ve diyabetli siganlarda insiilin diizeylerini artirarak, glikozile hemoglobin diizeylerini
azaltarak ve oksidatif stresi hafifleterek iyilestirici etkiler gosterdi. Bu ¢aligma Allium tuncelianum ekstraktinin diyabetli hastalar i¢in
terap6tik potansiyele sahip olabilecegini gostermektedir.

Anahtar sozciikler: Allium tuncelianum, antioksidan, diyabet, oksidatif stres, sigan.

Introduction producing B-islet cells (39), resulting in hyperglycemia

Diabetes mellitus is a common metabolic endocrine (18). It causes vascular complications such as
disorder (11). Insulin-dependent diabetes mellitus is nephropathy, neuropathy, retinopathy and peripheral
characterized by autoimmune destruction of pancreatic - vascular disease. These complications are related to the
cells, and severe insulin deficiency due to loss of insulin- advanced glycation end products, oxidative stress, and
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inflammation (11). Pancreatic islet f-cell destruction and
apoptosis, and decreased insulin secretion could be
associated with oxidative stress (32). Oxidative stress in
type-1 diabetes mellitus develops due to hyperglycemia,
the accumulation of advanced glycosylation end products,
glucose oxidation (41), and the oxidation of protein, DNA
and lipids (12, 26). In diabetic conditions, increase of
reactive oxygen species (ROS) produced by NADPH
oxidase (13,31) for example superoxide anion (30),
hydrogen peroxide, and nitric oxide (10) and decrease of
antioxidant defenses for example superoxide dismutase
and catalase activities (30) are reported. Moreover, it is
shown that oxidative stress in diabetic rats causes
increased mitogen-activated protein kinases, increase of
inflammation  (increased nuclear factor-kappa B
activation, tumor necrosis factor-o and interleukin-6
expression), and fibrosis (21).

Medicinal herbs with hypoglycemic activity have
been recently investigated as adjunctive treatments for
diabetes mellitus. One of the most effective plants for
lowering blood glucose levels is Allium sativum (7, 28).

Garlic is a member of the Liliaceae family and has
bioactive compounds (8). It has been used for centuries as
traditional medicine to treat several diseases (35) and
consumed as food. Garlic has been suggested to have
antidiabetic and antioxidant (38), anti-inflammatory (14),
antifungal and antibacterial (23), and anti-atherosclerotic
activities (42).

Allium tuncelianum (A. tuncelianum) is an endemic
garlic species that naturally grow in a limited area between
the regions of Sivas and Erzurum, especially in the Ovacik
district within the plots of the Munzur Mountains. A.
tuncelianum comprises bioactive compounds such as
organosulfur compounds allyl methyl sulfide, diallyl
disulfide, and diallyl trisulfide, phenolic substances,
various fatty acids such as oleic and linoleic acids and
vitamins and minerals (37). According to the author’s
knowledge, there have been no studies on the
hypoglycemic and anti-oxidant activities of A.
tuncelianum in diabetic rats. Therefore, the aim of this
study was to investigate the effects of A. tuncelianum
extract on hyperglycemia and oxidative stress in
streptozotocin-induced diabetic rats.

Materials and Methods
Chemicals: Streptozotocin was purchased from
the Sigma Chemical Company in China. The other
reagents used in this study were obtained from various
companies (Sigma, Riedel-de Haen, Fluka Companies, all
in Germany).

A. tuncelianum extraction process: A. tuncelianum
bulbs were obtained from Ovacik district of Tunceli,
Turkey. The A. tuncelianum extraction process was
performed according to the method of Ozkan et al. (27).

The bulbs were dried in a dark room. A. tuncelianum bulbs
of 1000 g were finely minced, kept in 5000 ml absolute
ethyl alcohol at room temperature in a dark condition for
20 h, and mingled with a period of five hours. Then, this
mixture was concentrated by evaporating ethyl alcohol.
The final product as A. tuncelianum extract was stored at
-20 °C.

Animals: In this study, 40 female Sprague-Dawley
rats, 2 months old, weighing 200 + 20 g, were supplied by
the Laboratory Animal Research Center at Firat
University, Elaz1g, Turkey. The rats were housed in
standard conditions (23+1 °C, 12 h light/12 h darkness).
This study was approved by the Local Animal Care Ethics
Committee at Kafkas University, Kars, Turkey, and was
in compliance with the International Guidelines for Care
and Use of Laboratory Animals (2006/063, 21.04.2016).
The rats were randomly divided into 4 groups with 10
animals in each group: Control group (C) was
intraperitoneally (i.p.) treated with physiological saline
solution; Diabetic control (DC) group was i.p. treated with
a single dose of 50 mg/kg Streptozotocin (STZ; dissolved
in citrate buffer, pH 4.5) (17); Diabetic + insulin (D+I)
group was i.p. treated with a single dose of 50 mg/kg STZ
and subcutaneously (s.c.) with 2 1U insulin for 28 days
(Levemir Flexpen) (40); Diabetic + A. tuncelianum extract
(D+AT) group was i.p. treated with a single dose of 50
mg/kg STZ and orally with 250 mg/kg A. tuncelianum
extract (dissolved in physiological saline solution, 1:1) for
28 days (38).

72 hours after STZ administration, the fasting blood
glucose level of each rat was determined by glucometer
(Bayer Contour TS, Germany). Rats with fasting blood
glucose of 200 mg/dl were considered diabetic and
included in the study (40).

The serum glycated hemoglobin (HbALc), insulin
levels (Catalog No: E-EL-R2466) and the kidney and liver
thiobarbituric acid reactive substances (TBARS),
superoxide dismutase (SOD) (Catalog No: E-EL-R1424),
and catalase (CAT) (Catalog No: E-EL-R2456) activities
were determined by using ELISA Kits (Elabscience,
USA).

Upon completion of the study, all rats were sacrificed
by sodium pentobarbital anesthesia (30 mg/kg). Blood
samples were collected by intra-cardiac route from
animals under sodium pentobarbital anesthesia and then
centrifuged at 4000 g for 5 min to obtain serum samples.
The kidney and liver tissues and serum samples were
stored at — 20 °C until biochemical analysis. Before the
biochemical analysis both tissue and serum samples were
allowed to dissolve at room temperature. After the liver
and kidney tissues were separated into pieces, one part of
the tissue samples was homogenized (Wiggen Hauser,
Germany) in cold phosphate-buffered saline (1:9) and
centrifuged at +4 °C, 10.000 g for 5 min to obtain a liver
and kidney homogenate.
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Statistical analysis: A confidence level of 95% (p <
.05) and power of 75% were used. The calculation gave a
sample size of 10. All statistical evaluations were made
using the SPSS 18 package program. One way analysis of
variance and Tukey’s test were used to determine
differences between the groups. All parameters were
given as mean + SD. Significance was considered at
p<0.05.

Results
The blood glucose, serum HbAlc, and serum insulin
levels of the rats in this study are shown in Table 1. The

kidney and liver TBARS levels, SOD and CAT activities
of the rats in this study appear in Figure 1.

Our data showed that the blood glucose levels were
significantly higher in the DC group compared to the
control group (p<0.001). From the 7™ to the 28" day in the
D+AT group, the blood glucose levels were non-
significantly lower at all measurements compared to the
DC group. However, from the 7% to the 28" day in the D+I
group, the blood glucose levels were significantly lower at
all measurements compared to the DC group (p<0.05,
p<0.05, p<0.01, respectively).
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Figure 1. Effects of Allium tuncelianum extract on the kidney and liver TBARS, SOD and CAT levels in diabetic rats.
Sekil 1. Diyabetli ratlarda bobrek ve karaciger TBARS, SOD ve CAT diizeyleri tizerine Allium tuncelianum ekstraktinin etkileri.
C: Control group; DC: Diabetic control group; D+1: Diabetic+insulin group; D+AT: Diabetic+Allium tuncelianum group. The kidney

and liver TBARS, SOD and CAT levels are provided as mean + SD.

#P<0.05 versus control group, #P<0.01 versus control group, ##P<0.001 versus control group, *p<0.05 versus diabetic control group,
**p<0.01 versus diabetic control group, ***p<0.001 versus diabetic control group.
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Table 1. Effects of Allium tuncelianum extract on blood glucose, serum HbAlc and serum insulin levels in diabetic rats.
Tablo 1. Diyabetli ratlarda kan glikoz, serum HbAlc ve serum insiilin diizeyleri tizerine Allium tuncelianum ektraktinin etkileri.

Parameters C DC D+l D+AT
Initial Glucose (mg/dl) 84.0+3.0 84.4+5.0 87.5£5.2 87.2+4.5
Glucose on diabetes development (mg/dl) | 86.5+4.6 399.0+9.8%# 393.9+14.1 403.3+36.7
Glucose on day 7 (mg/dl) 81.7£3.4 389.7+12.1%## 359.3+29.4" 379.8+12.2
Glucose on day 14 (mg/dl) 86.3+6.2 392.7+15.7%## 358.3+27.9" 382.2+25.9
Glucose on day 21 (mg/dl) 83. 7+4.5 394.0+£14.7%% 362.0£8.9™ 383.8+14.9
Glucose on day 28 (mg/dl) 84.3+4 4 401.7+10.7%# 347.6+43.0™ 389.2+10.6
HbAlc (ng/ml) 185.8+17.9 355.1+22.6"# 285.0+15.4™ 319.2+28.9"
Insulin (ng/ml) 133.6+17.9 90.8+13.3%# 150.7+15.2" 105.5+10.6

C: Control group; DC: Diabetic control group; D+I: Diabetic+insulin group; D+AT: Diabetic+Allium tuncelianum group. Blood
glucose, serum HbAlc and serum insulin levels were given as mean + SD.

#P<0.05 versus control group, #P<0.01 versus control group, ##P<0.001 versus control group, *p<0.05 versus diabetic control group,
**p<0.01 versus diabetic control group, ***p<0.001 versus diabetic control group.

In the DC group, the serum HbAlc level
significantly increased and the serum insulin level
significantly decreased compared to the control group
(p<0.001). In the D+AT and D+ | groups, the serum
HbALc levels significantly decreased compared to the DC
group (p<0.05, p<0.001 respectively). The serum insulin
levels only significantly increased in the D+l group
compared to the DC group (p<0.001). However, in the
D+AT group, the serum insulin level non-significantly
increased compared to the DC group.

The kidney and liver TBARS levels significantly
increased in the DC group compared to the control group
(p<0.001, p<0.01, respectively). The kidney and liver
TBARS levels were significantly reduced in the D+1 and
D+AT groups compared to the DC group (p<0.05). The
kidney and liver SOD and CAT activities in the DC group
were significantly reduced compared to the control group
(p<0.001). In the D+l and D+AT groups, the kidney and
liver SOD activities were significantly enhanced
compared to the DC group (p<0.001). In the D+l and
D+AT groups, the Kkidney CAT activities were
significantly enhanced compared to the DC group
(p<0.01, p<0.05, respectively). In the D+l and D+AT
groups, the liver CAT activities were significantly
enhanced compared to the DC group (p<0.001).

Discussion and Conclusion

The development of diabetes mellitus in rats in this
study was induced by a single dose of 50 mg/kg i.p.
streptozotocin injection. In the D+AT group, from day 7
through 28 the blood glucose levels non-significantly
decreased compared to the DC group. In addition, the
serum insulin levels in the D+AT group non-significantly
increased compared to the DC group. The serum glycated
hemoglobin levels significantly decreased in the D+AT
group compared to the DC group. In this study, the
decreased glycated hemoglobin levels revealed that the

improvement effects in diabetic rats were developed by
the treatment of A. tuncelianum extract at a dose of 250
mg/kg. However, the treatment dosage of 250 mg/kg of A.
tuncelianum extract to reduce higher blood glucose levels
in the D+AT group was likely low. For example, Thomson
et al. (38) found a significant decrease in blood glucose
levels and a significant increase in serum insulin levels in
the treatment of diabetic rats with either 300 or 600 mg/kg
dose of aged garlic.

Some studies revealed hypoglycemic effects of
garlic extracts, but other studies have not. Shiju et al. (34)
found a significant decrease in the glycated hemoglobin
levels with the treatment of 500 mg/kg aged garlic (Allium
sativum), but did not found a hypoglycemic effect in the
diabetic rats. In contrast, Saravanan et al. (33) have
suggested that S-allylcysteine derived from garlic at a dose
of 150 mg/kg normalizes blood glucose levels in the STZ
diabetic rats. Similarly Rajani Kanth et al. (29) have
revealed that garlic treatment at a dose of 250 and 500
mg/kg significantly normalizes the blood glucose levels in
the diabetic rats. In addition, Hassan et al. (15) have stated
that garlic aqueous extract (150 mg/kg) in alloxan-induced
diabetic rats significantly decrease the blood glucose
levels (56%). Nasiri et al. (25) have suggested that the
blood glucose levels in diabetic rats were significantly
decreased via garlic extract treatment (2 g/kg/day for 30
days). This can be attributed to the treatment doses of
garlic in diabetic rats or the species of garlic.

The pathogenesis of diabetes mellitus has been
implicated in oxidative stress via increased free radicals
which are formed by glucose oxidation, glycosylated
proteins, and then oxidative degradation of glycosylated
proteins (2, 16, 22). In addition, hyperglycemia has been
revealed to promote oxidative stress by mitochondrial
dysfunction and endoplasmic reticulum stress (32).
Enhanced expressions of advanced glycation end products
in the kidney and liver tissues were demonstrated in STZ
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diabetic rats (3), and enhanced advanced glycation end
products have been indicated to have a role in the
intracellular  reactive oxygen species production,
proinflammatory cytokines secretion, and collagen
synthesis (20).

Several studies have indicated the development of
oxidative stress in diabetic rats via increase in TBARS or
lipid peroxide levels (1, 4, 5) and decrease in antioxidant
enzymes such as CAT, GPx activities (29) and SOD
activity (9). In this study, it was found that the kidney and
liver TBARS levels were significantly enhanced, while
the kidney and liver SOD and CAT activities were
significantly reduced in the DC rats compared to the
control rats. This suggested that oxidative stress in the
kidney and liver tissues occurred in rats with the STZ-
induced diabetes.

Oxidative stress causes impairment of membrane
functions and disruption of the membranes (1). Decreased
pancreatic islet cells, fibrosis of the pancreas, and liver
degenerations due to oxidative stress have been indicated
in diabetic rats (19). In this study, a decrease in the serum
insulin levels of the diabetic rats may be associated with
the occurrence of oxidative stress, increase in glycated
hemoglobin levels and possible pancreatic p-cell
disruption and pancreatic damage.

Garlic has been indicated to have antioxidant (37)
and hypoglycemic activities and to attenuate p-cell
destruction (19, 24). Similarly, Allium hookeri contributed
to the regeneration of some B-cells and insulin secretion in
the pancreas derangement caused by STZ (32). S-allyl
cysteine sulfoxide as a garlic antioxidant compound
(Allium sativum Linn) has been showed to ameliorate the
diabetic rats induced by alloxan and to control lipid
peroxidation (6). Similarly it has been shown that garlic
administration significantly reduces ROS levels and
significantly increases SOD, and CAT activities in hearts
of diabetic rats (36). However, according to the author’s
knowledge, there have not been any studies on the
hypoglycemic activity of A. tuncelianum extract in
diabetic rats. In this study, A. tuncelianum extract had
nonsignificant hypoglycemic effects. In addition, A.
tuncelianum extract significantly increased the kidney and
liver SOD and CAT activities in the DC rats, suggesting
that A. tuncelianum extract has potent antioxidant
activities.

In conclusion, the results of this study confirmed that
A. tuncelianum extract had potent antioxidant activities in
diabetic rats, and improvement effects by increasing
insulin levels, decreasing glycated hemoglobin levels, and
attenuating oxidative stress in the diabetes treatment in
rats. Further studies are required for the assessment of
higher dosages of A. tuncelianum extract on hypoglycemic
activities in diabetic rats.
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