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Abstract

The metabolic abnormalities of diabetes lead to superoxide overproduction in vessels and myocardium resulting
in diabetes complications. Carum carvi oil probably reduces oxidative stress and increases heat shock protein by
hypoglycemic, hypolipidemic, and antioxidant effects. We aimed to study the effect of Carum carvil oil on HSP
in the liver and skeletal muscle in diabetic rats. 50 male Sprague Dawley rats were randomly divided into 5 groups
(control, drug control, drug carrier negative control, negative control, and treatment). Diabetes was induced in the
negative controls and treatment groups with streptozotocin (40mg/kg body weight, single dose, IP). Control and
negative control groups did not receive any therapy but treatment and drug control rats were gavaged with 10
mg/kg of Carum carvil oil daily during 30 days of the study. The weight of rats was measured on 3,7,21,30 days
and fasting blood sugar was measured on 3 and 30 days. The liver and skeletal muscle tissues were removed at the
end of the experiment. The level of HSP 70 and 72 was determined by an ELISA kit. The findings of HSP
measurement demonstrated an increase in level of these protein in the treatment group but in the drug carrier
negative control and negative control groups. HSP was decreased significantly due to the injection of STZ. Our
results showed that the compounds in this oil (Carum carvi) can increase the concentration of HSP 70 and 72 in
the liver and skeletal muscle tissues.
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Introduction

Diabetes mellitus is one of the most
common metabolic disorders that is
increasing rapidly, therefore, appropriate
proceeding to prevent, control and treat is
necessary (American Diabetes Association
2018). Diabetes is  predominantly
associated with chronic hyperglycaemia
and glucosuria, and as a result of the disease
progression, anatomical and metabolic
disorders may occur. In diabetes,

hyperglycemia and increased glycosylated
proteins can be the source of free radicals
production. Nowadays, oxidative stress is
considered as one of the effective
mechanisms in diabetes mellitus that affects
the metabolism of carbohydrates, lipids,
and proteins (Borcea et al. 1999). Lipid
metabolism disorder lead into injury of
various organs such as kidney, eye, nerve,
heart and blood vessels (Uusitupa et al.
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1990). In diabetes, the defense mechanisms
of damaged tissues and tissue vulnerability
to stress increases (Borcea et al. 1999). In
physiological abnormalities, the level of
HSP expression is reduced (Craig and
Gross 1991). However, their amount
increases in response to stress-inducing
stimuli such as elevated temperature,
oxidative stress and infection (Su et al.
2006; Njemini et al. 2004; Kilgore et al.
1998; Delogu et al. 1997; Njemini, et al.
2004). The HSP is essential for the natural
regeneration of skin ulcers, and in diabetic
patients, ulcers usually heal later due to the
impaired HSP performance (Atalay et al.
2009). Although HSP are mainly
intracellular molecules, they can be moved
and placed in the cell membrane when over-
expressed in response to stress, and
identified by the immune system, and then
act as an autoantigen. The HSP can also be
released from the cells into the circulation
and had biological activity. Important HSPs
based on molecular weight include: HSP10,
HSP20, HSP25/27, HSP60, HSP70,
HSP90, HSP100 (Madrigal-Matute et al.
2011; Bellini et al. 2017). In a study on type
2 diabetic patient, the expression of HSP60
was declined significantly in the
myocardium and adipose tissue and this
reduction may increase apoptosis. In
muscular biopsy of type 2 diabetic patients
compared with healthy people, the levels of
mRNA of induced isoforms of HSP70 and
72 were significantly reduced (Kurucz et al.
2002). Njemini et al. in 2004 showed that
there was a positive and direct relationship
between the serum level of HSP 70 and
inflammatory markers such as tumor
necrosis factor, C reactive protein,
fibrinogen and the number of blood
monocytes (Njemini et al. 2004). Strokov et
al. (2000) in type 2 diabetes rats, showed
that the expression of HSP 70 in skeletal
muscle was decrease due to insulin
resistance (Strokov et al. 2000). It is said by
Bruce et al. (2003) that insulin injections in
diabetic rats increase the expression of HSP
70. Hunter-Lavin et al. (2004) reported that

administration of folic acid
supplementation significantly reduced the
serum level of HSP 70 in type 2 diabetic
patients (Hunter-Lavin et al. 2004). Serum
HSP 70 could be a sensitive indicator for the
severity of type 2 diabetes (Atalay et al.
2004). The expression of HSP 72 in the
heart, liver, skeletal muscle, and kidney is
limited in diabetic patients. HSP 47can
bond to collagen type I to 111, and increase
the synthesis of type | collagen in
subcutaneous tissues, and therefore are
effective in diabetic wound healing
(Macdonald and Béachinger 2001). HSP and
insulin control can reduce amyloid
congestion in the brain (Hooper et al. 2014).
Many of the drugs used to treat diabetes
have side effects and problems for the
patient. So over the last few decades, the use
of plants has increased for the treatment of
various diseases, especially diabetes (Porte
and Kahn 1991).Muda et al. in 1997
indicated that Carum carvil is effective in
controlling type 2 diabetes (Modu et al.
1997).This plant has hypoglycemic and
hypolipidemic ( Ene et al. 2006; Eddouks et
al. 2004; lacobellis et al. 2005; Haidari et al.
2011), antimicrobial (Simic et al. 2008),
anti-tumor (Kumar and Singh 2006), and
antioxidant (Zheng et al. 1992) properties.
The oil and different extracts of Carum
carvil contain phenolic compounds with
significant antioxidant activity (Johri 2011).
and also has the ability to suppress hydroxyl
and lipoperoxide radicals. As we are aware,
there has been no study on the effect of
Carum carvil oil on HSPs in liver and
skeletal muscle in diabetic rats and, thus,
the present study was conducted.

Materials and Methods
Animals

A total of 50 male Sprague—Dawley rats
with 250+25 gr mean weight were housed
in animal room of the veterinary medicine
school of shiraz university at 22+2 °C with
a12:12 light—dark cycle and 50% moisture.
they were given access to water and food ad
libitum. The study protocol was reviewed
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and approved by the Ethical Research
Committee of Shiraz University (IACUC
no: 4687/63).

Experimental protocol

The animals were randomly divided into
5 groups: control: 5 rats without any
intervention; drug control:5 rats receiving
10 mg/kg Carum carvil oil; drug carrier
negative control: 10 diabetic rats receiving
sunflower oil 0.1 ml /100 g BW; negative
control:15 diabetic rats receiving water and
food and treatment:15 diabetic rats
receiving 10 mg/kg BW Carum carvil oil
dissolved in 0.1 ml sunflower oil.

Plant material
Preparation of Carum carvil

We used a cold pressing machine to make
Carum carvil oil, and this process was
carried out on seeds of Carum carvil which
was obtained from 1kg of Carum carvil, 75
g oil.

Induction of diabetes

STZ powder (Sigma USA,40 mg/kg) was
dissolved in 1 ml of 0.1M citrate buffer
(pH=4.5); 0.1 ml/100 g BW of the solution
was injected IP to induce diabetes. In non-
diabetic rat, in order to remove the
interfering factors, citrate buffer0.1 ml /100
gr BW was injected.

Blood glucose is reduced sharply due to
the destruction of beta cells, and can lead to
animal death, 12 hours after STZ injection.
As a result, after 12 hours of injection, the
drinking cups were filled with 5% glucose
solution for 12 hours.

Blood glucose level of all was measured
by the glucometer, 72 hours after STZ
injection. Rats with a blood glucose level
above 250 mg/dl were considered as
diabetic rats (Adeyemi et al. 2014).

Treatment with Carum carvil oil

The diabetic rats were treated with
Carum carvil oil. Since calculated dosage
based on mg/kg BW was very low and was
not appropriate for gavage, 0.1 ml
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sunflower oil added to 10 mg Carum carvil
oil. This mixture 0.1 ml/100 g BW
administered during 30 days following
diabetes induction. In order to eliminate the
effect of sunflower oil, the drug carrier
negative control received 0.1 ml of sun
flower oil /100 g BW.

Determination of weight and blood
glucose

At the end of each week, the weight of all
rats was measured using a digital scale.
Blood glucose was measured on the first,
third and final days of the experiment.

Preparation of tissue samples

At the end of the experiment, the rats
euthanized by ether and the extensor
digitorun longus (EDL) and the soleus
(SOL) muscles and the liver were excised,
frozen in liquid nitrogen, and stored in
—80°C until HSP determination.

Preparation of tissue extracts

Five-hundred (500) mg of the liver and
300 mg of the skeletal muscle tissues
respectively were crushed and sodium
phosphate buffer (0.1 M, pH=7.4) was
added 5 times their weight and then
homogenized with homogenizer The
suspensions were centrifuged for 15 min at
15000 g and 4°C. The supernatants were
transferred to 0.5 ml micro tubes and placed
at -4°C.

Determination of protein concentration
The protein content of tissues was
determined by Bradford method.

Determination of HSP

Tissue levels of HSP70 and HSP72 were
measured by a quantitative sandwich
enzyme immunoassay using commercial
rat-specific kits (Shanghai Crystal Day
Biotech, Shanghai, China). The sensitivity
of HSP70 kit was 0.021 ng/ml. The intra-
assay precision and inter-assay precision of
HSP 70 kit were CV< 8% and CV< 10%,
respectively. The sensitivity of HSP72 kit
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was 0.023 ng/ml. The intra-assay precision
and inter-assay precision of HSP72 kit were
CV < 8% and CV < 10%, respectively.

Statistical analysis

Statistical analysis was accomplished
using SPSS (Version 16.0; SPSS, Chicago,
USA). Analysis of variance (ANOVA)
followed by Tukey’s multiple range tests
was used to compare measured factors in all
groups  and determine  statistical
significance. P<0.05 was considered as
statistically significant.

Results
Changes of weight

The effects of Carum carvil oil on the
weight of the rats have been shown in Table

1. Three days after STZ injection, weight
loss was observed in the diabetic groups.

Seven days after treatment with Carum
carvil oil, weight loss in drug carrier
diabetic, diabetic control and treatment
groups continued, and there was a
significant difference between the weight of

control and diabetic groups. This weight
loss continued after fourteen days of

treatment with Carum carvil, except the

control groups and treatment. On the 21st
day weight loss was observed in the
treatment group, however in other groups

were observed weight gain. At the end of

the last week of weighing, weight gain was
recorded in the drug carrier and treatment
group, but weight reduced in negative
control group.

Table 1. MeanzSEM of weight (gr) in the different groups in consecutive weeks.

Sampling group First week Second week Third week Fourth week
C 275+18.70? 290.6+20.342 316.2+25.58? 318.2426.72°

DC 287.8+10.68° 308.2+17.10? 324.8+21.23? 335.6+18.70?
DCNC 211.8+16.11° 199.6+28.59° 203.6+27.7° 210.25+19.77°
NC 208.22+12.08° 185+17.01° 193.17+13.73° | 189.83+13.34°

T 202.62+13.73" | 222.68+10.85° | 186.83+10.57° | 204.2+12.93"

Different superscript letters within each column show significant differences among experimental
groups in each week (ANOVA, p < 0.05). C, healthy rats without treatment; DC, healthy rats were
treated by Carum carvil oil; DCNC, diabetic rats and treated by sunflower oil; NC, diabetic rats and

non-treated; T, diabetic rats and treated by Carum carvil oil.

HSP 70 of liver and muscle tissues

The results showed (Table 2) that
concentration of Heat Shock Proteins 70 of
skeletal muscle and liver tissues
significantly decreased in diabetic rats,
however the level of this protein was
increased after treatment with Carum carvil
oil in diabetic rats and was near to control

group.

HSP 72 liver and muscle tissues

Based on the results of ELISA analysis,
treatment with Carum carvil oil is same as
HSP70 caused an increase in HSP720f liver
and skeletal muscle tissues diabetic rats
(Table 3). Induction of diabetes decreased
the level of this protein in the negative

control group. Gavages with sunflower oil
had no obvious effect on HSP72 in the liver
and skeletal muscle tissues of drug carrier
negative control group.

Table 2. Mean+ SEM concentration (ngr/dl) of
HSP70 liver and muscle tissues.

Sampling HSP70 muscle | HSP70 liver
group

C 0.954+0.022% | 0.919+0.017°

DC 1.054+0.060° | 1.002+0.051°

DCNC 0.752+0.021¢ | 0.722+0.022°

NC 0.744+0.023¢ | 0.713+0.021°

T 0.814+0.023¢ | 0.790+0.023¢

Different superscript letters within each column show
significant differences among experimental groups
(ANOVA, p < 0.05). C, healthy rats without treatment;
DC, healthy rats were treated by Carum carvil oil; DCNC,
diabetic rats and treated by sunflower oil; NC, diabetic rats
and non-treated; T, diabetic rats and treated by Carum
carvil oil.
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Table 3. Mean+ SEM concentration (ngr/dl) of
HSP 72 liver and muscle tissues.

Sampling group HSP72 liver HSP72 muscle
C 1.244+0.059* | 1.539+0.060°

DC 1.355+0.058" 1.566+0.0672
DCNC 0.970+0.013°¢ 1.229+0.351°

NC 0.977+0.023¢ 1.209+0.04°

T 1.104+0.039¢ 1.349+0.031°¢

Different superscript letters within each column show
significant differences among experimental groups
(ANOVA, p < 0.05). C, healthy rats without treatment;
DC, healthy rats were treated by Carum carvil oil; DCNC,
diabetic rats and treated by sunflower oil; NC, diabetic rats
and non-treated; T, diabetic rats and treated by Carum
carvil oil.

Discussion
Weight changes

No significant difference was observed
between the weights of different groups on
day 0. Three days after STZ injection, in
treatment, negative control and drug carrier
negative control groups, significant weight
loss was observed compared to control.
Many studies have argued that STZ
injection causes muscle and weight loss in
animals (Kim et al. 2014; Furman 2015). In
diabetic groups, due to insulin deficiency,
the body is not able to consume glucose,
resulting in weight loss. Gluconeogenesis
that occurs in diabetes can decrease lipid
synthesis and fat storage. During
gluconeogenesis, muscle protein is used as
a source of glucose, and muscle loss is one
of the causes of slimming in the animal
(Shirwaikar et al. 2004). Seven days after
treatment with Carum carvil oil, weight loss
in drug carrier negative control, negative
control, and treatment groups continued,
and a significant difference between the
weights of different groups was noticed.
The weight loss after 14 days of treatment
with Carum carvil oil continued except for
drug control and control groups that
weighed up, and there was still a significant
difference between the weights of different
groups. On the 21st day of the course of
treatment, weight loss was observed and
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there was a significant difference between
the weights of different groups. At the end
of the last week, weight gain was observed
in treatment group and the weight of the
different groups was significantly different.
However, there was no significant
difference between the negative control,
drug carrier negative control, and treatment
groups as in all stages of the trial. But there
was a difference between the negative
control, treatment and drug carrier negative
control groups with the control and drug
control groups. The results are roughly
equivalent to the results of previous studies
on the weight gain of rat receiving the
specified doses of Carum carvil oil. It
prevents body muscle loss and
gluconeogenesis, and thus increases body
weight in diabetic rats (Ene et al. 2006).

Changes in the level of heat shock
proteins

The amount of HSP70 and 72 in skeletal
and liver muscles in negative control and
drug carrier negative control groups had a
significant decrease compared to the other
groups. This significant decrease reflects
the role of streptozocin in reducing the
amount of HSP. Bitar et al. (1999) were the
first researchers who discovered this effect
of streptozocin, and suggested that reducing
the expression of HSP70 in the tissues of
diabetic animals is due to streptozocin. It
can cause DNA alkalization and thus
damage to the hereditary substance. In this
condition, the ATP synthesis rate decreases
due to NAD + depletion, and since the HSP
70 and 72 require ATP for their chaperone
performance, their activity reduce by the
injection of streptozocin (Kiang and Tsokos
1998).

HSPs are one of the most important and
abundant proteins in the body whose
expression in the normal body condition is
normally low. In abnormal conditions such
as stress, apoptosis, necrosis and any cell
damage, their expression increases which is
consistent with their protective, antioxidant,
and anti-inflammatory properties (Atalay et
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al. 2009). This protein family as chaperone
molecules plays an important role in
facilitating the folding of cellular proteins,
preventing protein accumulation, repairing
damaged proteins and their proper transfer,
and thus increases the life span of the cell
(Awasthi and Wagner 2005). In diabetes, a
wide range of metabolic and functional
disorders occurs. Due to stressful
conditions in the body, the amount of free
radicals and oxidative agent’s increases,
these harmful compounds damage the
body's protein and lipid structures. On the
other hand, insulin production is low due to
the damage to the pancreatic beta cells, or
despite the presence of enough insulin, the
cells are not able to use insulin. In these
conditions, an increase in blood glucose and
the absence of treatment of Keto-acidosis
occur (Hooper and Hooper 2009). Oglesbee
et al. (2005) showed that diabetic
ketoacidosis increased the level of
extracellular HSP70 which was due to the
systemic response of the body to stress, and
its extracellular amount increased due to
changes in blood glucose in diabetic
patients. Reducing the activity of
chaperones in diabetic patients is one of the
main causes of complications of diabetes
(Hooper et al. 2014). In fact, the vital role
of HSPs in diabetes is due to their ability to
cope with the degeneration of tissue
proteins and facilitate cellular repair and
defense mechanisms. Reducing glycation
and increasing protein stability can
dramatically reduce the risk of diabetes
complications (Jafarnejad et al. 2008).
Although the amount of HSPs increases
under stressful conditions, it decreases in
diabetes, and here's a paradox. In the past, it
has been anticipated that another possible
reason for lowering HSP70 concentrations
in patients with diabetes is that after
glycation, this protein is not known by
monoclonal antibodies, and thus, the
diagnostic kit is not capable of detecting
and determining the concentration of this
protein (Baynes 1991). Because of high
blood glucose in diabetes, HSPs are bound

to glucose and because of glycation, they
lose their chaperone characteristics and this
causes the HSPs to not protect the cell
structure well. Consequently, the disease
progresses. On the other hand, Kurucz et al.
(2002) and Bruce et al. (2003) demonstrated
that the expression of HSP 70 in human and
animals” tissues with type 2 diabetes and
insulin resistance significantly decreased.
Borcea et al. (1999) Showed that insulin
injections in diabetic rats increased the
expression of HSP 70. Patti et al. (2003)
also found that the expression of HSP 70 in
skeletal muscle in diabetic patients was
lower than that of healthy subjects and had
an inverse relationship with fasting blood
glucose levels. Studies have been done on
the effect of plants on HSP levels and the
reduction of complications of diabetes. A
human study showed that stevia plant had
anti-diabetic  properties, including the
resurgence of damaged pancreatic beta
cells, and compared to glibenclamide, it has
no side effect (Misra et al. 2011). Barberry
and saffron can reduce some of the
complications of diabetes by reducing anti-
HSP antibodies (Shemshian, et al. 2014;
Zilaee, et al. 2014). The study of the amount
of HSP in the liver and skeletal muscle of
diabetic animals using Carum carvil oil
indicates that their amount was significantly
increased, but their levels were still lower
than those of healthy ones. This finding
suggests that Carum carvil oil can increase
the amount of HSP70 and 72 in the liver and
skeletal muscle tissue of diabetic rats. This
was probably due to the good combinations
of black cumin, as major combinations of
the Carum carvil have antioxidant
properties and decrease blood glucose
levels (Johri 2011; Najda et al. 2008).
Hence, presumably Carum carvil can
reduce damage to heat shock proteins by
reducing harmful oxidants. It also reduces
blood sugar. In diabetes, HSPs bind to
glucose and form a passive structure that
loses its chaperone property (Jafarnejad et
al. 2008). Cumin reduces blood glucose,
thus prevents glycation of HSPs and avoids
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lowering their chaperone activity. Except
for cumin, research has been carried out on
barberry and saffron plant. These plants
reduce some of the complications of
diabetes by reducing anti-HSP antibodies
(Shemshian, et al. 2014; Zilaee, et al.
2014).

Our findings indicated that the amount of
HSP70 and 72 in the liver and skeletal
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