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Purpose: Diabetes can increase oxidative stress in various tissues of the body, and the
progress of this process is associated with intensification of the complications of diabetes.
The current study purposed to evaluate the protective effect of Pinus gerardiana (PG) seed
on oxidative stress induced by diabetes in the liver and serum of streptozotocin (STZ)-
induced diabetic rats.

Materials and Methods: This interventional study was performed on 36 male Wistar rats.
The rats were randomly divided into 6 groups (healthy controls, healthy treated with 3% and
6% (PG), diabetic control, diabetic treated with 3% and 6% (PG) doses). After 6 weeks of
intervention, weight, glucose, and oxidative stress parameters in serum and liver including
total antioxidant capacity, malondialdehyde, total thiol and superoxide dismutase activity
were measured. Data analysis was done by statistical software version 16 and Tukey’s one-
way ANOVA tests.

Results: Diabetic rats showed significantly higher malondialdehyde and fasting glucose
levels (12+1.2 mmol/L) and significant reductions in fasting insulin serum, weight (—37%),
and activity of superoxide dismutase enzymes, total thiol groups, and total antioxidant
capacity of serum and liver (about +49% in liver and +16% in serum) (p < 0.001) compared
with the healthy groups. Oral administration of PG nuts to diabetic rats caused a significant
reduction in malondialdehyde and fasting glucose levels (—43%) and weight loss (+15%),
and a significant increase in activity of superoxide dismutase enzymes, total thiol groups, and
total antioxidant capacity of serum and liver (p < 0.001).

Conclusion: The present study concluded that PG can decrease fasting blood glucose,
improve insulin resistance, reduce weight loss, and improve oxidative stress indices in the
serum and liver of STZ-induced diabetic rats. It is a potential therapeutic food supplement
for the treatment and prevention of hyperglycemia and high oxidative stress of diabetes.
Keywords: diabetes mellitus, Pinus gerardiana, oxidative stress, blood glucose, rat

Introduction

According to the World Health Organization (WHO), interventions for lifestyle
modification and the prevention of non-communicable diseases such as diabetes are
of great importance for developing countries; clearly, such interventions should be
commensurate with the limited financial resources of these countries.' Diabetes is a
common multi-factor metabolic disease that leads to impaired glucose homeostasis
in the body. Based on reports by the International Diabetes Federation (IDF) in
2015, 415 million people suffer from diabetes throughout the world, and this
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number is expected to reach 642 million by 2040. The
prevalence of diabetes in the Middle East and the Horn of
Africa is estimated to be 35.4 million (9.1% of the adult
population) and is predicted to double by 2035.% Diabetes
induces oxidative stress in different tissues of the body,
and the extension of this process exacerbates diabetes-
associated complications. It also creates an imbalance
between the body’s antioxidant defense system and the
production of free radicals, increasing the amount of
these compounds (eg, reactive oxygen species) in the
body. These compounds are involved in cellular reactions
and increase the production of hydrogen peroxide, which
is a more toxic substance than free radicals.” The antiox-
idant defense system of the body is categorized into the
enzymatic group (such as SOD, glutathione peroxidase
and catalase) and the non-enzymatic group (such as vita-
min E, carotenoids, ascorbic acid, and bilirubin). This
system can counteract the damage of free radicals by
preventing their formation, repairing the damage caused
by free radical activities, increasing the removal of
damaged molecules, and minimizing cell mutation.* The
first line of treatment for diabetes is to use blood-sugar-
lowering drugs.’ Because diabetes mellitus causes a series
of changes in the basal metabolism and oxidative stress
conditions of the body, it is not possible to expect control
of other complications only by lowering blood sugar with
medication. Moreover, these treatments have been shown
to have certain adverse effects, such as weight gain, hypo-
glycemia, vomiting, edema, gastrointestinal disorders, and
liver injury after long-term use.® Herbal intervention is
considered to be natural, and the practice may have been
part of the culture for many generations. Therefore,
research to find plant compounds that have beneficial
effects in improving the diabetic condition is absolutely
necessary.’

Nuts are known to be rich sources of fats and provide a
wide range of unsaturated fatty acids, phytosterols, and
other health-promoting substances.® In general, pine nuts
are a valuable source of nutrients. Hence, they are
expected to inherently contain high levels of antioxidants
capable of reducing the level of oxidation.” One of the
most important species of pine is the chilgoza pine (Pinus
gerardiana Wall.), which is considered as an important
nutritional source in its native distribution areas. In terms
of nutritional value, Chilgoza pine nuts contain 51.3% fat
(fatty acids), 8.7% water, 13.6% protein, 22.5% starch,
0.9% fiber, and 3% minerals and ash, and their fatty
acids include stearic acid (1.2%), pinolenic acid (19%),

oleic acid (2.3%), and linoleic acid (2.8%).'" The aqueous
and dichloromethane extracts from this pine nut contain
high levels of catechins, gallocatechins, luteins, lycopenes,
carotenoids, and tocopherols. The pine nut also contains
healthy amounts of essential minerals such as manganese,
potassium, calcium, iron, magnesium, zinc, and selenium.
It is one of the richest sources of manganese (8.802 mg/
100 g, or about 383% RDI), an important cofactor for
antioxidant enzymes such as superoxide dismutase.'' The
liver is comprised of tissues that are greatly affected by the
damage caused by oxidative stress.

Given that no study has ever investigated the associa-
tion between the antioxidant properties of chilgoza pine
nuts and diabetes and oxidative stress, the current study
investigated the effects of chilgoza pine nuts on diabetes-
induced oxidative stress in the liver and serum of STZ-
induced diabetic male rats.

Materials and Methods

Plant Preparation

Pinus gerardiana Wall. (PG) nuts were obtained from the
forests of eastern Afghanistan and identified by a pharma-
cognosist at the Medicinal Plants Research Center of
Ahwaz Jundishapur University of Medical Sciences in
Iran (Herbarium Code: A017001001p). The nuts were
peeled by industrial lender and powdered. The resulting
powder was mixed with the standard powdered chow of
the rat (3% and 6% w/w), then returned to the normal form
of the rat food, and freely provided to the rats in the
intervention groups.

Laboratory Animals

Thirty-six male, white Wistar rats (8 weeks old) weighing
about 180 to 200 grams were placed in special cages (6
rats in each cage) with sawdust substrate for 2 weeks
under a cycle of 12-hour light/12-hour darkness at 22 +
1°C and humidity levels recommended for laboratory ani-
mals with automatic ventilation until compatible with
laboratory conditions. The rats were fed during this period
with a standard laboratory chow (Pars Dam Co, Tehran,
Iran) containing 46% nanofibrillated cellulose (NFC), 25%
neutral detergent fiber (NDF), 19% protein, and 10% lipid.
They also had ad libitum access to drinking water.

Water consumption, food, and animal weight in each
group were measured weekly. The weekly water and food
intake was calculated using the following formulas. Daily
food/water intake was expressed per 100 g body weight
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(bw): Amount of water consumed (mg/100g bw) = [total
water consumption of each group during one week (mL)/
total weight of rats in each group at the end of the week
(2)]%100. And amount of food consumed (mg/100g bw) =
[total food consumption of each group during one week
(mL)/total weight of rats in each group at the end of the
week (g)]*100.

At the end of the study, rats were rendered unconscious
with 50 mg/kg ketamine intraperitoneally. The abdomen
was opened, and after the viscera was removed, the infer-
ior vena cava was accessed and blood was drawn using a
10-mL syringe.

Diabetes Induction

Diabetes was induced by an intraperitoneal injection of
NA (nicotinamide, 120 mg/kg b. wt., dissolved in normal
saline) 15 minutes before the single-dose administration of
STZ (Streptozotocin, 55 mg/kg b. wt., freshly prepared in
citrate buffer, pH 4.5). The development of diabetes was
confirmed 7 days later. Following diabetes induction,
blood was drawn from the tail veins of the experimental
rats to determine their fasting blood glucose levels. Rats
with fasting blood glucose levels higher than 13.9 mmol/L
were considered diabetic. After confirmation of the dia-
betic condition, the treatment period started with the
desired doses of PG in the target groups and lasted for 6
weeks.

Study Design
After two weeks of adaptation to new conditions, the
animals were randomly divided into six groups to begin
the study.

Group 1: Healthy Controls (C)

Group 2: Controls receiving 3% PG

Group 3: Controls receiving 6% PG

Group 4: Diabetic controls (D)

Group 5: Diabetic rats receiving 3% PG

Group 6: Diabetic rats receiving 6% PG

Homogenized Liver Preparation

At the end of the experiment, liver tissue was removed and
minced with a small scissor in a cold mannitol solution
containing 0.225 M D-mannitol, 75 mM sucrose, and 0.2
mM ethylene-diamine-tetra-acetic acid (EDTA). The
minced liver was gently homogenized, in a homogenizer
with a Teflon pestle, and then centrifuged. The supernatant
was used to evaluate the parameters.

Measuring Parameters

Fasting Blood Glucose, Fasting Insulin and HOMA-IR
A glucometer was used to confirm diabetes in the rats. At
the end of the study, the rat-tail vein blood samples were
tested with the enzymatic method to achieve an accurate
measurement of fasting blood sugar (FBS).

Fasting serum insulin was assayed by ELISA kit
(ZellBio Co., Germany) following the manufacturer’s pro-
tocol. Homeostasis model assessment of insulin resistance
(HOMA-IR) was calculated to measure the insulin sensi-
tivity of rats using the following formula: [fasting plasma
insulin (mU/L) x fasting blood glucose (mmol/L)]/22.5.

Malondialdehyde (MDA)

The MDA level is an appropriate index for assessing lipid
peroxidation under oxidative stress conditions. In this study,
the MDA level was measured using spectrofluorometry.
Thiobarbituric acid reactive substances (TBARS) assay
was used to measure lipid peroxidation which is based on
the reaction of malondialdehyde (MDA) and thiobarbituric
acid (TBA) in the glacial acetic acid medium. Samples were
first mixed with 1.5 mL tri-chloro-acetic acid (20% w/v),
then centrifuged at 3000g. The taken pellets were resus-
pended with 1.5 mL 2-thiobarbituric acid (0.2% w/v) and
1.5 mL H2SO4 (0.05 M), following by incubation in boiling
water for 45 min. Afterwards, samples were first mixed with
2 mL n-butanol, allowed to cool, then centrifuged and their
absorption was read at 532 nm. The tetraethoxypropan stan-
dard curve was used to determine the concentrations.'?

Total Antioxidant Capacity (TAC)

TAC was measured using the FRAP method. The basic
principle of this method is the reduction of ferric tripyridyl
triazine (Fe III-TPTZ) complex to Fe II-TPTZ by biologi-
cal antioxidants. The change in absorbance of samples at a
wavelength of 600 nm was compared with the change in
the standard absorbance (FeSO,.7H,0)."?

Total Protein Assay

The Protein concentration in the samples was measured by
the Bradford method. 750 uL diluted coomassie blue was
mixed with 50 uL of samples. After 10 min incubation in
room temperature, absorbance of samples was measured in
595 nm. A standard curve was created using bovine serum
albumin ranging from 0.25 mg/mL to 1 mg/mL."*

Total Thiol Molecules (TT)
Total thiol molecules are also a marker of damage from free
radicals. These factors are susceptible to oxidative damage and
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decrease as a result of these injuries. The colorimetric method
with DTNB (5,5'-dithio-2- nitrobenzoic acid) was used to
evaluate TT. DNTB combined with these groups forms a

yellow complex that has a maximum absorption at 412 nm."?

Superoxide Dismutase (SOD) Activity

SOD activity was measured using a calorimetrically enzy-
matic assay kit (ZellBio GmbH, Ulm, Germany). In this
assay, the SOD activity unit was considered as the amount
of the sample that will catalyze the decomposition of 1
mmol of O2 to H202 and O2 in 1 minute. The SOD
activity was determined colorimetrically at 420 nm.

Statistical Analysis

Statistical analysis was performed using SPSS software
package (Version 16.0, IBM, Armonk, NY, USA). The
normal distribution of data was evaluated using the
Kolmogorov—Smirnov (KS) test. After ensuring that the
data distribution was normal, one-way ANOVA with
Tukey’s post hoc test was used to compare the means of
the variables studied between the groups. A p-value <0.05
was considered statistically significant in all tests.

Ethical Considerations

The initial plan of the study was approved by the ethics
committee of the Research Center of Laboratory Animals,
Ahvaz Jundishapur University of Medical Sciences, with
code No. IR.AJUMS.REC.1396.265 and followed the
National Institutes of Health Guide for the Care and Use of
Laboratory Animals (NIH publication no. 80-23, revised
1996).

Results
Body and Liver Weight, Total Protein and

Intake of Water and Food

The groups had no statistically significant difference in mean
body weight at baseline. At the end of the study, the mean
weight of diabetic rats was decreased significantly compared
to the control group (p <0.001) (Table 1). The mean weight
of rats in the diabetic groups treated with doses of 3% PG
and 6% PG was increased at the end of treatment compared
with the diabetic control group (p <0.001) (Table 1).

After 6 weeks of intervention, the healthy and healthy
control groups receiving 3% and 6% PG showed weight
gains of 20%, 17%, and 17%, respectively, compared to the
start of the study. Weight changes in the diabetic control and
diabetic groups receiving 3% and 6% PG were —17%, —7%,
and —6%, respectively, a decrease compared to the initial

weight. Body weight changes in the healthy groups showed
that the rate of weight gain was 3% lower in the two healthy
groups receiving 3% and 6% PG than in the healthy controls,
but this difference was not statistically significant (p >0.05).

In general, diabetic rats received more water and food
than healthy ones due to the effects of diabetes (p < 0.001).
Food intake in the diabetic control group was at least 24%
higher than in the healthy control group (p <0.001). The C
+PG 3% and C+PG 6% groups had similar food intake to the
healthy control group, and both groups showed a tendency
to decrease gradually and dosage-dependently, but not sig-
nificantly (p >0.01). Compared with the DM group, the PG-
administered groups had a significant reduction in food
intake (p <0.01) (Figure 1). The water consumption of the
diabetic rats was increased. The average water consumption
of the D group was 117.4 + 2.6 mL compared to 96+ 1.7 mL
in the healthy control group (p <0.001). The polydipsia
symptoms of the PG 6% group had the greatest relief, with
an average of 105 + 2.3 mL, which was about 10% lower
than that of the D group (p <0.001) (Figure 1).

Liver weight was decreased in the D group when
compared with the non-diabetic groups (p <0.001), but
this reduction was significantly lower in PG 6% groups
than in the diabetic group (6.5+£0.2 g Vs 5.740.2g) (p
<0.001), as shown in Table 1. The liver index was
increased in the D group compared with the non-diabetic
groups (p <0.01), but this increase was not significant in
the other diabetic groups (Table 1).

The induction of diabetes led to a 21% reduction in
total protein compared to the healthy groups (p <0.001).
Treatment with PG increased the level of total protein
compared with the disease control group (p <0.001), as
shown in Table 1.

Fasting Serum Glucose, Fasting Serum
Insulin and HOMA-IR

The findings for serum glucose, serum insulin, and
HOMA-IR are depicted in Figure 2. STZ injections
increased blood glucose levels in the diabetic group by
an average of 12 £1.2 mmol/L over that of the healthy
control group (p <0.001). In the diabetic groups treated
with 3% PG (p <0.01) and 6% PG (p <0.001), blood
glucose at the end of the study showed a significant
decrease compared to the diabetic control group (p
<0.001). No difference in blood glucose was observed in
the healthy control group receiving PG. Diabetes induction
can lead to significant insulin resistance in the diabetes
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group (p <0.001). The HOMA-IR of the D group was 17.9
+1.7, which was much higher than the other groups, espe-
cially the C group; it was almost 2 times that of the C
group. The PG 6% group had a significant improvement
over the D group (p <0.01). The findings regarding fasting
serum insulin were similar to those of the two factors
mentioned earlier (Figure 1).

Antioxidant Barrier (SOD, TAC)

Measurements of the antioxidant barrier parameters of the
liver and serum are shown in Table 2. Diabetes signifi-
cantly reduced the TAC (about 49% in the liver and 16%
in serum) and SOD activity levels (about 22% in liver and
28% in serum) in the liver and serum compared to the
healthy control (p <0.001). The amount of hepatic TAC in
the D group was half that of the C group. On the other
hand, treatment with PG 6% significantly improved these
factors compared to the diabetic control group (p <0.05) in
the liver and serum. PG 3% only improved the hepatic
TAC level compared to the diabetic control group. Table 3
shows that there is a strong relationship between serum
and liver levels of SOD and TAC (p <0.001).

Oxidative Damage (MDA, TT)

Measurements of the oxidative damage parameters of the
serum and liver are presented in Figure 3. Diabetes
increased (about 111% in liver and 43% in serum) the
MDA oxidative stress marker level and significantly
decreased (about 43% in liver and 39% in serum) the TT
levels in the serum and liver compared to the healthy
control (p <0.001). On the other hand, treatment with PG
6% significantly improved these factors compared to the
diabetic control group (p <0.001). PG 3% only improved
the serum levels of TT and MDA compared to the diabetic
control group (p <0.05). Table 4 shows that there is a
strong relationship between serum and liver levels of
MDA and TT (p <0.001).

Discussion

The current study evaluated the protective effects of Pinus
gerardiana Wall. nuts against diabetes-induced complica-
tions, such as weight loss, hyperglycemia, oxidative stress,
and other pathological changes in the serum and liver of
male diabetic rats. As shown in a previous study, PG con-
tains quercetin, gallic acid, vanillic acid, benzoic acid, syr-
ingic acid, m-coumaric acid, and other phenolic compounds.
Methanolic plant extract had greater total flavonoid contents
compared to ethyl acetate extract. Methanol extract also
contained higher total phenolic contents than the corre-
sponding ethyl acetate extract. In a study by Lee et al, the
most abundant phenolic compounds in PG were found to be
gallocatechin, gallic acid, and ellagic acid, respectively."'

The present study suggests that the use of PG will
prevent body weight loss during diabetes and decreased
blood sugar in a dose-dependent manner (p <0.001). In
STZ-induced diabetic rats, because the body cannot con-
sume blood glucose because of insufficient insulin secre-
tion, it uses other sources such as fats and proteins,
resulting in an increase in catabolism, muscle wasting,
protein depletion, and weight loss.'® However, treatment
with PG in the diabetic groups showed a significant (p
<0.001) dose-dependent decrease in weight loss compared
to the animals in the diabetic control group. In fact, the
inhibition of weight loss in diabetic rats treated with PG
might be explained by enhanced glycemic control and
increased synthesis of structural proteins.

Water and food consumption was increased in diabetic
rats compared to the healthy controls (p < 0.001).
Compared with the D group, the PG-administered groups
had a significant reduction in food (p <0.01) and water (p
<0.001) intake. Diabetes is generally associated with
symptoms of polydipsia and polyphagia. Reductions in
food and water intake affected by PG can be attributed to
better control of blood sugar and its high content of protein
and lipoic acid, which is effective in reducing appetite.

Table | Effect of Pinus gerardiana on Rats’ Body Weight, Liver Weight/Index and Total Protein in Different Studied Groups

Parameter/Group C C + PG %3 C + PG %6 D D + PG %3 D + PG %6
Initial body weight (g) 229.6+7.8 235.1+9.4 233.112.1 228+7.1 229.6%8.1 232.8+9.5
Final body weight (g) 276.8+13.3 274.6+9.8 272.5+10.7 188.6+5.8%* 212.3%13.8% 217.6%18.7 o
Liver weight (g) 7.4+0.3 7.310.2 7.310.3 5.7+0.2** 610.2 6.5+0.25
Liver index 2.7+0.2 2.60.1 2.7+0.1 3+0.2% 2.8+0.2 2.9+0.2

Total protein (g/dL) 6.6+0.2 6.5+0.1 6.7+0.1 5.240.1%* 5.6£0.25%% 6.1£0.25%

Notes: Results were expressed as mean + SD. C, normal control group; PG, Pinus gerardiana; D, diabetic group. *Significant proportion of the healthy control group.

BSignificantly compared to diabetic control group. **p<0.01 and *p <0.001.
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Figure | Effect of Pinus gerardiana on rats’ water and food consumption in different studied groups.
Notes: Results were expressed as mean + SD. C, normal control group; PG, Pinus gerardiana; D, diabetic group. Significant proportion of the healthy control group.

bSignificantly compared to diabetic control group. *¥p<0.01 and *p <0.001.

The current findings showed that liver weight in dia-
betic rats decreased significantly compared to healthy rats;
in contrast, the liver index increased. The PG 6% treat-
ment showed a tendency to normalize these parameters,
but it was only significant in preventing liver weight loss
(p <0.001). The study results suggest that this condition
may be due to PG-reduced weight loss in diabetic rats,
increased antioxidant capacity, and reduced liver damage.

The observations of the present study demonstrated
that streptozotocin was effective in producing hyperglyce-
mia in rats compared to healthy rats. The decline in blood
glucose level, increase in serum insulin, and improved
insulin homeostasis in PG-treatment groups were signifi-
cant in comparison to the diabetes control group (p
< 0.01).

The current findings showed that the STZ injection
significantly increased blood glucose levels in all three
groups of diabetic rats compared to the healthy controls.
Conversely, a significant inverse dosage-dependent
decrease was observed in the blood glucose of diabetic
rats treated with PG, possibly due to the presence of anti-
hyperglycemic constituents such as gallic acid and ellagic
acid. The mechanism of action of gallic acid on glucose

metabolism includes decreasing the expression of PPARy

gene and activation of Akt (protein kinase B).'” The
mechanism of action of the antidiabetic ellagic acid is to
affect the beta cells of the pancreas and induce insulin
secretion, reducing glucose intolerance.'® Previous studies
have demonstrated that STZ injection significantly reduces
body weight, which is associated with an increase in serum
glucose level and impaired insulin and lipid profiles."®

In this study, SOD activity levels in the serum and liver
of diabetic rats were decreased significantly compared to
the control group, but a significant dosage-dependent
increase was observed in the diabetic rats treated with
PG compared to the control group. STZ-induced diabetes
exacerbated tissue damage by reducing the activity of
endogenous antioxidant enzymes. Oxidative stress and
reactive oxygen species (ROS) have been proven to affect
the pathogenesis of diabetes.”’ SOD, catalase, and glu-
tathione peroxidase are of the antioxidant enzymes that
form a defensive system against ROS.*' The SOD activity
in diabetic rats was observed to be low in this study, which
may be due to the increased lipid peroxidation and produc-
tion of free oxygen radicals, which is consistent with the
results of previous studies.””** The amount of manganese
in PG is 8.8 mg/100 gr, which is about 4 times more than
the required daily intake of this element. Manganese is
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Figure 2 Effect of Pinus gerardiana on fasting blood glucose, insulin and HOMA-IR in different studied groups.
Notes: Results were expressed as mean + SD. C, normal control group; PG, Pinus gerardiana; D, diabetic group. Significant proportion of the healthy control group.

®Significantly compared to diabetic control group. *p<0.01 and *p <0.001.
Abbreviation: FBS, fasting blood sugar.

required as a rare metal ion for the activity of the SOD
enzyme. This element eliminates some free radicals, such
as anion superoxide, by reacting with them and converting
them into Mn®>".'" Significant increases in SOD activity in
the PG-treated diabetic rats may indicate the effects of
manganese and other antioxidants present in PG on redu-
cing or suppressing oxidative stress in the liver and serum
of diabetic rats by elevating antioxidant levels.

The findings showed that TAC levels in the liver and
serum of diabetic rats were significantly decreased compared
to the healthy rats after the induction of diabetes by STZ.
After treatment of diabetic rats with PG, a significant directly

dosage-dependent increase in TAC was observed in the liver
and serum of both groups of rats in comparison with the
diabetic control group. In a study by Ranjbar et al, the activity
of SOD and TAC was found to be reduced in diabetic rats
compared to healthy rats.** Kesavula et al suggested that the
lipid peroxidation levels in diabetic patients were increased
compared to the control group, resulting in a decrease in
serum TAC levels in these patients.>> The current results
are consistent with recent findings; the production of free
radicals was observed to be elevated in diabetes. An increase
in the number of free radicals leads to the employment of the

antioxidant system and a decrease in TAC levels in the serum

Table 2 Effect of Pinus gerardiana on Antioxidant Barrier Parameters (TAC, SOD)

Parameter/Group C C + PG %3 C + PG %6 D D + PG %3 D + PG %6
Hepatic TAC (umol/mg protein) 261.8%11 266.7+15.4 267.5+14 132.2412.4% 169.5+16.4 >* 212.847.2 >
Serum TAC (umol/mL) 0.620.03 0.6520.06 0.7%0.06 0.50.04 0.5+0.04 0.620.05 Pk
Hepatic SOD (U/mg protein) 335.5£21.1 332.5%£325 334+37.1 261.3£21.5 ** 274.5+31.8 3152424205
Serum SOD (U/mL) 98+6.8 96.5+7.3 95+8.7 70.1£7.3 2 79.5£6.7 846,85k

Notes: Results were expressed as mean * SD. C, normal control group; PG, Pinus gerardiana; D, diabetic group. *Significant proportion of the healthy control group.

BSignificantly compared to diabetic control group. **p<0.05 and *p <0.001.
Abbreviations: TAC, total antioxidant capacity; SOD, superoxide dismutase.
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Figure 3 Effect of Pinus gerardiana on oxidative damage parameters (MDA, TT).
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Notes: Results were expressed as mean + SD. C, normal control group; PG, Pinus gerardiana; D, diabetic group. *Significant proportion of the healthy control group.

BSignificantly compared to diabetic control group. *p<0.05, *p<0.01 and *p <0.001.

Abbreviations: MDA, malondialdehyde; TT, total thiol molecules.

and liver of diabetic rats. Due to the non-enzymatic antiox-
idant compounds, such as carotenoids and tocopherols, found
widely in PG, the direct and dosage-dependent treatment of
rats increases TAC in the serum and liver tissues. Numerous
studies have demonstrated that catechins possess antioxida-
tive properties, as they improve total antioxidant capacity,
suppress destructive oxygen-free radicals, and prevent oxi-
dative stress damage.?

The current study evaluated the effects of PG nuts on
MDA levels in the serum and liver tissues of rats. The
findings demonstrate an increase in the MDA level in
diabetic rats. MDA is one of the lipid peroxidation

Table 3 Coefficient (r) and Significance of the Correlation
Between the Tissue and Serum Antioxidant Barrier Parameters

products which is measured to evaluate lipid peroxidation
levels. The results of this study indicate that oxidative
stress in diabetic rats occurs as a result of high blood
glucose and its respective metabolic abnormalities. This
was confirmed by measuring the MDA level as an index
for lipid peroxidation.?” This decrease in MDA levels can
be due to the high levels of antioxidant compounds in PG.
It is important to note that PG exerts its antioxidant effects
mostly in diabetic rats rather than healthy rats.

Generally, the plasma total thiol groups are sensitive to
oxidative damage, and a reduction in these compounds is an
obvious sign of oxidative stress. In this study, the TT levels in

Table 4 Coefficient (r) and Significance of the Correlation
Between the Tissue and Serum Oxidative Damage Parameters

Pearson Hepatic | Serum Hepatic Serum Pearson Hepatic Serum Hepatic | Serum
Correlation TAC TAC SOD SOD Correlation MDA MDA TT TT
Hepatic TAC I 0.893* 0.688* 0.840% Hepatic MDA I 0.956* —.875% -910%
Serum TAC 0.893* I 0.547%* 0.640* Serum MDA 0.956* | —.842% —.895*
Hepatic SOD 0.688* 0.547%* | 0.893* Hepatic TT —.875* —.842% | 0.935%
Serum SOD 0.840%* 0.640%* 0.893* | Serum TT -910*% —.895% 0.935% |

Notes: Displayed are the correlation coefficients (r) between different parameters
within serum and liver. *p<0.01 and *p <0.001.
Abbreviations: TAC, total antioxidant capacity; SOD, superoxide dismutase.

Notes: Displayed are the correlation coefficients (r) between different parameters
within serum and liver. *p <0.001.
Abbreviations: MDA, malondialdehyde; TT, total thiol molecules.
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the serum and liver of diabetic rats were decreased signifi-
cantly compared to the control group; however, the TT level
was observed to be dose-dependently and significantly
increased in the diabetic rats treated with PG. Ranjbar et al
found that STZ-induced diabetes resulted in decreased TAC
and TT after 4 weeks.”* The measurement of thiol groups can
be an indicator of the effect of oxidative stress on proteins.
Studies have shown that the free radicals of hydroxyl and nitric
oxide metabolites can react with thiol groups to neutralize
oxidative stress.”®*° Sharifzadeh et al reported that catechin
compounds can decrease oxidative stress and increase TT in
STZ-induced diabetic rats, which is consistent with the find-
ings of the present study.*® The current study has a limitation
to consider. The lack of evaluation of more biomarkers in
oxidative stress including GSH-Px, Vit E, Carotene, Vit C,
Ceruloplasmin, Transderrin and lactoferrin and also, not using
more methods to determine the total antioxidant capacity can
be considered as limitations in our study.

Conclusion

The use of antioxidant agents plays an important role in
reducing the consequences of diabetes. The use of plant-
based compounds that usually have fewer side effects is
of particular importance. The present study concluded
that the 6-week administration of 3% and 6% PG to
diabetic male Wistar rats affected a reduction in blood
glucose levels, increased insulin secretion, and decreased
insulin resistance. PG can reduce weight loss and food/
water intake and improve oxidative stress indices in the
serum and liver of STZ-induced diabetic rats, which is
probably effective in preventing these complications of
diabetes. Given the beneficial effects of this nut on the
hyperglycemia and high oxidative stress of diabetes, it is
recommended that future studies use clinical trials to
investigate the effects of chilgoza pine nuts in human
diabetes and cardiovascular disease patients.
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