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(Green Pistachio) Hull Extract in Wistar Albino 
Rats with Doxorubicin-Induced Cardiac Damage

ABSTRACT

Background: Pistacia vera L. (green pistachio) has been shown to increase antioxidant 
capacity and protect against cardiovascular diseases and cancer. This study investigated 
the protective effect of the Pistacia vera L. hull in rats with experimental cardiac damage 
induced by doxorubicin.

Methods: Sixty adult Wistar albino rats were randomly divided into 5 groups (n = 12). 
Sham, doxorubicin, doxorubicin + Pistacia vera L. extract 50 mg/kg, doxorubicin + Pistacia 
vera L. extract 100 mg/kg, and Pistacia vera L. extract 100 mg/kg. Biochemistry param-
eters, total antioxidant status, total oxidant status, oxidative stress index, 8-hyd roxy- 
deoxy guano sine,  and caspase 3/7 values were measured in serum samples. Excised heart 
tissues were examined histopathologically.

Results: The groups were statistically significantly different in 8-hyd roxy- deoxy guanosine,  
caspase 3/7, total antioxidant status, total oxidant status, oxidative stress index, and basal 
biochemical parameter values (P < .05, P < .001). In group II, 8-hyd roxy- deoxy guanosine,  
caspase 3/7, and total oxidant status values increased while the total antioxidant status 
value decreased (P < .001). In the treatment groups (group III and group IV), 8-hyd roxy- 
deoxy guano sine and caspase 3/7 values decreased compared to group II (P < .001). While 
total oxidant status and oxidative stress index values decreased in the treatment groups, 
total antioxidant status values increased (P < .001). The histopathological examination 
of the heart revealed fewer areas of focal necrosis in the treatment groups compared to 
group II.

Conclusion: In this study, the cardioprotective effect of Pistacia vera L. hull extract was 
investigated in vivo. It was shown that Pistacia vera L. hull extract reduced apoptosis and 
deoxyribonucleic acid damage in the face of cardiac damage and had antioxidant activ-
ity. Future studies will increase our knowledge on this subject.

Keywords: Pistacia vera L. (green pistachio) hull extract, doxorubicin, cardiac damage, 
apoptosis, antioxidant

INTRODUCTION

Doxorubicin (DOX) is a broad-spectrum antibiotic, an anthracycline group chemo-
therapeutic agent that is frequently used in cancer treatment.1 It has been shown 
that anthracyclines induce apoptotic cell death,2 and DOX causes the formation 
of reactive oxygen radicals in the cell.3-5 Oxidative damage to membrane lipids and 
other cellular components is considered a major factor in the toxicity of DOX and 
other anthracycline antibiotics. Accordingly, many researchers have ascertained 
that the use of natural and synthetic antioxidants can be protective against oxi-
dative stress caused by DOX and other cytotoxic drugs.5-7 Today, the importance 
of using antioxidant molecules in the treatment of diseases caused by free radi-
cals makes new natural antioxidant sources even more crucial.

The use of antioxidants has been shown to play a positive role in the treatment of 
the most common diseases such as cardiovascular disease (CVD) and cancer, and 
studies on healthy people and people with heart disease have revealed that anti-
oxidants reduce free radicals and protect low-density lipoprotein (LDL) against 
oxidation.8 Thanks to its phenolic content, Pistacia vera L. (P.v.L.) is among the top 
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50 foods with antioxidant potential.9,10 Pistacia vera L. is one 
of the most water- and fat-soluble antioxidants among all 
tree nuts.11 Anthocyanin-containing P.v.L. contains important 
bioactive polyphenols such as transreservatrol12,13 and isofla-
vones with anti-cancer potential.14 Phenolic compounds play 
a critical role in maintaining the balance between oxidants 
and antioxidants in the body.15 With its monounsaturated 
fat, vitamin, and antioxidant content, P.v.L. has been found 
to be beneficial in anti-inflammatory activity, glycemic 
control, protection of endothelial function, and prevent low 
oxidation in various studies. It has been suggested to have a 
protective role against LDL in atherogenesis and chronic dis-
eases such as cancer and CVD.16,17

In this study, the protective effect of P.v.L. (green pistachio) 
hull with high antioxidant properties was investigated in 
Wistar albino rats, in which an experimental cardiac injury 
model was created with DOX.

METHODS

Ethical Approval
This study was conducted with the approval of the Scientific 
Committee – dated August 11, 2021, 2021/008/07 session 
number 01-08 – and financial support with the Scientific 
Research Projects Coordination Unit (BAP) of our university 
with project number 21152. Wistar albino adult female and 
male rats deemed suitable for the study were obtained from 
the University Experimental Animal Research Center.

Establishment of Study Groups and Experimental Cardiac 
Injury Model
In this study, 60 adult Wistar albino rats (average weight: 
female rat 250-300 g, male rat 450-500 g) were randomly 
divided into 5 equal groups [6 males, 6 females (n = 12)]: 
group I (sham), group II (DOX), group III [treatment group I 
(DOX + P.v.L. hull extract 50 mg/kg)], group IV [treatment 
group II (DOX + P.v.L. hull extract 100 mg/kg)], group V (P.v.L. 
hull extract 100 mg/kg). The reason why we use both genders 
in rats, both male and female, is: heart diseases are found in 
people of both sexes, and one of the risk factors is gender. 
However, we could not obtain a statistically significant result 
in the evaluation made between rats according to their gen-
der, so we presented the data in the general table without 
gender discrimination. Previously, male and female rats were 
treated with P.v.L. The response to this question was evalu-
ated and compared separately. In order for the rats to adapt 
to the changing environmental conditions, they were housed 
for 5 days under routine housing conditions (temperature 

22 ± 2ºC, 50% relative humidity, 12 hours of light and 12 hours 
of darkness, in type 3 cages with a transparent visible inte-
rior, designed to add standard rat chow, and ad libitum 
water) without any experimental intervention. All rats were 
fed with tap water and standard rat chow under standard 
conditions. The feeding of the rats was completely stopped 
12 hours before the intervention. Female rats included in the 
study were placed in separate cages from male rats after the 
completion of the lactation period. During the study, experi-
mental protocols were applied to rats grouped as male and 
female in separate cages. Due to this, vaginal plaque was 
not observed in female animals, and vaginal smear was not 
taken. Cardiac injury models were established as in previ-
ous study.18 For the experimental cardiac injury model, only 
food and water were given to group I for 15 days. In group II, 
DOX (2.5 mg/kg/day (15 days), a total dose of 37.5 mg/kg was 
administered intraperitoneally (IP). Group III was given only 
DOX for the first 7 days, then DOX and P.v.L. hull extract 50 
mg/kg/day as gavage for 7 days. Group IV was given only 
DOX for the first 7 days, then DOX and P.v.L. hull extract 50 
mg/kg/day as gavage for 7 days. In total, the duration of 
treatment was 15 days. Group V was given water for the first 
7 days and P.v.L. hull extract by gavage for the next 7 days 
(Table 1). In total, the treatment lasted 15 days. At the end of 
the experiment (day 16), all rats were sacrificed under deep 
anesthesia (ketamine 90 mg/kg and xylazine 10 mg/kg IP), 
and their blood and all tissues were stored under appropri-
ate conditions (Figure 1). Rats’ daily weight, feed, and water 
intake were followed up and noted. In the DOX-administered 
groups, the rats lost weight, their nutrition (feed and water 
consumption) decreased, they had diarrhea and nosebleeds 
and became weak. One male rat died in group II and group III.

Preparation of Doxorubicin
Doxorubicin was injected from a vial of 50 mg active ingredi-
ent as 2.5 mg in 1 mL per 1 kg. It was diluted by adding 20 mL 
into the 50-mg vial. It was adjusted as 2.5 mg in 1 mL per 100 g 
weight and administered to rats as 0.1 mL (10 IU) with an insu-
lin injector IP.

Preparation of Pistacia vera L.
Pistacia vera L. hull samples to be used in the study were dried 
in a dark environment in July 2020. The green mesocarp hull 
of P.v.L. was powdered with a blender, and 50 g of powdered 
P.v.L. hull samples was incubated in methanol (MeOH) : water 
(1 : 1, v/v) at 40°C overnight. The samples were homogenized 
in small amounts using an ultrasonicator for 15 min. Then the 
samples were filtered with a Whatman filter, and the alcohol 
solvents were evaporated with the help of a rotary evapo-
rator at a temperature not exceeding 40°C. Crude MeOH 
extracts were powdered in a lyophilizer. Then, this dry crude 
MeOH extract was dissolved in water and given to the rats.

Blood Plasma and Research Method
The blood taken from the heart and veins of the deeply anes-
thetized rats was transferred to yellow-capped biochemis-
try tubes without anticoagulant. These blood samples were 
centrifuged at 4000 revolutions per minute for 10 min, and 
the plasma was transferred to Eppendorf tubes to be stored 
at −80°C until the day of the experiment. On the experiment 

HIGHLIGHTS
• Doxorubicin (DOX) is a drug used for chemotherapy but 

still causes heart damage. Many antioxidants are being 
tested to prevent damage.

• Pistacia vera L. is a powerful antioxidant substance, and 
we found that it reduces the effects of DOX.

• In the study on rats, it was seen that it reduced the dam-
age especially through 8-hyd roxy- deoxy guano sine,  
pro-brain natriuretic peptide, caspase 3, and caspase 7.
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day, these samples were thawed at room temperature, and 
the parameters were analyzed.

Our study protocol was carried out in 3 steps. In the first 
step, basal biochemical parameters were measured using 
Siemens brand commercial kits. Alanine aminotransferase 
(ALT), urea, and creatinine (Cr) parameters were measured 
in Atellica Solution device; pro-brain natriuretic peptide 
(pro-BNP) was measured in the AQT90 Flex device, and 

troponin I and creatine kinase (CK-MB) values were mea-
sured in the Advia Centaur XP immunoassay System device. 
In the second step, caspase 3/7 and 8-hyd roxy- deoxy guano 
sine (8-OHdG) (BT LAB, Cat. no E0031Ra) were measured 
with enzyme-linked immunosorbent assay. Total antioxidant 
status (TAS), total oxidant status (TOS), and oxidative stress 
index (OSI) values were measured. Total antioxidant sta-
tus and TOS levels of the samples were measured using Rel 
Assay brand commercial kits. Total antioxidant status levels 

Table 1. Working Groups

Control and Experimental Groups Injection (IP) Gavage To Be Applied Once a Day Every Day

Group I (Sham)
(n = 12) (female: 6, male: 6)

- -

Group II (DOX)
(n = 12) (female: 6, male: 6) 

DOX 2.5 mg/kg/day (15 days) -

Group III (DOX + P.v.L. 50 mg/kg)
(n = 12) (female: 6, male: 6) 

DOX 2.5 mg/kg/day (15 days) After the 7th day, P.v.L. 50 mg/kg was added to the treatment

Group IV (DOX + P.v.L. 100 mg/kg)
(n = 12) (female: 6, male: 6) 

DOX 2.5 mg/kg/day (15 days) After the 7th day, P.v.L. 100 mg/kg was added to the treatment

Group V (P.v.L. 100 mg/kg)
(n = 12) (female: 6, male: 6)

- P.v.L. 100 mg/kg (7 days)

DOX, doxorubicin; IP, intraperitoneally; P.v.L., Pistacia vera L.

Figure 1. Laparotomy and sternotomy procedures of the rats.

Table 2A. Group I (Sham) Statistical Analysis by Gender

 

Group I (Sham) Male Group I (Sham) Female

 PaMin Max SD Min Max SD

8-OHdG (ng/mL) 0.35 0.69 0.57 ± 0.16 0.23 0.67 0.43 ± 0.16 .202

Caspase 3 (ng/L) 0.88 1.32 1.2 ± 0.18 0.66 1.32 1.07 ± 0.24 .243

Caspase 7 (ng/L) 0.62 0.97 0.79 ± 0.13 0.51 0.92 0.76 ± 0.15 .917

TAS (mmol Trolox equivalent/L) 1.43 1.85 1.62 ± 0.18 1.55 2.03 1.71 ± 0.19 .465

TOS (μmol H2O2equivalent/L) 11.3 14.5 12.58 ± 1.17 10.2 15.6 13.09 ± 2.37 .753

OSI (AU) 0.66 0.91 0.79 ± 0.11 0.65 0.97 0.77 ± 0.13 .675

Urea (mg/dL) 23.54 42.8 37.24 ± 8.09 29.96 35.01 32.25 ± 2.35 .115

Creatinine (mg/dL) 0.3 0.6 0.4 ± 0.12 0.3 0.5 0.44 ± 0.09 .448

e-GFR (mg/dL) 112 148 134.4 ± 14.86 120 148 128 ± 12.33 .448

ALT (U/L) 42 78 55.8 ± 13.35 34 48 42.2 ± 6.3 .047

CK-MB (U/L) 0.01 0.04 0.03 ± 0.01 0.01 0.03 0.02 ± 0.01 .501

Troponin-I (pg/ML) 7.6 16.95 12.65 ± 4.48 9.74 58.7 21.5 ± 20.9 .754

Pro-BNP (ng/L) 40 60.3 50.96 ± 7.38 42.6 60 49.74 ± 8.12 .754
aMann–Whitney U-test. P < .05, P < .001. Sham male (n = 6), Sham female (n = 6).
8-OHdG, 8-hyd roxy- deoxy guano sine;  ALT, alanine aminotransferase; AU, arbitrary units; CK-MB, creatine kinaz; e-GFR, estimated glomerular fil-
tration rate; Max, maximum; Min, minimum; OSI, oxidative stress index; Pro-BNP, pro-brain natriuretic peptide; SD, standard deviation; TAS, total 
antioxidant status; TOS, total oxidant status.
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in tissues were expressed as Trolox equivalent/L, and TOS 
results as μmol H2O2 equivalent/L.19,20 Oxidative stress index 
values, an indicator of oxidative stress, were expressed in 
arbitrary units (AU). In the third stage, the cardiac tissues of 
the rats were examined histopathologically. Finally, all data 
were analyzed statistically.

Histopathological Examination of Cardiac Tissue
Cardiac sections taken from rats were placed in 10% form-
aldehyde. Then, the samples taken from these sections 
were placed in a tissue-processing device (Leica Bond-Max 
Immunohistochemistry) for 4 h and embedded in paraf-
fin after tissue processing. Sections of 4 µm thickness were 

taken from these samples and stained with hematoxylin-
eosin stain. The presence of necrosis, inflammation, and 
edema in the cardiac tissue was examined under a micro-
scope, and the findings were evaluated as mild–moder-
ate–severe. In order to calculate the focal necrosis areas in 
the groups, all samples were examined histopathologically 
under a NiU microscope with 40× magnification. The mean 
area of necrosis was calculated for each rat.

Statistical Analysis
The compliance of the obtained data to normal distribution 
was checked with Kolmogorov–Smirnov and Shapiro–Wilk 
tests. Independent samples t-test was used for normally 

Table 2B. Group II (DOX) Statistical Analysis by Gender

 

Group II (DOX) Male Group II (DOX) Female

PaMin Max SD Min Max SD

8-OHdG (ng/mL) 1.17 1.35 1.31 ± 0.09 1.56 2.14 1.86 ± 0.29 .180

Caspase 3 (ng/L) 2.26 2.61 2.42 ± 0.18 1.24 2.95 2.32 ± 0.74 .564

Caspase 7 (ng/L) 1.75 2.24 1.94 ± 0.21 1.74 2.11 2.02 ± 0.19 .767

TAS (mmol Trolox equivalent/L) 0.66 0.97 0.82 ± 0.14 0.76 1.1 0.94 ± 0.15 .386

TOS (μmol H2O2 equivalent/L) 15.4 17.4 16.27 ± 1.02 15.3 19.09 17.67 ± 1.65 .245

OSI (AU) 1.58 2.64 2.03 ± 0.44 1.74 2.08 1.9 ± 0.17 1.000

Urea (mg/dL) 14.74 35.4 23.11 ± 9.64 21.1 51.36 32.03 ± 13.27 .245

Creatinine (mg/dL) 0.3 0.6 0.48 ± 0.13 0.3 0.6 0.43 ± 0.13 .554

e-GFR (mg/dL) 112 148 125 ± 15.79 132 148 140 ± 9.24 .134

ALT (U/L) 16 35 26.75 ± 7.89 22 32 27.5 ± 4.43 1.000

CK-MB (U/L) 0.01 0.05 0.03 ± 0.02 0.02 0.08 0.05 ± 0.03 .243

Troponin-I (pg/mL) 8.14 27.55 20 ± 8.36 7.93 24.7 16.96 ± 7.23 .386

Pro-BNP (ng/L) 62 69.9 65.33 ± 3.96 59 69.5 64.9 ± 4.51 .773
aMann–Whitney U-test. P < .05, P < 0.001. Group II (DOX) male (n = 6), group II (DOX) female (n = 6).
8-OHdG, 8-hyd roxy- deoxy guano sine;  ALT, alanine aminotransferase; AU, arbitrary units; CK-MB, creatine kinaz; e-GFR, estimated glomerular fil-
tration rate; Max, maximum; Min, minimum; OSI, oxidative stress index; Pro-BNP, pro-brain natriuretic peptide; SD, standard deviation; TAS, total 
antioxidant status; TOS, total oxidant status.

Table 2C. Group III (DOX + P.v.L. 50 mg) Statistical Analysis by Gender

Group III (DOX + P.v.L. 50 mg) Male Group III (DOX + P.v.L. 50 mg) Female

PaMin Max SD Min Max SD

8-OHdG (ng/mL) 1.1 1.27 1.16 ± 0.07 1.15 1.6 1.38 ± 0.19 .47

Caspase 3 (ng/L) 1.75 2.24 1.97 ± 0.2 1.86 2.11 2.01 ± 0.1 .671

Caspase 7 (ng/L) 1.16 1.49 1.35 ± 0.13 1.32 2.01 1.63 ± 0.3 .117

TAS (mmol Trolox equivalent/L) 1.14 2.21 1.76 ± 0.41 0.9 1.2 1.06 ± 0.14 .280

TOS (μmol H2O2 equivalent/L) 12.1 16.5 15.3 ± 1.85 12.3 15.6 13.98 ± 1.22 .173

OSI (AU) 0.73 1.06 0.89 ± 0.15 1.12 1.59 1.33 ± 0.17 .009

Urea (mg/dL) 29.96 85.6 55.12 ± 22.2 32.1 104.86 64.2 ± 34.37 .602

Creatinine (mg/dL) 0.11 0.5 0.4 ± 0.17 0.4 0.4 0.4 ± 0 .232

e-GFR (mg/dL) 112 132 122.8 ± 8.2 132 132 132 ± 0 .180

ALT (U/L) 20 58 29.6 ± 15.96 19 28 23.8 ± 3.49 1.000

CK-MB (U/L) 0.01 0.03 0.02 ± 0.01 0.01 0.04 0.02 ± 0.01 .661

Troponin-I (pg/mL) 23.31 193.32 149.52 ± 72.69 8.05 200.4 138.89 ± 75.93 .602

Pro-BNP (ng/L) 56 65.8 60.74 ± 3.7 57.55 64 61.06 ± 3.05 .917
aMann–Whitney U-test. P < 0.05, P < 0.001. Group III (DOX + P.v.L. 50 mg) male (n = 6), group III (DOX + P.v.L. 50 mg) female (n = 6).
8-OHdG, 8-hyd roxy- deoxy guano sine;  ALT, alanine aminotransferase; AU, arbitrary units; CK-MB, creatine kinase; e-GFR, estimated glomerular fil-
tration rate; Max, maximum; Min, minimum; OSI, oxidative stress index; P.v.L., Pistacia vera L.; Pro-BNP, pro-brain natriuretic peptide; SD, standard 
deviation; TAS, total antioxidant status; TOS, total oxidant status.
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distributed data, and the Mann–Whitney U-test was used 
for comparisons between 2 non-normally distributed 
independent groups. In the comparison of 2 or more inde-
pendent groups, one-way analysis of variance multiple 
comparison tests were used for normally distributed data, 
and the Kruskal–Wallis test and all the pairwise multiple 
comparison tests were used for non-normally distributed 
data. The data were presented as mean ± standard devia-
tion for numerical variables and as numbers and percent-
ages for categorical variables. Statistical significance was 
accepted as P < .05, and the Statistical Package for Social 

Sciences Windows version 24.0 software package was used 
for analysis.

RESULTS

No statistically significant results were obtained in the 
evaluation of rats according to their genders. Pistacia 
vera L. female and male rats were evaluated and com-
pared separately. The data obtained are presented in 
Tables 2A to 2E. Statistical analyses of the determined 
groups are shown in Table 3. The 8-OHdG, caspase 3, cas-
pase 7, TAS, TOS, OSI, urea, ALT, CK-MB, troponin-I, and 

Table 2D. Group IV (DOX + P.v.L. 100 mg) Statistical Analysis by Gender

 

Group IV (DOX + P.v.L. 100 mg) Male Group IV (DOX + P.v.L. 100 mg) Female

 PaMin Max SD Min Max SD

8-OHdG (ng/mL) 0.54 2.3 1.5 ± 0.65 0.71 0.95 0.81 ± 0.12 .116

Caspase 3 (ng/L)  1.32 1.81 1.52 ± 0.18 1.2 1.54 1.36 ± 0.15 .175

Caspase 7 (ng/L)  0.19 1.38 0.84 ± 0.45 0.88 1.44 1.08 ± 0.25 .600

TAS
(mmol Trolox equivalent/L)

1.44 1.91 1.75 ± 0.18 1.61 1.88 1.7 ± 0.11 .346

TOS
(μmol H2O2 equivalent/L)

12.3 16.3 14.48 ± 1.66 10.4 15.3 12.72 ± 2.38 .161

OSI (AU) 0.69 1.06 0.84 ± 0.15 0.62 0.92 0.75 ± 0.12 .293

Urea (mg/dL) 70.62 211.86 164.78 ± 54.5 27.82 150.4 85.29 ± 60.3 .280

Creatinine (mg/dL) 0.12 0.6 0.36 ± 0.2 0.2 0.5 0.36 ± 0.11 .915

e-GFR (mg/dL) 112 175 131.8 ± 25.18 112 175 134.2 ± 24.34 .746

ALT (U/L) 13 21 14.8 ± 3.49 25 58 36.2 ± 13.63 .812

CK-MB (U/L) 0.01 0.05 0.03 ± 0.01 0.01 0.05 0.02 ± 0.02 .514

Troponin-I (pg/mL) 19.44 40.11 29.92 ± 7.47 9.21 37.98 28.48 ± 11.34 .754

Pro-BNP (ng/L) 51.01 65.2 59.41 ± 6.06 53.5 63.45 59.12 ± 3.97 .754
aMann–Whitney U-test. P < 0.05, P < 0.001. Group IV (DOX + P.v.L. 100 mg) male (n = 6), group IV (DOX + P.v.L. 100 mg) female (n = 6).
8-OHdG, 8-hyd roxy- deoxy guano sine;  ALT, alanine aminotransferase; AU, arbitrary units; CK-MB, creatine kinaz; e-GFR, estimated glomerular fil-
tration rate; Max, maximum; Min, minimum; OSI, oxidative stress index; P.v.L., Pistacia vera L.; Pro-BNP, pro-brain natriuretic peptide; SD, standard 
deviation; TAS, total antioxidant status; TOS, total oxidant status.

Table 2E. Group V (P.v.L. 100 mg) Statistical Analysis by Gender

 

Group V (P.v.L. 100 mg) Male Group V (P.v.L. 100 mg) Female

 PaMin Max SD Min Max SD

8-OHdG (ng/mL) 0.84 1.14 0.98 ± 0.1 0.84 1.14 0.98 ± 0.1 .522

Caspase 3 (ng/L) 0.16 1.15 0.72 ± 0.33 0.16 1.15 0.72 ± 0.33 .226

Caspase 7 (ng/L) 0.34 0.67 0.48 ± 0.13 0.34 0.67 0.48 ± 0.13 .335

TAS (mmol Trolox equivalent/L) 1.62 2.1 1.92 ± 0.16 1.62 2.1 1.92 ± 0.16 .626

TOS (μmol H2O2 equivalent/L) 9.69 11.97 10.39 ± 0.87 9.69 11.97 10.39 ± 0.87 .300

OSI (AU) 0.47 0.64 0.55 ± 0.06 0.47 0.64 0.55 ± 0.06 .296

Urea (mg/dL) 29.96 42.8 34.01 ± 4.66 29.96 42.8 34.01 ± 4.66 .101

Creatinine (mg/dL) 0.3 0.5 0.4 ± 0.06 0.3 0.5 0.4 ± 0.06 1.000

e-GFR (mg/dL) 120 148 132.67 ± 8.91 120 148 132.67 ± 8.91 1.000

ALT (U/L) 45 56 50.5 ± 3.78 45 56 50.5 ± 3.78 .149

CK-MB (U/L) 0.01 0.03 0.02 ± 0.01 0.01 0.03 0.02 ± 0.01 .473

Troponin-I (pg/mL) 9.67 35.55 22.85 ± 9 9.67 35.55 22.85 ± 9 .631

Pro-BNP (ng/L) 47.2 62.1 55.46 ± 5.78 47.2 62.1 55.46 ± 5.78 .337
aMann–Whitney U-test. P < 0.05, P < 0.001. Group V (P.v.L. 100 mg) male (n = 6), group V (P.v.L. 100 mg) female (n = 6).
8-OHdG, 8-hyd roxy- deoxy guano sine;  ALT, alanine aminotransferase; AU, arbitrary units; CK-MB, creatine kinaz; e-GFR, estimated glomerular fil-
tration rate; Max, maximum; Min, minimum; OSI, oxidative stress index; P.v.L., Pistacia vera L.; Pro-BNP, pro-brain natriuretic peptide; SD, standard 
deviation; TAS, total antioxidant status; TOS, total oxidant status.
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Figure  2. 8-OHdG, caspase 3, caspase 7, TAS, OSI and TOS levels. 8-OHdG, 8-hyd roxy- deoxy guano sine;  OSI, oxidative stress 
index; TAS, total antioxidant status; TOS, total oxidant status.

Table 4. Statistical Analysis of DOX, DOX + P.v.L. 50 mg, and DOX+ P.v.L. 100 mg Groups

 

Group II (DOX) Group III (DOX + P.v.L. 50 mg) Group IV (DOX + P.v.L. 100 mg)  

Min Max SD Min Max SD Min Max SD Pa

8-OHdG (ng/mL) 1.17 2.14 1.58 ± 0.36 1.1 1.6 1.27 ± 0.18 0.54 2.3 1.16 ± 0.57 .010*

Caspase 3 (ng/L) 1.24 2.95 2.37 ± 0.5 1.75 2.24 1.99 ± 0.15 1.2 1.81 1.44 ± 0.18 .001**

Caspase 7 (ng/L) 1.74 2.24 1.98 ± 0.19 1.16 2.01 1.49 ± 0.26 0.19 1.44 0.96 ± 0.36 .001**

TAS (mmol Trolox equivalent/L) 0.66 1.1 0.88 ± 0.15 0.9 2.21 1.41 ± 0.47 1.44 1.91 1.72 ± 0.14 .001**

TOS (μmol H2O2 equivalent/L) 15.3 19.09 16.97 ± 1.48 12.1 16.5 14.64 ± 1.63 10.4 16.3 13.6 ± 2.15 .001**

OSI (AU) 1.58 2.64 1.97 ± 0.32 0.73 1.59 1.11 ± 0.28 0.62 1.06 0.79 ± 0.14 .001**

Urea (mg/dL) 14.74 51.36 27.57 ± 11.75 29.96 104.86 59.66 ± 27.7 27.82 211.86 125.04 ± 68.49 .001**

Creatinine (mg/dL) 0.3 0.6 0.45 ± 0.12 0.11 0.5 0.4 ± 0.11 0.12 0.6 0.36 ± 0.15 .459

e-GFR (mg/dL) 112 148 132.5 ± 14.41 112 132 127.4 ± 7.31 112 175 133 ± 23.38 .799

ALT (U/L) 16 35 27.13 ± 5.94 19 58 26.7 ± 11.31 13 58 25.5 ± 14.67 .001**

CK-MB (ng/mL) 0.01 0.08 0.04 ± 0.02 0.01 0.04 0.02 ± 0.01 0.01 0.05 0.03 ± 0.01 .012*

Troponin-I (pg/mL) 7.93 27.55 18.48 ± 7.41 8.05 200.4 144.2 ± 70.3 9.21 40.11 29.2 ± 9.08 .001**

Pro-BNP (ng/L) 59 69.9 65.12 ± 3.94 56 65.8 60.9 ± 3.2 51.01 65.2 59.27 ± 4.83 .002*
aANOVA test. *P < .05, **P < .001. Group II (DOX), group III (DOX + P.v.L. 50 mg extract) (n = 12), group IV (DOX + P.v.L. 100 mg extract) (n = 12).
8-OHdG, 8-hyd roxy- deoxy guano sine;  ALT, alanine aminotransferase; ANOVA, analysis of variance; AU, arbitrary units; CK-MB, creatine kinaz; 
e-GFR, estimated glomerular filtration rate; Max, maximum; Min, minimum; OSI, oxidative stress index; P.v.L., Pistacia vera L.; Pro-BNP, pro-brain 
natriuretic peptide; SD, standard deviation; TAS, total antioxidant status; TOS, total oxidant status.
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Pro-BNP values differed statistically significantly between 
the groups (P <  .05, P  <  .001) (Figure 2). Group II had higher 
8-OHdG (P = .001), caspase 3 (P = .001), caspase 7 (P = .001), 
TOS (P = .001), OSI (P = .001), and Pro-BNP (P = .001) values 
than the other groups. Total antioxidant status value, on the 
other hand, was lower in group II. A decrease was observed in 
8-OHdG, caspase 3, caspase 7, TOS, OSI, and Pro-BNP values 
in the treatment groups (group III and group IV). Total anti-
oxidant status (P = .001) values increased in the treatment 
groups (P < .05, P < .001) and was the highest in group V. The 

comparison of group II and treatment groups (group III and 
group IV) in Table 4 showed that 8-OHdG (P = .001), caspase 
3 (P = .001), caspase 7 (P = .001), TOS (P = .001), OSI (P = .001), 
and Pro-BNP (P = .001) values were decreased in group III and 
group IV. Total antioxidant status (P = .001) values increased 
in the treatment groups. The comparison of the treatment 
groups among themselves revealed a greater decrease in 
8-OHdG (P = .001), caspase 3 (P = .001), caspase 7 (P = .001), 
TOS (P = .001), OSI (P = .001), and Pro-BNP (P = .001) values in 
group IV compared to group III. Among the groups, the high-
est TAS (P = .001) value was detected in group IV (Figure 2).

Histopathological Examination of Cardiac Tissue
The histopathological examination of the cardiac muscles 
of 24 rats belonging to group I and group V revealed that the 
regular structure was preserved in the cardiac muscle of all 
rats. In group II, areas of focal necrosis were observed. The 
damage rate was rated moderate. In histopathological com-
parison of cardiac sections taken from group III with group 
II, slight regression was observed in focal necrosis areas. 
The damage was rated as moderate. Compared to group II, 
cardiac sections taken from group III had slight regression in 
areas of focal necrosis. The damage was rated moderate. 
Areas of focal necrosis were even fewer in the cardiac sec-
tions of group IV than in group III. The damage was rated mild 
(Figure 3). In the histopathological sections of the heart mus-
cle, the areas of necrosis per tissue surface area were calcu-
lated for each pathological sample (mm²). The median value 
of necrosis rate, which was 7.33% in group II rats, was reduced 
to 6.45% in the first treatment group (group III) and further 
to 5.3% in the second treatment group (group IV) (Table 5) 
(Figure 4).

DISCUSSION

Despite being a clinically beneficial anthracycline in chemo-
therapy due to its broad spectrum and effectiveness, the 
extreme toxicity of DOX possesses a disadvantage.21 In their 
DOX-induced cardiotoxicity study, Demir et  al18 evaluated 

Figure 3. Histopathological examination of heart tissues.

Table 5. DOX, Treatment 1 (DOX + P.v.L. 50 mg), and Treatment 2 (DOX + P.v.L. 100 mg) Groups Necrosis Areas

mm²

DOX Group Treatment 1 (DOX + P.v.L. 50 mg) Treatment 2 (DOX + P.v.L. 100 mg)

Area Necrosis % Area Necrosis % Area Necrosis %

1 4.60 0.34 7.39 4.40 0.30 6.81 4.02 0.28 6.96

2 4.83 0.28 5.78 4.50 0.27 6.0 4.00 0.25 6.25

3 5.29 0.26 7.56 5.25 0.25 4.76 4.50 0.20 4.44

4 5.06 0.40 7.9 4.90 0.38 7.75 4.02 0.27 6.71

5 5.52 0.39 7.06 4.83 0.35 7.24 4.10 0.29 7.07

6 5.10 0.30 5.88 5.00 0.27 5.4 4.00 0.20 5.0

7 5.06 0.25 4.94 4.70 0.24 5.1 4.30 0.17 3.95

8 5.01 0.37 7.38 4.95 0.35 7.07 4.20 0.14 3.33

9 4.90 0.50 10.2 4.80 0.40 8.33 4.60 0.24 5.21

10 4.70 0.30 10.6 4.50 0.28 6.22 4.06 0.20 4.92

11 4.98 0.32 6.02 4.75 0.30 6.31 4.00 0.19 4.75

12 4.05 0.20 4.93

Median 5.01 0.37 7.33 4.78 0.30 6.45 4.15 0.22 5.3
DOX, doxorubicin; P.v.L., Pistacia vera L.
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the antioxidant system and lipid peroxidation after the last 
DOX injection and concluded that DOX reduced heart tissue 
plasma glutathione peroxidase and increased lipid peroxida-
tion products in the chronic process. Dindaş et  al22 created 
cardiac damage with DOX in their study on mice. In recent 
years, biological markers have been used together with 
echocardiography to determine anthracycline-induced car-
diotoxicity. Pro-brain natriuretic peptide and troponin-I are 2 
of these markers.23 In a 3-year follow-up of ejection fraction, 
Berger et al24 identified the BNP level as the only independent 
predictor of sudden death. Cordeanu et  al25 found in their 
study that 34% of the patients had elevated troponin-I, and 
these patients had a 4-fold increased risk of death compared 
to healthy patients. In a study on patients receiving anthra-
cycline treatment, Öztarhan et  al26 showed an increase in 
troponin-I levels with increasing cumulative anthracycline 
doses. In our study, pro-BNP and troponin-I levels were 
increased due to DOX toxicity in group II rats, indicating that 
cardiac myocytes were severely affected, and the cardiac 
damage mechanism was induced as expected.

The most widely measured, well-established damage bio-
marker today is 8-OHdG.27 A decrease in 8-OHdG levels has 
been shown with antioxidant interventions in experimental 
animal models.28,29 One study has shown that the measure-
ment of 8-OHdG in plasma rather than tissues of diabetic 
rats is a more beneficial marker in revealing oxidative deoxy-
ribonucleic acid (DNA) damage.30 Di Minno et al31,32 reported 
a relationship between heart damage and 8-OHDG levels. 
In our study, 8-OHdG levels that increased in rats with DOX-
induced cardiomyocyte damage declined significantly in the 
treatment group (group IV), suggesting that the P.v.L. extract 
could effectively prevent DNA damage by suppressing oxi-
dative stress.

Apoptosis, which maintains tissue homeostasis, is a nor-
mal cell death under both physiological and pathological 

conditions, including oxidative damage.33 Apoptosis requires 
energy and is accomplished without cellular damage or 
inflammation. DNA damage is eliminated by apoptosis.34 
Apoptosis can be classified as normal and abnormal. While 
normal apoptosis is considered very important in the cell 
cycle, abnormal apoptosis causes neurodegenerative dis-
eases, ischemic damage, and many types of cancer.35 Excess 
apoptosis is one of the main causes of various pathological 
processes.36 In heart failure, stimulation of apoptosis, necro-
sis, and autophagy causes excessive death of myocytes.37,38 
Studies in human heart tissue have determined that apoptosis 
is associated with events such as cardiomyopathy (idiopathic 
dilated, ischemic, and hypertrophic cardiomyopathy) and 
arrhythmogenic right ventricular dysplasia.39,40 Caspases, 
which have an essential function in apoptosis, are aspartate-
specific proteolytic enzymes with cysteine residues in their 
active sites. Caspase-3, one of the most significant indica-
tors of apoptosis, is activated by caspase-9.41,42 Caspase 3/7 
activation is the most widely identified molecular marker for 
apoptotic programmed cell death.43 Fanton et al44 showed in 
rabbits that noretandrolone activated apoptosis by increas-
ing caspase-3 activity in cardiac tissue. Recent studies have 
shown that consuming natural antioxidant-rich plant foods 
can prevent many diseases, especially CVD. Antioxidant 
phenolic compounds in the structure of these foods are 
thought to prevent various diseases.45 Carino-Cortes et al46 
stated that Naringin, along with the anticancer agent dau-
norubicin, prevented oxidative stress-induced DNA damage 
in hepatocytes and cardiomyocytes. Similarly, Dong et  al47 
reported that quercetin, a powerful antioxidant, suppressed 
DOX-induced cardiotoxicity. Aristatile et  al48 showed that 
carvacrol, which has antioxidant properties, protected the 
cell against lipid peroxidation, oxidative stress, and DNA 
damage. Another study found that the outer shell of the pis-
tachio contained high antioxidants.49 Koyuncu et al50 showed 
that the pistachio green hull extract, P.v.L., could induce 

Figure 4. Necrosis areas comparison [DOX, treatment 1 (DOX + P.v.L. 50 mg), treatment 2 (DOX + P.v.L. 100 mg) groups]. DOX, 
doxorubicin; P.v.L., Pistacia vera L.
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apoptosis through multiple signaling mechanisms by causing 
oxidative stress in colon cancer cells and hence can be used in 
cancer treatment.

In parallel with Pro-BNP, troponin-I, and 8-OHdG levels, cas-
pase 3 and caspase 7 levels were elevated in group II rats, 
indicating that cardiac damage mechanism was success-
fully induced with DOX, and cardiomyocyte damage was 
achieved. More importantly, caspase levels and other dam-
age parameters decreased in treatment group rats (group 
III and group IV). Despite anthracycline DOX-induced severe 
cardiomyocyte damage, P.v.L. extract effectively reduced 
both abnormal apoptosis mechanisms and oxidative stress-
induced DNA damage. In addition, antioxidant markers TOS 
and OSI increased due to DOX in group II rats, while TAS, a 
marker of antioxidant capacity, decreased. In treatment 
groups (group III, group IV, and group V), TOS and OSI values   
decreased, while TAS increased. These parameters showed 
oxidative damage and antioxidant capacity in parallel with 
other Pro-BNP, troponin-I, and 8-OHdG levels. These effects 
of P.v.L. extract can be attributed to the anthocyanins and 
flavonoids it contains. At this point, it is necessary to mention 
one of the significant limitations of the study. This limitation 
is the presence of different active ingredients in the extract. 
These active ingredients were not separated during the 
study and were given collectively in extract form. Therefore, 
the specific compound responsible for this anti-apoptotic 
and DNA damage-reducing effect will remain the objective 
of future studies.

CONCLUSION

In this study, Pro-BNP, troponin-I, 8-OHdG, caspase 3, cas-
pase 7, TOS, and OSI values showed significant regression 
in the groups treated with P.v.L. hull extract. Pistacia vera 
L. hull extract effectively reduces oxidative stress, oxida-
tive stress-induced DNA damage, and abnormal apoptosis 
mechanisms in cardiomyocytes. In the future, our knowledge 
on this subject will increase with sub-studies to be made with 
P.v.L. hull extract.

Ethics Committee Approval: It was carried out with the approval of 
Harran University Animal Experiments Local Ethics Committee with 
decision no. 17.12.2020-E.49516, session number 2021/008/07.

Peer-review: Externally peer-reviewed.

Author Contributions: Concept – E.E., M.S.A., Y.H., N.K., İ.K., M.E.G., 
E.T., Y.Ç., K.E., R.D., M.P.; Design – E.E., M.S.A., Y.H., N.K., İ.K., M.E.G., 
E.T., Y.Ç., K.E., R.D., M.P.; Supervision – E.E., M.S.A., Y.H., N.K., İ.K., 
M.E.G., E.T., Y.Ç., K.E., R.D., M.P.; Funding – E.E., M.S.A., Y.H., N.K., 
İ.K., M.E.G., E.T., Y.Ç., K.E., R.D., M.P.; Materials – E.E., M.S.A., Y.H., 
N.K., İ.K., M.E.G., E.T., Y.Ç., K.E., R.D., M.P.; Data Collection and/or 
Processing – E.E., M.S.A., Y.H., N.K., İ.K., M.E.G., E.T., Y.Ç., K.E., R.D., 
M.P.; Analysis and/or Interpretation – E.E., M.S.A., Y.H., N.K., İ.K., 
M.E.G., E.T., Y.Ç., K.E., R.D., M.P.; Literature Review – E.E., M.S.A., 
Y.H., N.K., İ.K., M.E.G., E.T., Y.Ç., K.E., R.D., M.P.; Writing – E.E., M.S.A., 
Y.H., N.K., İ.K., M.E.G., E.T., Y.Ç., K.E., R.D., M.P.; Critical Review – E.E., 
M.S.A., Y.H., N.K., İ.K., M.E.G., E.T., Y.Ç., K.E., R.D., M.P.

Acknowledgments: None.

Declaration of Interests: All of the authors had no conflict of 
interest.

Funding: This study was carried out with the support of Harran 
University Scientific Research Projects Coordination Unit (HUBAP) 
Project number 21152 dated April 6, 2021.

REFERENCES

1. Liu X. Protection of Pifithrin-α and Melatonin Against Doxoru-
bicin-Induced Cardiotoxicity. Doctor’s [Degree Thesis], East 
Tennessee State University. Biomedical Science, United States; 
2003.

2. Gewirtz  DA. Critical evaluation of the mechanisms of action 
proposed for the antitumor effects of the anthracycline antibi-
otics adriamycin and daunorubicin. Biochem Pharmacol. 
1999;57(7):727-741. [CrossRef]

3. Wahab  MH, Akoul  ES, Abdel-Aziz  AA. Modulatory effects of 
melatonin and vitamin E on doxorubicin-induced cardiotoxicity 
in Ehrlich ascites carcinoma-bearing mice [journal]. Tumori. 
2000;86(2):157-162. [CrossRef]

4. Xu  MF, Tang  PL, Qian  ZM, Ashraf  M. Effects by doxorubicin on 
the myocardium are mediated by oxygen free radicals. Life Sci. 
2001;68(8):889-901. [CrossRef]

5. Dzięgiel P, Jethon Z, Suder E, et al. Role of exogenous melatonin 
in reducing the cardiotoxic effect of daunorubicin and doxoru-
bicin in the rat. Exp Toxicol Pathol. 2002;53(6):433-439. [CrossRef]

6. Kang YJ, Sun X, Chen Y, Zhou Z. Inhibition of doxorubicin chronic 
toxicity in catal ase-o verex press ing transgenic mouse hearts. 
Chem Res Toxicol. 2002;15(1):1-6. [CrossRef]

7. Agapito  MT, Antolín  Y, del Brio  MT, López-Burillo  S, Pablos  MI, 
Recio  JM. Protective effect of melatonin against adriamycin 
toxicity in the rat. J Pineal Res. 2001;31(1):23-30. [CrossRef]

8. Seifried  EH, Anderson  DE, Fisher  EI, Miller  JA. A review of the 
interaction among dietary antioxidants and reactive oxygen 
species. J Biochem. 2007;18(9):567-579.

9. Bozorgi M, Memariani Z, Mobli M, Salehi Surmaghi MHS , Shams-
Ardekani MR , Rahimi R. Five Pistacia species (P. vera, P. atlan-
tica, P. terebinthus, P. khinjuk, and P. lentiscus): a review of their 
traditional uses, phytochemistry, and pharmacology. Scienti-
ficWorldJournal. 2013;2013:219815. [CrossRef]

10. Tomaino  A, Martorana  M, Arcoraci  T, Monteleone  D, Giovi-
nazzo  C, Saija  A. Antioxidant activity and phenolic profile of 
pistachio (Pistacia vera L., variety Bronte) seeds and skins. Bio-
chimie. 2010;92(9):1115-1122. [CrossRef]

11. Bolling BW, McKay DL, Blumberg JB. The phytochemical compo-
sition and antioxidant actions of tree nuts. Asia Pac J Clin Nutr. 
2010;19(1):117-123.

12. Seeram NP, Zhang Y, Henning SM, et al. Pistachio skin phenolics 
are destroyed by bleaching resulting in reduced antioxidative 
capacities. J Agric Food Chem. 2006;54(19):7036-7040. [CrossRef]

13. Wu X, Prior RL. Identification and characterization of anthocy-
anins by high-performance liquid chrom atogr aphy- elect rospr 
ay ionization-tandem mass spectrometry in common foods in 
the United States: vegetables, nuts, and grains. J Agric Food 
Chem. 2005;53(8):3101-3113. [CrossRef]

14. Basaria  S, Wisniewski  A, Dupree  K, et al. Effect of high-dose 
isoflavones on cognition, quality of life, androgens, and lipopro-
tein in post-menopausal women. J Endocrinol Invest. 2009; 
32(2):150-155. [CrossRef]

15. Albishi  T, John  JA, Al-Khalifa  AS, Shahidi  F. Antioxidant, anti-
inflammatory and DNA scission inhibitory activities of phenolic 
compounds in selected onion and potato varieties. J Funct 
Foods. 2013;5(2):930-939. [CrossRef]

https://doi.org/10.1016/s0006-2952(98)00307-4
https://doi.org/10.1177/030089160008600210
https://doi.org/10.1016/s0024-3205(00)00990-5
https://doi.org/10.1078/0940-2993-00217
https://doi.org/10.1021/tx015532n
https://doi.org/10.1034/j.1600-079x.2001.310104.x
https://doi.org/10.1155/2013/219815
https://doi.org/10.1016/j.biochi.2010.03.027
https://doi.org/10.1021/jf0614948
https://doi.org/10.1021/jf0478861
https://doi.org/10.1007/BF03345705
https://doi.org/10.1016/j.jff.2013.02.005


Anatol J Cardiol 2023; 27(3): 135-145  Ersöz et al. Cardioprotective Effect of Pistacia vera L. Hull Extract

145

16. Morton  LW, Abu-Amsha Caccetta  R, Puddey  IB, Croft  KD. 
Chemistry and biological effects of dietary phenolic com-
pounds: relevance to cardiovascular disease. Clin Exp Pharma-
col Physiol. 2000;27(3):152-159. [CrossRef]

17. Chen  CY, Milbury  PE, Lapsley  K, Blumberg  JB. Flavonoids from 
almond skins are bioavailable and act synergistically with vita-
mins C and E to enhance hamster and human LDL resistance to 
oxidation. J Nutr. 2005;135(6):1366-1373. [CrossRef]

18. Demir  F, Narin  F, Akgün  H, et al. Doksorubisin ile oluşturulmuş 
deneysel kardiyotoksisite üzerine melatoninin etkisi. Çocuk 
Sağlığı Hastalıkları Derg. 2004;47:260-268.

19. Erel O. A novel automated direct measurement method for total 
antioxidant capacity using a new generation, more stable ABTS 
radical cation. Clin Biochem. 2004;37(4):277-285. [CrossRef]

20. Erel  O. A novel automated colorimetric method for measuring 
total oxidant status. Clin Biochem. 2005;38(12):1103-1111. [CrossRef]

21. Türker FA, Kayaalp SO. Kanser Kemoterapisinin Esasları ve Anti-
neoplastik Ilaçlar, Rasyonel Tedavi Yönünden Tıbbi Farmakoloji. 
Ankara: Feryal Matbaacılık; 2002:380-415.

22. Dindaş  F, Güngör  H, Ekici  M, et al. Angiotensin receptor- 
neprilysin inhibition by sacubitril/valsartan attenuates doxoru-
bicin-induced cardiotoxicity in a pretreatment mice model by 
interfering with oxidative stress, inflammation, and caspase 3 
apoptotic pathway. Anatol J Cardiol. 2021;25(11):821-828. 
[CrossRef]

23. Harma M, Harma M, Koçyiğit A, Erel O. Increased DNA damage 
in patients with complete hydatidiform mole. Mutat Res. 
2005;583(1):49-54. [CrossRef]

24. Berger R, Huelsman M, Strecker K, et al. B-type natriuretic pep-
tide predicts sudden death in patients with chronic heart fail-
ure. Circulation. 2002;105(20):2392-2397. [CrossRef]

25. Cordeanu EM, Duthil N, Severac F, et al. Prognostic value of tro-
ponin elevation in COVID-19 hospitalized patients. J Clin Med. 
2020;9(12):4078. [CrossRef]

26. Öztarhan K, Güler S, Aktaş B, Arslan M, Salcıoğlu Z, Aydoğan G. 
The value of echocardiography versus cardiac troponin I levels 
in the early detection of anthracycline cardiotoxicity in child-
hood acute leukemia: prospective evaluation of a 7-year-long 
clinical follow-up. Pediatr Hematol Oncol. 2011;28(5):380-394. 
[CrossRef]

27. Cooke  MS, Evans  MD, Dizdaroglu  M, Lunec  J. Oxidative DNA 
damage: mechanisms, mutation, and disease. FASEB J. 2003; 
17(10):1195-1214. [CrossRef]

28. Kunitomo M, Yamaguchi Y, Kagota S, Otsubo K. Beneficial effect 
of coenzyme Q10 on increased oxidative and nitrative stress and 
inflammation and individual metabolic components developing 
in a rat model of metabolic syndrome. J Pharmacol Sci. 
2008;107(2):128-137. [CrossRef]

29. Lee CY, Hsu YC, Wang JY, Chen CC, Chiu JH. Chemopreventive 
effect of selenium and Chinese medicinal herbs on N-nit rosob 
is(2- oxopr opyl)  amine-induced hepatocellular carcinoma in 
Syrian hamsters. Liver Int. 2008;28(6):841-855. [CrossRef]

30. Park KS, Kim JH, Kim MS, et al. Effects of insulin and antioxidant 
on plasma 8-hydroxyguanine and tissue 8-hyd roxyd eoxyg uanos 
ine in streptozotocin-induced diabetic rats. Diabetes. 2001; 
50(12):2837-2841. [CrossRef]

31. Di Minno A, Turnu L, Porro B, et al. 8-hyd roxy- 2-deo xygua nosin 
e levels and cardiovascular disease: a systematic review and 
meta-analysis of the literature. Antioxid Redox Signal. 2016; 
24(10):548-555. [CrossRef]

32. Di Minno A, Turnu L, Porro B, et al. 8-hyd roxy- 2-deo xygua nosin 
e levels and heart failure: a systematic review and metaanalysis 
of the literature. Nutr Metab Cardiovasc Dis. 2017;27(3): 
201-208. [CrossRef]

33. Kandemir FM, Yildirim S, Kucukler S, Caglayan C, Mahamadu A, 
Dortbudak MB. Therapeutic efficacy of zingerone against van-
comycin-induced oxidative stress, inflammation, apoptosis and 
aquaporin 1 permeability in rat kidney. Biomed Pharmacother. 
2018;105:981-991. [CrossRef]

34. Assunção Guimarães  CA, Linden  R. Programmed cell death; 
apoptosis and alternative deathstyles. Eur J Biochem. 2004; 
271(9):1638-1650. [CrossRef]

35. Kroese  LJ, Scheffer  PG. 8-Hyd roxy- 2¢-de oxygu anosi ne and 
cardiovascular disease: a systematic review. Curr Atheroscler 
Rep. 2014;16(11):452. [CrossRef]

36. Semis HS, Gur C, Ileriturk M, Kandemir FM, Kaynar O. Evaluation 
of therapeutic effects of quercetin against Achilles tendino-
pathy in rats via oxidative stress, inflammation, apoptosis, 
autophagy, and metalloproteinases. Am J Sports Med. 2022; 
50(2):486-498. [CrossRef]

37. Mughal  W, Kirshenbaum  LA. Cell death signalling mechanisms 
in heart failure. Exp Clin Cardiol. 2011;16(4):102-108.

38.  Kang  PM, Izumo  S. Apoptosis in heart: basic mechanisms and 
implications in cardiovascular diseases. Trends Mol Med. 
2003;9(4):177-182. [CrossRef]

39. Guerra  PG, Thibault  B, Dubuc  M, et al. Identification of atrial 
tissue in pulmonary veins using intravascular ultrasound. J Am 
Soc Echocardiogr. 2003;16(9):982-987. [CrossRef]

40. Haunstetter  A, Izumo  S. Future perspectives and potential 
implications of cardiac myocyte apoptosis. Cardiovasc Res. 
2000;45(3):795-801. [CrossRef]

41. Semis HS, Kandemir FM, Kaynar O, Dogan T, Arikan SM. The pro-
tective effects of hesperidin against paclitaxelinduced periph-
eral neuropathy in rats. Life Sci. 2021;287:120104. [CrossRef]

42. Yardim  A, Kandemir  FM, Ozdemir  S, et al. Quercetin provides 
protection against the peripheral nerve damage caused by vin-
cristine in rats by suppressing caspase 3, NF-κB, ATF-6 path-
ways and activating Nrf2, Akt pathways. Neurotoxicology. 
2020;81:137-146. [CrossRef]

43. Galluzzi L, Vitale I, Aaronson SA, et al. Molecular mechanisms of 
cell death: recommendations of the Nomenclature Committee on 
Cell Death 2018. Cell Death Differ. 2018;25(3):486-541. [CrossRef]

44. Fanton  L, Belhani  D, Vaillant  F, et al. Heart lesions associated 
with anabolic steroid abuse: comparison of post-mortem find-
ings in athletes and noret handr olone -indu ced lesions in rabbits. 
Exp Toxicol Pathol. 2009;61(4):317-323. [CrossRef]

45. Priscilla  DH, Prince  PSM. Cardioprotective effect of gallic acid 
on cardiac troponin-T, cardiac marker enzymes, lipid peroxida-
tion products and antioxidants in experimentally induced myo-
cardial infarction in Wistar rats. Chem Biol Interact. 2009; 
179(2-3):118-124. [CrossRef]

46. Cariño-Cortés R, Alvarez-González I, Martino-Roaro L, Madri-
gal-Bujaidar E. Effect of naringin o the DNA damage induced by 
daunorubicin in mouse hepatocytes and cardiocytes. Biol Pharm 
Bull. 2010;33(4):697-701. [CrossRef]

47. Dong Q, Chen L, Lu Q, et al. Quercetin attenuates doxorubicin 
cardiotoxicity by modulating Bmi-1 expression. Br J Pharmacol. 
2014;171(19):4440-4454. [CrossRef]

48. Aristatile  B, Al‐Numair  KS, Al‐Assaf  AH, Veeramani  C, Puga-
lendi KV. Protective effect of carvacrol on oxidative stress and cel-
lular DNA damage induced by UVB irradiation in human peripheral 
lymphocytes. J Biochem Mol Toxicol. 2015;29(11):497-507. [CrossRef]

49. Zoral FB, Turgay Ö. Çeşitli gıda Atıklarının toplam Fenolik madde 
İçeriğinin, antioksidan ve Antimikrobiyal Aktivitelerinin 
Araştırılması. KSÜ Doğ. Bil Derg. 2014;17(2):24-33. [CrossRef]

50. Koyuncu  İ. Urfa fıstığından (Pistacia vera L.) elde edilen çeşitli 
ekstraktların antikanser özelliklerinin incelenmesi. Harran Univ 
Tıp Fak Derg. 2018;15(2):72-75.

https://doi.org/10.1046/j.1440-1681.2000.03214.x
https://doi.org/10.1093/jn/135.6.1366
https://doi.org/10.1016/j.clinbiochem.2003.11.015
https://doi.org/10.1016/j.clinbiochem.2005.08.008
https://doi.org/10.5152/AnatolJCardiol.2021.356
https://doi.org/10.1016/j.mrgentox.2005.01.014
https://doi.org/10.1161/01.cir.0000016642.15031.34
https://doi.org/10.3390/jcm9124078
https://doi.org/10.3109/08880018.2011.563772
https://doi.org/10.1096/fj.02-0752rev
https://doi.org/10.1254/jphs.fp0072365
https://doi.org/10.1111/j.1478-3231.2008.01698.x
https://doi.org/10.2337/diabetes.50.12.2837
https://doi.org/10.1089/ars.2015.6508
https://doi.org/10.1016/j.numecd.2016.10.009
https://doi.org/10.1016/j.biopha.2018.06.048
https://doi.org/10.1111/j.1432-1033.2004.04084.x
https://doi.org/10.1007/s11883-014-0452-y
https://doi.org/10.1177/03635465211059821
https://doi.org/10.1016/s1471-4914(03)00025-x
https://doi.org/10.1016/S0894-7317(03)00421-8
https://doi.org/10.1016/s0008-6363(99)00264-3
https://doi.org/10.1016/j.lfs.2021.120104
https://doi.org/10.1016/j.neuro.2020.10.001
https://doi.org/10.1038/s41418-017-0012-4
https://doi.org/10.1016/j.etp.2008.09.007
https://doi.org/10.1016/j.cbi.2008.12.012
https://doi.org/10.1248/bpb.33.697
https://doi.org/10.1111/bph.12795
https://doi.org/10.1002/jbt.20355
https://doi.org/10.18016/ksujns.03907

