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Introduction

The transplantation of isolated pancreatic islets is a viable option 
for the treatment of type 1 diabetes.1 The major limitations of 
this procedure are loss of viability and increased apoptosis dur-
ing surgical removal (of pancreas), isolation and purification pro-
cess.2 A significant portion of the islet mass is lost due to stress 
from multiple sources. One of them is oxidative stress. Pancreas 
Langerhans islets are particularly vulnerable to oxidative stress 
because of low antioxidant enzyme levels.3 Apoptosis is a process 
of programmed cell death in which the cell activates an intrin-
sic suicide cascade system. Morphologically, cells starting a pro-
grammed cell death exhibit typical chromatin and cytoplasmic 
condensation followed by nuclear fragmentation and generation 
of one or more apoptotic bodies.4 The islets are highly vulnerable 
to early apoptosis with the help of imbalance between oxidant/
antioxidant systems due to the inevitable-prolonged time required 
for islets isolation and low antioxidant protection systems in the 
islets. The ischemia, due to isolation procedure, induces high 
oxygen radical formation.5 The loss of intact islets is mainly due 
to early cell death partially mediated by oxidative stress during 
transplantation process. The pancreatic islet transplantation 
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mainly depends on the presence of intact islets and their survival 
after transplantation. In this regard, treatment of the donor with 
some supportive agents may help to increase stability of islets 
before transplantation.

Carvacrol (2-methyl-5-[1-methylethyl]phenol) is monoter-
pene phenolic constituent of essential oil produced by numer-
ous aromatic plants.6 Carvacrol is a very small and lipophilic, 
and easily pass cell membrane.7 It has variety of pharmacological 
properties including anti-inflammatory, antioxidant and anti-
microbial activities.8-10 Carvacrol administration significantly 
improves the glutathione (GSH) level whereby the maintenance 
of GSH by carvacrol takes place mainly due to inactivation of 
reactive oxygen species via its radical scavenging effects.11 Aydın 
et al. found that calvacrol treatment caused increases of total 
antioxidant capacity levels in cultured primary rat neurons.12 
Landa et al.13 reported that the inhibition of prostaglandin 
production-mediated via arachidonic acid pathway- could be 
responsible for the biological (anti-inflammatory) effects of 
this natural compound. Slamenova et al.14 examined the DNA-
protective effects of carvacrol on the basis of the increased resis-
tance of isolated hepatocytes and testicular cells against the 
oxidative agent hydrogen peroxide (H

2
O

2
). Oral treatment with 
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Lipid peroxidation and protein oxidation
The oxidative injury indices, malondialdehyde (MDA) and 

protein carbonyl, are presented in Figure 3. When without H
2
O

2
 

group was considered, the control and DMSO groups had higher 
MDA and protein carbonyl levels than 20 mg carvacrol treated 
group (p < 0.05). 150 or 300 μM H

2
O

2
 induced oxidative stress 

in all groups (p < 0.05). In control and vehicle groups, there were 
2 times significant increases with 150 μM H

2
O

2
 and more than 

3 times significant increases with 300 μM H
2
O

2
 in protein car-

bonyl contents (as compared with those without H
2
O

2
 induction 

groups) (p < 0.05). On the other hand, protein carbonyl content 
increased less in 20 mg carvacrol treatment group when com-
pared with other groups with H

2
O

2
 induction (p < 0.05).

Similar results were obtained concerning MDA levels from 
all groups. They were significantly increased with H

2
O

2
 induc-

tion; however the increase was less in carvacrol group with H
2
O

2
 

induction than in control and vehicle groups (p < 0.05, Fig. 3B).

Discussion

Pancreas Langerhans islet transplantation has become a viable 
therapy for improving glycometabolic control in type 1 dia-
betic patients.1,15 However, the procedures during the isolation 
process may cause cellular dysfunction. It has been previously 
reported that oxidative stress plays a major role in triggering the 
death of islets.16 On the other hand; the endogenous antioxidant 
enzyme systems fail to prevent the oxidative stress sufficiently. It 
has been indicated that excessive reactive oxygen species (ROS) 
cause β-cell dysfunction, such as defects in insulin synthesis and 
secretion, and apoptosis.17 Also, it has been found that β cells are 
very susceptible to oxidative stress because the expression levels 
of antioxidant enzymes, including superoxide dismutase (SOD), 
catalase, and glutathione peroxidase (GPx), are relatively low in 
β cells.18 The experimental studies have shown that the over-
expression of antioxidant enzymes protects β cells from oxida-
tive stress-induced dysfunction.19 Chung et al. showed that the 
expression of catalase was increased by a synthetic ligand of per-
oxisome proliferator-activated receptor-γ (PPARγ), and that it 
mediated protection of β cells from oxidative injury. Our results 
showed that oxidative stress was not prevented without any anti-
oxidant addiction. High oxidative stress produced loss of cellular 
viability in islets. We performed two different doses of H

2
O

2
 to 

induce oxidative stress. Both doses of H
2
O

2
 (150 and 300 μM) 

caused a significant rise in protein oxidation and lipid peroxida-
tion as well as increased DNA fragmentation in islets in vitro. 
The injury induced by oxidative stress was prevented by carva-
crol treatment applied to rats before removal of pancreas. The 
prevention of oxidative stress results in protection of islets from 
cellular injury.16,20

The carvacrol doses also are important for induction of anti-
oxidant and protective effects. We investigated whether carvacrol 
treatment prevented oxidative stress successfully. Three differ-
ent doses of carvacrol were initially applied before the isolation 
process. High dose carvacrol did not prevent the tissue injury in 
islets. The carcavrol dose with 80 mg caused a significant decrease 
in islet viability in comparison with the control group. The other 

carvacrol provided significantly more resistant rat DNA against 
the damaging effects of H

2
O

2
. The oxidative stress can easily be 

induced by extracellular H
2
O

2
 application to cell culture with 

cell medium.14

Accordingly, the aim of this study was to investigate the pro-
tective effects of oral carvacrol treatment against H

2
O

2
 induced 

injury on isolated pancreas islets in rats.

Results

Florescein diacetate and propidium iodine (FDA/PI) exami-
nation with fluorescence microscopy for viability

The cell viability of groups showed that viability was decreased 
in both 150 and 300 μM H

2
O

2
 groups (in comparison with that 

of without H
2
O

2
) in control and dimethyl sulfoxide (DMSO) 

groups (p < 0.05, Table 1; Fig. 1). Without H
2
O

2
, the carvacrol 

treatment (with doses of 20 and 40 mg) significantly increased 
the viability when compared with control and DMSO groups (p 
< 0.05). On the other hand, the increase in concentration of car-
vacrol decreased the cell viability. By increasing the concentration 
of H

2
O

2
, the cell viabilities were decreased in control, vehicle, 

and 40 and 80 mg carvacrol groups significantly (p < 0.05). Dose 
of 20 mg carvacrol showed cell viability of 78.68 (± 8.59)% for 
150 μM and 80.72 (± 8.69)% for 300 μM H

2
O

2
. These results 

were significantly lower than those without H
2
O

2
 (p < 0.05). 

However, the viabilities of 20 mg carvacrol with H
2
O

2
 were sig-

nificantly higher than all other groups including 40 and 80 mg 
carvacrol treated groups (p < 0.05).

Apoptosis
According to cell viability results, 20 mg carvacrol had higher 

protection against H
2
O

2
 induced injury than other carvacrol 

dosages and the DNA fragmentations were performed on four 
control samples and four 20 mg carvacrol samples to see the 
protection for apoptosis. The gel pictures are given in Figure 2.  
As seen in Figure 2A, control samples showed fragmentation for-
mation with oxidative stress induction of 150 and 300 μM H

2
O

2
. 

The 20 mg carvacrol treatment almost completely protected islets 
from DNA fragmentation induced with 150 μM H

2
O

2
 (Fig. 2B). 

Similarly, same dose of carvacrol was still protective against DNA 
fragmentation induced with 300 μM H

2
O

2
. There was only 

small amount of DNA fragmentation in carvacrol treated groups 
after 300 μM H

2
O

2
.

Table 1. The cell viability percentage of groups after FDA/PI examina-
tion with fluorescence microscopy is listed

Groups
Without 

H2O2

H2O2

150 µM 300 µM

Control 78.64 ± 7.50 69.13 ± 12.42a 70.25 ± 8.35a

DMSO 73.77 ± 8.74 61.07 ± 12.31a 56.08 ± 11.88a

Carvacrol 20 mg/kg 87.22 ± 6.42 78.68 ± 8.59a 80.72 ± 8.69a

Carvacrol 40 mg/kg 84.45 ± 8.48 79.48 ± 9.27 73.45 ± 11.69a,b

Carvacrol 80 mg/kg 73.19 ± 10.81 67.41 ± 11.72 58.60 ± 11.69a,b

ap < 0.05 in comparison with “Without H2O2 group”; bp < 0.05 in compari-
son with “H2O2 (150 µM) group”.
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They have also found high lipid peroxidation level in 80 mg car-
vacrol dose. In the light of our results and those pertaining to 
Aristatile et al.21 results, high dose carvacrol causes tissue injury 
in cells and 20 mg/kg (for rats) seems to be a better dosage to 
prevent oxidative injury.

It has been shown that Carvacrol exhibited a strong inhibitory 
activity against cyclooxygenase-2 in vitro.22 The isolation of islets 
from a donor induces an inflammatory process in the early phase. 
One of the recent studies indicated that inflammation-related 
genes’ mRNA levels were significantly upregulated in the 24 h 

experiments were designed with 20 mg carvacrol dose to analyze 
the protective effect against H

2
O

2
 induced cell injury. Significant 

decreases in the levels of protein oxidation and lipid peroxida-
tion were observed on carvacrol administration. Carvacrol has 
been reported to scavenge superoxide radicals and hydrogen per-
oxide.21 Aristatile et al. treated rats with doses of 20, 40, and 80 
mg/kg carvacrol to prevent D-galactosamine induced oxidative 
injury and measured oxidant/antioxidant systems in plasma, kid-
ney and liver tissue. Their findings were similar to ours in the way 
that 20 mg/kg dose caused more decrease in lipid peroxidation.21 

Figure 1. Cellular viability of islets. Florescein diacetate (FDA) and propidium iodine (PI) staining show viability. Uncolored pictures are Matlab analysis 
and the green color percentages to whole islet give the viability. Green color pictures are FDA stained and red color pictures are PI stained in each 
group of pictures. (A) The example of control islet without H2O2. The islet has 77% viability according to green and red color analysis of the picture. (B) 
The example of control islet with H2O2 (300 μM). The islet has a decrease in viability of 57% according to green and red color analysis of the picture. (C) 
The example of carvacrol (20 mg/kg/day) islet without H2O2. The islet has 89% viability according to green and red color analysis of the picture. (D) The 
example of carvacrol (20 mg/kg/day) islet with H2O2 (300 μM) has a viability of 79% according to green and red color analysis of the picture.
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pancreatic islets cells from induced injury, lipid peroxidation, 
protein oxidation, and DNA fragmentation.

Material and Methods

Animals
Forty male Wistar Albino rats (280 ± 30 g) were placed in 

a quiet and temperature- (~22°C) and humidity-controlled 
(~60%) room in which a 12:12 h light-dark cycle was main-
tained. All experiments in this study were performed in accor-
dance with the National Institute of Health Guide for the Care 
and Use of Laboratory Animals (NIH Publications No. 80–23) 
revised 1996 and approved by the Local Ethical Committee 
of Laboratory Animals at Ankara Numune Training and 
Research Hospital. The animal studies were done in Pancreas 
Islet Research Center, Ankara. Rats were randomly selected and 
grouped.

First group of experiments were done for dose determination of 
carvacrol (Sigma-Aldrich). The groups were designed with three 
different doses 20, 40 and 80 mg/kg/day of carvacrol beside the 
control and dimethyl sulphoxide (DMSO, AppliChem) imple-
mented groups for the viability analyses. The carvacrol was dis-
solved in 5% DMSO and applied orally by orogastric tube for  
9 d. The same volume of 5% DMSO or serum physiologic NaCl 
solutions was also given orally to DMSO or control groups for 
9 d. These five groups contained equal number of rats in each 
one (n = 8). The oxidative parameters and DNA fragmentation 
analysis were done from only one carvacrol group.

The decision on carvacrol dose was given after the analysis of 
three different carvacrol groups that were exposed to oxidative 
damage with H

2
O

2
. The rest of the analyses was performed with 

the group that had the highest viability ratio at 20 mg/kg/day of 
carvacrol treatment. The group number of oxidative damage and 
DNA fragmentation analysis were three.

Islet isolation and H
2
O

2
 treatment

Each islet isolation process was done on two rats from the 
same group at the 9th day of the treatments. After the rats were 
anesthetized with ketamine hydrochloride (75 mg/kg) and xyla-
zine (10 mg/kg), the abdomen was opened and the pancreas was 
gently placed outside the abdomen.

The removal of pancreas and islet isolation was done accord-
ing to methods modified from other studies.25,26 After placing 
pancreas outside the abdomen, the ampulla vater was clamped 
at duodenum. The cannulation of pancreatic duct was done with 
PE50 catheter starting from liver side toward to pancreas. The col-
lagenase V (Sigma) solution was prepared in Hanks’ Balanced Salt 
Solution (HBSS, Lonza). The collagenase solution was gently given 
from the pancreatic duct and the pancreas was blown up. Then, the 
pancreas was removed and excised from close intestine, fat tissues 
softly. The removed pancreas was put into a falcon tube to start 
enzymatic digestion process for 19 min at 37°C. The HBSS with 
fetal bovine serum (HBSS/FBS) was prepared by 500 ml HBSS 
with 50 ml FBS- fetal bovine serum, 5 mL Penicillin/streptomycin 
and 5 mL L-glutamine (Lonza). At the end of incubation in water 
bath, HBSS/FBS was added to a falcon tube. The pellet suspension 
was filtered by 450 μm steal sieve to provide mechanical digestion. 

preserved pancreata.23 Carvacrol may exhibit an anti-inflamma-
tory action on islet cells.

In the DNA fragmentation test, high apoptotic appearance 
was observed without carvacrol treatment. Slamenova et al.14 
showed that replacement of drinking water by carvacrol sup-
plemented water led to a significant reduction in DNA strand 
breaks induced by H

2
O

2
 in both hepatocytes and testicular cells. 

The present study demonstrated that Carvacrol treatment suc-
cessfully prevented the DNA fragmentation induced by H

2
O

2
 

in islets. The effect of carvacrol on DNA fragmentation was 
mostly due to the prevention of cellular injury induced by ROS. 
The formation of high ROS caused the DNA fragmentation 
that showed the injury on genetic material in the present study. 
The treatment with carvacrol restored the imbalance between 
ROS and antioxidant system and by the way prevented the 
fragmentation.24

In conclusion, the viability of donor pancreas islets is pro-
tected with carvacrol treatment and carvacrol effectively protects 

Figure 2. DNA fragmentations. (A) The DNA fragmentation of control 
samples is seen in photograph. The band numbers are more than two 
in H2O2 treated islets. (B) The DNA fragmentation of carvacrol (20 mg/
kg) group is seen. There are only two bands in 300 μmol H2O2 treated 
samples. There is no DNA fragmentation after H2O2 treatment in carva-
crol group.
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of apoptosis. All of the steps were applied according to the manu-
facturer’s instructions. Only fragmented DNA was amplified via 
the procedure. 30 μl of final volume from each sample was loaded 
onto a 1.2% agarose gel containing 0.5 μg/ml ethidium bromide 
in both gel and running buffer. The samples were run with a DNA 
ladder (DNA molecular weight marker XIII, Roche) at 80 V elec-
trophoreses for 1.5–2 h, and visualized onto a gel documentation 
system (Syngene).

Oxidative parameters
The lipid peroxidation index, MDA, and protein oxidation 

index, protein carbonyl content, were measured from islets 

The filtered pancreas tissue was thus mostly islets. The pellet was 
washed and suspended with RPMI/FBS solution (500 ml RPMI-
1640 with 50 mL FBS solution, 5 mL Penisilin/streptomisin and 
5 mL l-glutamin) (Lonza). After the tubes were centrifuged for 3 
min at 1300 rpm with slow brake, the supernatant part was thrown 
away gently. Then, the RPMI/FPS was added to pellet up to 50 
mL in falcon tube. The washing with HBSS/FBS was repeated 
three times with the same procedure. The purification of islets was 
done by ficoll-1077 (Biochrom). After purification, the islets were 
washed with RPMI/FBS before use for experiments. The purity 
of islets was tested by microscopic examination of samples with 
dithizone dye (DTZ).27

Islets were isolated and purified from each group, they were 
counted with DTZ and exposed to oxidative damage by plac-
ing them into mediums without H

2
O

2
 or that contain 150 or 

300 μM H
2
O

2
 for 15 min on +4°C in dark. At the end of this 

procedure, the islets were taken into 15 mL tubes for washing. 
The tubes were centrifuged for 3 min.

After this period, the islets were taken into 15 mL tubes and 
RPMI/FBS was added to wash them. Then, they were centrifuged 
for 3 min at slow-brake. The islet suspensions were taken and 
divided for florescence microscopic examination, oxidative param-
eters and DNA fragmentation analysis. The samples for oxidative 
parameters and DNA fragmentation analysis were kept at −80°C.

The evaluation of pancreatic islet’s viability by using flores-
cence dyes florescein diacetate (FDA) and propidium iodine (PI)

Florescein Diacetate (FDA, Sigma) and Propidium ıodine (PI, 
Sigma) were used to analyze living and non-living islets. PI is a 
florescence dye that interacts with nucleic acids of non-living cells 
because it enters cell when there is cell membrane injury. PI gives 
an orange red colored florescence (excitement wavelength = 536 
nm, emission wavelength = 617 nm) when it reaches to cell DNA. 
FDA dye stains cytoplasm of living cells. It gives green florescence 
under blue light excitation (490 nm) by staining. The FDA stock 
solution was prepared with 1 mg FDA in 100 ml acetone and 
kept at −20°C until usage. The PI stock solution was prepared 
with 6.346 mg PI in 100 ml phosphate buffer solution (PBS) and 
kept at +4°C. Then FDA/PI solution was prepared with 28 μL 
FDA and 42 μL PI stock solution added to 930 μL PBS solution. 
The mixture was kept at +4°C in a dark until usage.

In order to stain the islets with florescence FDA/PI, 1 mL of 
cell suspension was placed in a 60 mm petridish and 50 μL of 
FDA/PI solution was added to it. The Petri was kept at room 
temperature in a dark and moist place for 90 min. The analysis 
was done under invert florescence microscope (Leica). The living 
cells were observed in green color with FDA dye under blue exci-
tation light, whereas the dead cells were observed at orange-red 
color with PI dye under green excitation light.28 The photos of 
the islets were taken and analyzed. The percentages of the liv-
ing cells were determined by a color analysis code written with 
the Matlab program. The viability of percentages was taken from 
5–10 different islets in one sample.

The analysis of DNA fragmentation
The DNA fragmentation is a hallmark of apoptosis in mam-

malian cells. We used a sensitive kit (BioVision’s Apoptotic DNA 
Ladder Extraction Kit) to identify DNA strand breaks, a marker 

Figure 3. The oxidative stress parameters. The oxidative parameters, 
lipid peroxidation and protein oxidation, were measured spectropho-
tometrically after homogenization of islets. (A) The graph represents 
protein carbonyl contents of control, DMSO and carvacrol (20 mg/kg) 
groups. The carvacrol group has significantly lower protein carbonyl 
content after H2O2 treatment in comparison with control and DMSO. 
(B) The lipid peroxidation index, malondialdehyde (MDA), is presented. 
The MDA level of carvacrol group with H2O2 treatments is significantly 
lower than control and DMSO groups with H2O2 treatments. a, p < 0.05 
in comparison with “Without H2O2 group”; b, p < 0.05 in comparison with 
“H2O2 (150 μM) group”; *, p < 0.05.
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Statistical analysis. The results were analyzed by using SPSS 
for Windows. The distributions of the groups were analyzed with 
Shapiro Wilk test. Because the parameters in all groups showed 
normal distribution, one-way ANOVA test was used for analysis. 
Post Hoc multiple comparisons were done with LSD. The results 
were presented as mean ± StdDev. P values < 0.05 were regarded 
as statistically significant.
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package. First, the samples were homogenized (IKA) and the 
homogenated samples were used for MDA, protein carbonyl 
and Lowry protein analysis. The protein measurement was 
done according to the method of Lowry et al.29

The MDA determination was done by a method based on 
the reaction with thiobarbituric acid (TBA) at 90°–100°C.30 
The 10% Trichloroacetic acid (TCA) was added the same vol-
ume of the homogenated sample and mixed. Then, the mixture 
was incubated at 90°–100°C for 15 min. After centrifugation, 
the 0.675% TBA was added to the supernatant to start the reac-
tion at at 90–100°C. The measurement was done at 532 nm.

The protein carbonyl content was analyzed by the method 
based on the reaction of the carbonyl group with 2,4-dinitro-
phenylhydrazine to form 2,4-dinitrophenylhydrazone.31 The 
20% TCA was added the same volume of homogenated sam-
ple and mixed. The mixture was incubated and centrifuged to 
remove supernatant. The pellet was incubated with 2,4-dinitro-
phenylhydrazine and washed with ethanol-ethyl acetate mixture. 
The NaOH solution was used to dissolve formed 2,4-dinitro-
phenylhydrazone. The measurement was done at 360 nm.
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