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ABSTRACT

Objective: Turmeric (Curcuma longa, turmeric, Indian saffron) is a widely used herb in China and India. Curcumin, the most
active ingredient in this plant, has been shown to have protective effects against ischemia-reperfusion damage. In our study, the effects
of curcumin on the vascular endothelium in ischemia-reperfusion injury in the abdominal aorta were investigated.

Methods: Fifteen Wistar-albino rats were divided into three groups, as sham, control and treatment (curcumin group). Abdominal
aortic ischemia was applied to the control and curcumin groups for 60 minutes. Curcumin was administered intraperitoneally at a dose
of 200 mg / kg to the curcumin group 5 minutes before reperfusion. Afterwards, a 60-minute reperfusion period was applied to both
groups. Total antioxidant capacity (TAC), total oxidant status (TOS) and oxidative stress index (OSI) in blood serum were measured.
Aortic endothelial tissue was examined histopathologically and endothelial damage was scored and compared.

Results: It was observed that TAC, TOS and OSI activities in blood samples were significantly decreased in sham and curcumin
groups compared to the control group (p <0.05). There was no difference in vascular endothelial damage scores in sham, curcumin
and control groups (p> 0.05). Histopathological examination revealed no lesions in the curcumin and control groups. Curcumin
administration therefore reduces oxidative stress in ischemia-reperfusion injury.

Conclusion: It was thought that the aortic tissue was more resistant to I / R damage due to possible perfusion differences.
Curcumin preserves blood oxidative parameters but does not prevent vascular pathology. In future studies, the effects of curcumin on
the vascular endothelium in ischemia-reperfusion injury will be better understood.
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Introduction

GAs aresult of ischemia occurring in tissues for
various reasons, cellular energy stores are emptied,
and cell death occurs as a result of the accumulation
of toxic metabolites. It is necessary to provide blood
flow to ischemic tissue for both regeneration of cells
and removal of toxic metabolites. Reperfusion in-
jury occurs during the re-bleeding period following
the ischemia period. Free oxygen radical (ROS) de-

rivatives, which are rapidly formed by the presenta-
tion of molecular oxygen into the cell, are one of the
most causative factors”. Ischemia-reperfusion (I/ R)
damage in tissues may be caused clinically by trans-
plantation surgery, aortic cross-clamp applications,
tourniquet application, free tissue transfers, acute
compartment syndrome and replantation of an am-
putated extremity®”. During ischemia, toxic oxygen
radicals are produced in ischemic tissue. After reper-
fusion, free oxygen radicals and superoxide radicals
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cause endothelial damage and increased vascular per-
meability. In addition, activated adhesion molecules
and cytokines also initiate the systemic inflammatory
response®.

Curcumin

Curcumin can be found in turmeric (hind saf-
fron), which is used as a spice that gives yellow color.
Turmeric (Curcuma longa, turmeric, Indian saffron)
is an herbaceous perennial herb with yellow flowers,
large leaves and tubers belonging to the ginger fam-
ily, widely grown in China and India. It is produced
from the yellow powder of the tropical plant Curcu-
ma longa (Zingiberaceae). The most active ingredient
of turmeric spice is curcumin. Curcumin is generally
classified as natural and artificial. Curcumin, desmeth-
oxycurcumin and bisdemethoxycurcumin are natural-
ly occurring compounds®® (Figure-1). Curcumin is a
natural substance that does not show toxic properties
in overdose and has been used in local / topical and
general use in eastern societies, especially in Indian
and Chinese traditional medicine, for skin, gastroin-
testinal diseases and wound healing. The biological
effects and molecular mechanisms of curcumin action
have been investigated with epidemiological, clinical
and animal studies”®.
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Figure 1: Chemical structure of curcuminoids.

The antioxidant effects of curcumin are similar
to those of vitamins C and E®. By facilitating the re-
moval of many reactive oxygen radicals, especially
superoxide anion radicals, nitrogen dioxide radicals
and hydroxyl radicals, this increases the antioxidant
ability. It has been shown to increase the activity of
many antioxidant enzymes such as catalase, superox-
ide dismutase (SOD), glutathione peroxidase (GPx)
and both oxygenase-1 (OH-1) enzymes!?. It also
suppresses the synthesis of inflammatory prostaglan-

dins that increase oxidant load"". One of curcumin's
significant properties is that it offers defense against
processes of carcinogenesis. It increases the produc-
tion in the kidneys and liver of xenobiotic detoxifying
enzymes and decreases tumor tissue angiogenesis by
inhibiting metalloproteinases'*'¥. In the cardiovas-
cular system, very-low-density lipoprotein (VLDL),
low-density lipoprotein (LDL), cholesterol and tri-
glyceride levels have been shown to decrease (14).
Furthermore, by inhibiting both the aggregation and
adhesion of platelets by cGMP via NO, it prevents
thrombus formation>'®.

Due to its anti-inflammatory and antioxidant ef-
fects, curcumin is believed to be useful in prevent-
ing I/R damage to vascular endothelial cells. In our
research, we attempted to determine to what extent
curcumin decreases systemic oxidant effects and vas-
cular endothelial damage in rats with experimental
I/R damage.

Materials and methods

Our study was approved by the Animal Exper-
iments Local Ethics Committee dated 24.09.2013
(the approval decision of the Harran University An-
imal Experiments Local Ethics Committee dated
30.04.2012, numbered B.30.2. HRU.0.05.07.00/270)
and was published in the Official Gazette by the Min-
istry of Environment and Forestry. It was conducted
in accordance with the Regulation on the Working
Procedures and Principles of Animal Experiments
Ethics Committees published in the copy of the Law
No. 2622 dated July 6, 2006, and the Directive of the
Harran University Animal Experiments Local Ethics
Committee.

Establishing Study Groups

Fifteen Wistar-albino rats (average weight 250-
300- 240 gr.) were randomly divided into 3 groups
of equal numbers (n=5). Rats were kept at room tem-
perature with 12 hours light-12 hours dark before the
study. All rats were fed with tap water and standard
rat feed under standard conditions. Feeding of all rats
was stopped 8 hours before the intervention.

Experimental Groups and Protocol

There were three experimental groups: Group 1
(Sham, n = 5): During the study, no procedure was
performed except for anesthesia. Tissue and blood
samples were taken at an hour corresponding to the
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end of the reperfusion period. Group 2 (Control,1/R,
n = 5): After anesthesia, 60 minutes of ischemia and
60 minutes of reperfusion were applied to the infrare-
nal abdominal aorta, no medication was given. Tissue
and blood samples were taken at an hour correspond-
ing to the end of the reperfusion period. Group 3 (I/
R + Curcumin, n = 5): 60 minutes of ischemia and 60
minutes of reperfusion were applied to the infrarenal
abdominal aorta after anesthesia. 200 mg/kg curcumin
was administered intraperitoneally 5 minutes before
the tourniquet was opened. It has been shown that cur-
cumin improves oxidative stress and inhibits the ex-
pression of inflammatory cytokines, and that 200mg /
kg as a dose is more effective!'”. After comparing the
curcumin doses used in ischemia-reperfusion models,
the curcumin dose was applied as 200mg/kg in our
study. Tissue and blood samples were taken in the pe-
riod corresponding to the end of the reperfusion pe-
riod.

Preparation of Therapeutic Agents

Material containing curcumin from SIG-
MA-ALDRICH operating in the USA was procured
through an intermediary importer company by pur-
chasing. Curcumin was dissolved using 1% dimethyl
sulfoxide (DMSO) and prepared for intraperitoneal
injection.

Ischemia-Reperfusion Injury Model

Ketamine 87 mg/kg intraperitoneally (Ketalar;
Parke Davis, Eczacibasi, Istanbul, Turkey) and xy-
lazine 13 mg/kg (Rompun; Bayer AG, Leverkusen,
Germany) were administered to all rats used in the ex-
periment after 8 hours of fasting. When necessary, an
additional dose was planned one time during the ex-
periment. Midline laparotomy was performed on rats,
whose skin was prepared aseptically. After removing
the intestines with wet gauze, the infrarenal abdom-
inal aorta (IAA) was carefully explored. The IAA
was put under a non-traumatic microvascular clamp.
The microvascular clamp on the IAA was removed
after 60 minutes, and 60 minutes of reperfusion was
achieved. Aortic ischemia: aortic reperfusion with
loss of pulsation in the distal aorta during the clamp-
ing procedure, confirmed by testing the restoration of
pulsation in the distal aorta after clamp removal. In
the control group, laparotomy and abdominal aortic
dissection were performed for an equal time (I / R
time = 120 minutes), but I / R was not created in this
group. To minimize the loss of heat and fluid from the

peritoneal cavity during I/ R periods, after the clamps
were placed in the IAA and removed, saline was ap-
plied to the peritoneal cavity and the abdominal inci-
sion was temporarily covered with wet gauze. At the
end of the reperfusion period, in all rats, the median
laparotomy incision was opened in the mediastinum
by moving upwards, the heart was reached, and blood
was taken from the right ventricular cavity with the
help of a 5-cc syringe. Subsequently, a right gastroc-
nemius abdominal aorta sample was taken. Abdomi-
nal aortic samples were stored in 10% formaldehyde
solution until evaluation immunohistochemically and
with hematoxylin-eosin. Blood taken from rats was
centrifuged at 4000 rpm for 10 minutes and rat plasma
samples were stored at -20 degrees until biochemical
analysis.

Histopathological Examination of Vascular
Endothelial Structure

For histopathological examination, aortic tissues
were separately fixed in 10% buffered neutral for-
maldehyde solution. The samples were embedded in
paraffin blocks. 5-micron sections were taken. These
were stained with hematoxylin-eosin dye. A magni-
fication of 20x was used (Olympus BX51 TF, USA).
Interstitial edema, inflammatory cell infiltration and
necrosis were evaluated as histopathological param-
eters. Ranking scores were organized and reported
(No: 0, Yes: 1, Significant: 2) for each histopatholog-
ical parameter®. By summing all parameter scores
for each sample, the histological score was calculated.

Total Antioxidant Capacity (TAC)

TAC level of the samples was measured using
Rel Assay brand commercial kits. The measurement
method was applied on the basis that all antioxidant
molecules in the sample reduce the colored ABTS
cationic radical and decolorize the colored radical in
proportion to the total concentrations of the antiox-
idant molecules. Trolox, a water-soluble analog of
vitamin E, was used for calibration. Results were ex-
pressed in mmol Trolox Equivalent / L"”. Micromo-
lar (umol) changed was used when calculating Trolox
equivalent per liter.

Total Oxidant Status (TOS)
The TOS of the samples was measured using Rel

Assay brand commercial kits. The measurement was
made using the colorimetric method, which is based



3292

Mehmet S. Aydin, Sakine Sonmez et Al

on the cumulative oxidation of ferrous ion to ferric
ion of the oxidant molecules contained in the samples,
as stated in the working principle of the test. Results
were expressed as pmol H202 Equivalent / L®.

Oxidative Stress Index (OSI) Calculation

While calculating the OSI values of the samples,
TAC values were multiplied by 10 and equaled with
TOS in units. The ratio of TOS levels included in the
samples to TAC levels included in the samples was
specified as OSI®. Results are expressed as Arbitrary
Units (AU).

(TOS, umol H202 Equiv./L.)
OSI=

(TAC, umol trolox Equiv./L.)
Statistical Analysis

Statistical Analysis SPSS 11.5 (SPSS for Win-
dows 11.5, Chicago, IL) package program was used
for statistical evaluation. Kruskal Wallis test was used
to evaluate quantitative data between groups. Group
parameters were expressed as mean + standard devi-
ation. Mann-Whitney U test was used again for the
groups that were found to be significant. In all tests, p
<0.05 values were considered statistically significant.

RESULTS

The procedure was completed by all subjects.
The values of TAC, TOS and OSI in blood samples
taken from rats were calculated. The results were sta-
tistically compared between the groups (Table 1). The
scores obtained as a result of histopathological evalu-
ations made by an expert pathologist were compared
statistically.

TAC TOS OSI
(mmol Trolox Equivalent/L) (nmol H202 Equivalent/L) (AU)
SHAM (n=5) 1.16+0.32 77.11422 08 5.22+0.36
CONTROL (n=5) 1.39+0.17-. 150.16+33.96 10.63+0.90
CURCUMINE (n=5) 1.10+0.09 80.12+13.09- 6.91+1.10

TAC: Total antioxidant capacity, TOS: Total oxidant status, OSI: Oxidative stress index, AU:
Arbutrary Units

Table 1: TAC, TOS and OSI measurements (arithmetic
mean = standard deviation).

Comparison of TAC Values

When the mean TAC values were calculated in

the plasma samples, it was seen that the lowest value
was in the curcumin group (1.10 £ 0.09 mmol Trolox
Equivalent / L). The mean highest TAC value was
found in the control group (1.39 + 0.17 mmol Trolox
Equivalent / L) (Table-1). TAC values of the control
group were found to be statistically significantly high-
er than the other groups (p <0.05) (Figure 2).
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Figure 2: Comparison of TAC (Total antioxidant capacity)
values between groups.

Comparison of TOS Values
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Figure 3: Comparison of TOS (Total oxidant status)
values between groups.

When the mean TOS values were calculated
in plasma samples, it was seen that the lowest value
was (77.11 £ 10.08a umolH202Eqv. / L) in the sham
group. The mean highest TOS value was detected in
the control group (150.16 + 33.96b umol H202E-
qv./L) (Table 1). Similar to TAC results, control group
TOS values were statistically significantly higher
than other groups (p <0.05). The fake and curcumin
TOS values were statistically lower than those of the
control group (p <0.05) (Figure 3).

OSI Values Comparison

The lowest value was seen in the sham group
(522 + 0.36a AU) when average OSI values were
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measured for plasma samples. In the control group
(10.63 £ 0.90b AU), the mean maximum OSI value
was observed (Table 1). Similar to the findings of
TAC and TOS, OSI values were statistically lower
in the sham and curcumin groups than in the control
group (p<0.05). Low OSI levels were observed more
prominently in the sham group (p <0.05) (Figure 4
and 5).
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Figure 4: Comparison of OSI (Oxidative stress index)
values between groups.

Figure 5: Aorta tissue samples of the sham, control
and curcumin groups. There was no histopathological
difference between the groups. A = Sham group, B =
Control group, C = Curcumin group.

Discussion

Today, abdominal aortic clamping, which is
used in cardiovascular surgery operations, is fre-
quently used. Although vascular clamping provides
surgeons with many working advantages, when the
clamping area is examined, swelling, flattening, loss
of intercellular connectivity and endothelial cell peel-
ing are observed in endothelial cells®'??. At the same
time, it causes damage to the vascular endothelium
and tissues with the ischemia it creates and the subse-
quent reperfusion.

Ischemia-reperfusion injury is based on free ox-
ygen radicals that emerge as a result of tissue oxy-
genation during reperfusion. Necrotic changes due to
the formation of free oxygen radicals can be seen in
the reperfusion tissue. Reactive oxy radicals can be
released from many sources. The most important are
activated neutrophils. In addition, cytokines (IL-6; IL-
8; TNF), platelet-activating factor and leukotrienes,
which are plasma pro-inflammatory agents, also

cause endothelial cell damage to the complementary
factors. Pulmonary vasoconstriction, hypertension
and increased pulmonary vascular permeability are
the most common side effects of impaired endothe-
lial cell function®2%. Endothelial cells play a vital
and dynamic role in maintaining vascular hemostasis
(current, selective permeability and cell traffic). These
cells are very sensitive to both ischemia and reperfu-
sion. Prolonged hypoxia causes intracellular volume
increase and cytoskeletal organization disorders with
cell membrane potential changes, ion distribution dis-
orders and decrease in viscosity®?. With tissue reper-
fusion, ischemic endothelial changes become evident
and endothelial dysfunction develops, localized in
the I / R area. Morphological changes following pro-
longed ischemia and subsequent reperfusion are cel-
lular swelling, membrane depolarization, pinocytotic
vesicle loss, endothelial cell basement membrane sep-
aration and adhesion of activated leukocytes (espe-
cially neutrophils) to the endothelial cell surface®2%.
The primary indicator of I / R injury in arterioles is
impairment and hyperreactivity in endothelium-de-
pendent vasodilation. It was observed that endothe-
lium-dependent arteriolar vasodilation disappeared in
the early period and smooth muscle function in the
late period after ischemia-reperfusion injury. There-
fore, reperfusion of tissues is difficult in prolonged
ischemia®". The arteriolar I/R response varies from
tissue to tissue as well. The clinical reflection of I /
R damage in the arterial capillary endothelium is in
the form of increased fluid filtration to the interstitial
tissue and a decrease in the number of capillaries that
provide tissue perfusion®”. Increased interstitial fluid
filtration is due to an increase in endothelial barrier
hydraulic permeability rather than an increase in int-
racapillary pressure. After tissue reperfusion, the de-
crease in arterial capillaries due to obstruction causes
an increase in I-R damage by further disrupting tissue
perfusion. Microvascular dysfunction mechanisms
occur on the basis of leukocyte-endothelial adhesion.
Leukocyte-derived ROS also contributes to this dys-
function. Therefore, prevention of leukocyte-endothe-
lial adhesion and antioxidant treatment can reduce mi-
crovascular dysfunction®®.,

Curcumin is a cardioprotective antioxidant that
has lipid-lowering properties and reduces oxidative
stress!*2*), Curcumin also has a protective effect on
endothelial dysfunction®?. In several ways, curcum-
in demonstrates its endothelial protective effect. De-
creased NO bioavailability or decreased NO synthesis
increases endothelial dysfunction. Curcumin decreas-
es endothelial dysfunction by upregulating eNOS
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during the phase in which oxidative stress is induced
16. In addition, it decreases vascular superoxide anion
production and enhances this effect by inhibiting vas-
cular protein kinase C (PKC-bII)®V. It also functions
as a TNF_ alpha-blocker through the Nrf-2 / Heme
oxygenase-1 (OH-1) pathway. Thus, by inhibiting ox-
idative stress and inflammatory cytokines, it reduces
the ROS load and inflammatory damage in the vascu-
lar endothelium®%. With all these mechanisms, cur-
cumin protects the vascular endothelium and reduces
the remodeling that occurs in the endothelium.

In this study, it has been shown that with cur-
cumin therapy, oxidative and vascular endothelial cell
harm induced by infrarenal abdominal aorta clamping
can be prevented. Systemic oxidative stress that oc-
curs during ischemia and subsequent phases of reper-
fusion can be minimized through cross-clamping with
curcumin. The fact that the TAC, TOS and OSI values
in the group given curcumin were significantly lower
than the control group confirms this. Although TAC,
TOS and OSI values differed between the groups, two
reasons were attributed to the lack of histopatholog-
ical changes in the abdominal aortic tissue. The first
explanation was deemed to be that the I/R duration
was not long enough. It was reported in some studies
that this time was determined to be 120 minutes for
I/R®>. The second reason is that it is assumed that ab-
dominal aortic tissue (due to variations in perfusion)
is more resistant than other tissues to I/R injury.

Many studies have been conducted on the pro-
tective effects of curcumin. I/ R injury models have
been investigated in a wide variety of organ sys-
tems (heart, kidney, lung, intestine, mesentery, liver,
skeletal muscle) in rats (36-39). In the literature, is-
chemia-reperfusion studies directed towards the aorta
are extremely limited. Therefore, this study gives an
idea about the sensitivity of the abdominal aorta to
ischemia / reperfusion and to what extent curcumin
can protect the vascular endothelium.

The study has several limitations. The first is that
curcumin was given intraperitoneally and the effects
of oral intake were not seen. Second, in order to sup-
port previous studies, basic biochemical parameters
and histopathological samples from different tissues
were not taken with TAC, TOS and OSI.

Conclusion

Curcumin significantly reduced oxidative stress
in an abdominal aortic I / R rat model. Oxidative
stress indices and cell damage occurring in the clinic
could be reduced with curcumin treatment. However,

in order to use curcumin in clinical treatment, more
comprehensive scientific preclinical and clinical stud-
ies are needed in the future.
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