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Abstract: The aloe vera plant has become increasingly popular in recent years. This study aimed to research the effect of aloe vera to prevent renal and lung tissue 
damage in an experimental ischemia–reperfusion (I/R) injury model. The study included 21 male Wistar Albino rats, which were categorized into control group, 
n = 7 (no procedures), Sham group n = 7 (I/R); and aloe vera therapy group, n = 7 (aloe vera and I/R). Superoxide dismutase (SOD), catalase (CAT), glutathione 
peroxidase (GPx), and malondialdehyde (MDA) were evaluated from lung and kidney tissues for biochemical investigations. As histopathological, hematoxylin 
and eosin and anti-iNOS were also examined. In biochemical investigations, SOD, CAT, and GPx levels of the Sham group were found to be lower compared with 
the other groups (P < 0.05). The aloe vera therapy group was not statistically different from control groups but significantly different compared with the Sham 
group. In the same way, the MDA levels of kidney and lung tissues were statistically significant in the aloe vera therapy group, compared to the Sham group. In 
the Sham group, the peribronchial and perialveolar edema were observed in lung parenchyma. Also, excess interstitial hemorrhage, leukocyte infiltration, and 
alveolar wall thickening were identified in ischemic groups. The histopathological changes were much lighter than in the aloe vera therapy group. In renal tissues, 
excess epithelial cell deterioration, tubular desqumination, and glomerular atrophy were observed in the Sham group. The histopathological changes were markedly 
reduced in the aloe vera therapy  group. In the kidney and lung tissue, the level of iNOS activity in the Sham group was significantly higher than in the control 
and aloe vera therapy group. This study indicated that aloe vera is protective against oxidative damage formed by I/R in distant organs like the lungs and kidneys.
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Introduction

Ischemia is the development of reversible or irre-
versible cell/tissue damage, linked to insufficient blood 
flow permeating organs or tissues (1). After ischemia, 
there are many metabolic and structural changes in 
cells. Ischemia disrupts oxidative phosphorylation in 
the cell, causing reductions in intracellular adenosine 
triphosphate (ATP) and phosphocreatine synthesis (2). 
This situation disrupts the ionic pump function linked 
to ATP in the cell membrane, causing more calcium, so-
dium, and water to enter the cell (3). During ischemia, 
the destruction of adenine nucleotide increases. This 
increases the accumulation of reactive oxygen species 
(ROS) precursor hypoxanthine within the cell. After 
ischemia, when blood flow is restored to the region 
again (reperfusion) and intracellular molecular oxygen 
is provided again, ROS rapidly forms (4). To prevent 
irreversible cell damage, reperfusion to the organ/tis-
sue is essential. However, reperfusion may cause more 
damage to the ischemic tissue than ischemia occuring in 
the tissue/organ. 

For a majority of time, the ischemia and reperfusion 

damage does not remain limited to that organ. With 
many intervening active systems and toxic mediators, 
it may affect a variety of organs such as the lungs, kid-
neys, liver, and heart and cells in every organ like en-
dothelium and epithelium (5). Antioxidants have been 
used to prevent this damage with the help of antioxidant 
enzymes. Malondialdehyde (MDA) is the final product 
of lipid peroxidation. It is frequently used to define oxi-
dative stress; superoxide dismutase (SOD), glutathione 
peroxidase (GPx), and catalase (CAT) represent antioxi-
dant enzymes (6). 

 The study assessed the effect of numerous plants on 
kidneys and lungs against ischemia–reperfusion (I/R) 
deterioration (7, 8). Aloe vera has been increasing in 
popularity in recent years. In the medical field, aloe 
vera has displayed anti-inflammatory, immunomodula-
tor, antitumor, anti-aging, and positive effects on wound 
healing (9). Studies also reveal the cardio-protective ef-
fect of aloe vera (10) and its prevention of nerve damage 
caused by I/R (11).

This study aimed to research the effect of aloe vera 
to prevent renal and lung tissue damage in an experi-
mental I/R injury model.
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Materials and Methods

Ethical issues
After obtaining permission from Çanakkale Onse-

kiz Mart University (ÇOMÜ) Local Ethics Committee 
(2014/12-08), our study was completed in the Experi-
mental Animals Application and Research Center.

Animals
The study included 21 male Wistar Albino rats wei-

ghing 250–300 mg, aged 8–12 weeks. The rats were 
obtained from the ÇOMÜ Experimental Animals Appli-
cation and Research Center. Rats adapted to the envi-
ronment were used in this study. They were randomly 
chosen and divided into three groups of seven. During 
the study, the subjects were kept in the ÇOMÜ Expe-
rimental Research Center in special cages and given 
appropriate nutrition. The rats were allowed free access 
to food and water at a controlled temperature (23–25°C) 
and lighting environment (8:00– 20:00 light, 20:00–
08:00 dark). All surgical and experimental procedures 
were in accordance with the animal care guidelines of 
the ÇOMÜ Experimental Research Center. Aloe vera 
in gel form used in the research was purchased from 
Herbalife Turkey distributor (Herbalife Inc., İstanbul, 
Turkey). 

Group 1: Control group n = 7 (no medication or sur-
gical procedures). 

Group 2: Sham group n = 7 (45 min abdominal aorta 
ischemia, 24 h reperfusion before sacrifice). 

Group 3: Aloe vera therapy group n = 7 [1 month 
of daily aloe vera application (30 mg/kg) with gastric 
gavage, 45 min abdominal aorta ischemia, 24 h reperfu-
sion before sacrifice]. 

Surgical procedure
All groups were given anesthesia with 5 mg/kg xyla-

zine (Bayer, İstanbul, Turkey) and 50 mg/kg ketamine 
hydrochloride (Parke Davis, İstanbul, Turkey). Proce-
dures were completed with spontaneous respiration and 
room air. The rats were entered with a midline dermal-
subdermal incision in the supine position under sterile 
conditions on the operating table. A surgical procedure 
for peripheral nerve damage was described by Schmel-
zer in 1989 (12). The intestines were turned to the right 
and the abdominal aorta was reached through the mi-
dline. In groups with ischemia induced, the abdominal 
aorta and vena cava inferior were carefully dissected 
and separated. The abdominal aorta was clamped and 
turned immediately below the renal artery and above the 
bifurcation, and after 45 min clamping the clamps were 
removed and reperfusion was provided. The abdomen 
was closed appropriately. All groups were sacrificed 
with high dose anesthetic material after the 24th hour. 
The renal and lung tissues were completely removed. 
Half of the removed tissue was stored in formalin. The 
tissues were sent to the laboratory for histopatholo-
gical investigation and tissue biochemistry for MDA, 
CAT, SOD, and glutathione peroxidase (GPx) activity 
levels.

Biochemical analyses
Immediately after tissues were removed, they were 

stored at -80°C. For biochemical analyses, tissues were 

homogenized in appropriate buffer media separately 
prepared for each method and supernatants were remo-
ved. The SOD, CAT, GPx activities, and MDA levels 
were measured with extremely sensitive enzyme-linked 
immunosorbent assay (ELISA) spectrophotometry. The 
studies were repeated twice. Total protein concentra-
tions were completed in accordance with the Bradford 
method (Sigma Aldrich, Bradford reagent-B6916-1KT, 
USA). All results were determined as mean ± standard 
deviations per mg protein (SD/mg protein).

SOD activity
IC50 (SOD activity 50% inhibition) values were de-

termined colorimetrically using an SOD assay kit (Bio-
vision-K335-100; Milpitas, CA95035, USA) at 450 nm. 
Results are given as U/mL per mg protein [U/(mL . mg 
protein)].

CAT activity
Determined using STA-341, Cell Biolabs’ Oxise-

lect Catalase Activity Assay Kit, Colorimetric. Results 
obtained by ELISA spectrophotometry are stated as U/
(mL . mg protein).

GPx activity
Determined with ELISA spectrophotometry using 

Biovision-K762-100; Milpitas, CA95035, USA, Glu-
tathione Peroxidase Activity Colorimetric Assay Kit. 
Results are given as mU/mL per mg protein [mU/(mL 
. mg protein)].

Tissue MDA levels
Determined using Biovision-K739-100; Milpitas, 

CA95035, USA, Lipid Peroxidation (MDA) Colorime-
tric/Fluorometric Assay Kit. Results are stated as nmol 
per mg tissue (nmol/mg tissue).

Histopathological examination
Kidney and lung tissues were removed from all ani-

mals of groups, fixed in 10% formaldehyde solution at 
room temperature for 48 h. The tissue samples were 
dehydrated and embedded in paraffin according to stan-
dard histological procedures. Paraffin blocks were cut 
into 5 µm with a microtome (SLEE, cut5062) for gene-
ral pathological examination and immunohistochemi-
cal analysis. Slides were stained with hematoxylin and 
eosin. Histological preparations were examined under 
a light microscopy Olympus CX41 (Olympus, Japan) 
using different magnifications to evaluate the degree of 
lung and kidney injury. Histopathological changes in 
lung tissue; cell infiltration, lung edema, congestion and 
intra-alveolar hemorrhage were evaluated. These fin-
dings were graded as follows: 0, normal histological ar-
chitecture; 1, mild; 2, moderate; and 3, severe changes in 
lung tissue. The lung injury score possible was 12 (13). 
Renal injury was evaluated and classified as follows: 0, 
normal histological architecture; 1, tubular cell swel-
ling, brush border loss and nuclear condensation, with 
up to one third of the tubular profile showing nuclear 
loss; 2, as grade 1, but greater than one third and less 
than two thirds of tubular profile showing nuclear loss; 
and 3, greater than two thirds of tubular profile showing 
nuclear loss (14). A minimum 100 intersections for each 
animal were examined by 2 separate investigators with 
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tistically significant (P < 0.05). The aloe vera therapy 
group was not statistically different from control groups 
(P > 0.05) but significantly different compared with the 
I/R group. In the same way, the MDA levels of kidney 
and lung tissues were statistically significant (P < 0.05) 
in the aloe vera therapy group, compared with the abdo-
minal I/R group.

Histopathological findings
The control group showed normal lung architecture; 

inflammatory cell infiltration and hemorrhage were 
nearly normal (Fig. 1a). In the Abd-I/R, peribronchial 
and perialveolar edema were observed in the lung paren-
chyma. Also, excess interstitial hemorrhage, leukocyte 
infiltration, and alveolar wall thickening were identified 
in ischemic groups (Fig. 1b). Histopathological changes 
were much lighter than in Abd-I/R + aloe vera therapy 
group when compared to the Abd-I/R group (Fig. 1c). 
Lung injury scores are summarized in Table 2. The 

light microscopy.

Immunohistochemical examination of iNOS
The tissue sections were deparaffinized in xylene 

and rehydrated in descending concentrations of ethanol, 
followed by antigen retrieval in sodium citrate buffer 
(10mM, pH 6) for 10 min. Endogenous peroxidase was 
inhibited by incubation with 3% hydrogen peroxide for 
10 min. at room temperature. The nonspecific binding 
of antibodies was blocked by incubation with a blocking 
serum (Ultra V Block, LabVision) at room temperature 
for five min. The primary antibody, Anti-iNOS (ab3523) 
was incubated at 4°C overnight. After incubation with 
the primary antibody, the tissue sections were washed 
with phosphate-buffered saline and incubated with the 
biotinylated secondary antibody (Ultra Vision Detection 
System-HRP kit, Thermo Scientific/Lab Vision). Strep-
tavidin peroxidase (Ultra Vision Detection System-HRP 
kit, Thermo Scientific/Lab Vision) was then added at 
room temperature for 10 min. The chromogen 3-ami-
no-9-ethyl-carbazole (AEC Substrate System, Thermo 
Scientific/Lab Vision) was used and the sections were 
counterstained with hematoxylin. Anti-iNos immuno-
reactivity was examined under light microscopy and 
measured using the Image J software.

Statistical analysis
For biochemical investigations, results were subjec-

ted to one-way analysis of variance using SPSS 21.0 
software (SPSS Inc., USA). Differences among the 
groups were obtained using Tukey's test option. Statisti-
cal significance was accepted as P <0.05. All data were 
expressed as mean ± SD in each group. For histopatho-
logical examinations, results were reported as the mean 
± SD. While the nonparametric Kruskal–Wallis test was 
used to compare the groups, the Mann–Whitney U test 
was used for binary comparisons. The Spearman corre-
lation test was used to evaluate the relationship between 
the variables, and P <0.05 was considered statistically 
significant.

Results

Biochemical investigations
The mean and SD values of SOD, CAT, GPx, and 

MDA in each group are given in Table 1. The SOD, 
CAT, and GPX levels of abdominal I/R group were 
lower compared with the other groups and this was sta-

Groups SOD (U/ml.mg protein) CAT (U/ml.mg protein) GPx (mU/ml.mg protein) MDA (nmol/mg tissue)
Kidney
Control 54.20±7.17 33.47±3.80 41.44±6.54 9.71±3.59
Abd-I/R 12.26±5.18 7.43±1.72 7.49±2.47 32.45±4.67

Abd- I/R+AV 49.31±7.98ß 27.40±3.65 ß 39.83±3.94 ß 12.58±3.81 ß

Lung
Control 45.00±4.70 36.52±5.98 31.40±2.67 7.51±1.10
Abd-I/R 26.17±4.79 4.48±1.60 11.90±2.18 17.02±1.61

Abd- I/R+AV 38.92±3.88ß 26.16±4.29ß 23.24±2.31ß 9.46±2.11ß

Table 1. Superokside dismutase (SOD), catalase (CAT), glutathione peroxidase (GPx) activities and levels of malondialdehyde (MDA) of kidney 
and lung tissues.

Note: AV: AloeVera, Abd-I/R: Abdominal Ischemia Reperfusion. Means by the letter ß is significantly different to the One-way ANOVA-Tukey's 
test in each coloumn (p < 0.05). The results were defined as the mean ± standard deviation (SD).

Figure 1. Hematoxylin-eosin (H&E) and Anti-iNOS staining of 
lung tissue (a – c; H&E, d – f; iNOS). a) Normal lung tissue b) Abd 
I/R group demostrates massive alveolar, perivascular and interstitial 
edema c) Abd IR+AV reveals minimal edema and infiltration (thin 
arrow; hemorrhage, asterisk; perivascular or interstisial edema, 
arrowhead; iNOS positive cells, Magnification; 200X).
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control group was observed with respect to normal his-
tological renal architecture (Fig. 2a). Excess epithelial 
cell deterioration, tubular desqumination, and glomeru-
lar atrophy were observed in Abd-I/R group (Fig. 2b). 
Histopathological changes were markedly reduced in 
the aloe vera therapy  group (Fig. 2c). Total lung injury 
scores are shown in Table 2.

Immunohistochemical findings
The iNOS expression in lung tissue is depicted 

(Figure 1). iNOS activity was particularly observed in 
proximal and distal tubular epithelial cells in the renal 
tissue. Type II pneumocytes and inflammatory cells 
showed iNOS positive reaction in lung tissue examina-
tions. In the kidney and lung tissue, the level of iNOS 
activity in the Abd-I/R group was significantly higher 
than in the control and aloe vera therapy group (P < 
0.05, Table 3). iNOS immunoreactivity was observed 
only in tubular cells in the kidney tissue (Figure 2).

Discussion

I/R injury does not remain limited to the organ it 
affects the majority of the time, but affects a variety of 
organs including the lungs, kidneys, liver, and heart (5). 
Clinically, some complications linked to distant organ 
failure after reperfusion injury may even cause death. 
Reperfusion injury to lungs and kidneys frequently oc-
curs after cardiopulmonary bypass, pulmonary throm-
boendarterectomy, and lung transplantation. During 
ischemia and reperfusion afterward, mediators released 
into circulation may cause macrophage activation in 
nearly all organs and produce inflammatory cytokines 
(like tumor necrosis factor α) that can activate vascular 
endothelium (15, 16). ROS and inflammatory leuko-
cytes resulting from I/R injury form a significant mecha-
nism for distant organ injury (17). Superoxide radicals 
are formed by the addition of an electron to an oxygen 
molecule. They are transformed into non-toxic products 
by antioxidant enzymes of SOD, CAT, and GPx (18).

Aloe vera is a plant that has been intensely studied 
in recent years in the medical field. It has positive ef-
fects on wound healing (19). Some glycoproteins in gel 
forms of aloe vera are reported to show antitumor and 
antiulcer efficacy in dermal tissues (20). Many in vivo 
and in vitro studies have shown the anti-inflammatory 

efficacy of aloe vera through bradykinase activity (21). 
Immune modulator efficacy is reported (22). The anti-
aging effects of aloe vera are shown, with the reduction 
of acne, wrinkles, and erythema (23). There are studies 
on its antibacterial, antiviral, and antifungal efficacy 
(24-26).

MDA is one of the most important products of 
membrane lipid peroxidation, and its presence in tis-
sue reveals tissue injury (27). In this study, while clear 
increases were observed in lung and renal tissue MDA 
levels in the I/R (Sham) group, no significant increase 
was observed in the aloe vera therapy group. The histo-
pathological investigation showed similar results. While 
clear damage was observed in both the renal tissue and 
lung tissue in the control group, minimal edema and 
infiltration were identified in the tissue in the aloe vera 
therapy group. Significant falls were observed in SOD, 
GPx, and CAT values in the kidney and lungs of animals 
in the Sham group, while minimal changes were obser-
ved in the animals given aloe vera. These results may 
be considered to show the protective effect of aloe vera 
on tissue damage caused by oxidative stress in distant 
organs during I/R. To the best of our knowledge, in the 
existing literature there is no study showing the protec-
tive effect of aloe vera against injury in distant tissues 
from I/R. Additionally, an antioxidant effect of aloe vera 
is observed. In a study by Benson et al. (28) an extract 
obtained from aloe vera was protective against free 
radical injury and at the cellular level showed antioxi-
dant properties. Saada et al. (29) in a study of rats fed 
with aloe vera reported it was protective against liver, 
lung, and kidney injury due to radiation exposure. Their 

Table 2. Histopathological injury scores of the lung and kidney 
tissues.

Lung Kidney
Control 0 0
Abd I/R 9.6 ±1.2a 2.6±0.5a

Abd IR+AV 4.5±1.7a,b 1.7±0.6a,b

a; p<0.05 vs control group, b; p<0.05 vs Abd-I/R group.

Lung Kidney
Control 2.6±1 2.5±1.1
Abd-I/R 11±2.4a 35±11a

Abd-IR+AV 5.6±2.4a,b 18±4.2a,b

Table 3. Relative density for iNOS activity of lung and kidney 
tissues.

a; p<0.05 vs control group, b;p<0.05 vs Abd-I/R group.

Figure 2. Figure illustrates H&E and Anti-iNOS examination of 
renal tissue (a – c; H&E, d– f; iNOS). a) Regular glomerular and 
tubular architecture in control group b) Tubular desquamination 
and tubular necrosis observed in Abd I/R group c) Decreased his-
topathological changes detected in Abd I/R+AV group (thin arrow; 
tubular desquamination, arrow head; degenerative cells, thick 
arrow; iNOS positive tubular cells, Magnification; H&E; 200X, 
Anti-iNOS;400X).
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study, in parallel to the present study, found significant 
recovery in SOD, GPx, and CAT values in rats given 
aloe vera. Singh et al. (30) in a study investigating the 
carcinogen-metabolizing phase I and phase II enzymes, 
antioxidant enzymes, glutathione content, lactate dehy-
drogenase, and lipid peroxidation in livers of mice fed 
two different doses of aloe vera showed that different 
doses of aloe vera had a protective effect against mem-
brane and cell damage triggered by pro-oxidants. Simi-
larly, in an experimental study conducted by Guven et 
al. (31) on the protection of aloe vera from sciatic nerve 
I/R injury, MDA in the aloe vera therapy group was sta-
tistically significantly lower than that of the SIR group. 
Additionally, SOD decreased more in the aloe vera the-
rapy group than in the SIR group. This shows that aloe 
vera displays a protective effect in resolving oxidative 
damage caused by free radicals occurring due to dif-
ferent reasons in tissues. Nitric oxide synthase (NOS) 
is a unique enzyme in enzyme cell types and catalyzes 
NO synthesis. Three different isoforms are described for 
NOS: neural NOS (nNOS, type 1) (32), inducible NOS 
(iNOS, type 2) (33) and endothelial NOS (eNOS, type 
3) (34, 35). This study used anti-iNOS staining to show 
the protective effect of aloe vera in renal and lung tissue. 

A limiting factor in this study is that tissue injury in 
organs distant to I/R was not investigated using inflam-
matory cytokines. In fact, the anti-inflammatory proper-
ties of aloe vera are well-known. (21). In this study, a 
reduction in tissue damage was observed histopatholo-
gically and in tissue MDA.

Conclusion
This study indicated that aloe vera is protective against 
oxidative damage formed by I/R in distant organs like 
lungs and kidneys.

Acknowledgements
We acknowledge Scientific Research Project Depart-
ment of Canakkale Onsekiz Mart University for the 
grant given under project code TSA-2015-487.

Conflicts of interest
No potential conflicts of interest were disclosed.

References 

1. Maxwell SR, Lip GY. Reperfusion injury: a review of the patho-
physiology, clinical manifestations and therapeutic options. Int J 
Cardiol. 1997;58:95-117.
2. Carden DL, Granger DN. Pathophysiology of ischaemia-reperfu-
sion injury. J Pathol. 2000;190:255-266.
3. Collard CD, Gelman S. Pathophysiology, clinical manifestations, 
and prevention of ischemia-reperfusion injury. Anesthesiology. 
2001;94:1133-1138.
4. Nakamura T, Vollmar B, Winning J, Ueda M, Menger MD, Schä-
fers HJ. Heparin and the nonanticoagulant N-acetyl heparin atte-
nuate capillary no-reflow after normothermic ischemia of the lung. 
Ann Thorac Surg. 2001;72:1183-1188.
5. Nastos C, Kalimeris K, Papoutsidakis N, et al. Global 
consequences of liver ischemia/reperfusion injury. Oxid Med Cell 
Longev. 2014;2014, Article ID 906965, 13p. 
6. Ghasemnejad-berenji M, Ghazi-Khansari M, Yazdani I, Saravi 
SSS, Nobakht M, Abdollahi A, Ansari JM, Ghasemnejad-berenji H, 
Pashapour S, and Dehpour AR. Rapamycin protects testes against 

germ cell apoptosis and oxidative stress induced by testicular ische-
mia-reperfusion. Iran J Basic Med Sci. 2017 Aug; 20(8): 905–911.
7. Cakir M, Duzova H, Baysal I, Gül CC, Kuşcu G, Kutluk F, Çakin 
H, Şeker Ş, İlbeği E, Uslu S, Avci U, Demir S, Akinci C, Atli S. 
The effect of hypericum perforatum on kidney ischemia/reperfusion 
damage. Ren Fail. 2017 Nov;39(1):385-391
8. Lai CC, Huang PH, Yang AH, Chiang SC, Tang CY, Tseng KW, 
Huang CH. Baicalein Attenuates Lung Injury Induced by Myocar-
dial Ischemia and Reperfusion.  Am J Chin Med. 2017;45(4):791-
811.
9. Sahu PK, Giri DD, Singh R, Pandey P, Gupta S, Shrivastava AK, 
et al. Therapeutic and medicinal uses of Aloe vera: A Review. Phar-
macology & Pharmacy. 2013;4:599.
10. Yang Y, Yang M, Ai F, Huang C. Cardioprotective Effect of Aloe 
vera Biomacromolecules Conjugated with Selenium Trace Element 
on Myocardial Ischemia-Reperfusion Injury in Rats. Biol Trace 
Elem Res. 2017 Jun;177(2):345-352. 
11. Yuksel Y, Guven M, Kaymaz B, Sehitoglu MH, Aras AB, Akman 
T, Tosun M, Cosar M. Effects of Aloe Vera on Spinal Cord Ischemia-
Reperfusion Injury of Rats. J Invest Surg. 2016 Dec;29(6):389-398                 
12. Schmelzer JD, Zochodne DW, Low PA. Ischemic and reperfu-
sion injury of rat peripheral nerve. Proc Natl Acad Sci U S A. 1989 
Mar; 86(5): 1639-42.
13. Hao Z, Tiansheng S, Zhi L, Jianzheng Z, Xiaowei W, Jia L. Hip 
fracture aggravates systemic inflammation and lung injury in aged 
chronic cigarette smoke exposed rats. J Orthop Res. 2014;32:24-30. 
doi: 10.1002/jor.22491.
14. Tüfek A, Tokgöz O, Aliosmanoglu I, Alabalik U, Evliyaoglu 
O, Çiftçi T, et al. The protective effects of dexmedetomidine on the 
liver and remote organs against hepatic ischemia reperfusion injury 
in rats. Int J Surg. 2013;11:96-100. doi: 10.1016/j.ijsu.2012.12.003.
15. Eppihimer MJ, Wolitzky B, Anderson DC, Labow MA, Granger 
DN. Heterogeneity of expression of E- and Pselectins in vivo. Circ 
Res 1996;79:560-569.
16. Kiraz HA, Poyraz F, Kip G, Erdem Ö, Alkan M, Arslan M, et 
al. The effect of levosimendan on myocardial ischemia-reperfusion 
injury in streptozotocin-induced diabetic rats. Libyan J Med. 2015 
Dec 7;10:29269. doi: 10.3402/ljm.v10.29269.
17. Granger DN, Korthuis RJ. Physiologic mechanisms of pos-
tischemic tissue injury. Annu Rev Physiol. 1995;57:311-332
18. Davies SJ, Reichardt-Pascal SY, Vaughan D, Russel GI. Diffe-
rential effect of ischemia- reperfusion injury on anti-oxidant enzyme 
activity in the rat kidney. Exp Nephrol. 1995;3:348-354.
19. Choi SW, Son BW, Son YS, Park YI, Lee SK, Chung MH. The 
wound-healing effect of a glycoprotein fraction isolated from aloe 
vera. Br J Dermatol. 2001;145:535-545.
20. Yagi A, Egusa T, Arase M, Tanabe M, Tsuji H. Isolation and 
characterization of the glycoprotein fraction with a prolifera-
tion-promoting activity on human and hamster cells in vitro 
from Aloe vera gel. Planta Med. 1997;63:18-21. http://dx.doi.
org/10.1055/s-2006-957595
21. Yagi A, Takeo S. [Anti-inflammatory constituents, aloesin and 
aloemannan in Aloe species and effects of tanshinon VI in Salvia 
miltiorrhiza on heart]. Yakugaku Zasshi. 2003;123:517- 532.
22. Peng SY, Norman J, Curtin G, Corrier D, McDaniel HR, Busbee 
D. Decreased mortality of Norman murine sarcoma in mice treated 
with the immunomodulator, Acemannan. Mol Biother. 1991;3:79-
87.
23. West DP, Zhu YF. Evaluation of aloe vera gel gloves in the treat-
ment of dry skin associated with occupational exposure. Am J Infect 
Control. 2003;31:40-42.
24. Bazvand L, Aminozarbian MG, Farhad A, Noormohammadi H, 
Hasheminia SM, Mobasherizadeh S. Antibacterial effect of trianti-
biotic mixture, chlorhexidine gel, and two natural



39

Protective effect of aloe vera on ischemia/reperfusion.

Cell Mol Biol (Noisy le Grand) 2017 | Volume 63 | Issue 12

Hasan Sahin et al.

materials Propolis and Aloe vera against Enterococcus faecalis: An 
ex vivo study. Dent Res J (Isfahan). 2014;11:469-474.
25. Glatthaar-Saalmüller B, Fal AM, Schönknecht K, Conrad F, 
Sievers H, Saalmüller A. Antiviral activity of an aqueous extract 
derived from Aloe arborescens Mill. against a broad panel of viruses 
causing infections of the upper respiratory tract. Phytomedicine. 
2015;22:911-920. doi: 10.1016/j.phymed.2015.06.006.
26. Bernardes I, Felipe Rodrigues MP, Bacelli GK, Munin E, Alves 
LP, Costa MS. Aloe vera extract reduces both growth and germ tube 
formation by Candida albicans. Mycoses. 2012;55:257- 261. doi: 
10.1111/j.1439-0507.2011.02079.x.
27. Ayala A, Muñoz MF, Argüelles S. Lipid peroxidation: produc-
tion, metabolism, and signaling mechanisms of malondialdehyde and 
4-hydroxy-2-nonenal. Oxid Med Cell Longev. 2014;2014:360438. 
doi: 10.1155/2014/360438.
28. Benson KF, Newman RA, Jensen GS. Antioxidant, anti-in-
flammatory, anti-apoptotic, and skin regenerative properties of an 
Aloe vera-based extract of Nerium oleander leaves (nae-8(®)). Clin 
Cosmet Investig Dermatol. 2015;8:239-248. doi: 10.2147/CCID.
S79871.
29. Saada HN, Ussama ZS, Mahdy AM. Effectiveness of Aloe vera 
on the antioxidant status of different tissues in irradiated rats. Phar-

mazie. 2003;58:929-931.
30. Singh RP, Dhanalakshmi S, Rao AR. Chemomodulatory action 
of Aloe vera on the profiles of enzymes associated with carcinogen 
metabolism and antioxidant status regulation in mice. Phytomedi-
cine. 2000;7:209-219.
31. Guven M, Gölge UH, Aslan E, Sehitoglu MH, Aras AB, Akman 
T, Cosar M The effect of aloe vera on ischemia-Reperfusion injury of 
sciatic nerve in rats. Biomed Pharmacother. 2016 Apr;79:201-207.
32. Knowles RG, Palacios M, Palmer RM, Moncada S. Formation 
of nitric oxide from Larginine in the central nervous system: a trans-
duction mechanism for stimulation of the soluble guanylate cyclase. 
Proc Natl Acad Sci U S A. 1989;86:5159-5162.
33. Marletta MA, Yoon PS, Iyengar R, Leaf CD, Wishnok JS. Macro-
phage oxidation of L- arginine to nitrite and nitrate: nitric oxide is an 
intermediate. Biochemistry. 1988;27:8706-8711.
34. Papapetropoulos A, Rudic RD, Sessa WC. Molecular control of 
nitric oxide synthases in the cardiovascular system. Cardiovasc Res. 
1999;43:509-520.
35. Lamas S, Marsden PA, Li GK, Tempst P, Michel A. Endothe-
lial nitric oxide synthase: molecular cloning and characterization of 
a distinct constitutive enzyme isoform. Proc Natl Acad Sci U S A. 
1992;89:6348-6352.


