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INTRODUCTION
Hemorrhoidal tissues are normal anatomical and 

structural elements of the anal canal consisting of 
veins and muscle fibers. Hemorrhoidal disease is 
caused by the extension of these tissues due to several 

factors, including constipation, diarrhea, straining, 
and pregnancy. In recent studies, increasing micro-
vascular density in hemorrhoidal tissue has been 
observed, suggesting that neovascularization might 

SUMMARY

AIM: The aim of this study was to examine the roles of nitric oxide (NOx), endothelial nitric oxide synthetase (eNOS), and asymmetric 
dimethylarginine (ADMA), which is the major endogenous inhibitor of nitric oxide synthases (NOS), in the pathophysiology of hem-
orrhoidal disease.
METHODS: This study included 54 patients with grades 3 and 4 internal hemorrhoidal disease and 54 patients without the disease who 
attended the General Surgery Clinic. NOx, eNOS, and ADMA levels were measured with the Enzyme-Linked ImmunoSorbent Assay 
(ELISA) method.
RESULTS: The patients had higher NO and eNOS levels and lower ADMA levels than the control subjects (p<0.001). A significant highly 
positive correlation was found between NO and eNOS (p<0.001). Nevertheless, there was a highly negative correlation between ADMA 
and NO-eNOS(p<0.001, p<0.001).
CONCLUSION: This preliminary study reveals that higher NOx and eNOS activities and lower ADMA levels in the rectal mucosa are 
observed in patients with hemorrhoidal disease than in those with normal rectal tissue. The imbalance between endothelium-derived 
relaxing factors, such as NO and endogenous competitive inhibitor of NOS, ADMA, may cause hemorrhoidal disease. Our study proposes 
that hemorrhoids display apparent vascular dilatation and present with bleeding or swelling. ADMA is an effective NOS inhibitor and 
may be a promising therapeutic option for hemorrhoidal disease.
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histopathological results were normal were included 
in the study as the control group. The biopsies of the 
control group were endoscopically performed with 
biopsy forceps on the normal rectal mucosa close to 
the anus. Resected pieces were washed with saline 
solution. The study and control groups were referred 
to as Group 1 and Group 2, respectively. The samples 
were stored at −80°C for biochemical evaluation.

Preparation of tissue samples
The Group 1 specimens were homogenized in a 

four-fold volume of phosphate-buffered solution (PBS, 
pH: 7.4) using a homogenizer (Next Advance Bullet 
Blender Storm 24). To remove debris, the homoge-
nate was centrifuged at 3000 g for 10 minutes. The 
clear upper supernatant was taken, and tissue anal-
yses (NOx, eNOS, and ADMA) were performed. All 
the experimental procedures were performed at +4°C.

Measurement of NOx, eNOS, and ADMA lev-
els in tissue
Tissue NOx, eNOS, and ADMA levels are measured 

by Enzyme-Linked ImmunoSorbent Assay (ELISA) kit 
(SinoGeneClon Biotech Co., Ltd., HangZhou, China) as 
per the manufacturer’s instructions. The coefficients 
of intra- and inter-assay variation (% CVs) of NO, eNOS, 
and ADMA were less than 10%.

Statistical analysis
The number of patients in the groups was calcu-

lated for NO, eNOS 3, and ADMA parameters using 
a testing power of 95%. The minimum number of 
patients in the groups with and without the disease 
(hemorrhoidal disease) was calculated as 16 for NO 
and eNOS and 18 for ADMA according to Power anal-
ysis. In our study, a total of 108 patients were mea-
sured, 54 patients in each group.

Statistical analysis was performed using the Sta-
tistical Package for the Social Sciences (version 21.0). 
All data were first checked for normality. Then, the 
categorical variables were analyzed using the chi-
square test (χ2) test. Normally distributed continuous 
variables were presented as mean ± standard devia-
tion. Differences in the two groups were analyzed with 
the Student’s t-test. To test the relationship between 
the variables, the Pearson Correlation was used. Indic-
ative accuracy of distant markers was contrasted by 
analyzing the area below the receiver operating char-
acteristic (ROC) curve, which was used to compare the 
diagnostic accuracy of the various markers. From the 

be another important factor of hemorrhoidal disease1.
Nitric oxide (NO) is a potent vasodilator that is syn-

thesized from L-arginine by one of the following three 
nitric oxide synthases (NOS): inducible NOS (iNOS), 
neuronal NOS (nNOS), or endothelial NOS (eNOS). 
NOS was reported to increase significantly in hem-
orrhoids2. Although the vasodilator functions of NO 
are amply studied in the gastrointestinal tract, the 
relative contributions of NOS isoforms to hemorrhoids 
are unclear.

Asymmetric dimethylarginine (ADMA) is the 
major endogenous inhibitor of all three NOS iso-
forms. ADMA is produced from the proteolysis of the 
proteins that contain methylated arginine3. A com-
petitive inhibitor of endogenous NOS, ADMA results 
in a reduction of NO production4. Increasing plasma 
ADMA levels have been reported in disease pathol-
ogy in a variety of conditions that were characterized 
by endothelial dysfunction, including hypertension, 
hypercholesterolemia, renal failure, tobacco exposure, 
and hyperglycemia5,6. ADMA has also been indicated 
as an independent risk factor for coronary heart dis-
ease and endothelial dysfunction7.

There is no adequate information in the literature 
regarding the relationship between human hemor-
rhoids and ADMA. Therefore, this study aimed to 
investigate the roles of NO, eNOS, and ADMA in the 
pathophysiology of hemorrhoidal disease.

METHODS

The protocol was approved by the local Ethics 
Committee of the Istanbul Education and Research 
Hospital (verdict number: 2019/2037) and was con-
ducted in accordance with the Declaration of Hel-
sinki. This study included 54 patients with grades 3 
and 4 internal hemorrhoidal disease who attended 
the General Surgery Clinic. All subjects were of Turk-
ish descent. They all provided informed consent for 
inclusion before study participation was initiated. In 
our clinic, the Milligan Morgan procedure was per-
formed on patients with grades 3 and 4 internal hem-
orrhoids under general anesthesia. All patients with 
hemorrhoidal disease in the rectal mucosa underwent 
rectal biopsy. The area was washed with saline solu-
tion and evaluated. The control group was comprised 
of patients who underwent colonoscopy; those with 
hemorrhoidal disease, malign disease, and inflam-
matory bowel disease were excluded from the study. 
Patients who underwent rectal biopsy and whose 
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results of the ROC curve, odds ratios were calculated 
for cut-off points by multivariate analysis. Differences 
were considered significant when p< 0.05.

RESULTS

The subject characteristics and circulating concen-
trations of biochemical parameters are found in Table 
1. The patients (Group 1) had statistically significantly 
higher NOx and eNOS levels (for both p<0.001) and 
lower ADMA levels (p<0.001) than the control subjects 
(Group 2).

We concluded that there was a significant highly 
positive correlation between NOx and eNOS (r=0.830, 

p<0.001) (Table 2). Furthermore, we assessed that 
ADMA is highly negatively correlated with NOx 
(r=−0.676, p<0.001) and eNOS (r=−0.684, p<0.001) 
(Table 2). We noted that the eNOS levels had an excel-
lent diagnostic performance in the differentiation 
between the groups [(AUC) = 1.000, 95% confidence 
interval (CI): 1.00–1.00)] p<0.001, with both 100% 
sensitivity and specificity for a cut-off point at 140.65 
pg/mL.

In addition, the AUC of NOx was 0.959 (95% CI: 
0.909–1.00) with 100% specificity and 94.4% sensitivity 
for a cut-off point at 125.60 mmol/L (Table 3). Multi-
variate analysis showed that if eNOS is greater than 
140.65 pg/mL, the disease risk increases 2010-fold 
(p=0.0002), and if NOx is greater than 125.60 mmol/L, 
the disease risk increases 185-fold (p=0.0006).

DISCUSSION

This preliminary study revealed that higher NOx 
and eNOS activities and lower ADMA levels in the 
rectal mucosa were observed in patients with hemor-
rhoidal disease than in those with normal rectal tissue. 
An imbalance between a endothelium-derived relaxing 
factor, such as NO, and the endogenous competitive 
inhibitor of NOS, ADMA, may cause hemorrhoidal 
disease. This study found that hemorrhoids display 
apparent vascular dilatation and manifest with bleed-
ing or swelling. ADMA is an effective NOS inhibitor 
and it may be a promising therapeutic option for hem-
orrhoidal disease.

Hemorrhoidal disease is more common in people 
over 30 years old8. In this study, the mean age of the 
subjects was 37.5 years in Group 1 and 37.3 years in 
Group 2, consistent with what is found in the liter-
ature. There was no remarkable difference in age 
between Groups 1 and 2. There was also no remark-
able difference in the incidence rates of hemorrhoidal 
disease in men and women8. the sex distribution of 
the patients included in this study was approximately 

TABLE 1. DEMoGRAPHIC CHARACTERISTICS, nox, 
EnoS, AnD ADMA lEVElS oF GRoUPS.

Group 1 
(n=54)

Group 2 
(n=54)

p

Age 37.5±7.1 37.3±6.0 0.849

Gender (Female/Male) 29/25 26/28 0.568
nox (mmol/l) 176.2±18.2 109.7±19.8 <0.001
enoS (pg/ml) 182.0±14.0 116.4±10.3 <0.001
ADMA (ng/ml) 66.4±13.8 100.8±10.3 <0.001

nox: Total nitric oxide; enoS: Endothelial nitric oxide synthetase; ADMA: Asymmet-
ric dimethylarginine.

TABLE 2. CoRRElATIon oF PARAMETER DATA In 
GRoUP 1

eNOS 
(pg/mL)

ADMA (ng/
mL)

Age

nox (mmol/l) r

p

0. 830**

0.000 

-0.676

0.000

-0.069
0.621

enoS (pg/ml) r

p

 - -0.684
0.000

-0.127
0.360

ADMA (ng/ml) r

p

-0.684
0.000

-

-

-0.119
0.390

nox: Total nitric oxide; enoS: Endothelial nitric oxide synthetase; ADMA: Asym-
metric dimethylarginine. Spearman correlation analysis was used. *p<0.05; **p<0.01; 
***p<0.001

TABLE 3. CUT-oFF PoInTS ACCoRDInG To RoC CURVE, SEnSITIVITy, SPECIFICITy, AnD AUC FoR nITRIC oxIDE 
(nox) AnD EnDoTHElIAl nITRIC oxIDE SynTHETASE (EnoS).

Asymptotic 95% Confidence 
Interval

Variable(s) AUC p lower Threshold Upper Threshold Cut-off points Sensivity Specificity
nox (mmol/l) 0.959 0.000 0.909 1.000 125.60 % 94.4 % 100
enoS (pg/ml) 1.000 0.000 1.000 1.000 140.65 %100 %100

nox: Total nitric oxide; enoS: Endothelial nitric oxide synthetase; AUC: Area under the curve.
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the same, consistent also with the literature. There 
was no remarkable difference in sex between Groups 
1 and 2.

NO exerts physiological functions in the nervous 
and immune systems, contributing to behavior regula-
tion, defense mechanisms against infectious disease, 
tumors, and gastrointestinal motility9. In this study, 
the amount of NO in Group 1 was remarkably higher 
than that in Group 2. Hemorrhoidal disease occurs 
due to the dilatation of hemorrhoid lumps that nor-
mally exist in the rectal area10. We consider that NO 
has an important role in the etiology of hemorrhoids, 
since it is released to lower pressure against causes 
that increase the pressure, like coughing, straining, 
and pregnancy. It supports our opinion that the NO 
level in rectal tissue excised from the patients with 
hemorrhoidal disease was higher than that of the con-
trol group.

Indeed, eNOS has received even more attention 
than NO due to its instability and the regulatory 
mechanisms of eNOS on NO production11. In hem-
orrhoids, NOS, an enzyme that synthesizes nitric 
oxide from L-arginine, was reported to increase 
remarkably12. García-Martín et al.13 reported that 
the eNOS level was higher in people with migraines 
and had a history of migraines in their families and 
that eNOS inhibitors could be used in the treatment. 
There are publications revealing that a low level of 
eNOS is related to coronary artery disease14,15, 
essential hypertension16, and multiple sclerosis17. In 
our study, the eNOS level of Group 1 was remarkably 
higher than that of Group 2. It supports the opinion 
that eNOS and NOx have an effect on the occurrence 
of hemorrhoidal disease.

Lohsiriwat et al.2 observed NOS protein expres-
sion in tissue extracts of hemorrhoid and rectal 
tissue by Western blot analysis. Furthermore, they 
compared the expression levels to those of human 
microvascular endothelial cells. They also studied 
the distribution of all NOS isoforms in the tissue sec-
tions using immunohistochemistry. They provided 
further evidence that hemorrhoids have a higher 
protein expression of all NOS isoforms than the 
rectal tissue. There are considerably higher levels 
of nNOS and eNOS in the rectal tissue of patients 
with hemorrhoidal disease than in those with nor-
mal rectal tissue, suggesting that blood vessels in 
hemorrhoids are exposed to higher NO concentra-
tions than those of normal rectal tissue. It appears 
that the bleeding or swelling caused by vascular 

dilatation might play an important role in hemor-
rhoidal symptoms and could be a potential target for 
medical treatment. NOS reduction, by applying NOS 
inhibitors, could likely improve these symptoms. 
There are publications revealing that ADMA, released 
as an endogenic and natural inhibitor of eNOS, 
increases hypercholesterolemia, coronary artery 
disease, and diabetes mellitus18. Even in a healthy 
population, high levels of circulating ADMA may be 
associated with higher rates of all-cause death19. 
Nevertheless, there is no adequate information in the 
literature regarding the relationship between human 
hemorrhoids and ADMA. Ragina et al.20 reported 
a clear and remarkable rise in systemic ADMA lev-
els after laparoscopic colorectal surgery, even in the 
absence of surgical complications. The ADMA level of 
Group 1 was remarkably lower than that of Group 2. 
ADMA was very strongly negatively correlated with 
NO and eNOS. It is considered that vasodilatation of 
the hemorrhoidal masses is caused by the increase 
in ADMA release against increased NO and eNOS. 
Thus, NO release inhibition or insufficient ADMA 
levels can be one of the underlying causes.

Vasodilation in hemorrhoidal veins develops due 
to causes such as constipation, pregnancy, and cough-
ing, which increase intraabdominal pressure. There-
fore, the usability of NOS inhibitors in hemorrhoidal 
disease against increasing vasodilator NO and eNOS 
should be further studied.

We firmly believe that if our study had been con-
ducted with a larger patient series, the results would 
have provided more guidance. The fact that ADMA, 
an endogenous NOS inhibitor, is associated with hem-
orrhoidal disease and other diseases has limited our 
ability to compare our study with others.

This study shows more detailed evidence that the 
rectal tissue of patients with hemorrhoidal disease 
has intense NOx and eNOS activities and lower ADMA 
levels than the normal rectal tissue, indicating that 
hemorrhoids are associated with noticeable vascu-
lar dilatation, high blood perfusion, tissue swelling, 
and bleeding tendency. If known changes in the blood 
flow in hemorrhoids can be explained by changes in 
NOx, eNOS, and ADMA levels described herein, a 
decrease in eNOS could potentially improve the hem-
orrhoid symptoms.

ADMA is an effective NOS inhibitor that may be a 
promising therapeutic option for hemorrhoidal dis-
ease. Further investigations are necessary to elucidate 
this hypothesis.
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RESUMO

OBJETIVO: O objetivo deste estudo foi examinar os papéis do óxido nítrico (NOx), do óxido nítrico sintetase endotelial (eNOS) e da dimeti-
larginina assimétrica (ADMA), que é o principal inibidor endógeno das óxido nítrico sintase (NOS) na fisiopatologia da doença hemorróida.

MÉTODOS: Este estudo incluiu 54 pacientes com doença hemorróida interna de grau 3 e 4 e 54 pacientes sem a doença que se inscreveram 
na Clínica Geral de Cirurgia. Os níveis de NOx, eNOS e ADMA foram medidos com o método de Ensaio Imuno absorvente ligado a 
enzima (ELISA).

RESULTADOS: Os pacientes têm níveis mais altos de NO e eNOS e níveis mais baixos de ADMA do que os indivíduos controle (p <0,001). 
Uma correlação altamente positiva significativa foi encontrada entre o NO-eNOS (p <0,001). No entanto, houve uma correlação negativa 
muito séria entre ADMA e NO-eNOS (p <0,001, p <0,001).

CONCLUSÃO: Este estudo preliminar revela que os pacientes com doença hemorróida têm atividades mais altas de NOx e eNOS e níveis 
mais baixos de ADMA na mucosa retal do que os pacientes com tecido retal normal. Desequilíbrio entre o fator relaxante derivado do 
endotélio, como; O NO e o inibidor competitivo endógeno da NOS, ADMA, podem causar doenças hemorróidas. Nosso estudo propõe 
que as hemorróidas exibam aparente dilatação vascular e apresentam sangramento ou inchaço, a ADMA é um inibidor eficaz da NOS 
e pode ser uma opção terapêutica promissora para a doença hemorróida.

PALAVRAS-CHAVE: Arginina/análogos & derivados. Óxido nítrico sintase tipo III. Hemorroidas. Óxido nítrico. Óxido nítrico sintase.
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