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Background and Aims: Nitric oxide (NO) has an essential role in 

inflammation and has been related to pathogenesis and the progress of 

numerous inflammatory-based diseases, including some cancers. Peganum 

harmala (P. harmala) is a medicinal plant used for the treatment of numerous 

diseases such as several infections. Also, anti-inflammatory effects of 

P. harmala extracts and its derivatives (harmaline and harmine) by 

suppressing myeloperoxidase, NO, and other mediators have been 

demonstrated in vivo. In this study, the effect of P. harmala seeds aqueous 

extract on NO production in U937 monocytic cells and peritoneal 

macrophages has been evaluated in vitro.  

Materials and Methods: U937 and mice peritoneal macrophages were 

cultured in Roswell Park Memorial institute-1640 with 10% fetal calf serum. 

Then, the cells at the logarithmic growth phase were incubated with different 

concentrations of aqueous extract of P. harmala seeds (0.1-1 mg/ml) for 24 

hours. Next, NO production was assessed by the Griess method in the culture 

medium.  

Results: P. harmala seeds aqueous extract did not significantly affect 

lipopolysaccharide-induced NO production in U937 cells and peritoneal 

macrophages after 24 hours incubation time compared with untreated control 

cells.  

Conclusions: These results suggest that the anti-inflammatory effects of 

P. harmala may be mediated through NO-independent mechanism(s). 

However, further studies are warranted to define the P. harmala aqueous 

extract impact on NO expression in other related normal and cancerous cells.  
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Introduction 

Nitric oxide (NO) is produced by a family of 

enzymes named nitric oxide synthetase (NOS) 

[1]. Nitric oxide has an essential role in 

inflammation [2] and could be a valuable 

biomarkers in various inflammatory-based 

diseases such as asthma [3]. NO is produced  

by numerous structural and inflammatory  

cells, including eosinophils, macrophages, 

epithelial cells, and smooth muscle cells [4]. 

During inflammation, the concentration of 

NO increases in the lungs [5]. Moreover,  

NO has been related to the pathogenesis  

and progress of several diseases comprising  

insulin resistance, fatness, and cardiovascular 

anomalies. Furthermore, the effect of NO on the 

tumor initiation and development of colon, 

colorectal, gastric, esophageal, and liver cancers 

(which are inflammatory-mediated) has been 

shown [6]. The extent of NO generated at the 

inflammatory site and time is an important 

determinant of the NO biological effects. 

Besides, association of deregulated NO in 

breast cancer microenvironment and tumor 

progression through angiogenesis promotion 

and variation of matrix metalloproteinase/tissue 

inhibitor matrix metalloproteinase has been 

reported [7]. 

Peganum harmala (P. harmala), as a medicinal 

herb, has been widely used for therapy of 

various diseases such as viral, bacterial,  

and parasitic infections [8-10]. The anti-

inflammatory and anti-tumor activities of 

P. harmala or its alkaloid derivatives such as 

harmine have been demonstrated [11-14]. The 

toxicity of alkaloid extracts from P. harmala 

seeds has also been described [15]. Besides, the 

induction of apoptosis by harmine has been 

determined [16]. Also, cytotoxicity of 

P. harmala seed extract on malignant 

hematopoietic cells has been shown in vitro 

[17]. Moreover, cytotoxic and apoptotic activity 

of a novel harmine derivative has been revealed 

[18]. Anti-angiogenic effects of harmine in 

bladder cancer have also been presented [19]. 

Also, anti-inflammatory effects of harmaline 

and harmine (the P. harmala-derived alkaloids) 

have been demonstrated by suppressing 

myeloperoxidase, nitric oxide and other 

mediators in mice [20, 21]. 

Leukemia, a kind of malignancy resistant to 

cytotoxic chemotherapy, has a great reversion 

rate and a poor prognosis [22]. Meanwhile, 

inflammation has an essential role in leukemia 

progression [23, 24], and the positive effects of 

anti-inflammatory substances in leukemia have 

been indicated [25]. As the present therapeutic 

medications for leukemia have not been  

very effective, and reversion rates are great, 

other innovative treatment approaches are 

necessary [26]. Since NO has a significant role 

in leukemia deterioration by facilitating 

inflammatory cell migration [27] and immune 

mononuclear cells have a central role in 

inflammation and NO generation. In this study, 

the effect of P. harmala aqueous extract on NO 

production in monocytic leukemia U937 cells 

and peritoneal macrophages has been evaluated 

in vitro.  
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Materials and Methods 

Reagents and chemicals 

Roswell Park Memorial institute (RPMI)-1640 

medium, penicillin, streptomycin, and trypan 

blue were purchased from Sigma (USA). 

Fetal calf serum (FCS) was obtained from 

Gibco (USA), and (3-[4, 5-dimethyl thiazol-2, 

5- diphenyltetrazoliumbromide]) (MTT) kit was 

purchased from Invitrogen (USA). Flasks, 

microtiter plates, and tubes were bought from 

Nunc (Falcon, USA). P. harmala seeds were 

obtained from the local market.  

Preparation of P. harmala seeds extract  

100 g of certified P. harmala desiccated seeds 

were hewn and boiled in 1 liter distilled water. 

Next, the solution was clarified and dried out by 

dehydration. The dried extract was then 

liquefied in RPMI-1640 and filtered by 0.2 μm 

filters and put at -20°C until the following tests. 

The freezed extract was diluted in RPMI-1640 

medium to make the needed concentrations 

previous usage in experiments. 

Cells 

Human leukemic monocytes (U937, NCBI 

C130) were bought from National Cell Bank of 

Iran, Pasteur Inst. of Iran, Tehran. The cells 

were maintained in RPMI-1640 medium 

complemented with 10% FCS in 5% CO2 at 

37˚C. 

Isolation of peritoneal macrophages from 

BALB/c mice 

BALB/c mouse peritoneal macrophages were 

prepared according to the Schon-Hegrad 

method [29]. Briefly, RPMI-1640 was injected 

into the peritoneum of the mice in a sterile 

condition. Subsequently, peritoneal lavage was 

collected and centrifuged at 300 g. Then, the 

supernatant was discarded, and cell mass was 

resolved in RPMI-1640 containing 10% FCS. 

Next, 2×105 of these cells were added to each 

well of a 96-well plate, and the plates were 

incubated at 37°C for 4 hrs. During incubation, 

macrophages adhere to the plate. After 

incubation time, non-adherent cells will be 

washed off. 

Cell culture and treatment 

Leukemic cells were cultured in RPMI-1640 

medium supplemented with 10% FCS, 

penicillin (100 IU/ml) and streptomycin (100 

μg/ml) at 37˚C in 5% CO2.  

The cells were proliferated in 25 cm2 flasks and 

passaged when they got 90% convergence. 

Through passaging, the old medium was 

replaced with fresh medium. The cells were 

detached by pipetting alongside the flask 

bottom by a suitable pipette several times. 

Then, the cells were sub-cultured in other  

flasks with fresh medium. After passage, the 

viability was above 95% according to trypan 

blue experiment. Next, the cells were 

distributed at a concentration of 2×105 

cells/well. Subsequently, the leukemic cells and 

peritoneal macrophages were separately 

incubated with different concentrations of 

P. harmala seeds aqueous extract (0.1-1 mg/ml) 

followed by stimulation with lipopolysac-

charide (LPS), 4 µg/ml for 24 hours. All 

experiments were done in triplicate. After 

incubation, the supernatants were collected and 

centrifuged at 1500 rpm for 5 minutes. The 

supernatants were reserved at -80°C for the next 

experiments. 
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Nitric oxide assay  

NO production was estimated by the Griess 

method in the culture medium [30]. Basis of 

this colorimetric technique is establishing colors 

from diazotization by nitrite in an acidic 

medium and its combination with naphthyl 

ethylenediamine in Griess substance. Briefly, 

50 μL of cell supernate was added to 50 μL of 

Griess reagent (25 μL of 0.1% solution of N-(1-

Naphthyl) ethylenediamine dihydrochloride 

(Sigma-Aldrich, St. Louis, MO) and 25 μL of 

1% sulfanilamide solution (Fluka) in 2.5% 

H3PO4. After 10 minutes in the dark, samples 

absorbance were read at 570 nm. The amount of 

NaNO2 was calculated by comparison with a 

standard curve ranging from 0 to 100 μM of 

NaNO2. Non-treated cells were used for control.  

Trypan blue dye exclusion assay 

The trypan blue dye exclusion assessment is a 

drop-out of color by viable cells and taking up 

via dead cells. Viability is evaluated by 

calculating viable and dead cells. The viable 

cells’ ratio to the whole number of cells is 

considered viability proportion [31]. This study 

was approved by the Ethical Committee of 

Shahed University, Tehran, Iran. 

Statistical analysis 

Effect of the P. harmala seeds aqueous extract 

on each cell line was performed in three 

independent experiments (n=3), and the results 

were expressed as mean±standard error  

of the mean (SEM). Statistical comparisons 

between groups were made by analysis of 

variance (ANOVA). P <0.05 was considered 

significant. For statistical analysis and graph 

making, the software SPSS 16.0 and Excel 

2003 were used correspondingly.  

Results 

Effect of P. harmala seeds aqueous extracts 

on LPS-induced NO production in U937 cells 

In present study, the effect of different 

concentrations of P. harmala seeds aqueous 

extract on LPS-induced NO production was 

assessed in U937 cells. Figure 1 shows that  

P. harmala seeds aqueous extract had  

no significant effect on LPS-induced NO 

production in U937 cells at used concentrations 

after 24 hours of incubation time compared 

with untreated control cells.  

Effect of P. harmala seeds aqueous extracts 

on LPS-induced NO production in peritoneal 

macrophages 

The effect of different concentrations of 

P. harmala seeds aqueous extract on  

LPS-induced NO production in peritoneal 

macrophages is shown in figure 2. P. harmala 

seeds aqueous extract has not demonstrated  

any significant effect on LPS-induced NO 

production in peritoneal macrophages at used 

concentrations after 24 hours incubation time 

compared with untreated control cells, as can be 

seen in figure 2.  

Discussion 

Natural ingredients are sources of effective 

mixtures that can help prepare new active 

therapy [31, 32]. Medicinal plants have been 

broadly used for the treatment of many 

tumors, including leukemia [33-37]. The  

anti-leukemic effects of several medicinal 

herbs have been associated with their anti-

inflammatory properties [38, 39]. 
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Fig. 1. Effect of peganum harmala seeds aqueous extracts on LPS-induced NO 

production in U937 cells. The U937 cells (2×105 cells/well) were treated with different 

concentrations of peganum harmala seeds aqueous extract (0.1 to 1 mg/ml) in the 

presence of LPS (4 µg/ml) for 24 hours. At the end of treatment, NO concentrations in 

the conditional medium were detected by the Griess method. Data are mean±SEM of 

triplicate cultures. N=3; P<0.05 was considered significant. 

 

 

Fig. 2. Effect of peganum harmala seeds aqueous extracts on LPS-induced NO production 

in peritoneal macrophages. The peritoneal macrophages (2×105 cells/well) were treated 

with different concentrations of peganum harmala seeds aqueous extract (0.1 to 1 mg/ml) 

in the presence of LPS (4 µg/ml) for 24 hours. At the end of treatment, NO concentrations 

in the conditional medium were measured by the Griess method. Data are mean±SEM of 

triplicate cultures. N=3; P<0.05 was considered significant. 

 

P. harmala is a medicinal plant with known anti- 

inflammatory and anti-tumoral activities [11-

14]. The anti-inflammatory properties of two 

P. harmala-derived alkaloids (harmaline and 

harmine) have been attributed to their inhibitory 

effects on myeloperoxidase, nitric oxide, and 

other inflammatory- mediators production in 

vivo [20, 21]. According to the present study’s 

results, P. harmala seeds aqueous extract has no 

significant effect on LPS-induced NO production 

in human U937 monocytes/mice peritoneal 

macrophages.  

Although there are a few studies in which 

harmine or harmaline (the P. harmala-derived 

peganum harmala extract concentration (mg/ml) 

peganum harmala extract concentration (mg/ml) 
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alkaloids) decreased the level of NO in vivo 

in mice [20, 21, 40, 41]. All of these 

researches were carried out in vivo and  

only assessed the effects of P. harmala 

derivatives, not its extracts. However, in  

the present study, the P. harmala seeds  

aqueous extract effect were assessed on LPS-

induced NO production in vitro in U937 

cells/peritoneal macrophages. For example, in 

Salahshoor et.al study, suppressing effects  

of harmine on NO level in nicotine- 

administrated mice has been demonstrated 

[20]. The discrepancy between our results and 

Salahshoor et al. may be due to several facts. 

This study was performed in vitro on monocytes 

and macrophages, while Salahshoor et al. 

researched in vivo. Moreover, in the present 

study, the P. harmala seeds aqueous extract 

effect were assessed on LPS-induced NO 

production in U937 cells/peritoneal macro-

phages whereas Salahshoor et al. evaluated 

the harmine (a P. harmala -derivative with 

antioxidant activities) effects. Besides, in 

present study, for NO production, the 

macrophages were stimulated with LPS while 

in Salahshoor et al. study, nicotine was 

utilized to induce oxidative stress [20]. Also, 

in another study conducted by Li et al. 

(2018), inhibition of inflammation, oxidative 

stress, and NO by harmaline and harmine in 

mice has been shown. The inconsistency 

between Li et al. results and this study’s 

results might be due to many factors. This 

study was performed in vitro, but Li et al. 

carried out their study in vivo. Also, in the 

current study, the P. harmala seeds aqueous 

extract effect on NO production in LPS-

stimulated U937 cells/peritoneal macrophages 

was measured, whereas Li et al. evaluated the 

harmine and harmaline effects in scopolamine 

treated mice [21]. 

Similarly, in another research, decreasing the 

level of NO in uterine tissues and serum of 

mice by alkaloid extracts from P. harmala 

seeds has been revealed by Wei et al. (2018). 

Once again, the contradiction between Wei et 

al.’s results and ours might be due to several 

factors. This study was done in vitro, while 

Wei et al. organized their investigation in 

vivo. Besides, in this study, the P. harmala 

seeds aqueous extract influence on NO 

production in LPS-stimulated macrophages 

were studied, whereas Wei et al. assessed the 

P. harmala alkaloids effects in mice [40].  

Likewise, in another study, intraperitoneal 

injection of harmine decreased NO level in 

mice in vivo, as reported by Hamsa et al. [41]. 

Again, the difference between Hamsa et.al 

results and our data may be due to some 

factors. This study was done in vitro, but 

Hamsa et al. conducted their search in vivo. Also 

Hamsa et.al evaluated harmine effects in mice in 

vivo while we investigated the P. harmala 

aqueous extract impact on NO production in LPS- 

induced immune cells in vitro. 

It is well known that there are several 

different ingredients in P. harmala extracts 

with different effects [42, 43]. Even some 

certain P. harmala ingredients (harmaline and 

harmine) exhibit different properties in 

different conditions. Accordingly, many 

therapeutic effects of P. harmala, including 

cytotoxicity, apoptosis induction, and anti-

tumoral activities, have especially been 
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credited to its main alkaloids (harmaline  

and harmine) [4, 5]. Various studies show 

that further alkaloids exist in this plant with 

different pharmacological effects [44]. 

Furthermore, different cardiovascular effects 

of P. harmala extract or its main active 

alkaloids (harmine, harmaline, Harman, and 

harmalol) has been discovered [45].  

Although inhibition of NO by harmaline and 

harmine in mice has been shown [21, 22], the 

enhancing effect of harmaline and harmine on 

NO release from endothelial cells has also 

been revealed [46]. Also, harman (another P. 

harmala constituent) increased NO release in 

cultured rat aortic endothelial cells, dose-

dependently [47], whereas harmalol (a B-

carboline derivative of P. harmala) has not 

shown any impact on the production of NO 

from endothelial cells [46].  

Thus, based on the different and sometimes 

contradictory effects of P. harmala constituents, 

reported by other investigators, the present 

study results are interpretable. Accordingly, as 

different components with opposing effects 

exist in the extract, which may neutralize  

each other, the difference between each 

component’s effect and the whole extract’s 

effect can be expected. 

To the best of our knowledge, up to now,  

no well-documented study about P. harmala 

aqueous extract effect on NO production in 

monocytes/ macrophages has been reported in 

vitro. Further studies are required to define the 

P. harmala extracts, and their derivatives 

impact NO expression in other related normal 

and cancerous cells in vitro and vivo. Also, 

more investigations are necessary to delineate 

the molecular mechanism(s) of the P. harmala 

extracts and its derivatives properties, for 

optimizing the current therapeutic methods  

as well as preparation the valuable natural 

candidates for development of innovative 

therapeutic procedures in different diseases 

including cancers specially leukemia in which 

present therapeutic medications have not been 

very successful and relapse rates are high. 

Conclusion  

P. harmala seeds aqueous extract showed  

no effect on NO production in monocytic 

leukemia U937 cells and peritoneal 

macrophages in vitro. Further studies are 

required to define the P. harmala extracts, 

and its their derivatives impact on NO 

expression in other related normal and 

cancerous cells in vitro and in vivo.  

Conflict of interest 
The authors declare no conflict of interest. 

Acknowledgments 
The authors would like to acknowledge Shahed 

University for supporting this study. 

 

 

 

 

References 
[1]. Anavi S, Tirosh O. iNOS as a metabolic enzyme 

under stress conditions. Free Radic Biol Med. 

2020; 146(1):16-35.   

[2]. Gorabi AM, Kiaie N, Hajighasemi S, Banach M, 

Penson PE, Jamialahmadi T, Sahebkar A. Statin-

induced nitric oxide signaling: mechanisms and 

 [
 D

O
I:

 1
0.

18
50

2/
ijm

l.v
7i

4.
48

03
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
m

l.s
su

.a
c.

ir
 o

n 
20

24
-0

4-
25

 ]
 

                               7 / 9

https://www.ncbi.nlm.nih.gov/pubmed/29755345
https://www.ncbi.nlm.nih.gov/pubmed/?term=Anavi%20S%5BAuthor%5D&cauthor=true&cauthor_uid=31672462
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tirosh%20O%5BAuthor%5D&cauthor=true&cauthor_uid=31672462
https://www.ncbi.nlm.nih.gov/pubmed/31672462
https://www.ncbi.nlm.nih.gov/pubmed/31672462
https://www.ncbi.nlm.nih.gov/pubmed/31766595
https://www.ncbi.nlm.nih.gov/pubmed/31766595
http://dx.doi.org/10.18502/ijml.v7i4.4803
https://ijml.ssu.ac.ir/article-1-363-en.html


N. Rahmati and F. Hajighasemi 

 

International Journal of Medical Laboratory 2020;7(4):312-320. 319 

therapeutic implications. J Clin Med. 2019; 8(12): 

2051. 

[3]. Mogensen I, James A, Malinovschi A. Systemic 

and breath biomarkers for asthma: an update. Curr 

Opin Allergy Clin Immunol. 2020; 20(1): 71-79.  

[4]. Postat J, Bousso P. Quorum Sensing by 

monocyte-derived populations. Front Immunol. 

2019; 10(2140): 1-10.  

[5]. Duong-Quy SY. Clinical utility of the exhaled 

nitric oxide (no) measurement with portable 

devices in the management of allergic airway 

inflammation and asthma. J Asthma Allergy 2019; 

12(4): 331-41.   

[6]. de Oliveira GA, Robert Y, Cheng S, Basudhar D, 

Somasundaram V, McVicar W, et. al. inducible 

nitric oxide synthase in the carcinogenesis of 

gastrointestinal cancers. Antioxid redox signal. 

2017; 26(18): 1059-1077.  

[7]. Basudhar D, Somasundaram V, de Oliveira GA, 

Kesarwala A, Heinecke JL, Cheng RY, et al. Nitric 

oxide synthase-2-derived nitric oxide drives 

multiple pathways of breast cancer progression. 

Antioxid Redox Signal. 2017; 26(18): 1044-1058.  

[8]. Chen D, Tian X, Zou X, Xu S, Wang H, Zheng 

N, et al. A small molecule derived from natural 

sources, inhibits enterovirus 71 replication by 

targeting NF-κB pathway. Int Immunopharmacol. 

2018; 60(3): 111-20.  

[9]. Khalid R, Jaffar Q, Tayyeb A, Qaisar U. Peganum 

harmalapeptides (PhAMP) impede bacterial 

growth and biofilm formation in burn and surgical 

wound pathogens. Pak J Pharm Sci. 2018; 31(6): 

2597-605.  

[10]. Soosaraei M, Fakhar M, Hosseini Teshnizi S, 

Ziaei Hezarjaribi H, Banimostafavi ES. Medicinal 

plants with promising antileishmanial activity in 

Iran: a systematic review and meta-analysis. Ann 

Med Surg (Lond). 2017; 21(1): 63-80.  

[11]. Liu X, Li M, Tan S, Wang C, Fan S, Huang C. 

Harmine is an inflammatory inhibitor through the 

suppression of NF-κB signaling. Biochem Biophys 

Res Commun. 2017; 489(3): 332-38.  

[12]. Niu X, Yao Q, Li W, Zang L, Li W, Zhao J, et 

al. Harmine mitigates LPS- induced acute kidney 

injury through inhibition of the TLR4-NF-

κB/NLRP3 inflammasome signalling pathway in 

mice. Eur J Pharmacol. 2019; 849(2): 160-69.  

[13]. Filali I, Bouajila J, Znati M, Bousejra-El Garah 

F, Ben Jannet H. Synthesis of new isoxazoline 

derivatives from harmine and evaluation of their 

anti-Alzheimer, anti-cancer and anti-inflammatory 

activities. J Enzyme Inhib Med Chem. 2015; 30(3): 

371-76.  

[14]. Shen J, Wang B, Zhang T, Zhu N, Wang Z, Jin 

J, et. al. Suppression of non-small cell lung cancer 

growth and metastasis by a novel small molecular 

activator of RECK. Cell Physiol Biochem. 2018; 

45(5): 1807-817.  

[15]. Wang Y, Wang H, Zhang L, Zhang Y, Sheng Y, 

Deng G, et, al. Subchronic toxicity and 

concomitant toxicokinetics of long-term oral 

administration of total alkaloid extracts from seeds 

of Peganum harmala Linn: A 28-day study in rats. 

J Ethnopharmacol. 2019; 238: 111866.  

[16]. Li C, Wang Y, Wang C, Yi X, Li M, He X. 

Anticancer activities of harmine by inducing a pro-

death autophagy and apoptosis in human gastric 

cancer cells. Phytomedicine 2017; 28: 10-18.  

[17]. Rezaee M, Hajighasemi F. Sensitivity of 

hematopoetic malignant cells cells to peganum 

harmala seed extract in vitro. Journal of Basic and 

Clinical Pathophysiology 2019; 7(1): 21-26.   

[18]. Zhang J, Zhang Z, Shu B, Cui G, Zhong G. 

Cytotoxic and apoptotic activity of the novel 

harmine derivative ZC-14 in Sf9 cells. Int J Mol 

Sci. 2018; 19(3): 811-20. 

[19]. Hai-Rong C, Xiang H, Xiao-Rong Z. Harmine 

suppresses bladder tumor growth by suppressing 

vascular endothelial growth factor receptor 2- 

mediated angiogenesis. Biosci Rep. 2019; 39(5): 

155-62. 

[20]. Salahshoor MR, Mahmoudian ZG, Roshankhah 

S, Farokhi M, Jalili C. Harmine shows therapeutic 

activity on nicotine-induced liver failure in mice. 

Histol Histopathol. 2019; 34(10): 1185-193.  

[21]. Li SP, Wang YW, Qi SL, Zhang YP, Deng G, 

Ding WZ, et. al. Analogous β-carboline alkaloids 

harmaline and harmine ameliorate scopolamine-

induced cognition dysfunction by attenuating 

acetylcholinesterase activity, oxidative stress, and 

inflammation in mice. Front Pharmacol. 2018; 

9(346): 1-16.   

[22]. Oliai C, Schiller G. How to address second and 

therapy-related acute myelogenous leukaemia. Br J 

Haematol. 2020; 188(1): 116-28.  

[23]. Andersen BL, Goyal NG, Weiss DM, 

Westbrook TD, Maddocks KJ, Byrd JC, et al. 

Cancer Cells, cytokines, chemokines, and cancer 

stress: A biobehavioral study of patients with 

chronic lymphocytic leukemia. Cancer 2018; 

124(15): 3240-248. 

[24]. Su YL, Wang X, Mann M, Adamus TP, Wang 

D, Moreira DF, et al. Myeloid Cell-targeted mir-

146a mimic inhibits NF-kB-driven inflammation 

and leukemia progression in vivo. Blood. 2020; 

135(3): 167-180. 

[25]. Cheong DHJ, Arfuso F, Sethi G, Wang L, Hui 

KM, Kumar AP, Tran T. Molecular targets and 

anti-cancer potential of escin. Cancer Lett. 2018; 

422(1): 1-8.  

[26]. Ross K, Gillespie-Twardy AL, Agha M, Raptis 

A, Hou JZ, Farah R, et al. Intensive chemotherapy 

in patients aged 70 years or older newly diagnosed 

with acute myeloid leukemia. Oncol Res. 2015; 

22(2): 85-92.  

[27]. Luo J, Weid D, Li D, Wang L. Nitric oxide 

functions in stromal cell-derived factor-1-induced 

cytoskeleton changes and the migration of Jurkat 

cells. Oncol Lett. 2018; 16(5): 6685-690. 

[28]. Schon-Hegrad MA, Holt PG. Improved method 

for the isolation of purified mouse peritoneal 

macrophages. J Immunol Meth. 1981; 43: 169-73. 

 [
 D

O
I:

 1
0.

18
50

2/
ijm

l.v
7i

4.
48

03
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
m

l.s
su

.a
c.

ir
 o

n 
20

24
-0

4-
25

 ]
 

                               8 / 9

https://www.ncbi.nlm.nih.gov/pubmed/31766595
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mogensen%20I%5BAuthor%5D&cauthor=true&cauthor_uid=31652141
https://www.ncbi.nlm.nih.gov/pubmed/?term=James%20A%5BAuthor%5D&cauthor=true&cauthor_uid=31652141
https://www.ncbi.nlm.nih.gov/pubmed/?term=Malinovschi%20A%5BAuthor%5D&cauthor=true&cauthor_uid=31652141
https://www.ncbi.nlm.nih.gov/pubmed/31652141
https://www.ncbi.nlm.nih.gov/pubmed/31652141
https://www.ncbi.nlm.nih.gov/pubmed
https://www.ncbi.nlm.nih.gov/pubmed
https://www.ncbi.nlm.nih.gov/pubmed/?term=Duong-Quy%20S%5BAuthor%5D&cauthor=true&cauthor_uid=31632093
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6789173/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5488308/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5488308/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5488308/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5488348/
https://www.ncbi.nlm.nih.gov/pubmed/29730555
https://www.ncbi.nlm.nih.gov/pubmed/29730555
https://www.ncbi.nlm.nih.gov/pubmed/29730555
https://www.ncbi.nlm.nih.gov/pubmed/30587467
https://www.ncbi.nlm.nih.gov/pubmed/30587467
https://www.ncbi.nlm.nih.gov/pubmed/30587467
https://www.ncbi.nlm.nih.gov/pubmed/30587467
https://www.ncbi.nlm.nih.gov/pubmed/28794869
https://www.ncbi.nlm.nih.gov/pubmed/28794869
https://www.ncbi.nlm.nih.gov/pubmed/28794869
https://www.ncbi.nlm.nih.gov/pubmed/28551404
https://www.ncbi.nlm.nih.gov/pubmed/28551404
https://www.ncbi.nlm.nih.gov/pubmed/30716318
https://www.ncbi.nlm.nih.gov/pubmed/30716318
https://www.ncbi.nlm.nih.gov/pubmed/30716318
https://www.ncbi.nlm.nih.gov/pubmed/30716318
https://www.ncbi.nlm.nih.gov/pubmed/25068731
https://www.ncbi.nlm.nih.gov/pubmed/25068731
https://www.ncbi.nlm.nih.gov/pubmed/25068731
https://www.ncbi.nlm.nih.gov/pubmed/25068731
https://www.ncbi.nlm.nih.gov/pubmed/29510387
https://www.ncbi.nlm.nih.gov/pubmed/29510387
https://www.ncbi.nlm.nih.gov/pubmed/29510387
https://www.ncbi.nlm.nih.gov/pubmed/30970283
https://www.ncbi.nlm.nih.gov/pubmed/30970283
https://www.ncbi.nlm.nih.gov/pubmed/30970283
https://www.ncbi.nlm.nih.gov/pubmed/30970283
https://www.ncbi.nlm.nih.gov/pubmed/?term=Li%20C%5BAuthor%5D&cauthor=true&cauthor_uid=28478808
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=28478808
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20C%5BAuthor%5D&cauthor=true&cauthor_uid=28478808
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yi%20X%5BAuthor%5D&cauthor=true&cauthor_uid=28478808
https://www.ncbi.nlm.nih.gov/pubmed/?term=Li%20M%5BAuthor%5D&cauthor=true&cauthor_uid=28478808
https://www.ncbi.nlm.nih.gov/pubmed/?term=He%20X%5BAuthor%5D&cauthor=true&cauthor_uid=28478808
https://www.ncbi.nlm.nih.gov/pubmed/28478808
https://www.ncbi.nlm.nih.gov/pubmed/28478808
https://www.ncbi.nlm.nih.gov/pubmed/28478808
https://www.ncbi.nlm.nih.gov/pubmed
https://www.ncbi.nlm.nih.gov/pubmed/29534494
https://www.ncbi.nlm.nih.gov/pubmed/29534494
https://www.ncbi.nlm.nih.gov/pubmed/30910851
https://www.ncbi.nlm.nih.gov/pubmed/30910851
https://www.ncbi.nlm.nih.gov/pubmed/30910851
https://www.ncbi.nlm.nih.gov/pubmed/30910851
https://www.ncbi.nlm.nih.gov/pubmed/?term=Salahshoor%20MR%5BAuthor%5D&cauthor=true&cauthor_uid=31049922
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mahmoudian%20ZG%5BAuthor%5D&cauthor=true&cauthor_uid=31049922
https://www.ncbi.nlm.nih.gov/pubmed/?term=Roshankhah%20S%5BAuthor%5D&cauthor=true&cauthor_uid=31049922
https://www.ncbi.nlm.nih.gov/pubmed/?term=Roshankhah%20S%5BAuthor%5D&cauthor=true&cauthor_uid=31049922
https://www.ncbi.nlm.nih.gov/pubmed/?term=Farokhi%20M%5BAuthor%5D&cauthor=true&cauthor_uid=31049922
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jalili%20C%5BAuthor%5D&cauthor=true&cauthor_uid=31049922
https://www.ncbi.nlm.nih.gov/pubmed/31049922
https://www.ncbi.nlm.nih.gov/pubmed/31049922
https://www.ncbi.nlm.nih.gov/pubmed
https://www.ncbi.nlm.nih.gov/pubmed/?term=Li%20SP%5BAuthor%5D&cauthor=true&cauthor_uid=29755345
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20YW%5BAuthor%5D&cauthor=true&cauthor_uid=29755345
https://www.ncbi.nlm.nih.gov/pubmed/?term=Qi%20SL%5BAuthor%5D&cauthor=true&cauthor_uid=29755345
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhang%20YP%5BAuthor%5D&cauthor=true&cauthor_uid=29755345
https://www.ncbi.nlm.nih.gov/pubmed/?term=Deng%20G%5BAuthor%5D&cauthor=true&cauthor_uid=29755345
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ding%20WZ%5BAuthor%5D&cauthor=true&cauthor_uid=29755345
https://www.ncbi.nlm.nih.gov/pubmed/29755345
https://www.ncbi.nlm.nih.gov/pubmed/29755345
https://www.ncbi.nlm.nih.gov/pubmed/29755345
https://www.ncbi.nlm.nih.gov/pubmed/29755345
https://www.ncbi.nlm.nih.gov/pubmed/29755345
https://www.ncbi.nlm.nih.gov/pubmed
https://www.ncbi.nlm.nih.gov/pubmed/?term=Oliai%20C%5BAuthor%5D&cauthor=true&cauthor_uid=31863469
https://www.ncbi.nlm.nih.gov/pubmed/?term=Schiller%20G%5BAuthor%5D&cauthor=true&cauthor_uid=31863469
https://www.ncbi.nlm.nih.gov/pubmed/31863469
https://www.ncbi.nlm.nih.gov/pubmed/31863469
https://www.ncbi.nlm.nih.gov/pubmed
https://www.ncbi.nlm.nih.gov/pubmed
https://www.ncbi.nlm.nih.gov/pubmed/?term=Su%20YL%5BAuthor%5D&cauthor=true&cauthor_uid=31805184
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20X%5BAuthor%5D&cauthor=true&cauthor_uid=31805184
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mann%20M%5BAuthor%5D&cauthor=true&cauthor_uid=31805184
https://www.ncbi.nlm.nih.gov/pubmed/?term=Adamus%20TP%5BAuthor%5D&cauthor=true&cauthor_uid=31805184
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20D%5BAuthor%5D&cauthor=true&cauthor_uid=31805184
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20D%5BAuthor%5D&cauthor=true&cauthor_uid=31805184
https://www.ncbi.nlm.nih.gov/pubmed/?term=Moreira%20DF%5BAuthor%5D&cauthor=true&cauthor_uid=31805184
https://www.ncbi.nlm.nih.gov/pubmed/31805184
https://www.ncbi.nlm.nih.gov/pubmed/31805184
https://www.ncbi.nlm.nih.gov/pubmed/31805184
https://www.ncbi.nlm.nih.gov/pubmed
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ross%20K%5BAuthor%5D&cauthor=true&cauthor_uid=25706395
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gillespie-Twardy%20AL%5BAuthor%5D&cauthor=true&cauthor_uid=25706395
https://www.ncbi.nlm.nih.gov/pubmed/?term=Agha%20M%5BAuthor%5D&cauthor=true&cauthor_uid=25706395
https://www.ncbi.nlm.nih.gov/pubmed/?term=Raptis%20A%5BAuthor%5D&cauthor=true&cauthor_uid=25706395
https://www.ncbi.nlm.nih.gov/pubmed/?term=Raptis%20A%5BAuthor%5D&cauthor=true&cauthor_uid=25706395
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hou%20JZ%5BAuthor%5D&cauthor=true&cauthor_uid=25706395
https://www.ncbi.nlm.nih.gov/pubmed/?term=Farah%20R%5BAuthor%5D&cauthor=true&cauthor_uid=25706395
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ross%2C+Gillespie-Twardy%2C+Agha%2C+2017
http://www.scopus.com/search/submit/author.url?author=Schon-Hegrad+M.A.&origin=resultslist&authorId=6603482768
http://www.scopus.com/search/submit/author.url?author=Holt+P.G.&origin=resultslist&authorId=7401902165
http://www.scopus.com/record/display.url?eid=2-s2.0-0019508614&origin=resultslist&sort=plf-f&cite=2-s2.0-0019508614&src=s&imp=t&sid=TI3dZT6zmXNH6QjfY3A6_6n%3a30&sot=cite&sdt=a&sl=0
http://www.scopus.com/record/display.url?eid=2-s2.0-0019508614&origin=resultslist&sort=plf-f&cite=2-s2.0-0019508614&src=s&imp=t&sid=TI3dZT6zmXNH6QjfY3A6_6n%3a30&sot=cite&sdt=a&sl=0
http://www.scopus.com/record/display.url?eid=2-s2.0-0019508614&origin=resultslist&sort=plf-f&cite=2-s2.0-0019508614&src=s&imp=t&sid=TI3dZT6zmXNH6QjfY3A6_6n%3a30&sot=cite&sdt=a&sl=0
http://dx.doi.org/10.18502/ijml.v7i4.4803
https://ijml.ssu.ac.ir/article-1-363-en.html


EFFECT OF PEGANUM HARMALA SEEDS EXTRACT ON NITRIC OXIDE  

 

320 International Journal of Medical Laboratory 2020;7(4): 312-320.  

[29]. Green LC, Wagner DA, Glogowski J, Skipper 

PL, Wishnok JS, Tannenbaum SR. Analysis of 

nitrate, nitrite, and [15N] nitrate in biological fluids 

automated NO; and NO? Analysis 1982; 126(1): 

131-38. 

[30]. Moldeus P, Hogberg J, Orrenius S. Isolation and 

use of liver cells. Methods Enzymol. 1978; 52(1): 

60-71. 

[31]. Rejhová A, Opattová A, Čumová A, Slíva D, 

Vodička P. Natural compounds and combination 

therapy in colorectal cancer treatment. Eur J Med 

Chem. 2018; 144(5): 582-94.  

[32]. Paul S, Chakrabarty S, Ghosh S, Nag D, Das A, 

Dastidar DG, et al. Targeting cellular microtubule 

by phytochemical apocynin exhibits autophagy-

mediated apoptosis to inhibit lung carcinoma 

progression and tumorigenesis. Phytomedicine 

2019; 67: 153152.  

[33]. Wang C, Song J, Liu W, Yao Y, Kapranov P, 

Sample KM, et al. FLI1 promotes protein 

translation via the transcriptional regulation of 

MKNK1 expression. Int J Oncol. 2020; 56(2): 430-

38.   

[34]. Och A, Zalewski D, Komsta Ł, Kołodziej P, 

Kocki J, Bogucka-Kocka A. Cytotoxic and 

proapoptotic activity of sanguinarine, berberine, 

and extracts of chelidonium majus L. and berberis 

thunbergii dc. toward hematopoietic cancer cell 

Lines. Toxins (Basel). 2019; 11(9): 485.  

[35]. Wang N, Fan Y, Yuan CM, Song J, Yao Y, Liu 

W, et al. Selective ERK1/2 agonists isolated from 

Melia azedarach with potent anti-leukemic activity. 

BMC Cancer 2019; 19(1): 764.  

[36]. Menezes JC, Diederich M. Translational role of 

natural coumarins and their derivatives as 

anticancer agents. Future Med Chem. 2019; 11(9): 

1057-1082.  

[37]. Hegazy MF, Abdelfatah S, Hamed AR, 

Mohamed TA, Elshamy AA, Saleh IA, et al. 

Cytotoxicity of 40 Egyptian plant extracts 

targeting mechanisms of drug-resistant cancer 

cells. Phytomedicine 2019; 59: 152771.  

[38]. da Carolina Ana B, Rodrigues C, de Oliveira 
Felipe P, Dias Rosane B, Sales Caroline BS, 

Rocha Clarissa AG, Soares Milena BP, et al. In 

vitro and in vivo anti-leukemia activity of the stem 

bark of Salacia impressifolia (Miers). J 

Ethnopharmacol. 2019; 231(4): 516-524.  

[39]. Jung JI, Kim SY, Park KY, Sydara K, Lee SW, 

Kim SA, et al. In vitro combinatorial anti-

proliferative and immunosuppressive effects of 

Brucea javanica extract with CX-4945 and 

imatinib in human T-cell acute lymphoblastic 

leukemia cells. Biomed Pharmacother. 2018; 

106(3): 403-410.  

[40]. Wei Y, Ma T, Wang H, Xing J, Wang Y, Gu Z, 

et. al. Extracts of compound Muniziqi granule 

suppressed uterus contraction and ameliorated 

oxytocin-induced primary dysmenorrhea. J 

Ethnopharmacol. 2018; 223: 33-40.  

[41]. Hamsa TP, Kuttan G. Harmine inhibits tumour 

specific neo-vessel formation by regulating VEGF, 

MMP, TIMP and pro-inflammatory mediators both 

in vivo and in vitro. Eur J Pharmacol. 2010; 649(1-

3): 64-73.  

[42]. Mahmoudian M, Jalilpour H, Salehian P. 

Toxicity of Peganum harmala: Review and a case 

report. Iran J Pharmacol Ther. 2002; 1(1): 14. 

[43]. Herraiz T, González D, Ancín-Azpilicueta C, 

Arán VJ, Guillén H. beta-Carboline alkaloids in 

Peganum harmala and inhibition of human 

monoamine oxidase (MAO). Food Chem Toxicol. 

2010; 48: 839-45. 

[44]. Shapira Z, Terkel J, Egozi Y, Nyska A, 

Friedman J. Abortifacient potential for the epigeal 

parts of Peganum harmala. J Ethnopharmacol. 

1989; 27(3): 319-25.  

[45]. Berrougui H, Martín-Cordero C, Khalil A, 

Hmamouchi M, Ettaib A, Marhuenda E, et al. 

Vasorelaxant effects of harmine and harmaline 

extracted from Peganum harmala L. seeds in 

isolated rat aorta. Pharmacol Res. 2006; 54(1): 

150-57.  

[46]. Shi CC, Liao JF, Chen CF. Comparative study 

on the vasorelaxant effects of three harmala 

alkaloids in vitro. Jpn J Pharmacol. 2001; 85: 299–

305.  

[47]. Shi CC, Chen SY, Wang GJ, Liao JF, Chen CF. 

Vasorelaxant effect of harman. Eur J Pharmacol 

2000; 390(3): 319-25.  

 

 [
 D

O
I:

 1
0.

18
50

2/
ijm

l.v
7i

4.
48

03
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
m

l.s
su

.a
c.

ir
 o

n 
20

24
-0

4-
25

 ]
 

Powered by TCPDF (www.tcpdf.org)

                               9 / 9

https://www.ncbi.nlm.nih.gov/pubmed/?term=Rejhov%C3%A1%20A%5BAuthor%5D&cauthor=true&cauthor_uid=29289883
https://www.ncbi.nlm.nih.gov/pubmed/?term=Opattov%C3%A1%20A%5BAuthor%5D&cauthor=true&cauthor_uid=29289883
https://www.ncbi.nlm.nih.gov/pubmed/?term=%C4%8Cumov%C3%A1%20A%5BAuthor%5D&cauthor=true&cauthor_uid=29289883
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sl%C3%ADva%20D%5BAuthor%5D&cauthor=true&cauthor_uid=29289883
https://www.ncbi.nlm.nih.gov/pubmed/?term=Vodi%C4%8Dka%20P%5BAuthor%5D&cauthor=true&cauthor_uid=29289883
https://www.ncbi.nlm.nih.gov/pubmed/29289883
https://www.ncbi.nlm.nih.gov/pubmed/29289883
https://www.ncbi.nlm.nih.gov/pubmed/31887479
https://www.ncbi.nlm.nih.gov/pubmed/31887479
https://www.ncbi.nlm.nih.gov/pubmed/31887479
https://www.ncbi.nlm.nih.gov/pubmed/31887479
https://www.ncbi.nlm.nih.gov/pubmed/31894299
https://www.ncbi.nlm.nih.gov/pubmed/31894299
https://www.ncbi.nlm.nih.gov/pubmed/31894299
https://www.ncbi.nlm.nih.gov/pubmed/31443589
https://www.ncbi.nlm.nih.gov/pubmed/31443589
https://www.ncbi.nlm.nih.gov/pubmed/31443589
https://www.ncbi.nlm.nih.gov/pubmed/31443589
https://www.ncbi.nlm.nih.gov/pubmed/31443589
https://www.ncbi.nlm.nih.gov/pubmed/31375085
https://www.ncbi.nlm.nih.gov/pubmed/31375085
https://www.ncbi.nlm.nih.gov/pubmed/31140865
https://www.ncbi.nlm.nih.gov/pubmed/31140865
https://www.ncbi.nlm.nih.gov/pubmed/31140865
https://www.ncbi.nlm.nih.gov/pubmed/31055230
https://www.ncbi.nlm.nih.gov/pubmed/31055230
https://www.ncbi.nlm.nih.gov/pubmed/31055230
https://www.sciencedirect.com/science/article/pii/S0378874118324772#!
https://www.sciencedirect.com/science/article/pii/S0378874118324772#!
https://www.sciencedirect.com/science/article/pii/S0378874118324772#!
https://www.sciencedirect.com/science/article/pii/S0378874118324772#!
https://www.sciencedirect.com/science/article/pii/S0378874118324772#!
https://www.sciencedirect.com/science/article/pii/S0378874118324772#!
https://www.ncbi.nlm.nih.gov/pubmed/30445109
https://www.ncbi.nlm.nih.gov/pubmed/30445109
https://www.ncbi.nlm.nih.gov/pubmed/30445109
https://www.ncbi.nlm.nih.gov/pubmed
https://www.ncbi.nlm.nih.gov/pubmed
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jung%20JI%5BAuthor%5D&cauthor=true&cauthor_uid=29966986
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kim%20SY%5BAuthor%5D&cauthor=true&cauthor_uid=29966986
https://www.ncbi.nlm.nih.gov/pubmed/?term=Park%20KY%5BAuthor%5D&cauthor=true&cauthor_uid=29966986
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sydara%20K%5BAuthor%5D&cauthor=true&cauthor_uid=29966986
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lee%20SW%5BAuthor%5D&cauthor=true&cauthor_uid=29966986
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kim%20SA%5BAuthor%5D&cauthor=true&cauthor_uid=29966986
https://www.ncbi.nlm.nih.gov/pubmed/29966986
https://www.ncbi.nlm.nih.gov/pubmed/29966986
https://www.ncbi.nlm.nih.gov/pubmed/29966986
https://www.ncbi.nlm.nih.gov/pubmed/29966986
https://www.ncbi.nlm.nih.gov/pubmed/29966986
https://www.ncbi.nlm.nih.gov/pubmed
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wei%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=29783015
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ma%20T%5BAuthor%5D&cauthor=true&cauthor_uid=29783015
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20H%5BAuthor%5D&cauthor=true&cauthor_uid=29783015
https://www.ncbi.nlm.nih.gov/pubmed/?term=Xing%20J%5BAuthor%5D&cauthor=true&cauthor_uid=29783015
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=29783015
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gu%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=29783015
https://www.ncbi.nlm.nih.gov/pubmed/29783015
https://www.ncbi.nlm.nih.gov/pubmed/29783015
https://www.ncbi.nlm.nih.gov/pubmed/29783015
https://www.ncbi.nlm.nih.gov/pubmed
https://www.ncbi.nlm.nih.gov/pubmed
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hamsa%20TP%5BAuthor%5D&cauthor=true&cauthor_uid=20858484
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kuttan%20G%5BAuthor%5D&cauthor=true&cauthor_uid=20858484
https://www.ncbi.nlm.nih.gov/pubmed/20858484
https://www.ncbi.nlm.nih.gov/pubmed/20858484
https://www.ncbi.nlm.nih.gov/pubmed/20858484
https://www.ncbi.nlm.nih.gov/pubmed/20858484
https://www.ncbi.nlm.nih.gov/pubmed
https://pubmed.ncbi.nlm.nih.gov/10708740/
http://dx.doi.org/10.18502/ijml.v7i4.4803
https://ijml.ssu.ac.ir/article-1-363-en.html
http://www.tcpdf.org

