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Abstract  
Moa Chub’s formulation (MCHF), a traditional medicinal formulation, is used in Thailand for treatment of 

hypertension.  It is composed of 7 kinds of medical herbs, Cyperusrotundus, Tinosporacrispa, Tinosporacordifolia, 

Acmellaoleracea, Syzygiumaromaticum, Piper chaba, and Zingiberofficinale.  This study aimed to determine the effect 

of MCHF on blood pressure by investigating nitric oxide (NO) and lipid peroxidation in N-nitro-L-arginine methyl 

ester (L-NAME) induced hypertensive rats.  Rats were gavaged with MCHF (100, 200 and 400 mg/kgBW/day) and fed 

with L-NAME in drinking water for 21 days.  Non- invasive tail cuff was used to monitor blood pressure every 7 days.  

At the end of trial, blood sample was collected and plasma nitric oxide and lipid peroxidation were measured.  In 

addition, the cytotoxicity of MCHF was evaluated in human hepatoma HepG2 cell line.  Cell viability of HepG2 cells 

was measured by MTT assay.  The results showed that administration of MCHF extract at dose of 200 and 400 

mg/kgBW/day significantly decreased a rise of systolic blood pressure in hypertensive rats induced by L-NAME on the 

21st day.  Moreover, MCHF significantly increased the serum level of NO and reduced the level of MDA compared to 

the group that was treated with only L-NAME.  The high doses of MCHF may lead to increased risk of hepatotoxicity.  

These results suggested that MCHF has the potential ability to be used as herbal remedy to treat hypertension.  

However, further studies are needed to explore the mechanism of antihypertensive effect of MCHF in detail. 

 

Keywords: antihypertensive, hepatotoxicity, lipid peroxidation, Moa Chub’s formulation, MCHF, L-NAME, nitric oxide 

________________________________________________________________________________________________ 

 

1.  Introduction 

Hypertension is one of the most 

important factors associated with the 

development of vascular diseases.  Hypertension 

is common progressive disorder leading to 

numerous chronic diseases such as cardiovascular 

disease, stroke, renal disease and accounts for 

about 50% of cardiovascular disease worldwide 

(Joffres et al., 2013; Kearney et al., 2005).  Nitric 

oxide (NO) synthesis and release by endothelial 

cells are important vascular relaxation effects that 

contribute to the modulation of vascular tone 

(Katsumi, Nishikawa, and Hashida, 2007; Mori et 

al., 2006).  Chronic inhibition of NO produces 

volume-dependent evaluation of blood pressure 

and its physiological and pathological 

characteristics resemble essential hypertension.  

In addition, it is well established that acute 

inhibition of nitric oxide biosynthesis by in vivo 

administration of N-nitro-L arginine methyl ester 

hydrochloride (L-NAME), an L-arginine 

analogue, leads to arterial hypertension and 

vasoconstriction (Attia et al., 2001; Ribeiro, 

Antunes, De Nucci, Lovisolo, & Zatz, 1992).  

Evidence suggests that NO plays a major role in 

regulating blood pressure and that impaired NO 

bioactivity is an important component of 

hypertension.  Mice with disruption of the gene 

for endothelial NO synthase have elevated blood 

pressure levels, suggesting that a genetic 

component might link between impaired NO 

bioactivity and hypertension (Shesely et al., 

1996).  Clinical studies have shown that patients 

with hypertension have a blunted vasodilation of 

arterial response to infusion of endothelium-

dependent vasodilators and that inhibition of NO 

raises blood pressure.  Impaired NO bioactivity is 

also implicated in arterial stiffness, a major 

mechanism of systolic hypertension (Panza, 

Casino, Kilcoyne, & Quyyumi, 1993). 

It was reported earlier that free radicals 

may contribute to the pathogenesis of human 

essential hypertension (Kumar & Das, 1993; 

Nakazono et al., 1991).  Many studies indicate 

that oxidative stress is involved in the 

pathogenesis of arterial hypertension in genetic 

animal models and in secondary forms of arterial 

hypertension (Vaziri, Lin, Farmand, & Sindhu, 
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2003).  On the other hand, several researchers 

have proposed that oxidative stress contributes to 

the generation or maintenance of hypertension via 

inactivation of NO (Ortiz, Manriquez, Romero, & 

Juncos, 2001).  Hypertension produced by NO 

synthesis inhibition is associated with increased 

oxidative stress via inhibiting its vasodilatory and 

natriuretic actions and via non enzymatic 

generation of vasoconstrictor isoprostanes from 

arachidonic acid peroxidation, with direct 

vasopressor and antinatriuretic effects (Duarte et 

al., 2002; Takahashi et al., 1992).  Hypertensive 

patients show increased levels of plasma 

superoxide, hydrogen peroxide and lipid peroxide 

(Kumar & Das, 1993; Lacy, O'connor, & Schmid-

Schönbein, 1998; Tse et al., 1994).  Moreover, in 

vessels from spontaneously hypertensive rats 

(SHR) and essential hypertensive rats, enhanced 

endothelial superoxide anion production has been 

described and this effect has been related to the 

impairment of endothelium-dependent relaxation 

(Grunfeld et al., 1995; Jameson et al., 1993; 

Suzuki, Swei, Zweifach, & Schmid-Schönbein, 

1995). 

Herbal medicines are very prevalent, 

being used in the developing countries for a 

primary health care (Khare, 2008).  Moa Chub’s 

formulation (MCHF), Thai formulated herbs for 

antihypertension, has long been used to relieve 

high blood pressure.  It consists of seven types of 

herbs, which are Cyperusrotundus, 

Tinosporacrispa, Tinosporacordifolia, 

Acmellaoleracea, Syzygiumaromaticum, Piper 

chaba, and Zingiberofficinale.  An in vivo study 

indicated that MCHF at the oral dose of 5 

g/kgBW, which is 60 times higher than dose in 

humans, caused no abnormalities.  In addition, no 

animal died within 24 hours and all animals 

survived until 14 days after herb administration.  

The blood biochemical tests to evaluate renal and 

liver functions showed that the levels of 

creatinine, protein, albumin and bilirubin did not 

differ between treated group and normal group.  

The LD50 of  MCHF is higher than 5,000 

mg/kgBW, which is classified as a substance with 

no acute toxicity by US EPA Categories (Godsan 

& Choosongsang, 2012).  In sub-chronic toxicity 

tests, MCHF equivalent dose in humans (400 

mg/kgBW) did not cause any abnormalities in 

animal model.  However, there has never been 

any study reporting about antihypertensive effect 

of this formulation. Therefore, we have explored 

the antihypertensive effect of MCHF. 

  

2.  Objectives 

This study aimed to investigate the 

antihypertensive effect of MCHF in L-NAME 

induced hypertension in rats. In addition, we 

determined the effect of MCHF on serum nitric 

oxide level, lipid peroxidation and hepatocellular 

toxicity. 

 

3.  Materials and methods 

3.1  Preparation of extracts  

MCHF were extracted with hot water 

accordingly to the same manner as used in 

human.  MCHF were crushed into powder and 

decocted with boiling water three times for 1 

hour.  The total decoction was mixed and filtered 

to remove the residue.  Spray drying process was 

carried out to remove any residual trace of 

extraction solvent in the extract.  Each gram of 

MCHF is equivalent to 5 g of dried starting 

materials.  The extraction powder of MCHF was 

stored at 4ºC until used.  Animal doses of MCHF 

were calculated from human doses based on body 

surface area (BSA) (Nair & Jacob, 2016; Shin, 

Seol, & Son, 2010).  MCHF extract 100, 200 and 

400 mg/kgBW/day were used in the experiment. 

 

3.2  Animals 

Male Wistar rats weighing 200 ± 30 g 

were used for the study.  Rats were obtained from 

the National Laboratory Animal Center, Salaya, 

Mahidol University, Nakorn Pathom, Thailand.  

They were housed in animal room with a constant 

temperature maintained at 25 ± 2ºC under a 12-

hour light and dark cycle and they had free access 

to water and food. Rats were randomly divided 

into five groups of 6 animals each: control 

(distilled water), L-NAME 50 mg/kgBW/day, L-

NAME 50 mg/kgBW/day plus MCHF extract 100, 

200 and 400 mg/kgBW/day.  Rats received L-

NAME in their drinking water in order to induce 

hypertension. MCHF has been tested for its blood 

pressure lowering activity in rats render 

hypertensive by L-NAME for 21 days.  Blood 

samples were collected at the end of the 

experiment.  Plasma was separated for assessing 

nitric oxide and lipid peroxidation.  The 

experimental protocol was approved by the Ethics 

Committee for Animal Research, Rangsit 

University (RSEC 03/2559). 
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3.3  Measurement of blood pressure.  

The systolic blood pressure (SBP) of all 

animals was measured weekly by tail-cuff method 

using the MLT125/R NIBP System in conjunction 

with a PowerLab system (AD instruments, 

Australia).  In brief, conscious rats were placed in 

restrainer tube leaving the tail outside and adjusted 

to the position where the animal has limited 

movement.  The tail of each rat was placed inside 

the tail cuff, and the cuff was automatically 

inflated and released.  The rat’s tail was warmed 

by a lamp for 10 minutes before every blood 

pressure measurement to easily detect the pulsation 

of the tail artery.  The blood pressure was recorded 

as the mean value from the three measurements 

with 15-minute intervals.   

 

3.4  Assay of nitric oxide (NO)  

The concentration of plasma NO was 

measured by using enzymatic conversion method 

with some modifications (Green et al., 1982; Sun, 

Zhang, Broderick, & Fein,  2003).  Briefly, plasma 

samples were mixed with Griss reagent 1% N-(1-

naphthyl)ethylene-diaminedihydrochloride and 1% 

sulfanilamide in 5% phosphoric acid).  The 

absorbance of samples at 548 nm was measured on 

microplate reader (Benchmark Plus, Biorad
®
).  The 

amount of nitrite in the samples was estimated 

from the calibration curve using sodium nitrile 

(NaNO2) standard.  

 

3.5  Assay of malondialdehyde  

Lipid peroxidation (LPO) level was 

measured by the method of Buege and Aust 

(Buege & Aust, 1978) and evaluated by measuring 

the MDA concentration, which is the end product 

of LPO.  The plasma was precipitated with 

trichloracetic acid.  After centrifugation (3000×g, 

15 minutes), the supernatant was mixed with 

thiobarbituric acid (TBA) reagent and the mixture 

was kept at 100ºC for 15 minutes.  The level of 

LPO was measured based on the formation of TBA 

reactive substance (TBARS) to produce a red 

colored complex with a peak absorbance at 535 nm 

by using a spectrophotometer.  The standard curve 

was generated at different concentrations of 

1,1,3,3-tetraethoxypropane (TEP).  

 

3.6  Hepatotoxicity 

The human hepatocellular carcinoma cell 

line HepG2 was used as a model (Snopov, 

Teryukova, Sakhenberg, Teplyashina, & 

Nasyrova, 2017; Donato, Jover, & Gomez-

Lechon, 2013; Yeon, Na, & Park, 2010).  The 

HepG2 cells cultured in Dulbecco’s modified 

Eagle’s medium (high glucose) supplemented 

with 10% heat inactivated fetal bovine serum and 

1% penicillin-streptomycin (Gibco/Life 

Technologies, Stockholm, Sweden). 

 

3.6.1  Determination of hepatotoxicity  

Cell viability of HepG2 cells was 

determined by MTT assay.  Following the 

treatment, cells were incubated with MTT 

solution (5.0 mg/mL in PBS) at 37°C with 5% 

CO2 for 4 hours.  Then, the solution was replaced 

with DMSO to solubilize the formazan product.  

The intensity of the formazan product was 

measured at 570 nm by using a microplate reader.  

Cell viability was expressed as the percentage 

calculated from the optical density of treated cells 

relative to the controlled cells.  The percentage of 

cytotoxicity was calculated by subtracting the 

percent viability of treatment group from the 

percent viability of control group.  The CD50 

(median cytotoxic dose) was calculated. 

 

3.6.2  Acute hepatotoxicity 

Cells were seeded at the density of 4×10
5
 

cells/mL onto 24-well plate overnight.  After that, 

they were treated with MCHF at the concentrations 

of 0 - 50 mg/mL for 24 hours.  Then, cell viability 

was measured by MTT assay.  The percentage of 

cell viability and CD50 were calculated as 

described above.  The non-toxic concentrations 

were used for subacute hepatotoxicity 

determination. 

 

3.6.3  Subacute hepatotoxicity 

Cells were seeded into 6-well plate at the 

initial plating density of 2×10
5
 cells/mL.  Cells 

were allowed to adhere to the surface of the plates 

for 4 hours then they were treated with MCHF at 

the non-toxic concentrations.  The treated cells 

were sub-cultured and exposed to the formulation 

every two days.  The cells were subsequently 

collected on 7
th

 day for cell viability determination 

by MTT assay.  The percentage of cell viability 

was calculated as described above.  

 

3.7  Statistical analysis 

All the data were expressed as mean ± 

SEM (standard error of the means).  Results were 

statistically analyzed by one- way analysis of 
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variance (ANOVA) and post hoc least-significant 

difference (LSD) test.  p<0.05 were considered as 

significant difference. 

  

4.  Results 

4.1  Effect of MCHF on systolic blood pressure 

In this study, blood pressure was 

recorded every 7 days for 21 days of treatment.  

At the beginning of the study, average baseline 

values of systemic blood pressure (SBP) among 

all groups of rats were not significantly different. 

In the control group, the SBP did not change 

throughout the 21 days of the experiment (Figure 

1).  The daily administration of L-NAME in the 

dose of 50 mg/kgBW/day for 21 days caused a 

progressive increase in SBP compared to SBP 

levels in control rats (127.50 ± 3.61, 133.14 ± 

3.63, 149.09 ± 4.93, 154.97 ± 4.20).  The results 

showed that administration of MCHF extract at 

the dose of 200 and 400 mg/kgBW/day 

significantly decreased a rise of SBP in 

hypertensive rats induced by L-NAME on the 21
st
 

day.  Blood pressure on the 21
st
 day of rats treated 

with L-NAME, L-NAME plus MCHF 100, 200 

and 400 mg/kgBW/day were 154.97 ± 4.20, 

155.79 ± 11.88, 138.98 ± 10.52, 137.63 ± 5.64 

mmHg, respectively (Figure 1). 

 

 

 

 

 
 
 

 
 
 

 
 
 

 
Figure 1  Effect of MCHF on systolic blood pressure (SBP) during L-NAME administration for 21 days in 
hypertensive rats.  Results were expressed as mean ± SEM. (n=6/group).  All of the values were statistically analyzed 
by ANOVA: *p<0.05 when compared with L-NAME group. 

 

4.2  Effect of MCHF on nitric oxide (NO) 

production  

The NO level decreased significantly in 

L-NAME administrated rats when compared to 

control.  Plasma NO level of control group, 

groups treated with L-NAME and L-NAME plus 

MCHF 100, 200 and 400 mg/kgBW/day for 21 

days were 1.44 ± 0.21, 5.48 ± 0.34, 5.87 ± 0.31, 

4.20 ± 0.66 and 5.29 ± 0.36 mol/L, respectively 

(Figure 2).  The results showed that the 

decreasing of NO level by L-NAME 

administration was significantly reversed by 

administration with MCHF when compared to the 

group treated with only L-NAME.  However, 

there was no significant difference in the plasma 

NO concentrations between each dose of MCHF. 

 

4.3  Effect of MCHF on lipid peroxidation 

The data showed that serum MDA 

significantly increased in L-NAME-induced 

hypertensive rats.  Serum MDA level decreased 

greatly in MCHF treated rats compared with 

control.  Plasma MDA levels of control group, 

groups treated with L-NAME and L-NAME plus 

MCHF 100, 200 and 400 mg/kgBW/day for 21 days 

were 2.64 ± 0.19, 7.07 ± 1.72, 2.10 ± 0.26, 3.20 ± 

0.56 and 2.34 ± 028 mol/L, respectively (Figure 

3). 

 

4.4  Effect of MCHF on hepatotoxicity 

To determine the CD50 of this 

formulation, HepG2 cells were treated with MCHF 

at the concentrations of 0 - 50 mg/mL for 24 hours 

and cell viability was assessed by MTT assay.  
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Figure 4A shows that the formulation significantly 

decreased cell viability at the concentration of 5 

mg/mL.  Therefore, the concentrations of the 

formulation at 0 – 0.5 mg/mL, which had cell 

viability more than 90%, were used for continuous 

treatment.  The CD50 of this formulation was 5.621 

mg/mL (95%CI = 4.071-7.555 mg/mL).  Since 

patients have to continuously take MCHF every 

day to control their blood pressure, the effect on 

HepG2 cells viability with long term exposure was 

investigated by having the cells continuously 

treated with the formulation at the concentrations 

of 0, 0.05 and 0.5 mg/mL for 7 days and 

determining cell viability by MTT assay.  As 

shown in Figure 4B, the viability of HepG2 cells 

was significantly decreased by the formulation at 

the concentration of 0.5 mg/mL. 

 

 

 

 

 

 

 

 

 

 

 
 

 
 
 

 
Figure 2  Effect of MCHF on serum NO. Results were expressed as mean ± SEM. (n=6/group).  All of the values were 
statistically analyzed by ANOVA: *p<0.05 when compared with the control.   #p<0.05 when compared with L-NAME 
group. 
 

 

 

 

 
 

 
 
 

 
 
 

 
 
 

Figure 3  Effect of MCHF on serum MDA levels. Results were expressed as mean ± SEM. (n=6/group).  All of the 
values were statistically analyzed by ANOVA: *p<0.05 when compared with the control.  #p<0.05 when compared 
with L-NAME group. 
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Figure 4  Effect of MCHF on HepG2 cell viability for 1 day (A) and 7 days (B).  Values were means of the three 
independent triplicate samples ± SEM.  *p<0.05 versus non-treated control. 

 

5.  Discussion 

In the present study, we found that L-

NAME caused a significant elevation in SBP 

during the 21 days of treatment, and this 

hypertension was attenuated by administration of 

MCHF (Figure 1).  L-NAME, a potent NOS 

inhibitor, induced hypertension in rats from NO 

deficiency-induced endothelial dysfunction and 

increase of blood pressure (Doggrell & Brown, 

1998).  In addition, previous studies have 

suggested that NO deficiency leads to increased 

accumulation of superoxide anion in biological 

tissue which causes oxidative stress in the body 

with is in turn involved in pathophysiological of 

many forms of hypertension (Kopkan & Majid, 

2005).  The concomitant use of MCHF extract in 

the dose of 100 mg/kgBW/day was not effective in 

suppressing the rise in blood pressure induced by 

L-NAME.  Whereas, MCHF at the dose of 200 and 

400 mg/kg/day caused a reduction in the rise of 

blood pressure in L-NAME treated rats at 21 days.  

Thus, MCHF was found to be herbal formulation 

with potential ability to treat hypertension. 

L-NAME induced hypertension is 

associated with an inactivation of NO system and 

increase of lipid peroxidation (Figures 2 and 3).  

Nitric oxide, a free radical, is highly unstable and 

gets converted into an equimolar ratio of its stable 

metabolites, nitrite/nitrate.  Plasma levels of 

nitrite/nitrate, which are the end-products of NO, 

have been frequently determined in order to 

investigate the possible involvement of NO with 

the pathogenesis of hypertension.  In L-NAME 

induced hypertensive rats, there was a decrease in 

NO level as compared to control (Figure 2).  NO 

synthesis and release by endothelial cells are 

important vascular relaxation effects that 

contribute to the modulation of vascular tone (Mori 

et al., 2006).  The decrease in NO level produces 

vasoconstriction of arteries which results in 

increased cardiac output hence increase blood 

pressure.  On supplementation with MCHF, 

plasma NO level increased significantly compared 

to the group treated with only L-NAME (Figure 2).  

It showed that MCHF may protect cells from NO 

destruction which leads to decreased blood 

pressure.  However, there were no significant 

differences in the plasma NO concentrations 

between each dose of MCHF treated group.  

Furthermore, there is clear evidence 

indicating that oxidative stress plays an important 

role in the pathophysiology of cardiovascular 

diseases, mainly arterial hypertension (Ülker, 

McKeown, & Bayraktutan, 2003).  Increased 

levels of oxidative stress markers, plasma 

malondialdehyde (MDA) was observed in L-

NAME induced hypertensive rats (Bunbupha, 

Pakdeechote, Kukongviriyapan, Prachaney, & 

Kukongviriyapan, 2014; Nakmareong et al., 2012).  

To evaluate the protective role of MCHF against 

hypertension-associated oxidative stress, lipid 

peroxidation products (TBARS) in plasma was 

examined.  In this study, L-NAME treatment 

showed an increase in the levels of TBARS in 

plasma.  Increased lipid peroxidation appeared to 

be the initial stage of the tissue making it more 

susceptible to oxidative damage.  This finding was 

in accordance with the previous study showing that 

hypertension induced by blocking NO synthesis is 

associated with increase oxidative stress (Duarte et 

al., 2002).  In addition, a previous study has 

proposed that oxidative stress contributes to the 

A B 
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generation or maintenance of hypertension via 

inactivation of NO (Ortiz et al., 2001).  MCHF 

treatment decreased the level of lipid peroxidation 

in L-NAME treated rat.  The antioxidant of MCHF 

may prevent the free radicle produced by L-

NAME.  This result confirmed that MCHF has 

antioxidant property, which might be partially 

responsible for alleviation of hypertension in NO 

deficiency rats.  Thus, the increased NO 

production and decreased oxidative load after 

MCHF treatment may lead to blood pressure 

reduction. MCHF was found to be herbal 

formulation with potential ability to treat 

hypertension.  
Toxicity information of herbal 

formulation by scientific approaches makes people 

have confidence in the safety of herbal uses. In this 

study, the hepatotoxicity of MCHF was evaluated 

by using HepG2 cells as a model.  After MCHF 

treatment for 24 hours, the formulation showed 

cytotoxic effects at the concentration of 5 mg/mL.  

When cells were continuously exposed to the 

MCHF formulation for 7 days, the formulation at 

0.05 mg/mL significantly caused a toxic effect on 

HepG2 cells.  These results are consistent with 

those of other studies demonstrating that MCHF at 

the concentration higher than that used in humans 

(1000 mg/kg) significantly raised the ALT levels 

after treatment in rats for 4 weeks (Khumkhrong & 

Kunkaew, 2012).  These results suggested the 

possibility of hepatotoxicity in the high dose 

formulation.  However, this finding is in agreement 

with the study reporting that MCHF was not found 

to have cytotoxic effect on human white blood 

cells (Madeachumporn N, 2014).  Thus, further 

studies on toxicity testing using normal human 

liver cells should be performed in order to confirm 

the toxicity and safety profile of this formulation. 

 

6.  Conclusion 

The present study demonstrated that 

MCHF is able to reduce blood pressure.  This 

effect is likely to be caused by restoring NO levels 

and suppression of oxidative stress by MCHF.  The 

hepatotoxicity may be increased when high doses 

of MCHF are taken.  However, further studies are 

needed to explore the mechanism of 

antihypertensive effect of MCHF in detail. 

 

7.  Acknowledgements 

This work was supported by grants from 

the Research Institute of Rangsit University (No. 

58/53).  The authors would like to thank the 

Faculty of Pharmacy, Rangsit University for 

laboratory facilities. 

 

8.  References 

Attia, D. M., Verhagen, A. M. G., Stroes, E. S., 

van Faassen, E. E., Gröne, H.-J., De 

Kimpe, S. J., & Joles, J. A. (2001). 

Vitamin E alleviates renal injury, but not 

hypertension, during chronic nitric oxide 

synthase inhibition in rats. Journal of the 

American Society of Nephrology, 12(12), 

2585-2593. 

Buege, J. A., & Aust, S. D. (1978). [30] 

Microsomal lipid peroxidation. Methods 

in enzymology, 52, 302-310.  

Bunbupha, S., Pakdeechote, P., Kukongviriyapan, 

U., Prachaney, P., & Kukongviriyapan, V. 

(2014). Asiatic acid reduces blood 

pressure by enhancing nitric oxide 

bioavailability with modulation of eNOS 

and p47phox expression in 

l‐NAME‐induced hypertensive rats. 

Phytotherapy research, 28(10), 1506-

1512.  

Doggrell, S. A., & Brown, L. (1998). Rat models 

of hypertension, cardiac hypertrophy and 

failure. Cardiovascular research, 39(1), 

89-105.  

Donato, M. T., Jover, R., & Gomez-Lechon, M. J. 

(2013). Hepatic cell lines for drug 

hepatotoxicity testing: limitations and 

strategies to upgrade their metabolic 

competence by gene engineering. Current 

drug metabolism, 14(9), 946-968. 

Duarte, J., Jiménez, R., O'valle, F., Galisteo, M., 

Pérez-Palencia, R., Vargas, F., & 

Tamargo, J. (2002). Protective effects of 

the flavonoid quercetin in chronic nitric 

oxide deficient rats. Journal of 

hypertension, 20(9), 1843-1854.  

Godsan, I., & Choosongsang, Y. (2012). Acute 

toxicity test of Thai formulated herbs for 

antihypertension. (A senior project for the 

degree of Bachelor of Science in 

Biomedical Sciences, Rangsit University, 

Thailand).    

Green, L. C., Wagner, D. A., Glogowski, J., 

Skipper, P. L., Wishnok, J. S., & 

Tannenbaum, S. R. (1982). Analysis of 

nitrate, nitrite, and [15N] nitrate in 

biological fluids. Analytical biochemistry, 

126(1), 131-138.  

 



AIAMSA-ARD, PHETMANEE & LUKKUNAPRASIT 

JCST Vol. 8 No. 1 Jan.-Jun. 2018, pp. 11-19 

  18 

Grunfeld, S., Hamilton, C. A., Mesaros, S., 

McClain, S. W., Dominiczak, A. F., Bohr, 

D. F., & Malinski, T. (1995). Role of 

superoxide in the depressed nitric oxide 

production by the endothelium of 

genetically hypertensive rats. 

Hypertension, 26(6), 854-857.  

Jameson, M., Dai, F.-X., Lüscher, T., Skopec, J., 

Diederich, A., & Diederich, D. (1993). 

Endothelium-derived contracting factors 

in resistance arteries of young 

spontaneously hypertensive rats before 

development of overt hypertension. 

Hypertension, 21(3), 280-288.  

Joffres, M., Falaschetti, E., Gillespie, C., 

Robitaille, C., Loustalot, F., Poulter, N., 

& Campbell, N. (2013). Hypertension 

prevalence, awareness, treatment and 

control in national surveys from England, 

the USA and Canada, and correlation with 

stroke and ischaemic heart disease 

mortality: a cross-sectional study. BMJ 

open, 3(8), e003423.   

Katsumi, H., Nishikawa, M., & Hashida, M. 

(2007). Development of nitric oxide 

donors for the treatment of cardiovascular 

diseases. Cardiovascular & 

Hematological Agents in Medicinal 

Chemistry (Formerly Current Medicinal 

Chemistry-Cardiovascular & 

Hematological Agents), 5(3), 204-208.  

Kearney, P. M., Whelton, M., Reynolds, K., 

Muntner, P., Whelton, P. K., & He, J. 

(2005). Global burden of hypertension: 

analysis of worldwide data. The lancet, 

365(9455), 217-223.  

Khare, C. P. (2008). Indian medicinal plants: an 

illustrated dictionary: Springer Science & 

Business Media. 

Khumkhrong, P., & Kunkaew, T. (2012). 

Subchronic toxicity tests of Thai 

formulated herbs for antihypertension in 

mice and rats. (A senior project for the 

degree of Bachelor of Science in 

Biomedical Sciences, Rangsit university, 

Thailand). 

Kopkan, L., & Majid, D. S. (2005). Superoxide 

contributes to development of salt 

sensitivity and hypertension induced by 

nitric oxide deficiency. Hypertension, 

46(4), 1026-1031.  

Kumar, K. V., & Das, U. (1993). Are free radicals 

involved in the pathobiology of human 

essential hypertension? Free radical 

research communications, 19(1), 59-66.  

Lacy, F., O'connor, D. T., & Schmid-Schönbein, 

G. W. (1998). Plasma hydrogen peroxide 

production in hypertensives and 

normotensive subjects at genetic risk of 

hypertension. Journal of hypertension, 

16(3), 291-303.  

Madeachumporn, N., Pothikanith, A., Panjanon, T. 

(2014). Cytotoxicity test of Moa Chub's 

herbal formulation on white blood cells 

by MTT assay. Paper presented at the 2
nd

 

Academic Science and Tecnology 

conference (ASTC), Bangkok Thailand, 

pp. 201-205. 

Mori, Y., Ohyanagi, M., Koida, S., Ueda, A., 

Ishiko, K., & Iwasaki, T. (2006). Effects 

of endothelium-derived hyperpolarizing 

factor and nitric oxide on endothelial 

function in femoral resistance arteries of 

spontaneously hypertensive rats. 

Hypertension research, 29(3), 187-195.   

Nair, A. B., & Jacob, S. (2016). A simple practice 

guide for dose conversion between 

animals and human. Journal of basic and 

clinical pharmacy, 7(2), 27-31. DOI: 

10.4103/0976-0105.177703 

Nakazono, K., Watanabe, N., Matsuno, K., Sasaki, 

J., Sato, T., & Inoue, M. (1991). Does 

superoxide underlie the pathogenesis of 

hypertension? Proceedings of the 

National Academy of Sciences, 88(22), 

10045-10048.  

Nakmareong, S., Kukongviriyapan, U., 

Pakdeechote, P., Kukongviriyapan, V., 

Kongyingyoes, B., Donpunha, W., . . . 

Phisalaphong, C. (2012). 

Tetrahydrocurcumin alleviates 

hypertension, aortic stiffening and 

oxidative stress in rats with nitric oxide 

deficiency. Hypertension Research, 35(4), 

418-425.  

Ortiz, M. C., Manriquez, M. C., Romero, J. C., & 

Juncos, L. A. (2001). Antioxidants block 

angiotensin II-induced increases in blood 

pressure and endothelin. Hypertension, 

38(3), 655-659.   

Panza, J. A., Casino, P. R., Kilcoyne, C. M., & 

Quyyumi, A. A. (1993). Role of 

endothelium-derived nitric oxide in the 

abnormal endothelium-dependent 

vascular relaxation of patients with 

essential hypertension. Circulation, 87(5), 

1468-1474.  



JCST Vol. 8 No. 1 Jan.-Jun. 2018, pp. 11-19 

ISSN 2630-0583 (Print)/ISSN 2630-0656 (Online) 

19 

Ribeiro, M. O., Antunes, E., De Nucci, G., 

Lovisolo, S. M., & Zatz, R. (1992). 

Chronic inhibition of nitric oxide 

synthesis. A new model of arterial 

hypertension. Hypertension, 20(3), 298-

303.   

Shesely, E. G., Maeda, N., Kim, H.-S., Desai, K. 

M., Krege, J. H., Laubach, V. E., & 

Smithies, O. (1996). Elevated blood 

pressures in mice lacking endothelial 

nitric oxide synthase. Proceedings of the 

National Academy of Sciences, 93(23), 

13176-13181.  

Shin, J.-W., Seol, I.-C., & Son, C.-G. (2010). 

Interpretation of animal dose and human 

equivalent dose for drug development. 

The Journal of Korean Oriental 

Medicine, 31(3), 1-7.  

Snopov, S., Teryukova, N., Sakhenberg, E., 

Teplyashina, V., & Nasyrova, R. (2017). 

Use of HepG2 cell line for evaluation of 

toxic and metabolic antipsychotic action. 

Cell and Tissue Biology, 11(5), 405-415.  

Sun, J., Zhang, X., Broderick, M., & Fein, H. 

(2003). Measurement of Nitric Oxide 

Production in Biological Systems by 

Using Griess Reaction Assay. Sensors, 

3(8), 276-284. 

https://doi.org/10.3390/s30800276 

Suzuki, H., Swei, A., Zweifach, B. W., & Schmid-

Schönbein, G. W. (1995). In vivo 

evidence for microvascular oxidative 

stress in spontaneously hypertensive rats. 

Hypertension, 25(5), 1083-1089.  

Takahashi, K., Nammour, T. M., Fukunaga, M., 

Ebert, J., Morrow, J. D., Roberts 2nd, R. 

L., & Badr, K. F. (1992). Glomerular 

actions of a free radical-generated novel 

prostaglandin, 8-epi-prostaglandin F2 

alpha, in the rat. Evidence for interaction 

with thromboxane A2 receptors. Journal 

of Clinical Investigation, 90(1), 136-141. 

DOI: 10.1172/JCI115826 

Tse, W., Maxwell, S., Thomason, H., Blann, A., 

Thorpe, G., Waite, M., & Holder, R. 

(1994). Antioxidant status in controlled 

and uncontrolled hypertension and its 

relationship to endothelial damage. 

Journal of human hypertension, 8(11), 

843-849.  

Ülker, S., McKeown, P. P., & Bayraktutan, U. 

(2003). Vitamins reverse endothelial 

dysfunction through regulation of eNOS 

and NAD (P) H oxidase activities. 

Hypertension, 41(3), 534-539.  

Vaziri, N. D., Lin, C.-Y., Farmand, F., & Sindhu, 

R. K. (2003). Superoxide dismutase, 

catalase, glutathione peroxidase and 

NADPH oxidase in lead-induced 

hypertension. Kidney international, 63(1), 

186-194.  

Yeon, J. H., Na, D., & Park, J. K. (2010). 

Hepatotoxicity assay using human 

hepatocytes trapped in microholes of a 

microfluidic device. Electrophoresis, 

31(18), 3167-3174.  

 


