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ABSTRACT: Purpose: Lifestyle modification is recommended as a primary 

strategy for the management of non-alcoholic fatty liver disease (NAFLD) and 

non-alcoholic steatohepatitis (NASH). Recently, metabolic regulations of diets 

containing parts of Abelmoschus esculentus (okra) were investigated using the 

NAFLD mouse model. Methods: Five groups of C57BL/6J mice (n = 6) were 

arranged. Each received a distinct diet for 12 weeks as follows: Control group 

(mice fed with control diet), HFD group (mice fed with high-fat diet (HFD)), 

POSITIVE group (mice fed with 20 mg/kg/day simvastatin-mixed HFD), HFD-

OP group (mice fed with 800 mg/kg/day okra peel powder-mixed HFD), and 

HFD-OS group (mice fed with 400 mg/kg/day okra seed powder-mixed HFD). 

Feed intake and body weight were recorded daily. After killing, blood samples 

were collected for measuring glucose and lipids concentrations. Visceral fat 

content and liver histochemistry were examined. Results: NAFLD/NASH 

mouse model was successfully developed by the 12-weeks HFD consumption. 

Increases of body weight, visceral fat, and blood glucose were not different 

among these five groups. HFD and Positive mice greatly consumed their diets 

and had increased levels of low-density lipoprotein cholesterol and total 

cholesterol. NASH pathological phenotypes, such as macro- and micro-vesicular 

steatosis, ballooned hepatocytes, neutrophil infiltration, and fibrosis and 

necrosis, were in accompany observed. These liver disorders were limited in 

HFD-OP and HFD-OS mice, which were fed by okra peel- and okra seed-mixed 

HFD, respectively. Conclusion: Besides physical activity and exercise, daily 

consumption of okra pods might be advantageous to over-weighed peoples in 

suppressing NASH progression. 

INTRODUCTION: The pathogenesis of non-

alcoholic fatty liver disease (NAFLD) has been 

shown to associate with obesity, dyslipidemia and 

diabetes.  

QUICK RESPONSE CODE 

 

DOI: 
10.13040/IJPSR.0975-8232.12(11).5715-22 

This article can be accessed online on 
www.ijpsr.com 

DOI link: http://dx.doi.org/10.13040/IJPSR.0975-8232.12(11).5715-22 

Steatohepatitis (NASH) is the advanced stage of 

NAFLD and has been clinically evidenced by 

cytoplasmic vacuoles (ballooning bodies), fat 

accumulation, liver cell degeneration, and 

neutrophil infiltration 
1-3

.  

Because NASH poses significant impacts on 

health, economy, and society to the patients, 

finding new strategies to lessen NAFLD is of great 

interest. Abelmoschus esculentus L. or okra is a 

familiar vegetable consumed worldwide 
4, 5

. 

Considerable amounts of phenolic substances and 
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mucilage polysaccharides have been determined in 

the seed and the peel, respectively 
6, 7

. In addition, 

hypolipidemic activity has been suggested to the 

mucilage by inhibition against lipase, α-

glucosidase, and α-amylase enzymes 
8-12

. To date, 

scientific evidence concerning the utilization of 

okra pods in preventing and treating NAFLD is 

quite limited. This study was carried out to 

establish the NAFLD mouse model and examine 

the pharmacological effects of okra peel and seed 

on liver functions through biochemical and 

histological testing.  

MATERIALS AND METHODS: 

Preparation of Plant Materials: Okra pods were 

purchased from local markets in Hat-Yai district, 

Songkhla province, Thailand. After cleaning with 

tap water, the peel and the seed were separately 

collected and dried at 60°C in a hot-air oven until 

moisture content was less than 5%.  

The dried product was ground to fine powder by 

using a multi-function disintegrator (WF-20B). The 

acquired powder was kept in an air-tight container 

at 4°C until use.  

Preparation of Animal Feeds: Two types of feed, 

namely CONTROL and HFD, were purchased 

from Altromin Spezialfutter GmbH & Co., 

Germany. Their ingredients were indicated in 

Table 1. Other three recipes were prepared, 

including POSITIVE, HFD-OP and HFD-OS 

formulas. In the POSITIVE formula, a dose of 20 

mg/kg/day simvastatin was added into HFD. Either 

800 mg/kg/day okra peel powder or 400 mg/kg/day 

okra seed powder was added into HFD for 

preparing HFD-OP or HFD-OS formula, 

respectively. After thoroughly mixing, the mixture 

was cased in a cylindrical mold to mimic the 

original forms of feed after purchased and kept in 

suitable containers at 4 °C until use. 

TABLE 1: COMPOSITIONS OF CONTROL AND HFD DIETS 

On a caloric basis 

(in 100 g) 

CONTROL (C 1090–10) 

with w/10% energy from fat 

HFD (C 1090–60) 

with w/60% energy from fat 

Moisture 7.9% 2.9% 

Crude Ash 4.3% 3.2% 

Crude Fiber 3.1% 4.7% 

Crude Fat 4.0% 35.0% 

Crude Protein 20.7% 21.0% 

Nitrogen free-extractives 60.0% 33.2% 

Total calories 351 kcal 523 kcal 
 

Preparing Animals and Experimental Design: 

Animal manipulation was conducted according to 

ethical guidelines for laboratory animals of 

Universiti Kebangsaan Malaysia, Kuala Lumpur, 

Malaysia. Thirty male C57BL/6J mice, aged 6 

weeks old, weighed 20±5 g, were purchased from 

Monash University, Kuala Lumpur, Malaysia. They 

were acclimated 4 per cage in a room at 22± 2 °C 

with a 12-h light/dark cycle and freely accessed to 

standard chow and water. After 2 weeks, mice were 

randomly divided into five groups (n=6), consisting 

of CONTROL group (mice fed with CONTROL 

diet), HFD group (mice fed with HFD), POSITIVE 

group (mice fed with POSITIVE diet), HFD-OP 

group (mice fed with HFD-OP diet), and HFD-OS 

group (mice fed with HFD-OS diet). Body weight 

and food intake were recorded daily at 9.00 AM. At 

the end of the experiment, mice were anesthetized 

by intraperitoneal administration using 80 mg/kg 

sodium pentobarbital and then cardiac punctured. 

Blood samples were collected in suitable containers 

and stored at 4°C until analysis. Visceral fats and 

the livers were removed and weighed. Tissue 

specimens were kept in suitable containers at -80°C 

until use. 

Biochemical Analyses of Blood/Serum Samples: 

Blood glucose level was measured by using 

AccuChek® glucometer according to the 

procedures as recommended by Able Diagnostics, 

Canada. To obtain serum, a blood sample was 

centrifuged at 1500xg at 4 °C for 15 min. Serum 

lipids, including total cholesterol (TC), LDL 

cholesterol, triglyceride (TG), and high-density 

lipoprotein (HDL) cholesterol, were quantified as 

serviced by Pathology & Clinical Laboratory, 

BHD, Kuala Lumpur, Malaysia. 

Histochemical Analysis of the Livers: Liver 

tissues were cleaned by using normal saline 

solution and fixed in 10% neutral buffered formalin 

overnight. A fixed sample was placed in a cassette 
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and dehydrated by using serially diluted ethanol, 

i.e., 50%, 70%, 80%, and 100%, with 3 times 

repeated for each. Next, two dehydration steps (3-

times repeated) using mixed toluene-ethanol 

solution (1:1 by volume) and 100% toluene were 

followed. The processed tissue was paraffin-

embedded at -20 °C overnight. Then, sections of 3-

µm thickness were made by using a manually 

controlled microtome, separately placed on a glass 

slice, and stained by hematoxylin and eosin (H&E) 

using the standard protocols. Besides, processed 

liver specimens were cryo-cut into 0.5 µm-thick 

sections and incubated with 20% Oil Red O 

solution (Sigma-Aldrich) in an oven at 60 °C for 10 

min. After that, the sample was washed by using 

distilled water to remove any excess dye and 

subsequently counterstained with H&E for 30 sec. 

Sliced samples were observed under a bright-field 

fluorescence microscope (Nikon, DS-Fi2-U3 

model, Faculty of Dentistry, PSU) by 3 

independent scientists. Photographs with 

magnifications of 10X and 20X were digitally 

recorded. 

Statistical Analysis: Analyses of one-way 

ANOVA followed by Tukey’s post hoc test were 

carried out using SPSS statistical software package 

version 19 (IBM Corporation, Armonk, NY, USA). 

Data were expressed as means ± SEM. Data 

distribution was normalized by Kolmogorov–

Smirnov test (p > 0.05). p< 0.05 was considered 

significantly different. 

Results: 

Intake Calories, Body Weight, and Visceral Fat: 

The amounts of calories intake per day were shown 

in Fig. 1A, indicating that HFD, POSITIVE, HFD-

OP, and HFD-OS groups of mice acquired greater 

calories from their feeds in compared to 

CONTROL mice (p<0.001-0.05). However, 

gaining of the body weight for CONTROL and 

POSITIVE mice were comparable Fig. 1B. Mice of 

HFD and HFD-OP groups showed a similar range 

of body weight, whereas HFD-OS mice had the 

greatest body weight. Accordingly, the gained body 

weight and the intake of calories were indirectly 

associated. The percentage (%) of visceral fat is 

used as an index of fatness. In Fig. 1C, mice of the 

POSITIVE group presented the highest %visceral 

fat. In contrast, CONTROL mice revealed the 

lowest visceral content. Indeed, the % visceral fat 

of HFD, HFD-OP, and HFD-OS groups of mice 

was insignificantly different. 

   
FIG. 1: FIVE GROUPS OF MICE WERE DISTINCTLY ASSIGNED TO OBTAIN A DIET FOR 12 WEEKS, INCLUDING 

CONTROL GROUP (MICE FED WITH CONTROL DIET), HFD GROUP (MICE FED WITH HFD), POSITIVE GROUP 

(MICE FED WITH POSITIVE DIET), HFD-OP GROUP (MICE FED WITH HFD-OP DIET), AND HFD-OS GROUP (MICE 

FED WITH HFD-OS DIET); (A), INTAKE CALORIES (KCAL/DAY); (B), BODY WEIGHT; (C), % VISCERAL FAT; Data 

were mean ± SEM (n=6); *,**,***,p values of <0.05, <0.01, and <0.001, respectively, in compared to CONTROL mice; #p<0.05 in 

compared to HFD mice; $$, p<0.01 in compared to POSITIVE mice 

Glucose and Lipids Levels: Blood glucose and 

serum lipid profiles were determined after the 12-

weeks feeding programs. In Fig. 2A, the glucose 

levels of HFD, POSITIVE, HFD-OP, HFD-OS, and 

CONTROL mice were not different and ranged 

between 173 and 233 mg/dL. The levels of TC, TG, 

LDL, and HDL in serums were shown in Fig. 2B. 

By comparing with CONTROL mice, increased TC 

and LDL levels were observed for HFD, 

POSITIVE, and HFD-OS mice. HFD-OP mice had 

slightly increased TC and LDL levels compared to 

CONTROL mice. Meanwhile, all HFD-feeding 

mice, including HFD, POSITIVE, HFD-OP, and 

HFD-OS mice, showed similar TG and HDL levels 

compared to CONTROL mice. 

A B C 
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FIG. 2: A GROUP OF MICE CONSUMED A DIET FOR 12 WEEKS (DIET DESCRIPTION WAS AS IN FIGURE 1); 

(A), BLOOD GLUCOSE (MG/DL); (B), THE LEVELS OF TC, LDL, TG AND HDL (MMOLE/L); Data were mean ± 

SEM (n=6); *,**, p<0.05 and <0.01, respectively, in compared to CONTROL mice 

 10X 20X 

CONTROL 

  

HFD 

  

POSITIVE 

  

HFD-OP 

  

HFD-OS 

  
FIG. 3: REPRESENTATIVE PHOTOGRAPHS OF LIVER SAMPLES STAINED BY H&E. SYMBOLIC ALPHABETS: 

KUPFFER CELL (KC), MACROVESICULAR STEATOSIS (MAS), MICROVESICULAR STEATOSIS (MIS), 

BALLOONED HEPATOCYTES (BH), PERICELLULAR FIBROSIS (PC-F), PERISINUSOIDAL FIBROSIS (PS-F), 

CHICKEN WIRE (CW), INFILTRATED NEUTROPHILS (IN), AND MALLORY’S HYALINE (MH); MAGNIFICATIONS, 

10X AND 20X (FOR COLOR PRESENTATION, READERS MAY REFER TO THE JOURNAL WEBSITE) 

A B 
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Histochemical Analysis of the Livers: At the end 

of the feeding programs, mice were killed, and their 

livers were removed for histochemical analysis 

using H&E and Oil Red O stains. For HFD mice, 

several signs of liver pathology were observed, 

such as macro-/micro-vesicular steatosis, ballooned 

hepatocytes, neutrophilic infiltration, 

pericellular/perisinusoidal fibrosis (appeared as 

“chicken wire”), and necrosis with aggregated 

Mallory’s hyaline Fig. 3. However, the hepatic 

tissues of CONTROL mice seemed to be normal. A 

number of infiltrated neutrophils were identified for 

the specimens of POSITIVE mice, but this was 

little for HFD-OP and HFD-OS samples. In 

addition, it was considerable of fat accumulated in 

the livers of HFD mice. Indeed, the extent of fat 

accumulation in HFD livers was greater than that of 

POSITIVE samples. But limited fat accumulation 

was determined for the samples of CONTROL, 

HFD-OP, and HFD-OS mice Fig. 4. 

 
CONTROL

  
                                                HFD                                                                  POSITIVE 

  
                                            HFD-OP                                                                 HFD-OS 

FIG. 4: REPRESENTATIVE PHOTOGRAPHS OF LIVER SPECIMENS STAINED BY OIL RED O; ARROW HEAD, 

FAT DEGENERATION; THIN ARROW, CYTOPLASMIC VACUOLE; THICK ARROW, ACCUMULATED FAT; 

MAGNIFICATION, 100X (FOR COLOR PRESENTATION, READERS MAY REFER TO THE JOURNAL 

WEBSITE) 

DISCUSSION: The liver plays a central role in 

lipid metabolisms by importing serum-free fatty 

acids to manufacture, store, or export as lipids and 

lipoproteins for the body's needs. Due to 

overconsumption of lipids and the limited capacity 

for lipid removal of the liver, excess free fatty acids 

in blood circulation will be stored as TG in various 

vital organs. Such retained TG may impair body 

health and primarily lead to NAFLD development. 

Although NAFLD is a silent disease, it is mostly 
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diagnosed in individuals who are overweighed or 

obese and in patients with type 2 diabetes and 

dyslipidemia 
13, 14

. Previously, hypoglycemic 

activity of mucilaginous compounds in the pods of 

A. esculentus (okra) has been observed in rodents 
15

. To date, scientific information regarding the 

preventive and curing properties of okra pods 

against NAFLD is limited, whereas phytochemicals 

and biological benefits of this plant have been 

described 
16

.  

In the present study, mice fed with high-fat diet for 

12 weeks (HFD mice) had enhanced body weight 

and visceral fat Fig. 1, as well as serum TC and 

LDL cholesterol Fig. 2. Such changes particularly 

reflected signs of hyperlipidemia and, in agreement 

with previous literature, hyperlipidemia was 

supposed to happen in these HFD mice 
17, 18

. 

Nowadays, the occurrence of NAFLD is confirmed 

to follow dyslipidemic and hypercholesterolemic 

conditions 
19

. Accordingly, analyses of liver 

specimens stained by H&E and Oil red 

Owerecarried out to ascertain that such HFD mice 

already developed NAFLD. Different pathological 

phenotypes of NAFLD were detected in their liver 

samples, including macro- and micro-vesicular 

steatosis, hepatocellular ballooning; neutrophil 

infiltration, pericellular-, perisinusoidal-, or 

“chicken wire” fibrosis; as well as necrosis with 

aggregated Mallory’s hyaline. In addition, Kupffer 

cells and cells, which stored fat droplets, were 

obviously apparent Fig. 3. In regard to Oil red O-

stained photographs Fig. 4, the liver cells of HFD 

mice showed extensive fat accumulation. As simple 

steatosis (so-called NAFLD) might become 

steatohepatitis (NASH) when left untreated and 

ends with liver failure, early management of 

steatosis is consequently important due to which 

proper functions of damaged hepatic cells could be 

recovered. Otherwise, liver macrophages (so-called 

Kupffer cells) and fat-storing cells are activated. In 

accompany, neutrophils are infiltrated 
19

. 

Consistently, we were successful in developing 

NASH-bearing mouse model using C57BL/6J 

strain by feeding the animals with high-fat diet (C 

1090–60) for a time period of as short as 12-weeks. 

Then, the medical advantages of okra pods in the 

diminution of NASH were explored by using our 

own established mouse model. Simvastatin is one 

of the HMG-CoA reductase inhibitors and is 

usually prescribed to patients for decreasing LDL 

and TG levels in the blood 
20

. Based on a previous 

literature 
21

, simvastatin at a dose of 20 mg/kg/day 

was used to mix with HFD in preparing a 

POSITIVE diet. Interestingly, various pathological 

phenotypes of NASH as seen in the livers of HFD 

mice were slightly detected in liver specimens from 

HFD-OP and HFD-OS mice Fig. 3. These 

improvements were accompanied by less fat 

accumulation Fig. 4. Moreover, simvastatin (20 

mg/kg/day) was found to be less effective on 

retarding and preventing NASH than okra peel 

(800 mg/kg/day) and okra seed (400 mg/kg/day). 

Based on the weight of fresh okra pods, 4% and 2% 

were yields of dried peel and dried seed, 

respectively (our unpublished data). Therefore, 800 

mg dried peel, and 400 mg dried seed were 

obtained simultaneously by consumption of 20 g 

pods (equal to 5-6 pods) per day. This amount was 

recommended and be satisfactory to peoples as a 

daily vegetable. 

Lifestyle modification is accepted as a leading 

strategy incurring patients diagnosed with NAFLD. 

Eating a healthy diet, regular exercise, and body 

weight maintenance are examples 
22, 23

. However, 

for a variety of reasons, most people are unwilling 

or unable to engage in such practices. In fact, small 

and sustainable changes in lifestyles always yield 

healthier lives. Instead, additional therapies are 

requested to address the detrimental effects of 

NAFLD. For years, intravenous glutathione has 

been prescribed for treating acute poisoning and 

chronic liver disease 
24

. Glutathione is a tripeptide 

consisting of γ-L-glutamyl-L-cysteinyl-glycine. In 

the body, it plays a role in antioxidant and 

detoxification systems. To date, the substance 

becomes a forefront nutritional bioactive because it 

is applied in NAFLD treatment 
25

. Besides 

polyphenols, flavonoids, and terpenoids, 

glutathione has been demonstrated to present in 

okra seed extract 
26

. In this project, signs of NASH 

were greatly improved when mice were 

supplemented by okra peel and okra seed. There 

were fewer cells of inflammatory responses in the 

liver specimens of HFD-OP and HFD-OS mice 

Fig. 3. In accompany, the more proper liver cell 

integrity and the lesser fat accumulation were 

observed by comparing with those of HFD and 

Positive mice Fig. 4. A variety of bioactive 

compounds in okra pods, such as polyphenols, 
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mucilage polysaccharides, and glutathione, have 

been considered to involve in these improvements 
15, 25, 27, 28-30

. Our findings might be advantageous 

and applicable to patients with NAHS in the future. 

Nevertheless, molecular mechanisms in regard to 

modulating effects of okra on lipid metabolism, 

utilization, and homeostasis of liver cells are 

warranted, while related experiments are carrying 

out by ours.  

CONCLUSION: Treating NAFLD with western 

medications is not sufficiently effective at present. 

Meanwhile, it is certain to moderate liver disease 

by diets balanced in carbohydrates and fats.  

Nutraceuticals, dietary supplements, and vegetables 

rich in phenolic compounds, mucopolysaccharides, 

and ingredients manifesting antioxidant and 

detoxifying properties are pursued to manage 

dyslipidemia, diabetes, and NAFLD. Intake of 5-6 

okra pods/day is recommended for resolving 

NAFLD pathology. 

ACKNOWLEDGMENT: The authors sincerely 

thanked all funding organizations, including the 

Royal Golden Jubilee Scholarship; Faculty of 

Pharmaceutical Sciences, Prince of Songkla 

University, Thailand; as well as Department of 

Physiology and Department of Pharmacology, 

Universiti Kebangsaan Malaysia, Kuala Lumpur, 

Malaysia.  

AUTHOR CONTRIBUTIONS: All authors 

contributed to the conception, design, data analysis, 

drafting, and revising of the article, gave final 

approval of the version to be published, and agreed 

in all aspects of this work. 

FUNDING: The Royal Golden Jubilee Ph.D. 

Program (Ph.D./0082/2560), Thailand; Faculty of 

Pharmaceutical Sciences, Prince of Songkla 

University, Thailand; FF-2018-401/1 and FF-2019-

020, Malaysia.  

CONFLICTS OF INTERESTS: The authors 

declare that they have no conflict of interest. 

REFERENCES: 

1. Da Silva HE, Teterina A, Comelli EM, Taibi A, Arendt 

BM, Fischer SE, Lou W and Allard JP: Nonalcoholic fatty 

liver disease is associated with dysbiosis independent of 

body mass index and insulin resistance. Scientific Reports 

2018; 8(1): 1466-94. 

2. Gao B and Tsukamoto H: Inflammation in alcoholic and 

nonalcoholic fatty liver disease: friend or foe? 

Gastroenterology 2016; 150: 1704-9. 

3. Sun R, Xu D, Wei Q, Zhang B, Aa J, Wang G and Xie Y: 

Silybin ameliorates hepatic lipid accumulation and 

modulates global metabolism in an NAFLD mouse model. 

Biomedical Pharmacotherapy 2020; 123: 1-10. 

4. Xia F, Zhong Y, Li M, Chang Q, Liao Y, Liu X and Pan 

R: Antioxidant and anti-fatigue constituents of okra. 

Nutrients 2015; 7: 8846-58. 

5. Durazzo A, Lucarini M, Novellino E, Souto EB, Daliu P 

and Santini A: Abelmoschus esculentus (L.): Bioactive 

components’ beneficial properties focused on antidiabetic 

role for sustainable health applications. Molecules 2019; 

24(1): 38-67. 

6. Adetuyi FO and Dada IBO: Nutritional, phytoconstituent 

and antioxidant potential of mucilage extract of Okra 

(Abelmoschus esculentus), water leaf (Talinum 

triangulare) and Jews mallow (Corchorus olitorius). 

International Food Research Journal 2014; 21(6): 2345-53. 

7. Liao H, Dong W, Shi X, Liu H and Yuan K: Analysis and 

comparison of the active components and antioxidant 

activities of extracts from Abelmoschus esculentus L. 

Pharmacognosy Magazine 2012; 8(30): 156-61. 

8. Majd EN, Tabandeh MR, Shahriari A and Soleimani Z: 

Okra (Abelmoscus esculentus) improved islets structure, 

and down-regulated PPARs gene expression in pancreas of 

high-fat diet and streptozotocin-induced diabetic rats. Cell 

Journal 2018; 20(1): 31-40. 

9. Xia F, Li C, Li M, Liao Y, Liu X, Si J, Chang Q and Pan 

R: Antidepressant activity of an aqueous extract from okra 

seeds. RSC Advances 2018; 8(57): 32814-22. 

10. Huang CN, Wang CJ, Lin CL, Lin HT and Peng CH: The 

nutraceutical benefits of subfractions of Abelmoschus 

esculentus in treating type 2 diabetes mellitus. PLoS One 

2017; 12(12): e0189065-84. 

11. Wu DT, Nie XR, Shen DD, Li HY, Zhao L, Zhang Q, Lin 

DR and Qin W: Phenolic compounds, antioxidant 

activities, and inhibitory effects on digestive enzymes of 

different cultivars of okra (Abelmoschus esculentus). 

Molecules 2020; 25(6): 1276-96. 

12. Ye T, Meng X, Zhai Y, Xie W, Wang R, Sun G and Sun 

X: Gastrodinameliorates cognitive dysfunction in diabetes 

rat model via the suppression of endoplasmic reticulum 

stress and NLRP3 inflammasome activation. Frontiers in 

Pharmacology 2018; 9: 1346-73. 

13. Parry SA and Hodson L: Influence of dietary 

macronutrients on liver fat accumulation and metabolism. 

Journal of Investigative Medicine 2017; 65(8): 1102-15. 

14. Peluso I, Raguzzini A, Catasta G, Cammisotto V, Perrone 

A, Tomino C, Toti E and Serafini M: Effects of high 

consumption of vegetables on clinical, immunological, and 

antioxidant markers in subjects at risk of cardiovascular 

diseases. Oxidative Medicine and Cellular Longevity 

2018; 8: 5417165-86. 

15. Jain N, Jain R and Jain SK: Antidiabetic potential of 

Abelmoschus esculentus Linn. in alloxan-induced diabetic 

rats. International Journal of Pharmaceutical Sciences 

2019; 10(3): 1180-85. 

16. Kulkarni K: Phytochemical and pharmacological 

evaluation of Abelmoschus esculentus (Lady’s Finger) 

extracts for antidiabetic activity. Journal of Innovations in 

Applied Pharmaceutical Science 2017; 2(4): 5-12. 

17. Madariaga YG, Cárdenas MB, Irsula MT, Alfonso OC, 

Cáceres BA and Morgado EB: Assessment of four 

experimental models of hyperlipidemia. Labanimal 2015; 

44(4): 135-40. 



Prom-in et al., IJPSR, 2021; Vol. 12(11): 5715-5722.                                    E-ISSN: 0975-8232; P-ISSN: 2320-5148 

International Journal of Pharmaceutical Sciences and Research                                                                              5722 

18. Lu KY, Chen SH, Lin YS, Wu HP and Chao PM: An 

antidiabetic nutraceutical combination of red yeast rice 

(Monascus purpureus), bitter gourd (Momordica 

charantia), and chromium alleviates dedifferentiation of 

pancreatic β cells in db/db mice. Food Science & Nutrition 

2020; 8(12): 6718-26.  

19. Younossi ZM: Non-alcoholic fatty liver disease – A global 

public health perspective. J of Hepato 2019; 70(3): 531-44. 

20. World Health Organization: The 21st list of essential 

medicines. Cited by 2020 July 17 at https://www.who.int/ 

medicines/publications/essentialmedicines/en/. 

21. Chan YC, Wu CS, Wu TC, Lin YH and Chang SJ: A 

standardized extract of Asparagus officinalis Stem 

(ETAS®) ameliorates cognitive impairment, inhibits 

amyloid β deposition via BACE-1 and normalizes 

circadian rhythm signaling via MT1 and MT2. Nutrients 

2019; 11(7): 1631-54. 

22. American Liver Foundation: NAFLD. Cited by 2020 July 

16 at http://www.liverfoundation.org/abouttheliver/info/ 

nafld/.  

23. Gusti AMT, Qusti SY, Alshammari EM, Toraih EA 

andFawzy MS: Antioxidants-related superoxide dismutase 

(SOD), catalase (CAT), glutathione peroxidase (GPX), 

glutathione-s-transferase (GST), and nitric oxide synthase 

(NOS) gene variants analysis in an obese population: A 

preliminary case-control study. Anti 2021; 10(4): 595-631. 

24. Yeo YH and Lai YC: Redox regulation of metabolic 

syndrome: Recent developments in skeletal muscle insulin 

resistance and non-alcoholic fatty liver disease (NAFLD). 

Current Opinion in Physiology 2019; 9: 79-86. 

25. Garilli B: Novel use for oral glutathione: Treatment of 

nonalcoholic fatty liver disease. Cited by 2020 July 16 at 

https://www.metagenicsinstitute.com/articles/novel-use-

oral-glutathione-treatment-nonalcoholic-fatty-liver-

disease/. 

26. Manee S and Kaewsrichan J: Cosmeceutical benefit of 

Abelmoschus esculentus L. seed extract. Journal of 

Pharmaceutical Research International 2017; 19(6): 1-11. 

27. Nouri F, Sadeghi M, Mohammadifard N, Roohafza H, 

Feizi A and Sarrafzadegan N: Longitudinal association 

between an overall diet quality index and latent profiles of 

cardiovascular risk factors: results from a population based 

13-year follow up cohort study. Nutrition & Metabolism 

2021; 18(1): 28-60. 

28. Dubey P and Mishra S: A review on diabetes and okra 

(Abelmoschus esculentus). Journal of Medicinal Plants 

Studies 2017; 5(3): 23-26. 

29. Dubey P and Mishra S: Effect of okra seed in reduction of 

cholesterol. Journal of Entomology and Zoology Studies 

2017; 5(4): 94-97. 

30. Elkhalifa AEO, Alshammari E, Adnan M, Alcantara JC, 

Awadelkareem AM, Eltoum NE, Mehmood K, Panda BP 

and Ashraf SA: Okra (Abelmoschus esculentus) as a 

potential dietary medicine with nutraceutical importance 

for sustainable health applications. Molecules 2021; 26(3): 

696-742. 

 

 

 

 

 

 

All © 2021 are reserved by the International Journal of Pharmaceutical Sciences and Research. This Journal licensed under a Creative Commons Attribution-NonCommercial-ShareAlike 3.0 Unported License. 

This article can be downloaded to Android OS based mobile. Scan QR Code using Code/Bar Scanner from your mobile. (Scanners are available on Google 

Playstore) 

How to cite this article: 

Prom-in S, Wongwitwichot P, Wangpradit N, Chua KH, Kamisah Y, Kumar J and Kaewsrichan J: Abelmoschus esculentus l. mitigates 

nafld pathologic phenotypes in C57BL/6J mouse model. Int J Pharm Sci & Res 2021; 12(11): 5715-22. doi: 10.13040/IJPSR.0975-8232. 

12(11).5715-22. 

https://www.who.int/
http://www.liverfoundation.org/abouttheliver/info/

