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ABSTRACT 
 

Non-alcoholic fatty liver disease (NAFLD) ranks as one of the most important chronic liver 
conditions globally, characterized by excessive fat deposition in the liver, central obesity, insulin 
resistance and in general with characteristics of the metabolic syndrome. Thus, it is vital to treat 
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NAFLD as well as its accompanying metabolic disorders. The present study is to evaluate 
Kaempferol glycosides activity from Glycine.max leaves extract in experimentally induced NAFLD in 
rats. The study evaluated the KG activity of G.max extract from leaves on a the HFD and Fructose 
induced rat model, utilizing Albino Wistar rats with daily doses of 200-250g. Parameters included 
body weight, liver weight, fasting blood glucose, fasting insulin, insulin resistance, lipid profiles, and 
histopathological investigations. The doses for KGE were 300mg/kg as medium and 400mg/kg as 
high. From the research results it was determined that medium dose (300mg/kg) and high dose 
(400mg/kg) demonstrated a substantial effect when compared to HFD and fructose induced positive 
control. The study demonstrated that Kaempferol glycosides from Glycine.max leaves extract can 
prevent and cure HFD and fructose-induced non-alcoholic fatty liver in Albino Wistar rats. The 
extract's action was substantial at medium and high doses, compared to HFD and fructose-induced 
positive controls. This shows that Kaempferol glycosides could be a promising natural therapeutic 
agent against NAFLD, hyperlipidaemic diseases, and metabolic syndromes with less adverse 
effects compared to conventional medications.  
 

 
Keywords: Kaempferol glycosides; high fat diet; fructose; non-alcoholic fatty liver disease; 

hyperlipidaemic and insulin resistance. 
 

1. INTRODUCTION 
 
Non-alcoholic fatty liver disease (NAFLD) is 
caused by excessive adipose tissue in 
hepatocytes (>5% of liver weight or volume) [1]. 
The medical condition known as non-alcoholic 
steatohepatitis is incredibly benign in terms of 
liver function [2]. That being said, oxidative 
processes accelerated by slowly oxidizing fat 
droplets in the liver can lead to inflammation and 
non-alcoholic steatohepatitis (NASH) [3]. The 
final stages of NASH that can occur in the 
absence of treatment include cirrhosis, fibrosis, 
and hepatocellular cancer. As far as NAFLD and 
NASH treatment goes, we still lack a gold 
standard [4]. In order to treat metabolic 
abnormalities such hyperglycemia, insulin 
resistance, and hyperlipidemia, patients with 
non-alcoholic fatty liver disease (NAFLD) 
currently undergo dietary, lifestyle, and physical 
activity modifications [5]. Natural substances 
found in fruits and vegetables have been 
demonstrated to reduce the symptoms of non-
alcoholic fatty liver disease (NAFLD) and the 
problems that go along with it [6,7]. Flavonoids 
have attracted increasing attention recently as a 
possible nutraceutical for treating or preventing 
NAFLD [8,9,10]. 
 
A more comprehensive term, non-alcoholic fatty 
liver disease (NAFLD), includes a range of liver-
related disorders, such as cirrhosis, 
hepatocellular carcinoma, steatohepatitis, and 
simple steatosis [1,2]. When obese, diabetic 
women denied consuming alcohol, Ludwig et al. 
(1980) identified a particular form of liver 
damage in these women and coined the name 
NASH. Alcoholic hepatitis and this injury's 

histopathology were comparable. In the general 
population, the estimated prevalence of NAFLD 
and NASH are 10%–24% and 1%–5%, 
respectively. Body mass index (BMI) and the 
frequency and severity of non-alcoholic fatty liver 
disease (NAFLD) are directly correlated. When 
an adult is fat, the prevalence of NAFLD rises to 
57.5% to 74% and 90% when the individual is 
very obese [5,4,6]. The general population in 
India has a prevalence of NAFLD ranging from 
9% to 32% [7,11]. There has been a notable 
surge in research articles on non-alcoholic fatty 
liver disease (NAFLD) in recent years. More than 
two thirds of the papers with over 16,000 
PubMed citations for the term "NAFLD" in March 
2019 are from the previous five years [11]. 
NAFLD encompasses the full spectrum of 
diseases [12]. Simple steatosis without 
inflammation, hepatocyte destruction, or fibrosis 
is the definition of non-alcoholic fatty liver 
(NAFL). With or without fibrosis, NASH is 
characterized by inflammation and signs of 
hepatic destruction with ballooning. The 
development of fibrosis in cases with current or 
past steatosis is referred to as NAFLD-
associated fibrosis and cirrhosis. Obesity and 
type 2 diabetes are unquestionably linked to 
cryptogenic cirrhosis, or cirrhosis without a 
known cause despite extensive research. As a 
result, in most cases, NAFLD is thought to be 
the underlying cause of cryptogenic cirrhosis 
[13]. The glycoside derivatives of almost all 
dietary flavonoids are found in nature. One type 
of flavonoid commonly found in many fruits, 
vegetables, and traditional medicine is 
kaempferol. Glycosides are primarily formed by 
the combination of glucose, rhamnose, 
galactose, and rutinose with kaempferol. Only a 
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few plant species possess the genetic material 
and enzymes required to produce glycosides 
[12,14]. Globally, soybeans, or Glycine max (L.) 
Merrill, are an essential source of protein and a 
staple of many diets [13,15]. There has been 
research on the physiological activities of 
soybeans, but minimal attention has been paid 
to the ingestion of soybean leaves, particularly 
those of unripe soybeans (Edamame, Glycine 
max (L.) Merrill). "Jindai" [16,17]. Glycine max 
(L.) leaves contain lots of kaempferol glycosides. 
Previous studies identified kaempferol 
glycosides in soybean leaves, showing 
antidiabetic and antiobesity effects in mice and 
also possesses hepatoprotective [18] and 
hypoglycemic activity [19]. Dietary kaempferol 
glycosides improve obesity, reduce adipose 
tissue and lipid levels, improve insulin resistance 
and leptin resistance [20,21]. In the current 
investigation, we looked at how soybean leaf-
isolated kampeferol glycosides could protect rats 
with HFD-caused NAFLD. 
 

2. MATERIALS AND METHODS 
 
Collection and authentication: The fresh 
leaves of Glycine max (L.) were obtained in area 
without any pesticides and other contaminants 
from the region of Bangalore, Karnataka, India. 
The plant specimen was recognized and 
authenticated by Prof. Dr. Kuntal Das, 
Department of Pharmacognosy from KCP with 
the herbarium reference number-CP-07/KCP 
/2019-21. 
 
Extraction: The present invention specifics a 
technique for extracting G. max leaves utilizing 
water, an organic solvent, or a combination of 
solvent. The extract is then condensed under 
decreased pressure to obtain dried out powder. 
The leaves can be cultured or purchased. The 
organic solvent may include alcohol, ethyl 
acetate, or acetonitrile, with C-C lower alcohol 
usually preferable. The solvent is added to the 
leaves 5-15 times their volume, with more 
preferably 10 times.  Extraction is performed at 
room temperature and repeated 1-5 times. The 
concentration under lower pressure is performed 
using the traditional approach. The invention 
focuses on preparing fractions from G. max leaf 
extracts through a technique that comprises 
focusing the ethanol extracts under reduced 
pressure to obtain an aqueous solution. The 
fractions are then obtained by partitioning the 
concentrated suspension with an organic 
solvent, and the dry powder is formed by 
concentrating the fraction under reduced 

pressure. Dose selections were done based to 
the toxicity studies of OECD 425 test [22]. 
 
Experimental animals: Female Wistar rats 
weighing 150-200g [23] were procured from 
Krupanidhi College of Pharmacy, Bangalore, 
India. Animal housing with good ventilation was 
utilized to house and acclimate them. In 
accordance with the guidelines of the Committee 
for the Purpose of Control and Supervision on 
Experiments on Animals (CPCSEA),                 
laboratory conditions were maintained for ten 
days prior to the experiment [24]. These   
included a controlled temperature of                    
25+40C and a relative humidity of 50-60%.                 
The animals were also provided with food and 
water. 
 
Acute oral toxicity studies: A stepwise 
technique using a minimum number of animals 
per stage was used to conduct acute oral toxicity 
experiments in accordance with OCED 425 
standards. Each phase of the experiment 
involves three animals of the same sex, and the 
drug is given orally to the animals at prescribed 
doses. Three more animals are needed to be 
treated with the same dose or at different dose 
levels if there are no compound-related deaths 
[25]. 
 
Experimental design: The experimental 
animals were divided into following groups with 
six animals in each for high fat diet induced 
model Group 1 was administered with saline and 
was served as negative control whereas Group 2 
was administered with high fat diet which acted 
as positive control [26]. Group 3 served as 
reference control received Metformin [27] 
(70mg/kg) + High fat diet. Group 4 and 5 
received median dose and high dose of 
Kaempferol glycoside(300mg/kg) + High fat diet 
and Kaempferol glycoside(400mg/kg) + High fat 
diet respectively. For high fat diet + fructose 
induced model Group 1 was administered with 
saline. Group 2 was administered with high fat 
diet + fructose acted as positive control [26]. 
Group 3 served as reference control received 
Metformin (70mg/kg) + High fat diet+fructose. 
Group 4 received high dose of Kaempferol 
glycoside(400mg/kg) + High fat diet+ fructose. 
The rats were given with a high-fat diet every 
day for 8 to 16 weeks in place of their regular 
diet in order to induce non-alcoholic fatty liver 
disease (NAFLD). For high fat diet and               
fructose induced Rats to fed with High                        
fat diet and fructose instead of normal                         
diet every day for 8 to 16weeks to induce 
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NAFLD. 30% fructose water along with high fat 
diet. Drug treatment was followed for 90 days 
[28,27]. 
 

Evaluation parameters: Physical parameters 
like body weight, liver weight, liver index was 
evaluated after 90 days of the drug treatment 
[28,27]. 
 

Biochemical parameters like estimation of blood 
glucose level by colorimetric method [29]. 
Estimation of cholesterol, HDL, LDL by CHOD 
method. estimation of triglycerides [30]. 
estimation of ALT, AST by mod. IFCC                
method. estimation of ALP by pNPP kinetic 
method [29]. 
 

Estimation of superoxide dismutase: The 
measurement of nitrite, which was obtained by 
oxidizing hydroxylamine hydrochloride and 
measuring it calorimetrically at 560 nm, served 
as the basis for the calculation of SOD. At pH 
10.2, it can also be produced when 
hydroxylamine auto-oxidizes. Measured is the 
reduction of Nitro Blue Tetrazolium (NBT) in a 
solution containing hydroxylamine hydrochloride, 
EDTA, and sodium carbonate. Nitro blue 
tetrazolium (NBT), sodium carbonate, phosphate 
buffer (0.25 M pH 7.4), 0.2 M sucrose, 5% tissue 
homogenate, and EDTA were all added to a test 
tube. A volume of 0.4 ml of hydroxylamine 
hydrochloride was used to start the reaction. 
After five minutes of incubation at 25°C, the 
reaction's NBT decrease was assessed. A 
parallel control received the same treatment. 
One SOD enzymatic unit is the amount of 
proteins in 100 µl of 5% tissue homogenate 
needed to prevent the 50% reduction of 24 mM 
NBT [30]. 
 

Estimation of Catalase activity: To measure 
the breakdown of 10 at 240 nm, an assay 
combination comprising 0.25 M of phosphate 
buffer having a pH of 7 was used. 100 µl of 5% 
tissue homogenate in 0.15 M KCl buffer was 
mixed with 1.9 ml of phosphate buffer (0.25 M, 
pH 7) and the absorbance at 240 nm was 
measured. After adding one milliliter of hydrogen 
peroxide solution to the reaction mixture 
mentioned above and letting it stand for a inute 
at 240 nm, the absorbance was measured using 

phosphate buffer as a blank solution. An 
international unit of catalase that is used is the 
quantity that, when expressed in units/mg of 
protein, catalyzes the breakdown of 1 mM 
hydrogen peroxide per minute at 37° C [30]. 
 
Histopathology: The liver of the animals were 
removed after they were subjected to sacrifice. 
Next, the liver was divided into 5 mm pieces and 
left to cure for at least three days in neutral 
formalin. 

 
After 12-hour soak in running water, the liver 
parts were dehydrated with progressively 
stronger alcohol and then cleaned with xylene. 
The organ pieces were cleaned and then placed 
in an automated tissue processing device for 
paraffin infiltration. The liver chunks were placed 
into liquid paraffin and allowed to cool after the 
hard paraffin was melted and heated paraffin 
was poured into L-shaped blocks. Using 
microtomes, sections with a 5 mm thickness 
were cut and placed on micro slides. The 
sections are stained with eosin and hematoxylin; 
eosin is used to stain basic cell components and 
hematoxylin is used to stain acidic cell 
components. The sections undergo a series of 
procedures including deparaffinization, 
dehydration, water washing, hematoxylin 
staining, and rehydration in both absolute and 
95% alcohol. After mounting the                        
sections in DPX mountant, staining indicated 
that the cytoplasm and nucleus were blue in 
color, with variations in pink corresponding to 
alterations in distinct tissue components 
[31,32,33]. 

 
3. RESULTS 
 
Effect of K.G extract, on body weight, Liver 
weight and liver index: The body weight, liver 
weight and liver index at different periods of 
various groups of animals during the study 
period are given in the below (Table 1), which 
shows the mean values of the study. HFD and 
fructose induced NAFLD increased the liver 
weight significantly in comparison with control 
whereas, K.G extract significantly prevented the 
increase in liver weight when compared to 
control and standard (Figs. 1 and 2). 

 
Table 1. Acute oral toxicity study 

 

Sl.No. Treatment Dose mg/kg body weight Inference 

500 1000 2000 2500  

1. Kaempferol glycosides extract 0 0 0 X Stop Dosing 
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Table 2. Effect of KG extract on body weight 
 

Groups Body Weight Liver Weight Liver 
Index (%) Initial Final 

Negative Control (Saline) 205±2.141 226±2.41 6.51±0.10 2.82 
Positive Control 210±2.472 245±1.81 10.50±0.177 4.29 
HFD+KGMDE(300mg/kg) 208±3.270 228±2.01** 8.02±0.241** 3.50 
HFD+KGHDE(400mg/kg) 211±4.011 232±0.75*** 7.22±0.118*** 3.11 
HFD + Fructose 
KGHDE(400mg/kg) 

214±3.410 235±2.07** 7.77±0.094** 3.30 

STD(Metformin)70mg/kg 
+ HFD 

209±2.141 228±1.91 7.51±0.110 3.29 

STD(Metformin)70mg/kg 
+ HFD + fructose 

210±2.314 231±1.75 7.89±0.317 3.41 

The notation for P-Values is (Mean ± SEM). n = 6. statistically examined using Dunnett's test after a one-way 
analysis of variance. A Positive Control Group was used to compare each group. non-significant, or ns-. 

**significant when compared to the Positive Control Group at P<0.05. NC stands for Normal Control. Positive 
Control (PC) and High Fat Diet (HFD) STD: Standard, KGHDE: Kaempferol Glycosides High Dose Extract, and 

KGMDE: Medium Dose Extract 

 

 
 

Fig. 1. Effect of KG extract on body weight 
 

 
 

Fig. 2. Effect of KG extract on body weight 
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Table 3. Effect of KG extract on FBG in NAFLD rats 
 

Groups Day 1 Day 30 Day 60 Day 90 

Negative Control (Saline) 5.452±0.171 5.497±0.131 5.678±0.091 5.812 ± 0.161 
Positive Control 5.312±0.122 6.219±0.102 6.961±0.152 7.521 ± 0.130 
HFD+KGMDE(300mg/kg) 5.451±0.183 6.031±0.130 6.574±0.110 6.930 ± 

0.101** 
HFD+KGHDE(400mg/kg) 5.371±0.190 5.973±0.178 6.209±0.131 6.514 ± 

0.091** 
HFD + Fructose 
KGHDE(400mg/kg) 

5.410±0.102 6.129±0.143 6.391±0.174** 6.811 ± 
0.178** 

STD (Metformin)70mg/kg 
+ HFD 

5.421±0.171 5.827±0.121 6.107±0.120 6.405±0.143** 

STD (Metformin)70mg/kg 
+ HFD + fructose 

5.384±0.421 5.913±0.134 6.189±0.115 6.529±0.121** 

The notation for P-Values is (Mean ± SEM). n = 6. statistically examined using Dunnett's test after a one-way 
analysis of variance. A Positive Control Group was used to compare each group. non-significant, or ns-. 

**significant when compared to the Positive Control Group at P<0.05. NC stands for Normal Control. Positive 
Control (PC) and High Fat Diet (HFD) STD: Standard, KGHDE: Kaempferol Glycosides High Dose Extract, and 

KGMDE: Medium Dose Extract 

 

 
 

Fig. 3. Effect of KG extract on FBG in NAFLD rats 
 

Table 4. Effect of KG extract on FINS in NAFLD rats 
 

Groups Day 1 Day 30 Day 60 Day 90 

Negative Control (Saline) 32.21±0.79 33.39±0.84 35.01±0.18 36.10±0.13 
Positive Control 33.01±0.91 48.97±1.38 68.17±1.94 75.24±2.83 
HFD+KGMDE(300mg/kg) 32.49±0.59 43.78±1.21 62.43±1.36 65.66±2.11** 
HFD+KGHDE(400mg/kg) 33.08±0.67 40.38±1.40 59.89±1.29** 56.10±2.81*** 
HFD + Fructose 
KGHDE(400mg/kg) 

32.71±0.84 41.56±1.12 61.01±1.31 61.29±1.48** 

STD (Metformin)70mg/kg 
+ HFD 

32.46±0.69 38.96±1.47 57.34±1.52 52.27±1.54** 

STD (Metformin)70mg/kg 
+ HFD + fructose 

32.51±0.75 39.57±1.83 58.98±1.01 57.32±1.27** 

The notation for P-Values is (Mean ± SEM). n = 6. statistically examined using Dunnett's test after a one-way 
analysis of variance. A Positive Control Group was used to compare each group. non-significant, or ns-. 

**significant when compared to the Positive Control Group at P<0.05. NC stands for Normal Control. Positive 
Control (PC) and High Fat Diet (HFD) STD: Standard, KGHDE: Kaempferol Glycosides High Dose Extract, and 

KGMDE: Medium Dose Extract. 
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Fig. 4. Effect of KG extract on FINS in NAFLD rats 
 

Table 5. Effect of KG extract on HOMA-IR in NAFLD rats 
 

Groups Day 1 Day 30 Day 60 Day 90 

Negative Control (Saline) 8.17±0.14 8.42±0.12 8.97±0.15 9.20±0.12 
Positive Control 8.04±0.09ns 12.69±0.18 18.89±0.17 24.68±0.81 
HFD+KGMDE(300mg/kg) 8.16±0.13 11.38±0.15 15.93±0.11 19.76±0.46** 
HFD+KGHDE(400mg/kg) 8.23±0.12 10.25±0.19 14.27±0.24** 16.49±0.25*** 
HFD + Fructose 
KGHDE(400mg/kg) 

8.11±0.11 10.97±0.24 15.14±0.18* 18.07±0.31** 

STD (Metformin)70mg/kg 
+ HFD 

8.24±0.13 9.92±0.18* 13.87±0.27 15.26±0.84*** 

STD (Metformin)70mg/kg 
+ HFD + fructose 

8.15±0.12 10.19±0.15 14.03±0.26 17.21±0.57** 

The notation for P-Values is (Mean ± SEM). n = 6. statistically examined using Dunnett's test after a one-way 
analysis of variance. A Positive Control Group was used to compare each group. non-significant, or ns-. 

**significant when compared to the Positive Control Group at P<0.05. NC stands for Normal Control. Positive 
Control (PC) and High Fat Diet (HFD) STD: Standard, KGHDE: Kaempferol Glycosides High Dose Extract, and 

KGMDE: Medium Dose Extract. 

 

 
 

Fig. 5. Effect of KG extract on HOMA-IR in NAFLD rats 
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Table 6. Effect of KG extract on SOD in NAFLD rats 
 

Groups Day 1 Day 30 Day 60 Day 90 

Negative Control (Saline) 3.45±0.15 3.42±0.31 3.39±0.24 3.38±0.16 
Positive Control 3.47±0.17 3.17±0.24 2.89±0.31 1.72±0.12 
HFD+KGMDE(300mg/kg) 3.49±0.11 3.31±0.19 3.08±0.23* 2.47±0.20** 
HFD+KGHDE(400mg/kg) 3.43±0.09ns 3.28±0.21 3.17±0.32 2.97±0.43*** 
HFD + Fructose 
KGHDE(400mg/kg) 

3.42±0.12 3.30±0.14 3.11±0.18* 2.72±0.18 

STD (Metformin)70mg/kg 
+ HFD 

3.44±0.17 3.29±0.21 3.14±0.21 2.85±0.33* 

STD (Metformin)70mg/kg 
+ HFD + fructose 

3.41±0.15 3.31±0.17 3.12±0.25 2.61±0.46* 

The notation for P-Values is (Mean ± SEM). n = 6. statistically examined using Dunnett's test after a one-way 
analysis of variance. A Positive Control Group was used to compare each group. non-significant, or ns-. 

**significant when compared to the Positive Control Group at P<0.05. NC stands for Normal Control. Positive 
Control (PC) and High Fat Diet (HFD) STD: Standard, KGHDE: Kaempferol Glycosides High Dose Extract, and 

KGMDE: Medium Dose Extract 

 

 
 

Fig. 6. Effect of KG extract on SOD in NAFLD rats 
 

Table 7. Effect of KG extract on Catalase in NAFLD rats 
 

Groups Day 1 Day 30 Day 60 Day 90 

Negative Control (Saline) 20.86±0.82 20.37±0.9 19.84±1.10 19.20±0.90 
Positive Control 21.06±0.91 17.04±1.10 13.17±0.92 8.92±0.93 
HFD+KGMDE(300mg/kg) 19873±1.10 18.86±1.12 15.23±1.23 14.25±1.70** 
HFD+KGHDE(400mg/kg) 20.82±1.13 19.47±0.98 16.79±1.15** 17.48±1.17*** 
HFD + Fructose 
KGHDE(400mg/kg) 

21.91±1.24 17.31±1.14 14.81±1.06 15.17±1.04** 

STD (Metformin)70mg/kg 
+ HFD 

20.65±1.08 18.92±0.98 16.33±118 16.91±1.18** 

STD (Metformin)70mg/kg 
+ HFD + fructose 

21.02±1.02 18.37±1.05 15.41±115 14.69±0.97* 

The notation for P-Values is (Mean ± SEM). n = 6. statistically examined using Dunnett's test after a one-way 
analysis of variance. A Positive Control Group was used to compare each group. non-significant, or ns-. 

**significant when compared to the Positive Control Group at P<0.05. NC stands for Normal Control. Positive 
Control (PC) and High Fat Diet (HFD) STD: Standard, KGHDE: Kaempferol Glycosides High Dose Extract, and 

KGMDE: Medium Dose Extract 
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Fig. 7. Effect of KG extract on Catalase in NAFLD rats 
 

Table 8. Effect of KG extract on TC in NAFLD rats 
 

Groups Day 1 Day 30 Day 60 Day 90 

Negative Control (Saline) 68.71±2.64 69.34±1.89 71.12±2.85 72.90±1.953 
Positive Control 68.40±3.02 83.42±2.95 114.59±2.78 158.5 1± 1.65 
HFD+KGMDE(300mg/kg) 69.13±2.45 75.78±2.35 96.37±1.87* 110.6 0± 

2.41** 
HFD+KGHDE(400mg/kg) 68.64±1.95 73.27±2.14 89.52±3.21** 102.60 ± 

2.61*** 
HFD + Fructose 
KGHDE(400mg/kg) 

67.82±3.34 74.98±2.31 93.63±2.81 112.41 ± 
3.47** 

STD (Metformin)70mg/kg 
+ HFD 

69.08±2.96 74.53±1.91* 91.42±2.01 101.52±2.19** 

STD (Metformin)70mg/kg 
+ HFD + fructose 

68.52±2.56 75.24±2.21 92.72±2.35 110.53±2.87** 

The notation for P-Values is (Mean ± SEM). n = 6. statistically examined using Dunnett's test after a one-way 
analysis of variance. A Positive Control Group was used to compare each group. non-significant, or ns-. 

**significant when compared to the Positive Control Group at P<0.05. NC stands for Normal Control. Positive 
Control (PC) and High Fat Diet (HFD) STD: Standard, KGHDE: Kaempferol Glycosides High Dose Extract, and 

KGMDE: Medium Dose Extract 
 

 
 

Fig. 8. Effect of KG extract on TC in NAFLD rats 
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Table 9. Effect of KG extract on TG in NAFLD rats 
 

Groups Day 1 Day 30 Day 60 Day 90 

Negative Control (Saline) 71.15±0.13 73.45±1.12 78.74±1.56 81.14±2.85 
Positive Control 70.89±0.89 91.32±1.67 122.51±2.41 198.6± 3.92 
HFD+KGMDE(300mg/kg) 71.24±0.98 84.58±2.12 98.31±1.87** 123.6 

±4.81*** 
HFD+KGHDE(400mg/kg) 70.27±0.67 81.82±2.35 92.57±2.31** 114.3 

±3.46*** 
HFD + Fructose 
KGHDE(400mg/kg) 

71.31±0.74 83.45±1.75 94.23±2.28 118.1 
±4.35** 

STD (Metformin)70mg/kg 
+ HFD 

69.97±0.85 88.32±2.14 99.52±2.19 113.1±3.85** 

STD (Metformin)70mg/kg 
+ HFD + fructose 

70.17±0.82 89.49±2.29 101.73±2.25 116.2±3.96* 

The notation for P-Values is (Mean ± SEM). n = 6. statistically examined using Dunnett's test after a one-way 
analysis of variance. A Positive Control Group was used to compare each group. non-significant, or ns-. 

**significant when compared to the Positive Control Group at P<0.05. NC stands for Normal Control. Positive 
Control (PC) and High Fat Diet (HFD) STD: Standard, KGHDE: Kaempferol Glycosides High Dose Extract, and 

KGMDE: Medium Dose Extract 

 

 
 

Fig. 9. Effect of KG extract on TG in NAFLD rats 
 

Table 10. Effect of KG extract on HDL-C in NAFLD rats 
 

Groups Day 1 Day 30 Day 60 Day 90 

Negative Control (Saline) 36.21±0.12 36.88±1.86 37.56±1.76 38.8±1.182 
Positive Control 35.89±0.52 29.15±1.54 22.74±2.12 18.23±0.64 
HFD+KGMDE(300mg/kg) 35.92±0.97 27.24±1.94 24.14±2.16** 27.09±1.45** 
HFD+KGHDE(400mg/kg) 36.13±0.71 29.38±2.17 26.35±1.94** 30.34±1.37*** 
HFD + Fructose 
KGHDE(400mg/kg) 

36.18±0.84 28.85±2.27 24.82±2.21 28.96±1.17** 

STD (Metformin)70mg/kg 
+ HFD 

35.97±0.95 28.32±2.10ns 24.34±2.29 31.34±1.25** 

STD (Metformin)70mg/kg 
+ HFD + fructose 

35.49±0.93 28.49±2.15 23.57±2.41 29.41±1.80** 

The notation for P-Values is (Mean ± SEM). n = 6. statistically examined using Dunnett's test after a one-way 
analysis of variance. A Positive Control Group was used to compare each group. non-significant, or ns-. 

**significant when compared to the Positive Control Group at P<0.05. NC stands for Normal Control. Positive 
Control (PC) and High Fat Diet (HFD) STD: Standard, KGHDE: Kaempferol Glycosides High Dose Extract, and 

KGMDE: Medium Dose Extract 
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Fig. 10. Effect of KG extract on HDL-C in NAFLD rats 
 

Table 11. Effect of KG extract on LDL-C in NAFLD rats 
 

Groups Day 1 Day 30 Day 60 Day 90 

Negative Control (Saline) 18.01±0.61 18.37±0.71 19.98±1.21 21.02±0.701 
Positive Control 18.12±0.85 65.23±0.69 79.12±1.72 95.57 ± 2.23 
HFD+KGMDE(300mg/kg) 17.96±0.93 29.43±1.02 35.88±0.94 42.78 ± 

1.35** 
HFD+KGHDE(400mg/kg) 18.13±0.79 26.17±1.13* 31.21±1.57** 35.79 ± 

1.87*** 
HFD + Fructose 
KGHDE(400mg/kg) 

18.08±1.07 27.72±1.27 33.23±1.61* 39.85 ± 
1.08** 

STD (Metformin)70mg/kg 
+ HFD 

17.78±1.39 31.23±1.54 37.42±2.06* 43.18±1.68** 

STD (Metformin)70mg/kg 
+ HFD + fructose 

17.82±0.91 32.01±1.83 38.13±1.86 44.01±1.86* 

The notation for P-Values is (Mean ± SEM). n = 6. statistically examined using Dunnett's test after a one-way 
analysis of variance. A Positive Control Group was used to compare each group. non-significant, or ns-. 

**significant when compared to the Positive Control Group at P<0.05. NC stands for Normal Control. Positive 
Control (PC) and High Fat Diet (HFD) STD: Standard, KGHDE: Kaempferol Glycosides High Dose Extract, and 

KGMDE: Medium Dose Extract 

 

 
 

Fig. 11. Effect of KG extract on LDL-C in NAFLD rats 
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Table 12. Effect of KG extract on ALT in NAFLD rats 
 

Groups Day 1 Day 30 Day 60 Day 90 

Negative Control (Saline) 20.98±0.91 21.35±1.21 22.72±1.57 24.19±1.27 
Positive Control 20.15±1.05 29.81±2.10 53.72±2.21 68.39±2.89 
HFD+KGMDE(300mg/kg) 20.53±0.95 27.63±1.85 44.37±2.32* 51.15±2.25** 
HFD+KGHDE(400mg/kg) 19.89±1.26 25.42±1.49 36.73±1.76 45.97±1.96*** 
HFD + Fructose 
KGHDE(400mg/kg)) 

21.12±0.87 26.79±1.37 38.29±2.34* 48.16±1.45** 

STD (Metformin)70mg/kg 
+ HFD 

20.63±1.14 27.24±2.40 36.69±1.53* 47.23±1.87 

STD (Metformin)70mg/kg 
+ HFD + fructose 

21.21±1.38 28.79±2.64 37.73±2.87 45.25±2.92* 

The notation for P-Values is (Mean ± SEM). n = 6. statistically examined using Dunnett's test after a one-way 
analysis of variance. A Positive Control Group was used to compare each group. non-significant, or ns-. 

**significant when compared to the Positive Control Group at P<0.05. NC stands for Normal Control. Positive 
Control (PC) and High Fat Diet (HFD) STD: Standard, KGHDE: Kaempferol Glycosides High Dose Extract, and 

KGMDE: Medium Dose Extract 

 

 
 

Fig. 12. Effect of KG extract on ALT in NAFLD rats 
 

Table 13. Effect of KG extract on AST in NAFLD rats 
 

Groups Day 1 Day 30 Day 60 Day 90 

Negative Control (Saline) 40.78±1.26 41.56±1.54 43.31±1.87 45.73±2.64 
Positive Control 39.24±1.54 55.63±1.66 63.33±2.24 93.68± 3.21 
HFD+KGMDE(300mg/kg) 41.12±1.37 51.21±1.68 56.35±1.89* 65.51± 2.27** 
HFD+KGHDE(400mg/kg) 40.31±0.95 49.35±1.37 52.16±1.63** 59.79±2.12*** 
HFD + Fructose 
KGHDE(400mg/kg) 

40.58±1.28 50.18±1.35 54.93±1.84* 62.06±2.17** 

STD (Metformin)70mg/kg 
+ HFD 

39.73±1.11 52.37±1.69 59.31±2.24 58.95±2.65* 

STD (Metformin)70mg/kg 
+ HFD + fructose 

41.20±0.93 53.12±1.47 59.58±1.76* 60.16±2.23* 

The notation for P-Values is (Mean ± SEM). n = 6. statistically examined using Dunnett's test after a one-way 
analysis of variance. A Positive Control Group was used to compare each group. non-significant, or ns-. 

**significant when compared to the Positive Control Group at P<0.05. NC stands for Normal Control. Positive 
Control (PC) and High Fat Diet (HFD) STD: Standard, KGHDE: Kaempferol Glycosides High Dose Extract, and 

KGMDE: Medium Dose Extract 
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Fig. 13. Effect of KG extract on AST in NAFLD rats 
 

Table 14. Effect of KG extract on ALP in NAFLD rats 
 

Groups Day 1 Day 30 Day 60 Day 90 

Negative Control (Saline) 74.52±0.86 75.97±0.94 77.31±1.06 78.75±1.21 
Positive Control 74.81±1.16 87.83±1.31 94.45±1.87 124.21±2.46 
HFD+KGMDE(300mg/kg) 73.98±0.95 82.94±1.15 86.73±1.59* 95.24±1.85** 
HFD+KGHDE(400mg/kg) 74.53±1.26 79.25±0.98 82.14±1.67** 88.01±2.51*** 
HFD + Fructose 
KGHDE(400mg/kg) 

75.11±0.87 81.23±1.21 84.35±1.49 93.51±1.57** 

STD (Metformin)70mg/kg 
+ HFD 

74.63±0.67 82.45±1.68 87.59±1.98* 86.23±2.14** 

STD (Metformin)70mg/kg 
+ HFD + fructose 

74.39±1.18 82.98±0.76ns 88.34±1.37 90.12±1.65* 

The notation for P-Values is (Mean ± SEM). n = 6. statistically examined using Dunnett's test after a one-way 
analysis of variance. A Positive Control Group was used to compare each group. non-significant, or ns-. 

**significant when compared to the Positive Control Group at P<0.05. NC stands for Normal Control. Positive 
Control (PC) and High Fat Diet (HFD) STD: Standard, KGHDE: Kaempferol Glycosides High Dose Extract, and 

KGMDE: Medium Dose Extract 

 

 
 

Fig. 14. Effect of KG extract on ALP in NAFLD rats 
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Table 15. Effect of KG extract on MDA in NAFLD rats 
 

Groups Day 1 Day 30 Day 60 Day 90 

Negative Control (Saline) 3.11±0.14 3.10±0.09 3.22±0.27 3.417±0.36 
Positive Control 3.13±0.51 5.64±0.89 6.43±0.64 9.529±0.91 
HFD+KGMDE(300mg/kg) 3.09±0.67 4.92±0.77 5.21±0.094 5.91±1.01** 
HFD+KGHDE(400mg/kg) 2.97±0.08ns 3.89±0.24 4.53±0.75** 4.91±0.813*** 
HFD + Fructose 
KGHDE(400mg/kg) 

3.06±0.15 4.43±0.26 5.10±0.51* 5.45±0.69** 

STD(Metformin)70mg/kg 
+ HFD 

2.98±0.29 4.81±0.16 5.41±0.26* 6.01±0.44 

STD(Metformin)70mg/kg 
+ HFD + fructose 

3.19±0.19 4.97±0.26 5.58±0.36. 5.89±0.53* 

The notation for P-Values is (Mean ± SEM). n = 6. statistically examined using Dunnett's test after a one-way 
analysis of variance. A Positive Control Group was used to compare each group. non-significant, or ns-. 

**significant when compared to the Positive Control Group at P<0.05. NC stands for Normal Control. Positive 
Control (PC) and High Fat Diet (HFD) STD: Standard, KGHDE: Kaempferol Glycosides High Dose Extract, and 

KGMDE: Medium Dose Extract 
 

 
 

Fig. 15. Effect of KG extract on MDA in NAFLD rats 
 

 

 
 
Liver cells arranged regularly 
Liver lobules distinct 

 
Fig. 16. Normal Control 
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Moderate Lobular inflammation 
Macrovesicular steatosis 
Ballooning and cloudy swelling of 
hepatocytes 

 
Fig. 17. Positive Control 

 

 

 

 
 
Mild lobular inflammation 
No macrovesicular steatosis 

 
Fig. 18. KGMDE 

 

 

 

 
 
No lobular inflammation 
No macrovesicular steatosis 
No hepatocyte ballooning or swelling 

 
Fig. 19. KGHDE 

 

 

 

 
Sign of mild lobular inflammation 
No hepatocyte ballooning or swelling 

 
Fig. 20. STD+KGHDE 

 

 
Figs. 16-20. Histopathological changes of liver tissue stained with H&E and oil red O staining 
(16-19) Representative image of liver tissue of normal control animal (ND) stained with Oil red 
O. Representative images of the liver tissues of animals treated with (16) Normal Control (17) 

Positive Control,(18) KGMDE,(19)KGHDE,(20) STD+KGHDE.Pathophysiological examination of 
the tissue sections was performed under a light microscopy at 200X (H&E) magnification 
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4. DISCUSSION 
 
Non-alcoholic fatty liver disease (NAFLD) is a 
common liver condition that has been linked with 
insulin resistance and type 2 diabetes [34,35]. It 
is rising as the number of overweight and obese 
people increases. Insulin resistance-related 
increases in free fatty acids and decreased lipid 
oxidation in the liver are probably linked to the 
development of NAFLD [36,37]. The 
development of non-alcoholic fatty liver disease 
(NAFLD) can be significantly influenced by 
dietary fat, as excess dietary fat can cause 
hepatic steatosis, which in turn can lead to 
insulin resistance [38]. Rat models for NAFLD 
research that are well-established include the 
High Fat Diet (HFD) model. Overconsumption of 
fructose, a monosaccharide that is mostly 
metabolized by the liver, has been linked to the 
onset and aggravation of non-alcoholic fatty liver 
disease (NAFLD) by elevating oxidative stress, 
fat deposition, insulin resistance, inflammation, 
and maybe fibrosis [39,40,41]. The potential of a 
kaempferol glycoside derived from soybean 
leaves to avert fructose-induced NAFLD in rats 
was investigated and the markers for fatty liver, 
serum and lipid levels, insulin resistance were 
determined. The study investigated the impact of 
kaempferol glycosides extract on the body 
weight, liver weight, and liver index of rats over a 
period of ninety days (Table 2). Comparing the 
KG extract-treated group to the normal and 
positive control group, (Fig. 2) the results 
demonstrated that the extract significantly 
reduced liver weight and liver index of KG 
extract-treated group over positive control group. 
Additionally, the extract lowered the levels of 
HOMA-IR, FINS, and FBG in the treatment 
group of NAFLD rats as compared to positive 
control group (Figs. 3,4,5). Due to insulin's 
inability to inhibit hepatic gluconeogenesis and 
glycogenolysis, which cause fasting 
hyperglycemia and persistent stimulation of 
pancreatic B-cells' production of insulin, the 
glucose and insulin levels in the NAFLD rat 
group may have increased. The TC levels were 
lower in the normal group when the KG extract 
was administered at both the median and high 
doses, compared to the HFD and fructose 
treated groups. Similar to the HFD and fructose 
therapy groups, the normal group had higher 
HDL values (Table 10). Comparing the dietary 
kaempferol glycoside (KG) group to the high-fat 
diet (HFD) group, the study showed a significant 
reduction in triglyceride levels and total 
cholesterol in both the liver and serum(Tables 8 
and 9). There was an improvement in cholesterol 

accumulation in the KG group as seen by higher 
HDL-C and lower LDL-C values (Tables 10 and 
11) (Figs. 10 and 11). Hepatic indicators in the 
serum and liver were analyzed. The results show 
that serum ALT, AST, ALP activities, superoxide 
dismutase, catalase, and MDA activities were 
normalized in rats treated with KGE which 
improved the liver function (Figs. 
6,7,12,13,14,15). The KG extract at middle 
dosage (300 mg/kg) and high dose (400 mg/kg) 
groups normalized these markers, while hepatic 
indicators showed better results in the fructose 
and HFD treated groups. Because KG has anti-
hyperlipidaemic, anti-obesity, and antioxidant 
properties, it has also been shown to improve 
liver functioning levels, suggesting that it may be 
used to treat liver disease. The study suggests 
that unripe soy leaves could be utilized as 
functional food ingredients to treat non-alcoholic 
fatty liver disease (NAFLD) by reducing liver 
weight gain, blood glucose level, and showing 
antihyperlipidaemic and antiobese activity in 
different doses. 
 

5. CONCLUSION 
 

The leaves of G.max contain flavonoids, 
glycosides, terpenoids, alkaloids, saponins, 
tannins and reducing sugars. The study was set 
up to assess KG extract of leaves the plant 
G.max for protection of NAFLD. Treatment with 
KG extract has restored back the normal levels 
of AST, ALP, ALT, MDH in the serum of HFD 
and fructose induced rodents. Furthermore 
treatment with KG extract exhibited dosage 
dependent influence in MDA, SOD and Catalase 
levels in the liver tissue of rats. Histopathological 
evaluation demonstrated the treatment with KG 
extract has reversed the liver injury. The 
experiment done indicates that high dose and 
median dose of Kaempferol glycosides extract 
have appreciable hepatoprotective action for 
HFD and Fructose caused NAFLD in rats. 
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