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ABSTRACT
Background: Choline is an essential lipotropic nutrient for regulating 
fatty acid synthesis and hepatic lipid mobilization. Deficiency of 
choline causes fatty liver leading to dysregulated liver function. 
Objective: To investigate the lipotropic activity of the proprietary 
herbal formulation  (PHF) containing Acacia nilotica and Curcuma longa. 
Materials and Methods: Fatty liver disease was induced in Wistar rats 
by feeding methionine/choline‑deficient (MCD) diet for 4 weeks. Animals 
were concurrently treated with PHF (at 50, 100, 200, and 400 mg/kg rat 
body weight/day) for 4 weeks. Methionine/choline‑sufficient (MCS) diet‑fed 
rats were used as control. Serum biochemistry and liver parameters were 
determined at the end of experimental period. Further, anti‑lipogenic and 
lipolytic activity of PHF extract was studied in HepG2 cells. Results: Rats 
fed with MCD diet, showed significant increase in liver lipids, triglycerides, 
cholesterol, thiobarbituric acid reactive substance, and serum alanine 
transaminase  (ALT) and decreased serum triglyceride level compared to 
MCS diet‑fed rats indicating significant fat accumulation and liver damage. 
PHF treatment significantly decreased the liver lipids, triglyceride and 
serum ALT compared to MCD diet‑fed rat. Histological evaluation revealed 
the restoration of hepatic architecture after PHF treatment. In in  vitro 
studies, the PHF extract decreased the oleic acid induced fat accumulation 
in HepG2  cells. Conclusion: The study demonstrated the lipotropic 
effect of PHF evident from decreased fat accumulation and antilipogenic 
activity. These data suggests that PHF could be a potential supplement for 
preventing fatty liver.
Key words: Choline, hepatosteatosis, lipogenesis, lipolysis, lipotrope

SUMMARY
•  Albino Wistar rats fed with methionine‑choline deficient diet induced 

nonalcoholic fatty liver
•  Concurrent treatment with proprietary herbal formulation (PHF) for 4 weeks 

decreased liver lipids, triglycerides, and cholesterol in rats
•  PHF decreased the hepatic lipid accumulation by exhibiting the lipotropic 

activity
•  PHF extract exhibited antilipogenic activity against oleic acid‑induced 

lipogenesis in HepG2 cells.

Abbreviations used: MCD: Methionine and choline deficient; 
MCS: Methionine and choline sufficient; PHF: Proprietary herbal 
formulation; OA: Oleic acid; TBARS: Thiobarbituric acid reactive substance.
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INTRODUCTION
Choline, classified as Vitamin B, is a major lipotropic nutrient essential 
for liver health. It actively participates in liver lipid metabolism thereby 
mitigates abnormal accumulation of fat in the liver.[1,2] Choline is also 
capable of inhibiting fatty acid synthesis by downregulating fatty acid 
synthase gene expression as well as attenuating its activity, which is 
crucial during lipogenesis.[3,4]

Choline deficiency causes abnormal lipid accumulation in the liver affecting 
its function. Liver is a visceral organ, which is capable of regenerating its 
damaged tissue thereby maintaining the metabolic homeostasis. However, 
excessive lipid accumulation in the liver causes delayed hepatocyte 
regeneration leading to irreversible liver diseases like steatohepatitis and 

liver cirrhosis. Hence, choline plays an important role in maintaining 
the hepatic lipid homeostasis. Choline is essential not only for humans, 
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but also for animals and birds. Deficiency of choline in livestock animals 
compromises the liver function leading to decreased carcass yield, egg 
production and low quality milk with decreased fat content.[5,6] Therefore, 
choline is necessary in livestock to maintain their liver health and to 
increase the yield and quality traits of carcass and egg. Unfortunately, the 
availability of choline from regular diet is inadequate to the animals.[7] To 
overcome the inadequacy, synthetic choline is supplemented in the diet.
In practice, choline is supplemented as synthetic choline chloride. But it has 
a disadvantage of accelerating the carcinogen formation in gastrointestinal 
tract of animals and birds.[8,9] In ruminants, choline is rapidly and 
extensively degraded by rumen microbes before it reaches the intestine.[10] 
Furthermore, the choline chloride is very corrosive and requires special 
storage and handling equipment and is not suitable for inclusion in 
concentrated vitamin premix. To overcome these drawbacks, an attempt 
was made in search for an alternative to synthetic choline chloride.
Keeping in view, the lipotropic and hepatoprotective effect of the plant 
based food and traditional herbs,[11] a unique herbal lipotropic feed 
supplement was formulated. A  proprietary herbal formulation  (PHF) 
containing Acacia nilotica and Curcuma longa was developed and tested 
for its lipotropic activity. A. nilotica is demonstrated to prevent the 
hepatocellular damage induced by acetaminophen.[12,13] Furthermore, 
scientific evidences are available for the hepatoprotective activity of C. 
longa.[14,15] Based on its diversified pharmacological properties, an attempt 
was made to study the lipotropic effect of the PHF containing A. nilotica 
and C. longa in methionine and choline deficient (MCD) diet‑induced fatty 
liver in rats. Methionine-Choline deficiency is a commonly used rodent 
model to induce hepatosteatosis and to study the lipotropic agents.[16,17] 
Further, the effect of PHF on intracellular lipid synthesis and lipolysis 
activity was investigated in human hepatocarcinoma cells (HepG2).

MATERIALS AND METHODS
In vivo study
Test substance
Kolin plus, a PHF is a blend of A. nilotica and C. longa optimized to 
contain not <8.0% polyphenols was developed by Natural Remedies Pvt. 
Ltd, Bangalore, India.[18]

Animals and diets
All the animal procedures were approved by Institutional Animal 
Ethics Committee of Natural Remedies Pvt. Ltd., Bangalore 
(IAEC/PCL/04/06.15). Animals were maintained in a controlled 
temperature  (22°C  ±  3°C), relative humidity  (between 30% and 70%) 
and regular light cycle  (12  h light, 12  h dark). Thirty‑six male albino 
Wistar rats were divided into six groups with six animals per group. 
Group I and II to VI were fed with MCS and MCD diet respectively for 
4 weeks. Group III, IV, V and VI were concurrently treated with PHF 
at 50, 100, 200 and 400 mg/kg body weight/day p.o., respectively, after 
suspending PHF in 0.5% w/v carboxyl methyl solution (CMC). Group I 
and II were administered with CMC at 10 ml/kg body weight/day and 
were considered as positive and negative control respectively. MCD 
diet  (A02082002B) and methionine and choline sufficient  (MCS) 
diets  (A02082003B) were obtained from Research diets Inc., USA. 
Ultraviolet treated water ad libitum was provided to rats.
After 4 weeks, body weight of each rat was recorded, blood was collected 
and animals were sacrificed. Liver and epididymal fat were excised and 
their weights were recorded.

Serum biochemistry
Serum triglyceride, alanine transaminase (ALT), and cholesterol levels 
were estimated using colorimetric assay kits (Arkray, Surat, India) as per 
manufacturer’s protocol.

Liver parameters
Liver parameters include liver weight, liver lipids, triglycerides, 
cholesterol, thiobarbituric acid reactive substance  (TBARS), and 
histological analysis.
Relative liver weight was computed for 100  g of rat body weight at 
terminal sacrifice.
The total lipid content in the liver tissue was determined by Folch 
method.[19] In brief, 1 g of liver tissue was homogenized with 20 mL of 
Chloroform–Methanol (2:1) mixture and centrifuged. The supernatant 
was mixed with 0.73% sodium chloride in the ratio of 5:1 and centrifuged. 
The lower organic phase consisting of lipids was transferred to a round 
bottom flask. After solvent evaporation, total lipid content was estimated 
by gravimetric method. The residue obtained was dissolved in 1 mL of 
isopropanol and analyzed for cholesterol and triglyceride levels using 
colorimetric assay kit  (Arkray, Surat, India) as per manufacturer’s 
protocol.
Liver TBARS was determined by Buege procedure, with minor 
modifications.[20] Liver tissue  (500  mg) was homogenized in ice 
cold phosphate‑buffered saline. Homogenate  (100 µl) was added to 
trichloroacetic acid–thiobarbituric acid–hydrochloric acid reagent 
(200 µl) and incubated for 15 min in boiling water bath. The samples 
were then centrifuged and the supernatant  (150 µl) was transferred 
to 96‑well micro plate and absorbance was measured at 535  nm 
(Molecular devices, USA). The results are expressed as µM/g of liver 
tissue (Malondialdehyde equivalent).
A section of liver tissue was fixed in 10% neutral buffered 
formalin and the severity of histological changes was assessed after 
hematoxylin and eosin  (H  and  E) staining. The histopathological 
analysis was performed by pathologist using the widely accepted 
Nonalcoholic Steatohepatitis Clinical Research Network histological 
scoring system for nonalcoholic fatty liver disease as described 
by Kleiner et  al., 2005.[21] Briefly, semi quantitative scoring of 
steatosis was assigned as follows: Grade  0  =  no fatty hepatocytes; 
Grade 1 = fatty hepatocytes occupying <33% of hepatic parenchyma; 
Grade 2 = 34%–66% of fatty hepatocytes; Grade 3 = occupying >66%. 
For ballooning; Grade 0 = No balloon cells; Grade 1 =  few balloon 
cells; Grade  2  =  prominent ballooning. Four fields were randomly 
selected from each section and the individual scores were assigned 
for each parameter. Inflammation was quantified by counting the 
inflammatory foci  (group of  ≥5 leukocytes) in 20 consecutive high 
power fields (HPF): Grade 0 = no inflammatory foci; Grade 1 = <2 
inflammatory foci/HPF; Grade 2 = 2–4 foci/HPF; and Grade 3 = >4 
inflammatory foci/HPF. The accumulation of fat in the liver was 
studied using oil red O staining.

Adipose cell size
Epididymal fat was fixed in 10% neutral buffered formalin and embedded 
in paraffin wax. After H and E staining of gonadal fat sections (3 µm thick), 
random pictures  (6–10) were taken from different fields at  ×20 with a 
DP2‑BSW camera  (Olympus Corporation, Japan). The area of each 
adipocyte was measured manually using Olympus DP2‑BSW software, 
Japan. On average, 30 fat cells were measured from each section.

In vitro study
Preparation of proprietary herbal formulation extract
The blend of A. nilotica and C. longa (PHF) was refluxed with methanol 
in round bottom flask for 1.5  h at 65°C–70°C. The refluxed methanol 
was passed through 100 mesh filter cloth. The filtered extract was 
concentrated and dried under vacuum to obtain extract A with a 
percentage yield of 14.2% (W/W). The marc obtained after methanolic 
extraction was dried and refluxed thrice with water and the resulting 
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with PHF at 200  mg/kg/day for 4  weeks showed significant increase 
in serum triglyceride level when compared to untreated rats fed with 
MCD diet. While PHF treatment increased the serum cholesterol levels 
nonsignificantly. MCD diet‑fed negative control group exhibited a 
significant increase in serum ALT levels compared to MCS diet‑fed rats 
demonstrating the hepatic damage. While treatment with PHF at 100, 
200 and 400 mg/kg significantly decreased the ALT levels compared to 
MCD diet‑fed rats [Table 1].

Effect of proprietary herbal formulation on liver parameters
MCD diet‑fed rats showed a significant increase in relative liver weight 
compared to MCS diet‑fed rats. Treatment with PHF at all dose levels 
significantly decreased the relative liver weight compared to MCD 
diet‑fed rats [Table 2].
The liver total lipids, triglyceride and cholesterol levels were significantly 
increased in MCD diet‑fed rats when compared to MCS diet‑fed 
rats demonstrating the accumulation of lipids in the liver. Statistical 
analysis indicated that treatment with PHF at 100, 200 and 400 mg/kg 
significantly decreased the liver total lipids and triglycerides levels and 
nonsignificantly decreased the liver cholesterol levels when compared to 
MCD diet‑fed rats [Table 2].
The oxidative damage to the liver was measured by TBARS. MCD 
diet‑fed rats exhibited a significant increase in TBARS level while PHF 
treatment at 100, 200 and 400  mg/kg demonstrated a nonsignificant 
decrease in the TBARS level [Table 3].
The histological sections of liver were scored for steatosis, ballooning, 
and inflammation after H  and  E staining  [Figure  1]. The score for 
steatosis, inflammation, and ballooning in MCD diet‑fed group is 3.6, 
1.55, and 3.55, respectively, whereas treatment with PHF significantly 
decreased the severity score for liver damage up to 0.95, 0.55, and 0.95, 
respectively [Figure 2]. Liver sections stained with oil red O stain revealed 
an increased fat accumulation in MCD diet‑fed rats while treatment with 
PHF has decreased the fat accumulation [Figure 3].

Effect of proprietary herbal formulation on adipose cell size
The adipose cell size of MCD diet‑fed group decreased by 58.45% 
compared to MCS diet‑fed group  [Figure  4] However, MCD diet‑fed 
group treated with PHF concurrently  (400  mg/kg) exhibited 94% 
increase in cell size compared to MCD group.

In vitro
Effect of proprietary herbal formulation extract on lipogenesis 
and lipolysis in HepG2 cells
The anti‑lipogenic activity of PHF extract was evaluated in OA 
induced lipid synthesis in HepG2  cells. The quantitative analysis of 
oil red O staining revealed higher absorbance in the OA treated cells 
when compared to noninduced control. While treatment with PHF 
extract or synthetic choline chloride at 12.5, 25 and 50 µg/mL showed 

extract was concentrated to obtain extract B with a percentage yield of 
5.3% (W/W). The PHF extract was made by mixing extracts A and B. 
This PHF extract was evaluated for its lipogenesis and lipolytic activity 
in HepG2 cells.

Lipogenesis and lipolysis
HepG2 cells were obtained from American Tissue Culture Collection, 
Rockville, MD, USA and cultured in minimum essential media (MEM) 
supplemented with 10% fetal bovine serum (FBS) at 37°C in a humidified 
atmosphere containing 5% CO2.
In vitro anti‑lipogenic assay was performed as per method described 
by   Sung et  al., 2011.[22] Synthetic choline chloride was used as positive 
control. In brief, cells were plated at a density of 5  ×  103  cells/well on a 
96‑well microplate in MEM supplemented with 10% FBS and incubated at 
37°C for 24 h. After incubation, lipogenesis was induced by 2 mM Oleic 
acid  (OA‑dissolved in 0.1% dimethyl sulfoxide  [DMSO]) supplemented 
with various concentration of PHF extract/synthetic choline chloride at 
0–50 µg/mL of 0.1% DMSO and incubated for 48 h. Cells were washed with 
PBS and fixed in 10% formalin for 10 min. After fixation, cells were washed 
with 60% isopropanol and stained with oil red O dye (5 mg/mL isopropanol) 
for 15 min. Cells were then washed exhaustively with distilled water and 
the dye retained in the accumulated lipids was eluted with isopropanol 
and quantified by measuring the absorbance at 500  nm in microplate 
reader (Molecular Devices, USA) and compared with OA control group.
Lipolysis was assessed by quantifying the glycerol released into the 
medium, a marker of lipolysis. After 48  h of lipogenesis induced by 
2 mM OA, overnight serum starved cells were incubated with various 
concentrations of PHF extract (0–50 µg/mL) for 4 h. Glycerol release was 
then quantified using colorimetric assay kit (Enzychrome, USA). Briefly, 
10 µL of the medium was incubated with free glycerol reagent for 20 min 
and measured the absorbance at 570 nm and compared with OA control.

Statistical analysis
In vivo and in vitro raw data was processed using statistical  software SPSS 
Version 21 (IBM Corp., New York, USA) and  GraphPad Prism Version 
5.01 (GraphPad software, Inc., CA, USA), respectively. In vitro data was 
pooled from three independent experiments with three replicates in each 
experiment. Statistical analysis was performed using one‑way analysis 
of variance followed by post hoc Bonferroni test for homogenous data 
and Dunnet‑T3 test for heterogeneous data. P ≤ 0.05 was considered as 
statistically significant. Values are expressed as mean ± standard error 
of mean.

RESULTS
In vivo study
Effect of proprietary herbal formulation on serum biochemistry
The serum triglyceride and cholesterol level in MCD diet‑fed rats was 
significantly low when compared to MCS diet‑fed rats and the treatment 

Table 1: Effect of proprietary herbal formulation on serum triglycerides and cholesterol and ALT levels

Groups ALT (IU/L) Serum triglycerides (mg/dl) Serum cholesterol (mg/dl)

Day 28 Day 0 Day 28 Day 0 Day 28
MCS (10 ml/kg: 0.5% CMC) 13.85±1.26 81.04±5.94 152.87±10.80 69.98±3.67 54.03±6.47
MCD (10 ml/kg: 0.5% CMC) 79.16±22.53* 77.29±6.46 21.13±3.02* 61.02±5.15 15.87±2.43
MCD + PHF (50 mg/kg/day) 36.17±9.48 92.54±11.28 38.16±8.59 64.05±5.59 28.94±7.00
MCD + PHF (100 mg/kg/day) 22.88±3.12# 83.26±9.01 40.54±6.86 61.57±2.57 35.73±5.04
MCD + PHF (200 mg/kg/day) 25.89±3.22# 90.45±4.36 36.00±1.12# 68.20±4.57 34.27±6.49
MCD + PHF (400 mg/kg/day) 25.90±1.95# 84.58±5.54 44.37±7.13 58.23±3.30 35.64±7.78

Values are expressed as mean±SEM; n=6. *P≤0.05, MCD diet group versus MCS diet group, #P≤0.05, treatment groups versus MCD diet groups. MCS: Methionine 
and choline sufficient; CMC: Carboxyl methyl solution; MCD: Methionine and choline deficient; PHF: Proprietary herbal formulation; SEM: Standard error of mean;  
ALT: Alanine transaminase
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a concentration dependent decrease in intracellular lipid accumulation 
compared to OA control [Figure 5].
The lipolytic activity of PHF extract and synthetic choline chloride was 
evaluated in OA induced lipogenesis in HepG2  cells. Treatment with 
PHF extract and synthetic choline chloride up to 50 µg/mL did not show 
increase in glycerol release when compared to OA control group [Figure 6].

DISCUSSION
Choline called a “lipotrope” is responsible for the export of hepatic lipids 
decreasing the abnormal accumulation of fat in the liver.[23,24] Furthermore, it 
potentiates the antioxidant capacity by participating in folate metabolism.[25] 
Although other lipotropes such as betaine, carnitine are involved in lipid 
mobilization, choline is considered a major lipotrope in all mammals 
including livestock.[26,27] However, endogenous synthesis of choline is 
inadequate to meet their functional needs and deficiency of choline leads 
to accumulation of lipid patches in hepatocytes, compromising the liver 
function.[11,28] Hence, choline is recommended to be supplemented in the 
diet. In practice, choline is supplemented to livestock as synthetic choline 
chloride. But it is highly hygroscopic and aggravates oxidative loss of 
vitamins.[8,9] These drawbacks results in poor bioavailability that eventually 
causes fatty liver and agricultural loss. This study aimed to demonstrate the 

lipotropic activity of the herbal formulation to maintain the liver health, 
consequently preventing the agricultural loss and low quality traits.[29]

dc
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e

Figure 1: H and E staining of rat liver sections. Liver of rats fed a methionine‑ and choline‑deficient/methionine‑ and choline‑sufficient diet. (a) Methionine‑ and 
choline‑sufficient diet showing normal architecture of the liver. (b) Methionine‑ and choline‑deficient diet showing microvesicular steatosis, inflammation, 
and ballooning degeneration of hepatocytes.  (c) Methionine and choline deficient  +  proprietary herbal formulation at 100  mg/kg.  (d) Methionine and 
choline deficient  +  proprietary herbal formulation at 200  mg/kg.  (e) Methionine and choline deficient  +  proprietary herbal formulation at 400  mg/kg 
showing a significant improvement in liver histology: Signs of steatosis, inflammation and ballooning are less pronounced compared to methionine and 
choline deficient diet (hematoxylin–eosin stain, at ×10)

Figure 2: Histological scoring of H and E stained rat liver sections. Effect 
of proprietary herbal formulation on liver histology: Semiquantitative 
evaluation of liver  –  protection versus damage in methionine‑  and 
choline‑deficient diet‑fed rats (gradation/score) ×100

Table 2: Effect of proprietary herbal formulation on liver parameters

Groups Relative organ weight (g) Liver lipids (mg/g liver tissue)

Liver Total lipids Triglycerides Cholesterol
MCS (10 ml/kg: 0.5% CMC) 2.71±0.11 43.80±3.49 4.54±1.31 1.22±0.20
MCD (10 ml/kg: 0.5% CMC) 4.87±0.09* 241.02±10.14* 67.67±1.96* 19.52±2.36*
MCD + PHF (50 mg/kg) 4.11±0.27# 158.41±27.93 33.09±7.36# 10.08±2.48
MCD + PHF (100 mg/kg) 3.45±0.16# 124.11±10.81# 29.44±3.91# 9.31±1.71
MCD + PHF (200 mg/kg) 3.69±0.13# 139.89±9.81# 37.56±1.79# 10.46±0.82
MCD + PHF (400 mg/kg) 3.55±0.13# 157.41±16.30# 45.81±2.28# 11.18±1.63

Values are expressed as mean±SEM; n=6. *P≤0.05, MCD diet group versus MCS diet group, #P≤0.05, treatment groups versus MCD diet groups. MCS: Methionine 
and choline sufficient; CMC: Carboxyl methyl solution; MCD: Methionine and choline deficient; PHF: Proprietary herbal formulation; SEM: Standard error of mean
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Evidence supports that polyphenol rich diet aids in the prevention and 
treatment of fatty liver as that of choline by increasing the hepatic lipid 
export.[30,31] In view of the lipid mobilizing effects of herbs that will 
substitute the lipotropic activity of choline, a novel PHF containing 
A. nilotica and C. longa standardized to contain not <8% polyphenols was 
developed. The present study was conducted to evaluate the lipotropic 
activity of PHF in MCD diet‑fed rats. In addition, the anti‑lipogenic and 
lipolytic activities were evaluated and compared with synthetic choline 
chloride in in vitro HepG2 cells.
Choline and methionine deficient diet are widely used to induce 
hepatosteatosis and to study the lipotropic effect in animals. MCD 
diet induces lipid accumulation by increasing the fatty acid uptake and 
triglyceride synthesis; and by decreasing the β‑oxidation or hepatic 
secretion of very low density lipoproteins that eventually leads to liver 
injury.[32] These effects decreases the degree of mobilization of stored 
lipid from liver to the adipose tissue affecting the liver function and 
metabolic pathways.[33] To induce a prominent liver damage, methionine, 
a precursor for choline synthesis, was also withdrawn from the diet.[34]

MCD diet decreased the serum triglycerides and cholesterol levels compared 
to MCS diet‑fed rats, whereas treatment with PHF increased the serum 
triglycerides, cholesterol, compared to MCD diet‑fed negative control 
group. Serum ALT is a reliable and sensitive marker of liver health.[35] Excess 
fat accumulation in the liver causes hepatocellular damage, releasing the 
hepatic enzymes into the circulation. Increased serum ALT levels in MCD 
diet‑fed group confirmed the hepatic injury in rats, whereas treatment with 
PHF, decreased the ALT levels by 2.5 fold compared to MCD diet‑fed group 
demonstrating the hepatoprotective activity.
Abnormal accumulation of lipids in the liver is a hallmark of 
hepatosteatosis.[36] Increased hepatic lipids, decreased serum 
triglycerides and cholesterol in MCD diet‑fed group confirmed the 
state of hepatosteatosis. A substance is considered as a lipotrope when it 
increases the hepatic fat export which is indicated by decreased hepatic 
lipid content and increased serum or adipose lipids. PHF treatment 
exhibited lipotropic activity by decreasing the hepatic lipids. High energy 
diet induces oxidative DNA damage by increasing the production of 
reactive oxygen species (ROS).[37] ROS attacks on polyunsaturated fatty 
acid results in lipid peroxidation, producing TBARS which is measured 
in terms of malondialdehyde.[38] In the present study, PHF treatment 
nonsignificantly showed a decreased trend for lipid peroxidation/damage 
and consequently the hepatic oxidative damage induced by MCD diet.
Steatosis is characterized by accumulation of lipids and inflammation in 
the liver leading to oxidative stress.[39] Histological examination of liver 
is a promising tool to understand the severity of hepatosteatosis.[40] The 
H and E stained liver sections of MCD diet‑fed group revealed significant 
steatosis with damaged lobular structures, enlarged liver cells (ballooning) 
and inflammation. Unlike MCD diet‑fed group, hepatocyte of PHF 
intervention groups did not differ significantly from the MCS diet‑fed 
control group. The restoration of hepatic architecture by PHF treatment 
was also observed through oil red O staining. The histological finding of 
steatosis corroborates the estimated hepatic total lipids.
It has been observed that adipose tissue dysfunction is in tight 
correlation with the progression of hepatosteatosis.[41] Similarly, our 
study confirmed the decrease in adipose cell size in MCD diet‑fed rats 
which upon treatment with PHF has increased the cell size suggesting the 
redistribution of lipids from liver to adipose tissue, thereby maintaining 
the lipid homeostasis.
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Figure  3: Oil red O staining of rat liver sections. Liver of rats fed a 
methionine‑  and choline‑deficient/methionine‑  and choline‑sufficient 
diet.  (a) Methionine‑  and choline‑sufficient diet showing normal 
architecture of the liver.  (b) Methionine‑  and choline‑deficient 
diet showing the fat accumulation.  (c) Methionine and choline 
deficient + proprietary herbal formulation at 200 mg/kg. (d) Methionine 
and choline deficient  +  proprietary herbal formulation at 400  mg/kg 
showing a reduction in fat accumulation compared to methionine and 
choline deficient diet (Oil Red O stain, magnifications at ×10)

Figure  4: Adipose cell area. Adipose cell area measured after H  and  E 
staining of adipose tissue indicated a nonsignificant decrease in 
methionine‑  and choline‑deficient diet‑fed group, while proprietary 
herbal formulation treated group has shown a nonsignificant increase in 
cell area compared to methionine‑ and choline‑deficient diet‑fed group

Table 3: Effect of proprietary herbal formulation on liver antioxidant

Groups TBARS (µM)/g liver tissue
MCS (10 ml/kg: 0.5% CMC) 7.98±0.61
MCD (10 ml/kg: 0.5% CMC) 60.74±12.99*
MCD + PHF (50 mg/kg) 66.00±11.53
MCD + PHF (100 mg/kg) 43.60±7.31
MCD + PHF (200 mg/kg) 52.49±7.80
MCD + PHF (400 mg/kg) 38.45±5.12

Values are expressed as mean±SEM; n=6. *P≤0.05, MCD diet group versus MCS 
diet group. MCS: Methionine and choline sufficient; CMC: Carboxyl methyl 
solution; MCD: Methionine and choline deficient; PHF: Proprietary herbal 
formulation; TBARS: Thiobarbituric acid reactive substance; SEM: Standard 
error of mean
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Apart from in  vivo lipotropic activity of PHF, the other possible 
mechanism by which PHF decreases the hepatic lipid accumulation 
was studied using OA induced lipogenesis in HepG2 cells. Oil Red O 
staining demonstrated that OA stimulated hepatocytes had increased 
lipid accumulation compared with cell control. However, treatment 
with PHF extract or synthetic choline chloride decreased the lipid 
accumulation on OA induced lipogenesis signifying its anti‑lipogenic 
activity. The anti‑lipogenic activity of PHF appears to be similar to that 

of synthetic choline chloride. Effect of PHF to lyse the accumulated 
lipids induced by OA was also studied in HepG2  cells. During the 
process of lipolysis, the triglycerides get hydrolyzed and release the 
glycerol and free fatty acids. This glycerol release is measured after 
oil red O staining to determine the lipolytic activity.[42] PHF extract 
and synthetic choline chloride did not differ in glycerol release when 
compared to differentiated control. This suggests that choline does 
not possess lipolytic activity which is in correlation with the previous 

Figure 5: Effect of proprietary herbal formulation extract and synthetic choline chloride on Oleic acid induced lipogenesis in HepG2 cells. Effect of various 
concentrations of proprietary herbal formulation extract/synthetic choline chloride on oleic acid‑induced lipogenesis in HepG2  cells. Lipogenesis was 
quantified by oil red O‑based colorimetric assay and values are expressed as mean ± standard error of mean. “*” indicate significant different from the oleic 
acid treated group at the P ≤ 0.05 levels

Figure 6: Effect of proprietary herbal formulation extract and synthetic choline chloride on lipolysis in HepG2 cells. Effect of various concentrations of 
proprietary herbal formulation extract/synthetic choline chloride on lipolysis in HepG2 cells. Lipolytic activity was measured by quantifying the amount of 
glycerol released into the medium and the values are expressed as mean ± standard error of mean
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study conducted in ob/ob obese mice.[43] However, PHF could prevent 
fatty liver by inhibiting lipid synthesis. By these means, it indicates that 
alike choline, PHF prevents the hepatic fat accumulation by exhibiting 
lipotropic and antilipogenic activity.

CONCLUSION
The present study demonstrated that PHF exhibit potent lipotropic 
activity in MCD diet induced hepatosteatosis in rats. In addition, PHF 
treatment inhibited OA‑induced lipogenesis similar to synthetic choline 
chloride in HepG2 cells. Thus, the study findings suggest that PHF proves 
to be a promising candidate for the prevention of fatty liver. PHF could 
also be proven beneficial to the agricultural livestock in maintaining their 
liver health. However, further studies in the target species are warranted.
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