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Abstract

Obesity is a complex and chronic disease. It has a negative impact on general health, quality of life, and
elevation in mortality rate. The liver is the most affected organ by obesity. The use of plants' different active
constituents, which had different pharmacological effects. One of these constituents is the polyphenols, which have
antioxidant and anti-inflammatory effects. Accordingly, polyphenols nowadays have become one of the most
important therapeutic protocols. Acai berry extract has had different pharmacological benefits due to its anti-
inflammatory and antioxidant activity. The aim of the present study is to assess the hepatoprotective impact of acai
berry extract in rats fed a diet rich in fat and carbohydrates. To achieve this aim, 48 albino rats were divided into
Group I: rats receive normal diets; group II: rats on high-fat and carbohydrate diets; Groups 1l and IV: rats on high-
carbohydrate and fat diets with acai berry extract (250 and 500 mg/kg per day, respectively); and Groups V and VI:
rats fed with high-carbohydrate and fat diets with 10 mg/kg/day of orlistat and 250 and 500 mg/kg per day of acai
berry extract. All the groups received their treatments for 12 weeks. At the end of the study, serum was collected, and
liver tissue was obtained to determine anti-oxidative, inflammatory, and liver function. In the present study, it has
been found that there was a significant elevation in the level of superoxide dismutase and glutathione peroxidase in
tissue homogenate (p < 0.05) and a significant reduction in the levels of liver function enzymes and malondialdehyde,
tumor necrosis factor alpha, tumour growth factors, and interleukin-B1 (p < 0.05) when compared between groups 111
and IV and the induction group. The present study showed that the extract of acai berries had hepatoprotective effects.
Keywords: Acai berry, Anti-inflammatory, Antioxidant, Hepatoprotective, Orlistat

Introduction

Obesity is a complex and chronic disease with
a bad prognosis for quality of life, health, and life span.
WHO describes obesity as a global epidemic, a
heterogeneous disease that quickly rises and links to a

tumor necrosis factor o and interleukin 6, beside
reduction in the production of adiponectin,
predisposing to a pro-inflammatory state and oxidative
stress . The production of interleukin 6 associated

serious issue. obesity, which is manifested by
abnormal or excessive fat accumulation with a body
mass index (BMI) more than 30 kg/m 2. Major causes
of obesity are overeating, a sedentary lifestyle, and
other factors that may eventually lead to metabolic
illnesses. Adults living with obesity will increase by
more than 115% between 2010 and 2030, from 524
million to 1.13 billion @, There is a strong association
between obesity and inflammatory conditions, in
which they found that obese people had high levels of
proinflammatory mediators ¢ %), During obesity, the
overactivation and accumulation of nutrients inside
adipose tissue cause the release of different
inflammatory mediators. These mediators include

with an increase in the synthesis of C-reactive protein
in the liver related to inflammation and obesity is
always associated with the development of different
chronic diseases like atherosclerosis, metabolic
syndrome, insulin resistance, and diabetes mellitus ®.
Oxidative stress is a state where there is an imbalance
between free radicals (unstable molecules) and
antioxidants in the body, leading to cell and tissue
damage. Oxidative stress is always associated with
obesity. Oxidative stress causes elevation of
proinflammatory mediators and vice versa ©.
Generally, oxidative stress causes damage to different
macromolecules within the cells, like proteins, lipids,
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and DNA. This leads to encouraging apoptosis, aging,
and degenerative malfunction (7).Obesity badly
affects different organs within the body; the liver is
considered the most affected organ. About 20% to
30% of adults suffer from non-alcoholic fatty liver
disease (NAFLD), the primary liver condition linked
to obesity ®. Triacylglycerol buildup inside liver cells
is the disease's hallmark. If left untreated, the
condition can lead to more severe liver diseases, such
as non-alcoholic steatohepatitis, liver fibrosis,
cirrhosis, and, less frequently, liver cancer @ .

The high incidence of NAFLD and its ability to
proceed to liver failure, besides its correlation with
major cardio-metabolic abnormalities such as type 2
diabetes mellitus (T2DM), the metabolic syndrome,
and coronary heart disease (CHD), NAFLD has
emerged as a significant public health concern®

Acai is a berry grown on the acai palm tree
(Euterpe oleracea), which is native to tropical Central
and South America and grows mainly in floodplains
and swamps. It produces small flowers that are brown
to purple in color. The acai fruit is round, reddish-
purple, and 1-2 cm in diameter, with the seeds
constituting about 80% of the fruit. Scientists have
recently shown an interest in acai berries. This berry
has potential medicinal uses in addition to providing
several beneficial dietary effects. Acai berry is used
for its nutritional and medicinal properties, serving
as a staple food and a remedy for conditions like
diarrhea, parasites, fever, and skin issues. The
indigenous people believed the berries held healing
powers, with different parts of the plant used to
create infusions, pastes, and medicinal wines for
various ailments, including menstrual
pain, malaria, and as a tonic for overall well-being,
energy, and libido .

Amazonian Indians have been using this fruit
for millennia as a natural remedy for many maladies
and as a food source. It is said to be a high-energy fruit
(112 High concentrations of phenolic substances,
including polyphenols and anthocyanins, are found in
acai. By altering oxidative stress, inflammation, and
autophagy, the bioactive components of acai berry
extract offer a variety of pharmacological benefits,
including  anti-inflammatory and  anti-anxiety
activities 3. Studies conducted in vivo show that acai
improves the lipid profile, oxidative stress-related
parameters, antioxidant enzymes, and non-alcoholic
liver steatosis ®%. Apart from its antioxidant

properties, anthocyanin also controls lipid metabolism
(15)

The US Food and Drug Administration (FDA) has
approved the anti-obesity drug orlistat
(tetrahydrolipstatin). This drug is a saturated
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derivative of Streptomyces toxytricini's endogenous
lipstatin. Through the reversible inhibition of
pancreatic and gastric lipases in the gut, orlistat is used
to treat obesity ®. By converting triglycerides into
absorbable free fatty acids and monoglycerides, these
lipases are essential for the digestion of dietary fat.
These lipases become inactive when orlistat forms a
covalent bond with the serine residues in their active
sites. Because lipase is inactivated, triglycerides
cannot be hydrolyzed, which hinders the absorption of
free fatty acids @7 .

The aim of the present study is to evaluate the
anti-inflammatory and antioxidant effect of acai berry
against liver damage induced by a high-fat, high-
carbohydrate diet in rats.

Material and Methods
Chemicals and Drugs

Acia Berry from Carlyle, USA . ALT, AST,
total bilirubin, and AFP kit from Sigma-Aldrich, USA
. MDA, SOD, and GPX kits from RayBiotech,
USAL.IL1B, TNFa, TGF alpha and IL6 from TransGen
Biotech Co., China
High-Carbohydrate, High-Fat diet

The rats from the experimental groups (except group
1) were fed with a high-fat, high-carbohydrate diet rich
in lard (17%) and fructose (17%), and drinking water
was replaced with a 20% fructose solution (total
calories 4,400 kcal/kg, 54% energy from fat)(® .
Animal Selection

In this study, 48 Wister albino male rats were
procured from the Animal House/College of
Pharmacy/University of Baghdad. They were
managed in accordance with the University of
Baghdad's College of Pharmacy's Ethics Committee.
Age- and weight-matched rats weighing 200-250 g
were kept in an animal home at 22°C with a 12-hour
light/dark cycle. The rats were divided into 6 groups,
each group with 8 rats: Group | (control group): Rats
fed a standard diet for 12 weeks. Group Il (induced
group): rats receive a high-fat/high-carbohydrate diet
for 12 weeks. Group IlI: rats receive a high-fat/high-
carbohydrate diet with 250 mg/kg/day of acai berry
extract orally for 12 weeks. Group IV: rats receive a
high-fat/high-carbohydrate diet with 500 mg/kg/day of
acai berry extract orally for 12 weeks. Group V: rats
receive a high-fat/high-carbohydrate diet with 250
mg/kg/day of acai berry extract and 10 mg/kg/day of
orlistat for 12 weeks. Group VI: 8 rats receive a high-
fat/high-carbohydrate diet with 500 mg/kg/day of acai
berry extract and 10 mg/kg/day of orlistat for 12
weeks. At the end of the experiment (24 hours after the
last dosing), cervical dislocation was used for animal
sacrifice, blood was collected, and the liver was
removed for further study .
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Measurement of Fat Mass

The Skinfold Thickness-based Method is used
in the present study. The method works by measuring
the thickness of the subcutaneous fat (fat stored just
under the skin) at specific, standardized anatomical
sites using a specialized tool called a skinfold
caliper.(®
Biochemical Assessment

The function of the liver was evaluated by
measuring different liver enzymes by using the
spectrophotometer method according to (Lala V, et al
2023) @9 heside the evaluation of inflammation by
ELISA according to (Ikemoto M, et al.2001) @V,
Preparation of liver tissue homogenate

After the rat was euthanized by ether diether,
the liver was quickly excised and homogenate to
measure different antioxidant parameters according to
Ali FH, et al. 2015) @??
Statistical Analysis

By using SPSS V24, numerical data was expressed

as mean £SD. A one-way ANOVA test was used to
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compare among groups; post hoc Tukey analysis was
used to compare the significance between two groups.
It was considered significant if the P-value was less
than 0.05 (p<0.05).

Results
Effect of two different doses of Acai Berry extract on
weight gain and fat mass

In table (1), group Il showed a significant
increase in the weight gain and fat mass when
compared to group | (p<0.05); at the same time, there
was a significant difference when compared among
groups (11, 111, V) related to the same above parameters
(p<0.05). In group I, weight gain and fat mass
showed a significant decrease when compared to
group Il (p<0.05). At the same table, there was a
significant difference when compared among groups
(11, 1V, and V1) related to the same above parameters
(p<0.05). In group IV, weight gain and fat mass
showed a significant decrease when compared to
group Il (p<0.05).

Table 1. Effect of two different doses of Acai Berry extract with and without Orlistat on weight gain and fat

mass after 12 weeks

GROUPI | GROUPII | GROUPIII | GROUPIV | GROUPV | GROUP VI
Weight 168.2¢15.1 | 220 | 0g6 041738 | 218.8419. 30 | 192.4+11.48 | 176.5+14.1¢
gain (gm) 2%
ka
f;:n Mass | 6401163 | 2O3IEBO™ 1 041 140018 | 219240110 | 181.9412.5€ | 171.2¢12.1¢

Data are expressed as mean =+ SD; n=8 animals in each group.
Group | (control group), Group 11 (induced group) rats receive a high-fat/high-carbohydrate diet. Group I11: rats receive a high-
fat/high-carbohydrate diet with 250 mg/kg/day of acai berry extract. Group 1V: rats receive a high-fat/high-carbohydrate diet with
500 mg/kg/day of acai berry extract. Group V: rats receive a high-fat/high-carbohydrate diet with 250 mg/kg/day of acai berry
extract and 10 mg/kg/day of orlistat. Group VI: rats receive a high-fat/high-carbohydrate diet with 500 mg/kg/day of acai berry

extract and 10 mg/kg/day of orlistat .
*significantly different between groups (I, 11) (P<0.05).

(a,b,c) is significantly different; the comparison among groups (l1, 1V, V1) (P<0.05).
(A, B, C) is significant different when compared among groups (l1, 111, V). (P<0.05).

Effect of two different doses of acai berry on liver
function.

In Table (2), group Il showed a significant
increase in ALT, AST, total bilirubin, and AFP and a
significant decrease in total protein and albumin when
compared to group I (p<0.05). At the same time, there
was a significant difference when compared among
groups (I, 111, and V) related to the same above
parameters (p<0.05). In group Ill, ALT and AST
showed a significant decrease when compared to
group Il (p<0.05); meanwhile, ALT and TSB in group
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V showed a significant decrease when compared to
group Il (p<0.05). At the same table, there was a
significant difference when compared among groups
(I, 1V, and VI) related to the same above parameters
(p<0.05). in group 1V, ALT, AST, and AFP showed a
significant decrease and a significant increase in total
protein when compared to group Il (p<0.05).
meanwhile, ALT, TSB, and AFP in group VI showed
a significant decrease, while total protein showed
significant increase when compared to group IV
(p<0.05).
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Table 2. Effect of two different doses of Acai Berry with and without Orlistat on liver function after 12 weeks.

Acai berry extract, hepatoprotective

GROUP1 GROUP II GROUP 111 GROUP 1V GROUP V GROUP VI
AFP (ug/ml) 4.1£0.1 12.5+0. 2%3A | 10.2+0. 034 | 9.8+0. 03 8.4+0. 48 6.5+0.1°
ALT (IU/L) 242+13 63.1£3.6%* | 41.1+£2.18 37.241.1° 33.941.5¢ 26.2+1.1¢
AST (IU/L) 2101412 | 51.142.4%%4 | 42.3+1.58 | 36.9+1.5° | 39.6+1.78 28.1+1.5b
TSB (umol/L) 0.4£0.02 | 1.840.09%A | 1.4+0.05% 1.1£0. 20 0.9+0.38 0.6+0.1°
Total protein | 1.0 | 2.9+£0.2%4 3.240.14 4.940. 6° 4.8+0.8B 5.1£0.3°
(g/dL)
Albumin .

2.940.3 1.120.1%A 1.440.32 1.6£0.7° 2.1+0.68 2.5+0.9b

(g/dL)

Data are expressed as mean = SD; n=8 animals in each group.

Group I (control group), Group 11 (induced group) rats receive a high-fat/high-carbohydrate diet. Group IllI: rats receive a high
fat/high-carbohydrate diet with 250 mg/kg/day of acai berry extract. Group 1V: rats receive a high-fat/high-carbohydrate diet with
500 mg/kg/day of acai berry extract. Group V: rats receive a high-fat/high-carbohydrate diet with 250 mg/kg/day of acai berry
extract and 10 mg/kg/day of orlistat. Group VI: rats receive a high-fat/high-carbohydrate diet with 500 mg/kg/day of acai berry
extract and 10 mg/kg/day of orlistat.

*significantly different compared between group (I, I1) (P<0.05);

(a,b,c) is significantly different; the comparison among groups (l1, IV, VI) (P<0.05).
(A, B,C) is significantly different when compared among groups (l1, 111, V). (P<0.05)
AFP: alpha fetoprotein, ALT: alanine transaminase, AST: aspartate aminotransferase, TSB: total serum bilirubin.

Effect of two different doses of Acai Berry extract on
different oxidative stress parameters

In Table (3), group Il showed a significant
reduction in SOD, GPX, and elevation in MDA when
compared to group | (p<0.05); at the same time, there
was a significant difference when compared among
groups (I, 11, and V) related to the same above
parameters (p<0.05). In group Ill, GPX and SOD
showed significant increases, while MDA showed a

significant decrease when compared to group Il
(p<0.05); MDA in group V showed a significant
decrease when compared to group 111 (p<0.05). At the
same table, there was a significant difference when
compared among groups (II, 1V, and VI) related to
GPX, MDA, and SOD parameters (p<0.05). Group
IV, GPX, and SOD showed significant increases,
while MDA showed a significant decrease when
compared to group Il (p<0.05).

Table 3. Effect of two different doses of Acai Berry extract with and without Orlistat on different oxidative
stress parameters after 12 weeks

GROUP I GROUPII | GROUPIII | GROUPIV | GROUPV | GROUP VI
MDA 3.2+0.8 7.240.8%aA 5.3£0.68 4.1+0.3% 3.940.5€ 3.4+0.2b
(nmol/ml)
GPX 2.7+0.2 1. 940.5%aA 4. 1+0.2B 5.9+0.5" 3.84+0.58 5.240.11°
(mg/dL)
SOD 12.240.1 8.942.1%2A 22.1+1.18 32.3+1.3b 20.1+1.68 31.5+1.2b
(Unit/ml)

Data are expressed as mean + SD; n=8 animals in each group

Group | (control group), Group 11 (induced group) rats receive a high-fat/high-carbohydrate diet. Group I11: rats receive a high-
fat/high-carbohydrate diet with 250 mg/kg/day of acai berry extract. Group IV: rats receive a high-fat/high-carbohydrate diet with
500 mg/kg/day of acai berry extract. Group V: rats receive a high-fat/high-carbohydrate diet with 250 mg/kg/day of acai berry
extract and 10 mg/kg/day of orlistat. Group VI: rats receive a high-fat/high-carbohydrate diet with 500 mg/kg/day of acai berry
extract and 10 mg/kg/day of orlistat.

*significantly different between groups (I, 1) (P<0.05).

(a, b,c) is significantly different; the comparison among groups (11, 1V, V1). (P<0.05).

(A, B, C) is significantly different when compared among groups (11, 111, V). (P<0.05)

MDA: malondialdehyde, GPX: glutathione peroxidase, SOD: superoxide dismutase
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Effect of two different doses of Acai Berry on
different inflammatory parameters

In table 4, group Il showed a significant increase in
IL1B, TNFo, and TGF alpha when compared to group
| (p<0.05), at the same time there was a significant
difference when compared among groups (I, 11, and
V) related to the same above parameters (p<0.05).In
group IIIL, IL1B, TNFa, and TGF showed a significant
decrease when compared to group Il (p<0.05)

Acai berry extract, hepatoprotective

meanwhile, IL1B and TNFa in group V showed a
significant decrease when compared to group IlI
(p<0.05). At the same table, there was a significant
difference when compared among groups (I, 1V, and
V1) related to the same above parameters (p<0.05). In
group IV, IL1pB, TNFa, and TGF showed a significant
decrease when compared to group Il (p<0.05).
Meanwhile, IL1B in group VI showed a significant
decrease when compared to group 1V (p<0.05).

Table 4. Effect of two different doses of Acai Berry with or without Orlistat on different inflammatory

parameters after 12 weeks

GROUPI | GROUPII | GROUPIII | GROUPIV | GROUPYV | GROUP VI
(];)E/FI;;‘) 8164140 | 2726+125%A | 221041128 | 20504107° | 21004123 | 1833£131b
ILB1 3. 1202 8. 340, 3% 6.240.2° 5.9+0.09b 5.940.2C 3.940.4¢
(pg/ml)

ka

TGF 20215171 | PEFE2TA N 316301738 | 289411.90 | 302.4+15.6° | 243.2+19.20
(pg/ml)
IL-6 669241 | 186.9+5.1%4 | 1267+2.8% | 962+3.1° | 9234665 | 869+ 1.2¢
(pg/ml)

-Data are expressed as mean + SD; n=8 animals in each group.

-Group | (control group), Group Il (induced group) rats receive a high-fat/high-carbohydrate diet. Group I1I: rats receive a high-
fat/high-carbohydrate diet with 250 mg/kg/day of acai berry extract. Group 1V: rats receive a high-fat/high-carbohydrate diet with
500 mg/kg/day of acai berry extract. Group V: rats receive a high-fat/high-carbohydrate diet with 250 mg/kg/day of acai berry
extract and 10 mg/kg/day of orlistat. Group VI: rats receive a high-fat/high-carbohydrate diet with 500 mg/kg/day of acai berry

extract and 10 mg/kg/day of orlistat.
*significantly different between groups (I, I1) (P<0.05).

(a, b,c) is significantly different; the comparison among groups (11, 1V, V1) (P<0.05).
(A, B, C) is significantly different when compared among groups (11, 111, V). (P<0.05)
TNF-a: tumour necrosis factor alpha, ILB1: interleukin beta 1, IL6: interleukin 6, TGF: tumour growth factors.

Discussion

In Table (1), the uses of acai berry extracts at
two different doses ( group I11,1V) cause a significant
decrease in the weight gain and fat mass as compared
to group (I1), this finding is completely agree with the
previous study in which they found that the uses of
acai berry reduce body weight and hyperglycemia,
improve lipid profile and attenuated hepatic steatosis
besides they found that acai berry extract increase
(pPAMPK ) expression which tightly regulate cellular
energy levels (ATP/AMP ratio), physiological stress,
and post-translational modifications and increase

PPAR-alpha which regulates fatty acid
metabolism and is involved in processes like
inflammation, energy homeostasis, and nutrient

metabolism @3,

After a high-fat and carbohydrate diet led to the
advancement of liver injury, the study revealed a
substantial spike in the blood level of AFP, AST, ALT,
and TSB in group II. These markers are measured to
evaluate liver function, any significant elevation of
these parameters indicated there are a damage in
hepatocyte ( hepatotoxicity ) which cause leakage of
them to the serum which led to their elevation @425,
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A previous study demonstrated that hepatocyte
regeneration,  oxidative  stress-induced  DNA
methylation and damage, and biliary epithelial cell
proliferation are the three primary potential causes for
elevated AFP levels ?®. Additionally, there was a
significant decrease in both AST and ALT levels in
group 11, as well as a decrease in these markers overall
(except for TSB in group 1V), indicating that an
increase in acai berry dose led to a decrease in liver
injury and an improvement in liver function because it
reduced inflammatory cells , inflammatory factors as
TNF-o and IL-6 and liver mass, which in turn led to a
decrease in liver injury and a decrease in the
concentration of these markers 7,

By lowering these indicators, the inclusion of orlistat
in the therapy further enhances liver function since it
lessens hepatocyte damage by reducing liver fat
storage and, therefore, liver aminotransferase levels.
Thus, orlistat and acai berry extract work in concert to
reduce liver damage ©®. However, when orlistat was
introduced, research on rat models fed a high-fat diet
revealed that there was a considerable decrease in the
levels of TSB and AFP but no change in the levels of
ALT or AST @
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In rats fed a high-fat and high-carb diet demonstrated
a significant increase in MDA and a decrease in the
levels of SOD and GPX enzymes in liver tissue
homogenate. Oxidative stress is a pathological
condition characterized by elevation the concentration
of free radicals. Antioxidant enzymes like SOD which
dismutation of superoxide anion into normal molecule
of oxygen and hydrogen peroxide and GPX which
neutralized hydrogen peroxide beside it help in
regulate the redox state of cells were significantly
decrease with significant increase the lipid
peroxidation of cell membrane which associated with
significant increase in MDA €0,

According to these findings, obesity brought on by
high-fat diets increases oxidative stress in the liver,
which is likely a factor in the development of hepatic
steatosis and other illnesses GV, The current study's
observations of lower SOD and catalase activity may
be related to the rise in oxidative stress indicators.
These findings are in line with previous studies, which
suggest animals given a high-fat diet may have
weakened tissue antioxidant defenses(2-3%
Furthermore, because acai berry extract has dose-
dependent antioxidant activity, the study demonstrated
that administering it reduced MDA levels and elevated
SOD and GPX enzymes. To combat the lipid
peroxidation, 500 mg/kg of acai berry extract was
adequate ®®. The main active ingredients in acai
berries are polyphenols,
particularly anthocyanins especially (cyanidin-3-
glucoside), flavonoids, and proanthocyanidins,
which are powerful antioxidants, Acai’s antioxidant
properties were confirmed when the Nrf2/HO-1
signaling pathway was modulated, resulting in an
increase in antioxidant enzymes, including SOD,
CAT and GPX @),

In the present study, the addition of orlistat to the acai
berry extract didn’t cause a significant decrease in the
oxidative stress condition as compared with groups
receiving only acai berry. This finding didn’t agree
with the previous study that showed the addition of
orlistat in the treatment regimen caused a significant
decrease in oxidative stress as compared to the
induction group ©. The reason could be due to the
decrease in the bioavailability of both acai berry
extract and orlistat so there is no synergistic effect
after mixing

In the present study, TNF alpha, ILB1, and TGF levels
of inflammatory markers were found to be elevated in
group Il an compared to group I. This finding matches
a previous study that found obesity to be a condition
of persistent low-grade inflammation linked to
inflammatory cells infiltrating adipose tissue and an
increase in TNF because of heavy diet in
carbohydrates rather than fat 839,
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A previous study showed that the increase in pro-
inflammatory markers was that long-chain saturated
fatty acids in the blood activated TLR4 “9), As a result,
the NF-xB nuclear translocation caused by the IKK-
IxB signaling cascade stimulates the transcription of
many pro-inflammatory cytokines and interleukins “9.
Besides, obese patients are found to have high
amounts of circulating pro-inflammatory cytokines,
including TNF-a, MCP-1, TGF-f, and IFN-y, as well
as interleukins IL-6, IL-1p, IL-18, and 1L-8 “2),

The present study showed that administering two
different doses of acai berry extract reduced the levels
of circulating pro-inflammatory, and that the reduction
was dosage dependent as compared to group Il. In a
previous study, acai berry extract showed a decrease
in TNF alpha and ILB1 levels, and the mechanism of
the reduction was related to modification of the
NLRP3 inflammasome . It also decreased the
expression of NF-xp “4. In the trial of another
previous study, the addition of orlistat to the obesity
therapy reduced inflammation and, consequently,
inflammatory indicators. This allowed orlistat to
function as an adjuvant to the berry extract and
enhance its protective potential. %),

Conclusion

The present study showed that using acai berry
extract could enhance liver function may be by
reducing of oxidative stress and inflammatory process
and protect against hepatotoxicity during heavy diet in
fat and carbohydrates.
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