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The objective of this study was to investigate the effect of goldenberry (GB) (Physalis peruviana) extract
supplementation on fat accumulation, hepatic oxidative damage, hepatic fat deposition, inflammation, and hepatic
scarring, as well as metabolic syndrome in obese rats. Obesity was induced by feeding rats a high-fat diet for 12
weeks. Female Wister rats were divided into four groups (eight each): control group, obese group, obese + a low-
dose GB (200 mg/kg), and obese + a high-dose GB (400 mg/kg). Body mass index (BMI), adipose tissue hormones,
lipid profile, liver enzymes, hepatic oxidative stress parameters, and hepatic histopathological changes were assessed.
Treating obese rats with GB supplementation reduced their increased body weight, BMI, leptin level, cholesterol,
triglycerides, glucose, and insulin resistance index (homeostatic model assessment for insulin resistance). Moreover,
the GB regime significantly improved the antioxidant parameters in the liver. In addition, it has shown a significant
antiobesity impact by lessening body weight, oxidative damage, BMI, lipids, and insulin insensitivity. Eventually,
administration of GB extracts reduced markers of inflammation [tumor necrosis factor-alpha, interleukin (IL)-2, IL-6,
and C-reactive protein], fat deposition, steatosis, and fibrosis in the liver of the obese rats. Moreover, GB intake can be
used in coupling with a healthy diet to assist obese rats suffering from metabolic syndrome.

INTRODUCTION

Obesity is a pathological condition in which excess

Obesity from excessive calorie intake results in an
overexpenditure of energy, in general, but heredity, health

body fat is stored to such an extent that it may be harmful to an
individual’s health, resulting in a shorter life span and/or more
health issues (Chong and Lee, 2018). Obesity, oxidative stress,
and the inflammatory process are believed to have a pathological
interaction, according to a recent research (Dludla ez al., 2019).
Over the prior few decades, the massive increase in people who
are obese and overweight has become a global problem.
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problems, and lifestyle problems are also aspects to consider
(Skolnik and Ryan, 2014). Obesity can exacerbate insulin resistance
(IR), diabetes mellitus type 2 (DM2), dyslipidemia, and visceral
fat deposition. When these variables are combined, a metabolic
syndrome is formed, which is associated with nonalcoholic fatty
liver disease (Caixas et al., 2014).

Obesity oxidative stress is a condition characterized
by an imbalance of free radicles and antioxidants, as well as the
malfunction of organs to preserve and eliminate free radicals,
which can have severe consequences (Souza Cruz et al., 2020).
This condition is accompanied by the presence of advanced free
radicals known as lipid peroxidation “malondialdehyde (MDA)”
(Ito et al., 2019). Leptin may contribute to the regulation of
many physiological functions of the body, such as regulation
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of blood pressure, inflammation, nutrition, appetite, insulin and
glucose metabolism, lipid metabolism, coagulation, and apoptosis
(Gelen et al., 2021). In a hyperlipidemic rat model, oxidative
stress is associated with the development of inflammation and
has been shown to mediate the development of atherosclerotic
abnormalities (Monguchi et al., 2017). The frequent and recurrent
mechanisms of oxidative alteration and inflammatory processes,
which turn into a chronic form, aggravate the development of
atherosclerosis (Reaven et al., 2004). Lipid contents, notably low-
density lipoprotein (LDL) cholesterols, are extremely permeable
to the subendothelial layer when there is an excess of dietary fat.
Phenolic compounds inhibit inflammation by inhibiting cytosolic
multiprotein complexes that assemble in response to cytosolic
pathogen-associated molecular patterns and damage-associated
molecular patterns to form active forms of interleukin (IL)-1p and
IL-18 (Gelen, 2021). The oxidative alteration proceeded, resulting
in the conversion of the LDL to the oxidized form. As a result,
MDA generation increases, prompting additional macrophages to
absorb excess lipids as part of the flushing process (Othman ez al.,
2021).

Obesity is closely related to free radical-induced
stress, which is associated with a wide range of inflammatory
and metabolic disease states (Reaven et al., 2004). It is strongly
correlated to the cumulative body damage caused by free radicals
that are not adequately neutralized by antioxidant compounds
(Valdecantos et al., 2009). It has been shown that free radicals
have a negative impact on cell viability due to membrane damage
caused by oxidative lipid, protein, and permanent alteration of DNA
(Mishra, 2004). Indicators of oxidative damage to reactive oxygen
species (ROS) include lipid peroxidation, such as thiobarbituric
acid reactive substances and levels of hydroperoxides, as well as
indicators of protein oxidation, including carbonyl proteins (Uzun
et al., 2007). Thiols improve oxidative stress-related diseases
(Yaman and Ayhanci, 2021). In addition, under situations associated
with oxidative stress, the activity of antioxidant enzymes, such
as superoxide dismutase, catalase, glutathione S-transferase, and
glutathione peroxidase, which act as free radical scavengers, is
reduced, which exacerbates oxidative damage (Noeman et al.,
2011).

Hyperglycemia and changes in glucose uptake in diabetic
patients have been linked to oxidative stress and mitochondrial
dysfunction, as well as to an inflammatory response characterized
by increased proinflammatory cytokines, such as tumor necrosis
factor-alpha (TNFa).. Both conditions may be a precursor
to coronary heart disease and other cardiomyopathies. Some
researchers also discovered that an 8-week high-fat diet (HFD)
induced elevated oxidative stress (Sun et al., 2016) in obese rats,
leading to vasoactive and endothelial dysfunction of the coronary
arteries (Effting et al., 2019).

Extensive research has been carried out on the ingredients
of natural supplements that primarily help clients fight obesity.
Various antiobesity herbal products, functional fatty acids, and
natural additional nutritional ingredients have been used. Due to
the increased health awareness in the consumer, products derived
from natural herbs are expected to be potential components for
creating nature-derived antiobesity drugs in the weight loss
category (Sun ef al., 2016).

The rate of obesity has risen in many industrialized and
developing countries in recent years, more than doubling in 73
countries since 1980 (Afshin et al., 2017). Obesity is expected to
affect “12% of adults (603.7 million) and 5% of children (107.7

million) worldwide” (Saboo et al., 2010). Obesity is becoming
increasingly prevalent over the world, indicating the need for
more research into this risk factor in the future.

The objective of this study was to investigate the effect
of goldenberry (GB) (Physalis peruviana) extract (fruits with
husk) supplementation on fat accumulation, blood fat profile,
hepatic oxidative damage, hepatic fat deposition, inflammation,
and hepatic scarring, as well as metabolic syndrome in obese rats.

MATERIALS AND METHODS

Plant material

Goldenberry fruits were collected from a market in
Cairo, Egypt, during their off-season in February/March 2020. The
identification of the plants was confirmed by the Herbarium of the
Department of Botany, Faculty of Science, Cairo University. The
voucher samples were preserved in the herbarium of the National
Research Centre, Cairo, Egypt.

Preparation of extract

Fresh fruits with their husk (5 kg) were washed in
the laboratory with running tap water, stirred vigorously with a
blender, then soaked in 70% MeOH, warmed at 40°C, and filtered
(using Whatman No.1 filter paper) in another sterile container.
Extraction processes were performed repeatedly three times
at 40°C. Then, the resulting liquid was collected, filtered, and
reduced through evaporation under vacuum by a rotary evaporator
(Heidolph, Germany) at 45°C, and the crude extract was put into
lyophilization to give a dry residue (60 g).

Reagents

Folin—Ciocalteu and AICI3 reagents were supplied by
Sigma (St. Louis, MO) and were used as they were received.

Estimation of total phenolics and flavonoid contents

The total phenolic content (TPC) of fresh goldenberry
fruit with husk was determined using Folin—Ciocalteu
colorimetric assay described by Mandal and Madan (2013), with
minor modifications, using gallic acid as a standard. The results
were calculated using the standard curve of gallic acid at known
concentrations (2.5-50 pg ml'). TPC was expressed as mg
gallic acid equivalent (GAE)/g of a plant extract. Total flavonoid
concentration (TFC) was measured using an AlCI, colorimetric
assay. The TFC of the extract was determined according to the
reported procedure (Kumaran and Joel Karunakaran, 2007). TFC
was expressed as mg rutin equivalent (RE)/g plant extract.

Animal care and treatments

Thirty-two adult female Wistar rats weighing 150-170
g (National Research Centre, Animal House, Egypt) stayed at a
stable room temperature (25°C) with 12 hours light/dark cycles
and free access to food and water. The animals were given a week
to adapt. Eight rats were kept as a control, and others were given
a HFD and tap water with 25% sucrose for 12 weeks to develop
obesity. HFD contains carbohydrate 42.3%, protein 17%, fat
22.50%, fiber 3%, 2%, minerals 5%, and moisture 10%. Normal
rats were fed free standard chow pellets. Animals were handled
in accordance with the recommendations of the National Institute
of Health Guide for the Care and Use of Laboratory Animals. It
was approved by the Research Ethics Committee of the National
Research Centre number 19161.
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The rats were separated into four groups:
Group [: normal control rats served were fed a free
standard chow diet for 8 weeks (n = 8).
Group II: rats were given a HFD and water from the tap
with 30% sucrose for 12 weeks to develop
obesity (n = 8).
Group III: obese rats fed with HFD-treated oral gavage
with a low dose of 200 mg/kg b.w. (body
weight) of GB extract for 8 weeks (n = 8).
Group IV: obese rats fed with HFD-treated oral gavage
with a high dose of 400 mg/kg body weight
(b.w.) of GB extract for 8 weeks (n = 8).

Anthropometric measures

Body weight (g) and nasal-anal length (NAL) (cm) of
rats in the normal control group and experimental groups were
assessed at the beginning of the experiment, as well as after 2, 4,
6, and 8 weeks. The circumference of the waist was measured.
BMI (g/cm?) was calculated according to the following formula:
“BMI = body weight (g)/NAL (cm?).” Obesity was defined as a
BMI of 0.68 g/cm? or higher, as reported previously by Novelli
et al. (2007).

Samples’ collection

Three months later, blood was then collected in heparin-
filled tubes from the retroorbital plexus under local anesthesia by
diethyl ether and plasma isolated by centrifugation at 3,000 g for
15 minutes. The supernatant was isolated and stored at —80°C
until assay. Animals were killed under ether anesthesia, and organs
were removed for pathology and molecular biology investigations,
as well as adipose tissue collected for biochemistry.

Adiponectin and leptin determination

Rat adiponectin and leptin were quantified quantitively
by enzyme-linked immunosorbent assay (ELISA) using plasma
ELISA using “SinoGeneClon Biotech Co. Kit, China.”

Liver function and lipid profile tests

The gamma-glutamyl transferase (GGT) was kinetically
tested using kits provided by an Egyptian biotechnology company,while
plasma aspartate aminotransferase (AST), alanine aminotransferase
(ALT), and lipid profiles were evaluated calorimetrically using Kits
from Salucea Company, The Netherlands. The lipid profile was
determined by calorimetry using blood determination kits from
“Salucea Company, The Netherlands.” The lipid profile contains total
cholesterol (TC), triglyceride (TG), LDL, and high-density lipoprotein
(HDL).

Insulin resistance parameters

Blood glucose was determined calorimetrically following
the instructions of the Salucea Company kit. Plasma insulin was
assayed by immunoassay (ELISA) according to the instructions
of Sunlong Biotech Co. Kit (China). The insulin resistance index
was estimated from the following equation: homeostatic model
assessment for insulin resistance = fasting glucose (mg/dl) x fasting
insulin (mIU/ml)/ 405.

Oxidative stress and antioxidant markers analysis

One gram of rat liver was ground in 10 ml of phosphate
buffer (pH 7.4) and rotated for 15 minutes at 4°C at 10,000 rpm.
The supernatant was collected and used to perform protein and
enzyme analysis. The detection principle of MDA in catabolite
from lipid peroxide can react with thiobarbituric acid and
produce a red compound, which has a maximum absorption peak
of 532 nm (Kei, 1978). Superoxide dismutase (SOD) activity
was measured in tissue homogenates using a previously proven
technique (Nishikimi ez al., 1972). For 1 minute, changes in
absorbance at 480 nm were measured at 15 s intervals. At the
same time, a control reaction containing all components except the
enzyme was examined. One unit of enzyme activity was defined as
50% suppression of epinephrine’s antioxidant activity in the test
method. The presented technique was used to determine reduced
glutathione levels (Beutler ef al., 1963). The absorbance of the
mixture was measured immediately with a “spectrophotometer at
420 nm” once the yellow hue was formed.

Inflammatory parameters
TNF-a, C-reactive protein (CRP), IL2, and IL6 levels

were determined by the ELISA technique (Sunlong Biotech Co.
Kit, China).

Histopathological evaluations of liver

The livers of the separated groups were excised, fixed
in 10% formalin saline, then stained with hematoxylin and eosin
in S5-micron thick paraffin slices (Carleton et al., 1980), and
examined under a light microscope.

Statistical analysis

Values were stated as “mean + SE,” and the variances
between groups were tested for significance using “analysis
of variance (ANOVA), followed by Tukey’s comparison test
estimated by Graph Prism, version 9.2.” The level of “statistical
significance was at p < 0.05.”

RESULTS

Total phenolics and flavonoid contents

The TPC and TFC of Physalis peruviana fruit with husk
extract are shown in Table 1. The TPC is calculated as GAE/g of
plant extract, and TFC is calculated as rutin equivalent (RE)/ g of
dried extract.

Anthropometric measures of obese rats

Table 2 presents time-dependent alterations in body
weight and BMI in the four groups over 2, 4, 6, and 8 weeks. At the

Table 1. Total phenolic and flavonoid contents in Physalis peruviana
fruit with husk extract.

. . - Concentration
Physalis peruviana fruit with husk extract (M £ SE)
Total phenolic content (mg GAE/g of dried extract) 135.8 £4.502
Total flavonoid content (mg RE/g of dried extract) 45.7+3.302

Values are presented as the mean (M) of triplicates + standard error (SE).
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start of goldenberry extract supplementation, there was a significant
increase in body weight and BMI in obese, low-dose (200 mg/kg
b.w.), and high-dose (400 mg/kg b.w.) rats compared to the normal
control group. In the 4-8-week period marked by the observation
of the opposite, there was a significant decrease in BMI for the low
and high GB doses compared to the obese rats. Moreover, there are
advanced changes in the waist in the four groups over a period of 2,
4, 6, and 8 weeks. This means that the body mass index (BMI) of
the two administrated GB groups (low and high dose GB) showed
a decrease in BMI values after discontinuation of the trial (after 8
weeks of oral GB) compared to the obesity group, which showed an
increase in BMI values by a highly significant difference (p < 0.05).

Effect of goldenberry supplementation on adiponectin and
leptin hormones of obese rats

Adiponectin and leptin for the obese, obese + low-
dose GB extract, and obese + high-dose GB extract groups as
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compared to the control group are shown in Figure 1. Adiponectin
was significantly decreased in HFD rats compared with control
rats (p < 0.05). Otherwise, leptin was significantly increased in
obese rats in contrast to the normal control group. Otherwise,
GB supplementation at low or high doses significantly increased
adiponectin and decreased leptin levels compared to obese rats
(» <0.05).

Effects of goldenberry supplementation on lipid profiles of
obese rats

Table 3 shows the lipid profile of obese rats that took
the GB supplement. In this study, a substantial increase in plasma
TG and TC levels (p < 0.05) was noticed in obese rats compared
to the normal control group. GB supplementation markedly
reduced the levels of plasma TC and TG in obese rats (p < 0.05)
as viewed in Table 3 and significantly lowered the level of HDL
cholesterol in obese rats (p < 0.05) compared to the normal control

Table 2. Effect of GB extract on anthropometric measures of obese rats.

Parameters Tigzoum Control Obese Obese + low dose of GB extract Obese + high dose of GB extract
Basal 1973+7.4 330.2+6.5" 319.7+6.3" 313+ 11.4"
2 weeks 199.5+74 328.9+5.3" 311.7+8.5" 305.8+£9.7"
Body weight (g) 4 weeks 200.6 +7.4 3441 7.7 306.5+18.6 310+ 10"
6 weeks 255+ 1.8 3489+ 7 336.6 + 8.6 3104+ 11.5°
8 weeks 267.7+11.1 3524+2.1" 309.1£8.7 290.6 +9.2@
Basal 17.8+0.5 19.4+0.3" 19.3+0.4" 19.6 £ 0.7
2 weeks 17.9+0.5 20+0.3" 19.4+0.3" 19.3+04°
Waist circumference (cm) 4 weeks 18.6 £0.5 20.2+0.4" 19.6 £ 0.6 19.6 £ 0.5
6 weeks 17.8+0.3 20.9+0.4° 18.9 +£0.2¢ 19.1 £0.5¢
8 weeks 17.6+£0.5 19.4+£0.3 16.7£0.2@ 16.6 £0.2@
Basal 0.6+0.011 0.7+0.021" 0.7+0.017" 0.7 £ 0.033
2 weeks 0.6 £0.011 0.8 £0.026" 0.7 +0.029"@ 0.7+0.019"@
BMI (g/cm2) 4 weeks 0.6 +£0.011 0.9+0.021" 0.8 +0.042"@ 0.8+0.018"@
6 weeks 0.7+0.012 0.9 +0.03" 0.8 +0.025¢ 0.7 £ 0.024@
8 weeks 0.6 +0.011 0.8+0.016" 0.7 +£0.023@ 0.6 +0.023@

Each value represents the mean + SE. Statistical analysis was conducted using one-way ANOVA, followed by the Tukey—Kramer multiple comparisons test (*versus
normal group and ®versus obese group) for the respective time period at p < 0.05.
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Figure 1. Adiponectin and leptin of obese, obese + low dose of GB extract, and obese + high dose of GB extract groups in comparison
with the control. Each bar represents the mean + SE. Statistical analysis was performed using one-way ANOVA, followed by the Tukey—
Kramer multiple comparisons test for the respective time period (*versus control group and @versus obese group) at p < 0.05.
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Table 3. Lipid profile parameters of obese, obese + low dose of GB extract, and obese + high dose of GB extract groups
compared to control.

Parameters
Total cholesterol Triglyceride HDL LDL
Groups
Control 62.2+1.061 53.5+5.37 43.4 +£1.494 223.8+3.855
Obese 98 +3.295" 160.2 +20.08" 4.7+0.671" 2542+ 54"
Obese + low dose of GB extract 61.4+0.658¢ 49.3 +5.48@ 31.7 £8.507@ 207 +3.465@
Obese + high dose of GB extract 63.6 £ 1.449@ 45.3 +£7.856@ 445 +3.216@ 214.9 +4.063¢

Each reading represents the mean + SE. Statistical analysis was conducted using one-way ANOVA followed by Tukey—Kramer multiple
comparisons test for the respective time period (" versus control group and @ versus obese group) at p < 0.05.

Table 4. Liver function parameters for obese, obese + low dose of GB extract, and obese + high dose of GB extract
groups compared to control.

\E“metm\ ALT AST GGT
Groups

Control 5.6+ 1.67 23.8+£9.7 6.33£0.67

Obese 9.6+6.8 49.4 +28.1 33.67+3.76"
Obese + low dose of GB extract 8.6+£5.72 24.6 +£5.36 7.33+£1.20¢
Obese + high dose of GB extract 12.8 +4.55 26.2+11.94 7.00 £ 0.58@

Each reading represents the mean + SE. Statistical analysis was performed using one-way ANOVA, followed by the Tukey—Kramer
multiple comparisons test for the respective time period ("versus control group and @versus obese group) at p < 0.05.
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Figure 2. Blood glucose, insulin, and insulin resistance of Obese, Obese+ low dose of GB Extract, and Obese+ high dose of GB Extract groups
as compared to control. Each bar represents the mean + se. Statistical analysis was conducted using one-way ANOVA followed by Tukey-
Kramer multiple comparisons test for the respective time period. (* vs control group and @ vs obese group) at p<0.05.
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Table 5. Antioxidant and oxidative stress parameters in the liver of obese, obese + low dose of GB extract, and obese + high dose of
GB extract groups compared to control.

Parameter Control Obese

+
Obese + low dose of GB Obese + high dose of GB extract

extract
MDA (nmol/g wet tissue) 87.16+3.4 152.6 £8.4" 121.8 £2.3@ 96.6 £2.5@
SOD (U/mg protein) 19+0.93 383£2.1" 28.8+1.01¢ 20.3+0.7¢
GSH (mg/g wet tissue) 128 +4.2 80.3+2.7" 97 +3.5@ 114.5+3.3@

Each reading represents the mean + SE. Statistical analysis was performed using one-way ANOVA followed by Tukey—Kramer multiple comparisons
test for the respective time period (" versus control group,  versus obese group, and *versus low dose GB group) at p < 0.05.
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Figure 3. Anti-inflammatory markers I1-2, interleukin-2; 116, interleukin-6; TNF- o, tumor necrosis factor- alpha; and CRP, C-reactive protein of Obese, Obese+ low
dose of GB Extract, and Obese+ high dose of GB Extract groups as compared to control. Each bar represents the mean =+ se. Statistical analysis was performed using
one-way ANOVA followed by Tukey-Kramer multiple comparisons test at respective time interval. (* vs control group and @ vs obese group) at p<0.05.

group. GB supplementation groups significantly improved HDL
compared to obese rats (p < 0.05). Furthermore, the level of LDL
cholesterol was significantly amplified (» < 0.05) in the obese
group compared to the normal control group. GB group of low or
high dose markedly reduced the LDL level (p < 0.05).

Effects of goldenberry supplementation on liver function of
obese rats

Animals fed a high-fat diet developed steatosis and
hepatic impairment, as a result of fat buildup in the liver. The
activity of enzyme markers of liver function was used to measure

hepatic damage. When liver damage occurs, serum ALT, AST,
and GGT activities rise, therefore we examined these enzymes
in control animals fed a high-fat diet. Table 4 shows the changes
in liver enzyme functioning. In the high-fat-fed diet rats, plasma
AST activity was substantially higher (p < 0.05) than in the control
rats. Compared with obese rats, oral goldenberry supplementation
for 8 weeks restored AST activity in the obese + low-dose GB
extract and obese + high-dose GB extract rats (p < 0.05). In rats
fed a high-frequency diet, plasma ALT and GGT activities were
also elevated twofold to threefold compared to the control group
(p < 0.05), respectively. In the obese + low-dose GB extract and
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Figure 5. Correlation of BMI with TNF-q, IL-6, CRP, and IL-2 and correlation of leptin and adiponectin with TNF-a in obese rats.
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M

Figure 6. (A) Photomicrograph of a liver section of a control rat showing the general appearance of the hepatic lobules (normal cells).
Notice the CV, normal BS, and Kupffer cells (red arrow). (B) Liver section of obese rat showing macrovesicular and microvesicular
steatosis (fatty change); black arrow indicates the microvesicles and yellow arrow indicates the macrovesicles. Some hepatocytes
appeared pyknotic (red arrow). (C) Liver section of obese rat (another filed) showing minimal fibrosis and hypertrophy of Kupffer cells
(red arrow). (D) Liver section of obese rat (another filed) demonstrating hepatocytes with cloudy swelling or hydropic degeneration

(CS), few inflammatory infiltrate around portal tract (red arrow).

obese + high-dose GB extract rats, oral supplementation with GB
also normalized the activities of these liver enzymes by decreasing
ALT and GGT activities compared to obese rats. (p < 0.05).

Effect of goldenberry supplementation on insulin resistance
parameters in obese rats

Figure 2 illustrates the blood glucose, insulin, and insulin
resistance of obese, obese + low-dose GB extract, and obese + high-
dose GB extract groups as compared to control (p <0.05). Treatment
of obese rats with a low or high dose of goldenberry extract
attenuated the increase in plasma insulin or glucose concentration
and in the insulin resistance index (Fig. 2). The insulin level of
high-dose GB extracts is significantly lower than that of a low dose
(p < 0.05), while there is no significant difference between doses of
GB extract on glucose or IR level (p < 0.05).

Effect of goldenberry supplementation on the liver’s
antioxidant and oxidative stress parameters in obese rats

Table 5 presents the antioxidant enzymes and oxidative
stress parameters in the liver of the obese, obese + low-dose GB
extract, and obese + high-dose GB extract groups compared to
the control group. The content of MDA in the liver is used to
determine reactive oxygen species when compared to control
rats since animals on the HF diet have a substantially higher
lipid peroxidation in the liver (»p > 0.05). When compared to

obese rats, GB supplementation improved lipid peroxidation
(p > 0.05). Reduced glutathione (GSH) and SOD are two naturally
occurring cellular antioxidants that help reduce oxidative stress.
The capabilities of cellular antioxidant were reduced in the
HF diet-fed rats due to increased oxidative stress, as shown in
Table 5 (p < 0.05). In this investigation, SOD activity was
considerably elevated (p < 0.05) in the liver of HF diet-fed rats
compared to the control group, whereas GSH was dramatically
reduced in the liver of obese rats compared to normal rats.
Compared with obese rats, GB supplementation significantly
(p < 0.05) restored SOD activity and GSH levels in the obese +
low-dose and obese + high-dose GB extract groups.

Effect of goldenberry supplementation on the plasma
inflammatory markers in obese rats

Anti-inflammatory markers IL-2, IL-6, TNF-a, and CRP
for obese, obese + low-dose GB extract, and obese + high-dose
GB extract groups compared to the control group are shown in
Figure 3. IL-2 was significantly decreased in HFD rats compared
with control rats (p < 0.05). Otherwise, IL-6, TNF-0, and CRP
were significantly increased in obese rats in contrast to the
normal control group. GB supplementation at low or high doses
significantly improved all levels of anti-inflammatory markers
compared to obese rats (p < 0.05). Correlation results (Figs. 4 and
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Figure 7. Photomicrographs of rat liver. (A) Liver section of obese rat subjected to extract at low dose showing some improvement
in pathological changes in the form of no steatosis, but the liver tissue still suffers from some changes in the form of some hepatocyte
appeared pyknotic (black arrow) and microvacuolar degeneration (red arrow). (B) Liver section of obese rat subjected to extract at a
low dose (another filed) showing an increase inflammatory infiltrate around portal vein (red arrow) and hyperplasia of Kupffer cells
(orange arrow). (C) Liver section of obese rat subjected to extract at high dose revealed more or less preserved hepatic architecture.
The hepatocytes are arranged in cords radiating from CCV and separated by normal BS and Kupffer cells. (D) Liver section of obese
rat subjected to extract at high dose (another filed) showing some macro- (red arrow) and microvacuolation (yellow arrow) still

present.

5) revealed a positive correlation between BMI and leptin, insulin,
CRP, TNF-a, IL6, or IR. On the other hand, a negative correlation
of BMI with both adiponectin and IL2 was recorded.

Effect of goldenberry supplementation on the histological
assessment of the liver

The liver, which has two lobes, is one of the largest
organs in the human body. The plates of hepatocytes sprout from
a terminal branch of the hepatic vein—the central vein—split
each lobe into hexagonal hepatic lobules. Six portal tracts and one
or more bile ductless surround each hepatic lobule on average.
Portal triads allow blood to enter, travel through the sinusoids
between hepatocyte plates, and drain into the CV. Kupffer cells
and endothelial cells border the blood sinusoids (BS) (Fig. 6A).
Liver tissues of obese rats were histopathologically examined and
revealed fatty changes with micro- and macrovesicular steatosis.
There was a little fibrosis; some hepatocytes that seemed pyknotic;
and hypertrophied Kupffer cells. There were few inflammatory
infiltrates surrounding the portal vein, as well as hazy swelling
injuries (Figs. 6B-D). Although minute vacuolar degeneration,
some pyknotic hepatocytes, increased inflammatory infiltrate
around the portal vein, and hyperplasia of Kupffer cells were still

present, the histological changes in liver sections of obese rats
exposed to low-dose goldenberry extract led to some improvement
in pathological changes in the form of no steatosis (Figs. 7A
and B). Histopathological changes in liver tissues of obese rats
exposed to a high dose of the extract revealed a reduction in
hepatic lesions and degenerative changes (e.g., no steatosis, no
pyknotic cells, and no cloudy swelling), the liver lobules regained
their regular architecture with normal hepatocytes, and although
the CV was still congested, some macro- and microvacuolation
was still present (Figs. 7C and D).

DISCUSSION

Health problems related to being overweight are
increasing in many countries around the world. A high-fat,
high-energy diet is believed to be the primary contributor to the
development of these issues. Our aim in this research is to study
the effect of goldenberry extract on insulin resistance, oxidative
stress, inflammation, and fatty liver induced by obesity. In our
research, treating obese rats with goldenberry significantly
reduced BMI, waist circumference, and body weight gain. Our
results are in agreement with Hassan ef al. (2019). BMI changes
have been linked to hyperlipidemia and oxidative stress in rat
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serum, suggesting that BMI may predict these negative effects of
obesity in rats (Novelli et al., 2007).

The results obtained indicated that the levels of
cholesterol, TGs, and LDL were significantly amplified in
obese rats compared with the control, whereas HDL levels were
considerably lower. Our findings are consistent with previous
studies (Hassan et al., 2019; Jiang et al., 2021). Goldenberry fruits
with husk extract have hypercholesterolemia-lowering effects
in obese rats. Goldenberry administration also keeps the liver
from oxidative stress and decreases the amount of fatty liver that
develops as aresult of the high-fat diet (Ramadan, 2012). It has been
proposed that people with coronary atherosclerosis should take
goldenberry to prevent the condition from progressing (Ramadan,
2011). Goldenberry fruit has been reported to be highly nutritious,
as it contains high levels of vitamins A, B, and C. The main active
ingredient of vitamin A in the fruit is a-carotene, 3-carotene, and
B-kryptoxanthin. Phytosterols are of great interest because of their
antioxidant capacity and impact on both TC and LDL cholesterol
(Sun et al., 2016). Supplementation of goldenberry extract (the
fruit with husk) increased HDL cholesterol levels. Since HDL is
involved in the transfer of cholesterol from peripheral cells to the
liver, elevated blood HDL cholesterol levels obtained from dietary
goldenberry extract are thought to be beneficial in reducing the
risk of cardiovascular disease. Our study of the fruit and husk
as a single extract reveals the full extent of their antiobesity
potential. The obese rats had significantly higher blood levels of
leptin and lower levels of adiponectin compared to the control
group. Goldenberry extract supplementation (low or high dose)
significantly reduced the increase in leptin levels, brought them to
near-normal levels, and improved adiponectin levels. Our results
are in agreement with previous research (Al-Rasheed et al., 2017,
Stoica et al., 2021). Obesity is characterized by a wide range of
circulating adipokine levels due to the aberrant accumulation
and dysfunction of adipose tissues. Also, obesity problems and
an increased risk of developing obesity-related comorbidities,
including type 2 diabetes, are associated with altered levels of
leptin and adiponectin. In rat models, leptin and adiponectin are
also indicators of metabolic syndrome. Leptin is a neuroendocrine
and energy homeostasis regulator that reflects energy reserves,
fat mass, and energy deprivation. There is a positive correlation
between BMI and leptin in obese rats. On the other hand, a
negative correlation was recorded between BMI and adiponectin.
These correlations suggest that BMI may influence the secretion
of the two adipocyte hormones.

Hepatic injury or alterations in the permeability of
the hepatocyte membrane are associated with increased AST,
ALT, and GGT activities. Because AST is found throughout the
body, particularly in the liver, muscles, and red blood cells, ALT
and GGT are considered to be more specialized liver enzymes.
Furthermore, a greater degree of liver function in serum is used to
diagnose not only liver damage but also hepatic insulin resistance,
metabolic syndrome, and type 2 diabetes (Kinasih et al., 2020).
Serum ALT level and insulin resistance are intrinsically correlated,
but not AST, and has been shown to be a predictor of T2D in
humans. At the highest dose of the extract, oral administration of
goldenberry extract to obese rats resulted in the largest decline in
liver enzymes. These results are consistent with Arun and Asha’s
(2007) study, where they found that Physalis extract is rich in
flavonoids and has hepatoprotective or antihepatoma activity. It

has been found that Physalis peruviana scavenge-free radicals
generated by CCl4 raises the activity of the antioxidant defense
system and increases the kidney’s vulnerability to oxidant stress.
As a result, Physalis extract can be used as a dietary antioxidant
to slow down aging, prevent illnesses caused by ROS, and reduce
oxidative damage in tissues.

Obesity is a principal causative factor in the development
of the metabolic syndrome. Insulin resistance, inadequate glucose
metabolism, and finally the development of type 2 diabetes mellitus
are all linked to obesity, oxidative stress, and fatty liver (Aydin
et al., 2014; Hafizi Abu Bakar et al., 2015). The rise in glucose,
insulin resistance, and lipid profiles is caused by the saturated fats
found in the high-fat diet, as well as by sugar (Timmers et al.,
2011). According to the findings, the obese rats fed a high-fat diet
with sucrose had higher plasma glucose levels, insulin levels,
insulin resistance index, plasma lipid levels, including cholesterol
and TG levels, and oxidative stress in the liver. In obese rats,
goldenberry administration reduced glucose levels, insulin
resistance, and plasma lipid levels. As a result, the antiobesity
efficacy of goldenberry fruit and husk extract was evaluated in the
current study using an HFD-induced obesity animal model. Fruit-
containing husk extract reduces blood glucose levels indicating
that the extract is beneficial in maintaining glucose homeostasis.
Obese mice were given the fruit and husk extract had easier
insulin-stimulated glucose absorption into the peripheral organs.
Insulin sensitivity was improved in obese rats treated with the fruit
and husk extract, revealing that the extract has significant insulin
sensitization activity in addition to enhanced glucose homeostasis,
most likely due to improved pancreatic B-cell function, as
evidenced by increased plasma insulin levels. Insulin controls
the activity of several metabolic enzymes to regulate metabolism
by modifying glucose absorption and utilization in target organs
such as the liver, skeletal muscle, and adipose tissue (Petersen and
Shulman, 2018). Wet liver weights in obese rats were considerably
increased after treatment with fruit extract in this study, indicating
enhanced glucose use and storage. Liver MDA and SOD
levels were increased dramatically, whereas GSH levels were
significantly decreased in obese rats, according to the results, by
replenishing cellular antioxidants, GB supplementation reduced
oxidative stress, inflammatory indicators, and lipid peroxidation.

There are positive correlations between BMI and
parameters of inflammation (IL-2, IL-6, CRP, and TNF-a).
Moreover, there is a positive correlation between leptin and TNF-a.
Leptin and the TNF-a system may be involved in the pathogenesis
of obesity and insulin resistance. An increase in leptin and TNF-a
leads to an increase in insulin resistance (Lee et al., 2014).

TNF-a, a proinflammatory cytokine, is one of the
most prominent proinflammatory mediators implicated in the
development of insulin resistance and the pathophysiology of
T2DM. TNF-a is predominantly generated in adipocytes and/
or peripheral tissues. TNF causes tissue-specific inflammation
by generating ROS and activating a variety of transcriptionally
driven pathways. TNF-a increases insulin resistance in adipocytes
and peripheral tissues by affecting insulin signaling through serine
phosphorylation, leading to the development of T2DM (Akash
etal., 2018).

In this study, histopathological investigations of liver
tissues in obese rats showed fatty changes with micro- and
macrovesicular steatosis; some hepatocytes appeared pyknotic;
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and hypertrophied Kupffer cells could be observed. Our results
agree with previous studies (Agil e al., 2015; Altunkaynak, 2005;
Ramli et al., 2014). After a low dose of GB administration, the
results exhibited that hepatic tissue of obese rats showed slight
improvement in pathological changes, i.e., there was no steatosis,
but the liver tissue still suffered from some changes in the form
of some hepatocytes that appeared pyknotic and microvacuolar
atrophy. These observations are similar to previous studies
(Agil et al., 2015; Hatzis et al., 2013; Ramli et al., 2014), which
reported having shown little infrequent steatosis of the liver cells
and gentle correction of the tissue cells. Finally, high-dose GB
reported that the hepatic architecture was more or less preserved.
The hepatocytes are arranged in cords radiating from a congested
central vein (CCV) and separated by normal BS and Kupffer cells.
These are in agreement with Chinchu ez a/. (2020) and Mashmoul
et al. (2016).

Increased lipid peroxidation was related to decreased
GSH levels and increased SOD levels, indicating that oxidative
stress induced by free radicals in obesity contributed to the
progression of liver steatosis (fatty transformation) and fibrosis.
Treatment with goldenberry extracts significantly enhanced
the activity of these enzymes, indicating that goldenberry
has antioxidant and antihepatoprotective properties, which
is comparable to the results of Arun and Asha (2007). The
antioxidant and antifibrotic effect of goldenberry may be due to
the presence of quercetin (Janbaz et al., 2004). Quercetin belongs
to a broad class of polyphenolic flavonoid compounds found in
goldenberry (Table 1). Due to its ability to scavenge free radicals
and bind transition metal ions, quercetin is a powerful antioxidant.
Quercetin’s properties allow it to inhibit lipid peroxidation (Anand
David et al., 2016) and it has anti-inflammatory properties (Boots
et al., 2008). Goldenberry extract also contains kaempferol in
addition to quercetin. Due to its ability to scavenge free radicals
and active oxygen species such as singlet oxygen, superoxide
anion radicals, and hydroxyl radicals, kaempferol is known as a
potential antioxidant (Tatsimo et al., 2012). MDA is one of the
most common lipid peroxidation products, and its high levels may
reflect the severity of lipid peroxidation injury in hepatocytes (Al-
Olayan et al., 2014). MDA levels are significantly reduced when
goldenberry extract is supplemented, demonstrating that it has an
antiperoxidative action.

CONCLUSION

Treating obese rats with goldenberry extract (fruits with
husk) showed an efficient therapeutic result in alleviating the
symptoms and complications of obesity, such as insulin resistance,
type 2 diabetes, and fatty liver, presumably by reducing oxidative
stress, lipids, and inflammatory markers or improving the
antioxidant defense system. Ultimately, goldenberry may reduce
the complications of obesity via controlling adipocyte hormones
and capturing free radicals.
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