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Abstract

Obesity poses a significant health danger. The effects of green coffee extract (GCE) and turbo slim blue (TSB) on
decreasing the body weight (BW) and their impact on various physiological indicators of metabolic state in obese
rats were investigated in this study. Twenty-one male rats weighing 320-360 g were distributed into three groups.
Rats were treated with the following for 4 weeks: distilled water (control), GCE (10 mg/kg), and TSB (10 mg
kg). All measurements are percent (%) BW changes, pancreatic function markers (insulin, glucose, HOMA-IR),
protein, and lipid indicators. Thyroid hormones, leptin, testosterone, liver, and renal function markers were also
measured. Relative to the control group, GCE-treated rats significantly reduced the % of the change in BW,
glucose, HOMA-IR, and leptin. GCE significantly increases T3 and T4. In addition, GCE-treated rats showed
decreased serum lipids and increased serum testosterone levels. Biomarkers of protein metabolism, liver, and
kidney function were unaffected by GCE. In contrast to GCE, the loss of BW induced by TSB is associated with
a significant rise in liver and kidney function, which is a marker of toxicity. Therefore, GCE can be considered as
a harmless and effective additional therapy to reduce BW.
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1. Introduction
Globally, the epidemic of obesity is a worldwide
public health concern. Obesity is linked to increased

To manage obesity, lifestyle modification is the
first approach, including calorie restriction and
increased physical activities. However, maintaining

adiposity, which is well-known for being connected
to an elevated risk of a variety of chronic disorders,
including hypertension, cardiovascular disease,
dyslipidemia, and insulin resistance [1-3]. In the
previous two decades, obesity has become prevalent
globally, which could be related to a sedentary
lifestyle and increased intake of a high-caloric diet
[4]. Obesity is associated with several morbidities
and health disorders that can reduce human life
quality, strain the healthcare system, and financial
burden on the country [5]. A previous study revealed
that lower 5-10 % of body weight resulted in
significantly  decreased lipid risk factors of
cardiovascular diseases, type two diabetes, blood
pressure, and inflammation [6-7].

these efforts over time can be difficult, and the
outcomes are frequently insufficient [8-9].
Pharmacotherapy for weight management has been
recommended with lifestyle modification [10-11].
Several anti-obesity drugs have been developed
with  different mechanisms targeting diverse
pathways and factors, while others have been
removed owing to long-term severe adverse effects
[12-13]. Most of these anti-obesity drugs are based
on stimulating or blocking various enzymes and
biomolecules involved in fat metabolism, decreasing
food consumption or absorption, or increasing energy
expenditure [14-15]. Turbo slim blue (TSB), an anti-
obesity drug, contains chromium, an essential mineral
involved in regulating carbohydrate and fat
metabolism and decreasing body fats, which leads to
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weight loss [16]. Besides, a mixture of herbs such as
Garcinia cambogia extract and Gymnema extract,
which have been included in weight loss via
inhibiting body fat biosynthesis, epididymal fat
accumulation, and curbing appetite [17-19].
However, anti-obesity medications have numerous
adverse side effects such as pulmonary hypertension,
vascular heart disease, psychological effects,
increased risk of stroke, and heart attack [20].

Green coffee (GC), unroasted coffee seeds, is
high in bioactive phytochemicals, including
chlorogenic acids (CGAs) and methylxanthines,
which have a diversity of biochemical and
physiological functions [21]. Green coffee extract
(GCE) has potent antioxidant properties and has a
positive preventive role against the risk of metabolic
syndrome [22-23]. GCE showed hypoglycemic effect
and inhibition of adipogenesis [24]. GC methanolic
extract showed hepatoprotective, antioxidant, and
anti-inflammatory impacts in hepatotoxic rats [25].

This research aimed to determine the efficacy of
GCE comparable to TSB (an anti-obesity drug) on
body weight and to detect their impact on various
physiological markers that describe the metabolic
state in obese adult male rats.

2. Material and Methods
2.1. Animals

Twenty-one adult obese male albino rats (320-360
g body weight (BW)) were acquired from the Nile
Pharmaceutical Company’s animal house, Cairo,
Egypt. Rats were kept in well-aerated polypropylene
cages in a room with controlled conditions for one
week; the rats were freely allowed food and water.
The experimental processes were done in conformity
with the principles and guidelines of the Ethics
Committee of the Faculty of Science, Al-Azhar
University, Cairo, Egypt.

2.2. Drugs and chemicals

Turbo slim blue (TSB) capsules (400 mg) were
purchased from Med Care for Pharma Clinic. Green
coffee extract (GCE) capsules (800 mg GCE, 50%
chlorogenic acid) were purchased from Seef Group
Pharmacies.

2.3. Experimental design

All rats in this study were obese with an average
BW of 340 + 20g. They were divided into the
following three equal groups (7 animals each):
Control: rats were ingested orally (p.o.) distilled
water daily for four weeks.
TSB: rats were ingested p.o. TSB (10 mg / kg/day)
for four weeks [26].
GCE: rats were ingested p.o. GCE (10 mg / kg/day)
for four weeks [27].
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2.4. Assessment of % change of the BW

BW for each rat was measured weekly, and the
percent (%) change in BW was calculated after 2 and
4 weeks.
% Change of the BW = [(Final — Initial)/Initial] x100

2.5. Samples collection

Blood samples were gathered from the retro-
orbital sinus plexus after the end of the experiment
under mild ether anesthesia. Serum was separated by
centrifugation (5000 rpm) for 10 minutes, then kept
frozen at -20°C until analysis.

2.6. Determination of pancreatic function

biomarkers

Enzyme-linked immunosorbent assay (ELISA) kit
(Abcam) was used for determining insulin levels and
biochemical assay kit (Abcam) was used for
determining glucose level as described in
manufacturer’s procedure. Homeostatic model
assessment of insulin resistance (HOMA-IR) was
calculated via a free online calculator (HOMA
calculator, https://www.dtu.ox.ac.uk/homacalculator/

download.php) [28].

2.7. Determination of serum triiodothyronine
(T3), thyroxine (T4), and leptin
Triiodothyronine (T3) and thyroxine (T4) were
estimated using ELISA kits (Abcam). Leptin was
measured using ELISA kit (Bioassay technology
laboratory) as the manufacturer’s instructions.

2.8. Determination of protein biomarkers

Total protein and albumin levels were assessed by
colorimetric assay Kkits (BioMerieux kits, France).
Globulin level and albumin/globulin (A/G) ratio were
calculated.

2.9. Determination of lipid biomarkers

Colorimetric assay kits (BioMerieux Kits, France)
were used for determination of total cholesterol (TC),
triglycerides (TG), and high-density lipoprotein
cholesterol (HDL-C). Equations were used to
calculate low- and very low- density lipoprotein
cholesterol (LDL-C and VLDL-C).

2.10. Determination of liver function biomarkers

Colorimetric assay kits (BioMerieux Kits, France)
were used for determining aspartate aminotransferase
(AST) and alanine aminotransferase (ALT).

2.11. Determination of renal function biomarkers
Renal function biomarkers were assessed through

determination of serum creatinine and urea

concentrations by using BioMerieux Kits, France.
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2.12. Determination of serum testosterone
ELISA Abcam kit was used for determination of
testosterone level.

2.13. Statistical analysis

All the biochemical data were represented as
mean + SE. Results analysis was done using SPSS
version 27 (p <0.05 was considered statistical
significance).

3. Results
3.1. GCE and TSB impacts on the percent change
in BW in obese rats
Table 1 shows the percent change in BW in all
experimental groups after 2 and 4 weeks. At 2 and 4
weeks, the percent change in BW in both the TSB
and GCE groups was significantly lower (p < 0.001)
than in the control group. Furthermore, when
compared to the TSB-treated rats, the GCE-treated
rats showed a significant reduction (p < 0.01) in
percent change in BW after only 2 weeks.

Table 1. GCE and TSB impacts on the percent (%)
change in BW in obese rats.

Groups % Change in BW

After 2 weeks After 4 weeks
Control 15.06 + 0.89 50.26 + 2.53
TSB 6.36 + 0.95 ™ -0.24 £0.42%
GCE 1.91+0.96 ¥ &~ -3.73+£0.75%™

Values are mean + SE (n=7). *Significant difference relative to the

control; &Significant difference relative to the TSB. ("p < 0.01, ™p
<0.001).

3.2. GCE and TSB impacts on pancreatic function

biomarkers measured in obese rats

Table 2 shows all experimental groups’ serum
glucose, insulin, and HOMA-IR  values.
Administration of GCE and TSB significantly
decreased the HOMA-IR value (p < 0.01 and p <
0.05, respectively) relative to the control group value.
Only GCE administration significantly reduced (p <
0.05) serum glucose value relative to control value.

Table 2. GCE and TSB impacts on pancreatic
function biomarkers measured in obese rats.

Groups Insulin Glucose HOMA-IR
(mU/L) (mg/dI)

Control 0.934+0.017 = 100.40 + 3.42 0.230 + 0.009

TSB 0.916 + 0.003 90.80+ 3.92 0.204 + 0.004 **

GCE 0.899 +£0.013 = 85.54+3.98 % 0.191 +0.008 *

Values are mean + SE (n=7). *Significant difference relative to the
control. ("p <0.05, “p <0.01).
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3.3. GCE and TSB impacts on serum T3, T4, and

leptin hormones measured in obese rats

Table 3 shows all experimental groups’ serum T3,
T4, and leptin hormone values. Administration of
GCE or TSB produced significant increases in serum
T3 and T4 values (p < 0.05 for both) relative to the
control. Besides, leptin values in both the TSB and
GCE groups were significantly lower (p < 0.05) than
in the control group.

Table 3. GCE and TSB impacts on serum T3, T4,
and leptin hormones measured in obese rats.

Groups T3 T4 Leptin
(ng/dl) (ng/dl) (ng/dl)
Control 4794 £2.24 3.02+0.03 1.90 +0.05
TSB 54.48+1.13 # 3.39+0.13 % 1.67 £0.11%
GCE 53.60+ 1.51 # 3.36 £0.14 # 1.59 + 0.04*

Values are mean + SE (n=7). *Significant difference relative to the
control. ("p < 0.05).

3.4. GCE and TSB impacts on serum protein

biomarkers measured in obese rats

Table 4 shows all experimental groups’ serum
total proteins, albumin, and globulin values besides
the AJ/G ratio values. Treatment with TSB
significantly reduced (p < 0.05) serum albumin and
AJ/G ratio relative to the control. No effect was noted
on all these parameters in the GCE group.

3.5. GCE and TSB impacts on lipid biomarkers

measured in obese rats

Figure 1 shows all experimental groups’ serum
TC, TG, HDL-C, LDL-C, and VLDL-C values.
Treatment with TSB significantly reduced serum TC,
TG, and LDL-C (p < 0.05, p < 0.01, and p < 0.01,
respectively) relative to the control. Administration
of GCE produced significant decreases in serum TC,
TG, LDL-C, and VLDL-C (p <0.01, p<0.01, p <
0.001, and p < 0.05, respectively) relative to the
control. Furthermore, when relative to the TSB
group, the GCE group showed a significant decrease
(p £0.01) in serum LDL-C.

3.6. GCE and TSB impacts on liver function

biomarkers measured in obese rats

Figure 2 shows all experimental groups’ serum
AST and ALT values. Treatment with TSB
significantly increased serum AST and ALT (p <
0.01 for both) relative to the control and GCE.
Administration of GCE produced no effect on serum
AST and ALT relative to the control group.

3.7. GCE and TSB effects on renal function
biomarkers measured in obese rats
Figure 3 shows all experimental groups’ serum
urea and creatinine values. Treatment with TSB
significantly increased serum creatinine relative to
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the control and GCE (p < 0.05 and p< 0.01,
respectively). Administration of TSB produced no
effect on serum urea relative to the control.
Administration of GCE had no impact on serum urea

and creatinine relative to the control.

3.8. GCE and TSB impacts on serum testosterone
measured in obese rats
Figure 4 shows all experimental groups’ serum
testosterone  values.  Treatment with GCE
significantly increased serum testosterone relative to
the control (p < 0.05). Ingestion of TSB produced no
effect on serum testosterone relative to the control.

4. Discussion

Obesity is a serious medical condition, it
increasingly affecting a large population worldwide.
It is characterized by an excessive accumulation of
adipose tissue, which can lead to a variety of health
issues [29]. In recent years, advancements in the
treatment of obese animals have been made, although
the efficiency of these treatments is still debatable.
This work aimed to elucidate the effects of GCE and
TSB (anti-obesity drug) on body weight and some
physiological biomarkers in obese male rats.

The present results denoted that there was a
significant reduction in % change of the BW in rats
administered GCE relative to the untreated obese rats
after 2 and 4 weeks. Also, GCE produced a
significant decrease in % change of the BW relative
to TSB-treated rats after 2 weeks. In addition,
administration of GCE induced significant
hypolipidemic effects, significant decreases in
glucose, HOMA-IR, and leptin hormone. Besides,
GCE significantly increased serum thyroid hormones
(T3 and T4) and testosterone. Ingestion of GCE has
no side effects on protein metabolism. The levels of
liver and renal function biomarkers in GCE group
were comparable with the control levels. The
obtained results agree with Hussein et al. [30] who
demonstrated that treatment with GCE in high-fat
diet (HFD)-induced obese rats significantly reduced
BW than the untreated group. Another study showed
that regular consumption of GCE for 60 days induced
significant weight loss [31]. Song et al. [32] reported
that consumption of GCE prevents fat accumulation
in mice. The weight reduction effects of GCE may be
attributed to the phytochemical compounds,
especially chlorogenic acids (CGAs), which avoid

weight gain and fat accumulation via increasing fat
metabolism and inhibiting fat absorption, as well as
reducing appetite [33-35]. Moreover, catechin,
caffeine, and CGAs in GCE showed synergistic
effects on enhancing fat expenditure [36-38].

The hypolipidemic effect of GCE agree with
Hussein et al. [30] who reported that ingestion GCE
ameliorated the HFD-caused hyperlipidemia in rats.
The phytocompounds and CGAs in GCE have been
proved to significantly improve lipid content and fat
accumulation via activation of fat metabolism in the
liver [34, 39]. CGAs in GCE down-regulation of liver
X receptor o (LXRa), which regulate the syntheses of
fatty acids and triglycerides via direct activation of
the genes encoding lipogenic enzymes [40]. Also,
hypolipidemic effects of GCE could be attributed to
enhanced  peroxisome  proliferator-activated «
(PPARa) expression, which speeds up fatty acid B-
oxidation [40].

Additionally, Hussein et al. [30] revealed that
GCE significantly decreased insulin and glucose
levels in treated obese rats relative with the HFD-
untreated group. A phytoconstituents of GCE, CGAs,
inhibits glucose-6-phosphate translocase 1, which
inhibits glucose absorption in the small intestine [41].
This explained the reducing glucose level induced by
GCE. Leptin, the hormone which regulates food
consumption and fatty acid oxidation, is secreted by
the adipocytes. It is transported to the brain, which
signals inhibited lipid accumulation in the adipose
tissue [42]. Choi et al. [43] found that treatment with
GCE reduces leptin hormone concentration in the
treated group.

The enhanced in testosterone level in GCE treated
rats agree with Wedick et al. [44] who reported that
after 28 days, green coffee consumption significantly
increased serum testosterone. It could be explained
by its antioxidant effects [23].

In the present study ingestion of TSB induced
significant weight reduction, hypolipidemia, and
decrease in HOMA-IR in the treated rats relative to
control rats. Levels of T3 and T4 were significantly
higher in TSB-treated rats. However, TSB-treated
rats induced significant decreases in serum albumin
and A/G ratio, concurrent with significant increases
in liver enzymes (AST and ALT) activities and
creatinine levels relative to the control rats.

Table 4. GCE and TSB impacts on serum protein biomarkers measured in obese rats.

Groups Total Protein (g/dl) | Albumin (A) (g/dl) Globulin (G) (g/dI) AJG ratio
Control 6.38 £ 0.09 3.14+0.11 3.24 +0.06 0.97 £ 0.06
TSB 6.32+0.06 2.78 + 0.08*" 3.55+0.15 0.78 + 0.05*"
GCE 6.27 £ 0.04 2.86+0.11 3.41+0.10 0.84 + 0.04

Values are mean * SE (n=7). *Significant difference relative to the control. ("p < 0.05).
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TSB, an anti-obesity drug, contains Garcinia
cambogia. Studies revealed that Garcinia cambogia
extracts and (—) hydroxycitric acid (HCA), the major
component of TSB helps to restrict appetite by
diminishing the desire to eat, resulting in a reduction
in food consumption, reducing body fat gain, and
promoting satiety by regulating serotonin levels [45-
46]. Garcinia cambogia also caused fat dispersion,
which aided lipase action on adipose tissue,
suppressed body fat accumulation, inhibited
cytoplasmic lipid accumulation, and regulated
adipogenesis [18, 47].

TSB exhibited hypolipidemic effects through
increased fat oxidation and declined de novo
lipogenesis. Administration of Garcinia cambogia,
the major component of TSB, decreased lipid levels
in rats fed HFD by lowering lipogenesis and
increasing lipid breakdown [48]. HCA is also a
powerful inhibitor of adenosine triphosphate-citrate
lyase, a catalyst for the conversion of citrate to
acetyl-coenzyme A, which is involved in the
synthesis of fatty acids, cholesterol, and triglycerides
[49].

Thyroid hormones, which include T3 and T4, are
important metabolic hormones, with T3 being the
most functionally active. Thyroid hormone levels in
the blood are linked to energy production. The
significantly elevated thyroid hormones in TSB-
treated obese rats in this study agree with Hornick et
al. [50] and Smith et al. [51] they attributed the
hyperthyroidism to the presence of HCA, which
indicated the increase in energy expenditure.

Several anti-obesity medications can cause severe
side actions, which are associated with the drug’s
mechanism of action [52]. The elevated liver and
renal functions markers are indicators of liver and
renal toxicity. The more severe the liver and renal
damages the higher the release of the liver and renal
function indicators. In this study, there were
significant increases in serum renal functions
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(creatinine) and hepatic functions (AST and ALT)
levels in TSB-treated obese rats relative to untreated
obese rats. Consumption of the anti-obesity medicine
(orlistat) caused severe renal injury [53-54]. These
effects could be due to the toxic effect of chromium,
as a component of TSB that can lead to disorder in
renal function via a reduction in glomerular filtration
rate followed by retention of creatinine in the blood
[55]. The hepatotoxicity could be attributed to
Garcinia cambogia, which was proved in several
studies to cause hepatotoxicity [56-57].

5. Conclusion

According to the findings of this study, GCE
effectively reduced BW in the obese rats which is
comparable to the action of the anti-obesity drug,
TSB. It also decreased serum lipids, glucose, insulin
resistance, and leptin hormone. Opposite to TSB,
GCE had no effect on liver and kidney functions.
Therefore, GCE can be regarded as a safe and
effective natural medicine that may help reduce BW.
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