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ABSTRACT

Objective: This study aims to evaluate the effect of black pepper and coffee extracts on chronic and acute experimental-induced obesity and energy
homeostasis.

Methods: Rats were divided into 10 groups including control, high-fat diet (HFD), triton, HFD+triton, black pepper+HFD, black pepper+HFD+triton,
coffee+HFD, coffee+HFD+triton, mixture+HFD, and mixture+HFD+triton groups. Blood glucose, serum insulin, and insulin resistance were estimated.
Body mass index, food efficiency intake, and body weight gain were calculated. Lipid profile, liver and kidney functions were measured, serum and brain
cyclic adenosine monophosphate (cAMP) was estimated, and brain neurotransmitters were measured by high-performance liquid chromatography.
Furthermore, histopathology of liver was performed.

Results: Findings showed that blood glucose, insulin resistance, lipid profile, kidney and liver functions as well as brain cAMP and neurotransmitters
were significantly increased, concomitant with a significant decrease in insulin resistance and serum cAMP in both HFD and triton-induced obesity
groups compared to control.

Conclusion: Supplementation with black pepper extract, coffee extract, and a mixture of both significantly improved these findings. In conclusion,

black pepper and coffee extracts are overlooked as promising weight reduction and antihyperlipidemic agents.
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INTRODUCTION

Energy homeostasis is referred to as the equilibrium between energy
intake including food and drinks intake and energy expenditure
including physical activity in adults over a long period and resting
energy expenditure (basal metabolism) [1].

Obesity results from the imbalance between energy expenditure and
intake leading to increase gain in bodyweight and accumulation of fats
in the body [2]. Various feedback mechanisms regulate appetite, energy
intake, and expenditure to maintain energy homeostasis. When these
feedback mechanisms are altered, energy balance is disturbed and body
adiposity became unstable [1].

Triton WR-1339, is a non-ionic detergent (oxyethylated tertiary
octylphenol formaldehyde polymer), used to induce acute obesity by
inhibiting lipoprotein lipase activity blocking plasma lipolytic activity
resulting in increased blood lipid concentration. Furthermore, it
has been used for screening chemical and natural hypolipidemic
drugs, studying lipid metabolism, and investigating the metabolic
interrelationship between blood lipoproteins [3,4].

Numerous studies showed that diet-induced obesity leads to insulin
resistance accompanied with obesity that is mainly due to the presence
of inflammation [5,6].

Cortez et al. [7] documented that high-fat diet (HFD) leads to chronic
overweight and obesity, as well as enhancing chronic inflammation
associated with increased free fatty acids (FFAs) and high adipose
and serum levels of inflammatory mediators such as tumor necrosis
factor-a (TNF-a), interleukin-1 (IL-1), IL-6, and necrotic factor-kB
(NF-xB). These cytokines are regulated by cAMP activity which
enhances adipocyte differentiation [8].

Cyclic adenosine monophosphate (cAMP, cyclic AMP, or 3’-5’-cyclic
adenosine monophosphate) is a second messenger important in many
biological processes [9,10]. cAMP plays an important role in glucose
homeostasis, energy balance, and lipid metabolism by mediating stress
and hunger signaling through adrenalin and glucagon receptors. It is
considered a key regulator in energy homeostasis which is involved in
many biochemical processes in all tissues of the body. Many hormones
such as vasopressin, dopamine, serotonin, norepinephrine (NE),
histamine, or prostacyclin are regulated by cAMP [11].

Chemical treatments as well as surgical interventions are not always
appropriate as they provide short-term benefits in obesity, but
unfortunately, it is often accompanied with rebound weight gain after
treatment cessation, numerous side effects, and the susceptibility for
drug abuse [12]. Current science depends on the safety and efficacy of
medicinal plants besides their useful effects in many disease states such
as hyperlipidemia, obesity, and diabetes mellitus mainly due to their
antioxidant effects [13].

Coffee is one of the most commonly consumed beverages worldwide.
The two most common sources of coffee beans are Coffee arabica
and Coffee canephora (robusta). Regular coffee is rich in bioactive
compounds and possesses antioxidant, hypoglycemic, anticarcinogenic,
anti-inflammatory, antimicrobial, and hepatoprotective effects [14].

Black pepper (Piper nigrum) possesses a number of therapeutic
effects in hepatitis, rheumatoid arthritis, colic hemorrhoids, and
as antidiabetic agent besides its influence on lipid metabolism,
antioxidant, and antihepatotoxic activities [15]. Piperine (1-piperoyl
piperidine), the active constituent in black pepper, is responsible for
its therapeutic activities [16] such as antitumor, antimutagenic, and
immunomodulatory properties [17].
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From this prospective, this study aimed to evaluate the effect of black
pepper and coffee aqueous extracts on chronic and acute experimental-
induced obesity and energy homeostasis.

MATERIALS AND METHODS

Materials

NE, dopamine, and serotonin standards (high-performance liquid
chromatography [HPLC] grade) and triton WR-1339 (tyloxapol) were
purchased from Sigma-Aldrich medical company (Sigma, St. Louis,
USA). Cholesterol and bile salts were obtained from the El-Gomhoria
Company for chemical and medical equipment, El-Ameyria, Cairo,
Egypt. Coffee bean powder and black pepper seeds (P. nigrum) were
purchased from local market.

Experimental animals

Male albino rats weighting 180-200 g were obtained from the animal
house of the National Research Centre, Giza, Egypt. Animals were
housed in individual suspended stainless steel cages in a controlled
environment (22-25°C) and 12 hr light, 12 hr dark. The animals had
free access to water and standard rodent chow diet. All animals received
human care in compliance with guidelines of the Ethical Committee of
National Research Centre, Egypt, and followed the recommendations of
the National Institutes of Health Guide for Care and Use of Laboratory
Animals.

Methods

Preparation alcoholic extract of P. nigrum

Alcoholic extract of P nigrum was carried out according to Rasheed
et al. [18]. The seeds of P. nigrum were grounded by mill into the fine
powder. 100 g of P nigrum powder was macerated in 500 ml of 70%
methanol and left at room temperature for 3 days, and then filtered by
Whatman No. 1 filer paper. The residue was repeatedly extracted with
fresh methanol until the extraction solvents became colorless. The
combined filtrates were evaporated under reduced pressure at 45°C in
arotatory evaporator (Heidolph, Germany) till dryness. The yield of dry
extract was 1.7 g% for P nigrum [19] and dissolved in distilled water for
preparation of aqueous extract.

Preparation of coffee aqueous extract

About 40 g powdered dark coffee beans was dissolved in 100 ml of
distilled water boiled at 100°C for 5 minutes, then filtered by Whatman
No. 1 filter paper to obtain filtered coffee extract [20]. The yield of
aqueous extract was 1.75 ml per 1 g of coffee powder used.

Induction of obesity

Induction of chronic obesity by HFD

Obesity was induced by feeding rats with HFD daily for 3 months. HFD
consisted of normal laboratory diet (NLD) in powder form mixed with
(30%) melted animal abdominal fat (beef tallow), extra pure cholesterol
(2%), and bile salt (1.5%) to enhance the internal absorption of
lipids [21]. After 12 weeks, rats were kept fasting overnight, and blood
was collected to confirm hyperlipidemia.

Induction of obesity by triton-1339 (tyloxapol) and HFD

Rats were fed on HFD daily for 12 weeks and were injected i.p. with triton
WR-1339 (300 mg/kg b.w.) dissolved in 0.9% saline; 3 times/week for
3 weeks of the starting from week 10 till the end of week 12, with 2 days
intervals between injections [22]. After 12 weeks, blood was collected
to confirm hyperlipidemia.

Induction of acute obesity

Rats (150-190 g weight) feeding on NLD, kept fasting overnight and
injected i.p. with a single dose 300 mg/kg b.w. 1 hr following triton
injection, the animals were allowed to feed. Then, kept fasting for
24 hr and blood was collected and plasma was separated for further
biochemical assays [23].
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Experimental design
Around 80 male albino rats were divided into 10 groups (8 rats in each

group).
Group I (Normal control): Healthy rats fed on NLD.
Group II (HFD group): Normal rats fed on HFD diet for 16 weeks.

Group III (HFD+Black pepper extract): Obese rats received 0.5 ml of
black pepper extract (375 mg/kg b.w./day) orally for 4 weeks [24].

Group IV (HFD+Coffee extract): Obese rats received 0.35 ml
extract/100 g b.w. of coffee extract (2 g/kg b.w./day) orally for
4 weeks [20].

Group V (HFD+Mixture): Obese rats received mixture of 0.35 ml
extract/100 g b.w. of coffee extract (2 g/kg b.w./day) and 0.5 ml of black
pepper extract (375 mg/kg b.w./day) orally for 4 weeks.

Group VI (Triton+HFD): Obese rats i.p. injected with triton (300 mg/kg
b.w.) and received normal saline (1 ml/kg b.w./day) orally for 4 weeks.

Group VII (Triton+HFD+Black pepper): Obese rats i.p. injected with
triton (300 mg/kg b.w.) and received 0.5 ml of black pepper extract
(375 mg/kg b.w./day) orally for 4 weeks.

Group VIII (Triton+HFD+Coffee): Obese rats i.p. injected with triton
(300 mg/kg b.w.) and received 0.35 ml extract/100g b.w. of coffee
extract (2 g/kg b.w./day) orally for 4 weeks.

Group IX (Triton+HFD+Mixture): Obese rats i.p. injected with triton
(300 mg/kg b.w.) and received mixture of 0.35 ml extract/100 g b.w.
of coffee extract (2 g/kg b.w./day) and 0.5 ml of black pepper extract
(375 mg/kg b.w./day) orally for 4 weeks.

Group X (Triton group): Healthy rats fed on NLD injected i.p. with triton
at a dose of 300 mg/kg b.w. once at the end of the experiment to induce
acute obesity [23].

After the experimental period (16 weeks), blood was withdrawn
from the retro-orbital venous plexus of the eye using capillary tubes
and collected in tubes contain a-sodium fluoride for blood glucose
estimation and b-tubes contain anticoagulant for other biochemical
analysis.

Brain was removed quickly and placed in iced normal saline, perfused
with normal saline solution to remove blood cells, blotted on filter
paper, and frozen at —80°C. The frozen tissues were cut into small
pieces and homogenized in 5 ml cold buffer (0.5 g of Na,HPO, and 0.7 g
of NaH,PO, per 500 ml deionized water (pH 7.4) per gram tissue, then
centrifuged at 4000 rpm for 15 minutes at 4°C, the supernatant was
removed for brain cAMP estimation [25].

Fasting blood sugar was estimated by colorimetric method using
commercial kit purchased from Vitro Scient, Egypt, based on the method
described previously [26]. Liver and kidney functions were determined
by commercial kits according to the methods described by Reitman
and Frankel [27], Kaplan [28], and Fabiny and Ertinghausen [29]. Lipid
profile was estimated colorimetric methods according to the methods
described previously. Total cholesterol (TC) [30], triglycerides (TG) [31],
high-density lipoprotein (HDL) [32], and all kits were purchased from
BioMed Diagnostics.

Low-density lipoprotein-cholesterol (LDL-C) was calculated from the
following formula:

LDL-cholesterol=Total  cholesterol-(HDL-C+TG/5)=LDL
according to Friedwald et al. [32].

(mg/dI)
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Very low-density lipoprotein cholesterol (VLDL-C) was calculated using
the following equation:

VLDL-C (mg/dL)=TG/5

Plasma insulin level was estimated by enzyme-linked immunosorbent
assay (ELISA) according to Yalow and Bauman [33] using BioSoure INS-
EASIA Kit. Insulin resistance was calculated from the equation:

Insulin  resistance=Fasting  glucose (mg/dl) x
insulin (pIU/ml)/405 according to Matthews et al. [34].

Fasting

Brain and serum cAMP was measured by ELISA according to Yalow and
Bauman [35] using Kit purchased from Glory Science Co., Ltd, USA.

Determination of brain neurotransmitters

Determination of brain NE, dopamine, and serotonin was carried out as
described previously by Hussein et al. [36] using HPLC system, Agilent
Technologies 1100 series, equipped with a quaternary pump (G131A
model).

Separation was achieved on ODS-reversed phase column
(C18, 25%0.46 cm i.d. 5 pm). The mobile phase consisted of potassium
phosphate buffer/methanol 97/3 (v/v) and was delivered at a flow rate
of 1.5 ml/minutes. UV detection was performed at 270 nm, and the
injection volume was 20 pl.

The concentration of both catecholamines and serotonin was
determined by external standard method using peak areas. Serial
dilutions of standards were injected, and their peak areas were
determined. A linear standard curve was constructed by plotting peak
areas versus the corresponding concentrations of each standard. The
concentration in samples was obtained from the curve.

The histopathological study

The liver was dissected out and fixed instantaneously in 10% formal
saline for 24 hrs. The specimens were washed in tap water, dehydrated
in ascending grades of ethanol, cleared in xylene, embedded in paraffin
wax (melting point 58-60°C). Paraffin sections of 6 pm thicknesses
were prepared and stained with hematoxylin and eosin [37] for
histopathological examination.

Statistical analysis

All data were expressed as meanzstandard error. Data were analyzed
using one-way ANOVA using SPSS (Version 16). Duncan’s new multiple-
range test was used to assess differences between means. Pearson’s
correlation test was used to assess correlations between means.
A significant difference was considered at the level of p<0.05.

RESULTS AND DISCUSSION

In this study, the mean values of blood glucose and insulin were significantly
increased in HFD and triton groups compared to control (Table 1), this may
be due to hyperlipidemia and increased amount of FFA which directly affect
insulin signaling, diminish glucose uptake in muscles and adipose tissue,
drive exaggerated triglyceride synthesis, and induce gluconeogenesis in
the liver leading to elevated levels of glucose and lipids which may lead to
type-2 diabetes, insulin resistance, and metabolic syndrome.

Furthermore, insulin inhibits cAMP signaling by activation of
phosphodiesterase as insulin and cAMP signaling play significant roles
in sensing energy balance in two opposite ways, in which insulin is
associated with food availability and promotes processes of food storage
such as glucose uptake, lipogenesis, and glycogen synthesis. On the
other hand, cAMP signaling is associated with nutrition deprivation,
promotingrelease of stored energy by activation of lipolysis and glycogen
degradation associated with glucagon and adrenalin stimulation [38].

The present data showed that HFD fed rats had a significant
increase in feed efficiency ratio, body mass index (BMI), and

Table 1: Blood insulin, glucose, QUICKI, and HOMA-IR levels in different studied groups

Groups

Parameters

Triton

HFD+triton+
Mixture

HFD+Triton+

HFD+Coffee HFD+ HFD+Triton HFD+Triton+
Coffee

HFD+Black
pepper

HFD

Control
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Black pepper
103.59+2.20°

Mixture

123.11+4.16*

82.29+1.54

84.73+1.08*

72.48+2.03 110.38+0.89° 83.74+0.81* 80.19+1.09* 78.55+0.81° 118.63+2.45%

Glucose

(mg/dl)

0.000
0.000

0.000 0.014 0.051 0.000 0.000 0.000 0.000
0.000 0.009 0.030 0.069 0.002

0.030

0.000

0.000

0.000

2.39+0.020* 2.50+0.015* 2.52+0.006* 3.10+0.021* 2.79+0.009% 2.56+0.018 2.66+0.011* 3.11+0.023*

2.97+0.041*

1.58+0.015

(1I1U/ml)

0.000
0.000

0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000

0.000

0.000

0.000

0.39+0.003*

0.000
0.000

0.43+0.002

0.000
0.000

0.43+0.001"

0.000
0.000

0.41+0.002

0.000
0.002

0.39+0.001*

0.000
0.000

0.44+0.002

0.000
0.000

0.43+0.002*

0.000
0.000

0.43+0.002*

0.000
0.000

0.40£0.0022

0.000

0.49+0.004

P
P

a

0.000

b

0.95+0.034%

0.000
0.000

0.54+0.012

0.000
0.000

0.54+0.008

0.000
0.000

0.71+0.015®

0.000
0.000

0.91+0.019*

0.000
0.000

0.49+0.005*

0.000
0.000

0.50+0.009*

0.000
0.000

0.50+0.009*

0.000
0.000

0.81+£0.024*

0.000

0.28+0.009

HOMA-IR

0.000
Values represent mean+SE, n equal 8 for each group. Statistical significance was considered at p<0.05. *Significant difference compared to control group. "Significant difference compared to HFD group. P : Significant difference

compared to control group. P,: Significant difference compared to HFD group. HFD: High-fat diet, SE: Standard error, HOMA-IR: Homeostatic model assessment-Insulin resistance
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body weight gain (BWG)% compared with control group (Table 2). . 5 N
These results agree with Ismail et al. [39], who reported that long- ) ﬁ L'?: 3;

term feeding with HFD had high calories and high energy intake = Lcr; % P < §

which led to accumulation of increased fats in body, especially in S LE g § § § § % § § S} § § 5

adipose tissues leading to obesity, insulin resistance, liver injury, = “SSNcss®Bss2ss %
and atherosclerosis. Moreover, this redirects fatty acids to the liver ‘é -
enhancing hyperlipidemia [40]. + 2 s 5
§ |- EEE B2
In the current study, the mean values of liver and kidney functions were = @ 3 "o° S ':I <. g
significantly increased in HFD and triton groups compared to control g E foohoodocoo3oo Z 2
(Table 3). These results agree with Ismail et al. [39], suggesting that the g x ge8n8s8ls8sgss § &
hyperlipidemia, abnormal lipid metabolism, and increased fatty acids TE|ooodSconocSSS Sog
lead to liver injury such as non-alcoholic fatty liver and hepatic steatosis = 2
as well as renal injury. £ . . g % g
S 2 — = S) 5=
These results were also confirmed by histopathological study where E ﬁ_ ;E = QC? é‘ é
the hepatic lobules, the structural units of the liver (Fig. 1a), and 5 § E == § == § =3 ? =3 § 2
portal areas (Fig. 1b) of control rats show the normal structure, E E g g g 3 g g S g g "é’ g g % 2
whereas microscopic examination liver sections of obese rats showed g S
lymphocytic infiltration in the portal and periportal areas. The 5 A
dilated sinusoids were also noticed (Fig. 1c). Other sections showed 1 by . 2 s 5 § f:;
microvesicular and macrovesicular patterns of fatty infiltration S & S 3 I "m” € =
(Fig. 1d). In some rats, disturbance of the hepatic architecture e 2 S S b H g"g
associated with foci of hepatocytes necrosis was seen (Fig. 1e), focal 5 ":é 8 =N 3 S ﬁ s8 g 88 I
necrosis of the hepatocytes associated with lymphocytic infiltration, EF|lc2ts28gsa=gS 3 TQ“_
the presence of cell debris in the blood sinusoids, some hyperchromatic " %ﬂ E
and pyknotic nuclei was also seen (Fig. 1f). s - = 5
el 15 ]« & & &5 |EF
These results were accompanied with a significant increase in serum TG, -;D = r‘?, ; j TI E ?
TC, LDL, and VLDL in HFD- and triton-induced obesity groups compared % g foodoomooRoo £ 3
to control group, concomitant with a significant increase of HDL in .E e 28528528888 £5
obese groups compared to control (Table 4). This may be due to triton 2 = reeeeowes oS § §
WR-1339 is known to induce hyperlipidemia in two phases: Phase I in g % Z
which there is an increased hepatic cholesterol biosynthesis through g L . R . g 5
triton’s interference with the tissue uptake of plasma lipids, whereas 'g E g ?: é é '§ E
Phase II involves triton’s interference with cholesterol excretion and E s o 3 :: (:1' § E
metabolism [41], in the same line, in HFD models, hyperlipidemia is a 5 HogguggmggsugglE _5
induced when dietary lipid including cholesterol inhibits FA oxidation = = Fg2sssy22ges %" £
and LDL cholesterol uptake [4]. ; w2
& 24
Ourresults showed thatinduction of obesity by HFD and triton significantly : § 2 5 g % ,\é' g
increased brain cAMP levels in obese groups compared to control (Table % ;5 § g % 5 -§ B
5). These are supported by the suggestion of Sahu et al. [42] that some S 5 degmggogssqss E _—;ED
variants in melanocortin 4 receptors (MC4R) and hypothalamic leptin = e deS 8| T
resistance and high-leptin level in brain of obese leading to accumulation = weemeevesehes § 2
of intracellular cAMP and this explain the high level of brain cAMP. g :g_
Furthermore, high-leptin levels in obese brain lead to failure to activate = 5 S & g § E
PDE3B which is required for lowering intracellular cAMP level. Contrarily, % . h p e N g2
serum cAMP levels were decreased in obese groups when compared to + 2 foocdoohoodoo Eﬂ =
control group. These results were in agreement with Ohyama et al. [43], E = @ 8 8 a 8_ 8 ﬁ 8 8 g 8 8 @ g
who reported that the serum level of cAMP in obese was significantly TAIGSS"SSmSShSS g =
lower than the non-obese rats. This may be due to the increase of FFAs "F‘f g
and increased serum levels of mediators such as TNF-a, IL-1, IL-6, and = o P n & 8
NF-kB and reduced peroxisome proliferator-activated receptor gamma S m [o\o 2 %’ §
expression, resulting in overall decrease of serum cAMP [6]. E - 3 o En' ° § ° % E,
2 |22 52 28 58 %3
Furthermore, Li et al. [44] study reported that the serum level of brain- = S . =S NS HS |y s
derived neurotrophic factor is low in obesity that may be due to low o &
serum cAMP in obese. - N v @ g EO
: : gz 12 9 9 9 = o
The present study revealed that the level of brain NE and dopamine had S| E I g8 g1 23 S o g
a significant increase in HFD group, HFD+triton group, and triton group 5 5 N SN 9w S« S|HZEe
when compared with the control group. The level of brain serotonin © TreNresroa e g %D
was significantly increased in HFD group concomitant with a significant 2 ‘g
decrease in HFD+triton group and triton group when compared with 14 o § e
control group (Table 6). % i § é
g &8 X v &
These findings agree with Gotthardt et al. [45], who showed that 5 £ B .5 . E - ii g
obese rats feeding on high-caloric diets had high significant brain NE &~ e QA mamae]> S
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Fig. 1: Sections of liver of (a and b) control rat shows the normal architecture of the hepatic lobule and portal tract, respectively, (c) obese
rat shows lymphocytic infiltration in the portal and periportal areas and dilated sinusoids, (d) obese rat shows a microvesicular
and microvesicular pattern of fatty infiltration, (e) obese rat shows a disturbance of the hepatic architecture associated with foci of
hepatocytes necrosis, (f) obese rat shows a focal necrosis of the hepatocytes associated with lymphocytic infiltration, the presence of cell
debris in the blood sinusoids and some nuclei hyperchromasia and pyknosis (H and E. stain, Scale bar: 20 pm)

than normal weight rats due to increased NE turnover in peripheral
tissues and elevated resting plasma NE levels. Moreover, high NE
in obese eliciting recruitment of BAT, including both increased and
overexpression of UCP1 levels leading to hypertrophy and hyperplasia
of BAT which results in cardiovascular disorders. Furthermore, these
studies investigated a positive correlation between glucose and NE.

Contrarily, Jabbour et al. [46] disagree with our findings in the present
study stating that obesity is associated with low sympathetic nervous
activity and low brain NE concentration than normal control, leading to
reduce thermogenesis and increased weight gain.

Dopamine levels are elevated in the brains of obese due to increased
expression of Dopamine 1 receptor and its down regulator cAMP-
regulated phosphoprotein of 32 KDa (DARPP 32), resulting in increased
cAMP-PKA pathway [47]. In the same line, Carlin et al. [48] suggested
that obesity is associated with decreased expression of genes involved
in availability of dopamine leading to weight gain.

Serotonin levels were significantly increased in obese rats when
compared to control. Meanwhile, treating obesity by inhibiting
serotonin synthesis and peripheral serotonin where obesity is
associated with high brain and peripheral 5-HT than normal control
and pharmacological “enzyme blocker,” blocking the production of
peripheral serotonin makes the brown fat more active [49,50]. From
the present study, as triton caused the opposite effect on serotonin from
HFD only induced obesity, this suggested that hyperlipidemia may have
more different pathways that affected serotonin.

Onthe other hand, treatment with black pepper, coffee, and their mixture
improve the serum glucose, insulin, and insulin resistance (Table 1),
these results agree with Rezq and Fathy and Aziz et al. [20,41], who
suggested that black pepper and coffee decreased glucose and insulin
and may reduce risk of type 2 diabetes as they decrease the oxidative

stress. Furthermore, coffee improves blood glucose level and glucose
homeostasis which may be due to the inhibition of adenosine receptors
that activate cyclic AMP-dependent protein kinase [51]. In addition,
chlorogenic acid present in coffee acts as a competitive inhibitor on
glucose absorption in the intestine [52].

Treatment with black pepper, coffee, and their mixture improved (FER,
BMI, and BWG%) and feed intake (Table 2), these results agree with
Chioma et al. and Huang et al. [53,54], who demonstrated that black
pepper and coffee increase lipolysis, and thus, stimulates thermogenesis
and energy expenditure which leads to a weight reduction.

Supplementation with black pepper, coffee, and their mixture improve
the serum ALT, AST (except for coffee + triton group), and kidney urea
and creatinine levels (Table 3) and these results agree with Huang
et al. [54], who stated that coffee may decrease hepatic fatty acid
synthesis recovering B-oxidation and reducing lipid peroxidation
which further reduces liver enzymes, hepatic steatosis and protect
from hepatic injury [55]. However, the opposite effect showed in rats
injected with triton as showed high-serum AST than HFD group and this
agrees with Rezq and Fathy [20], who suggested that the high-serum
AST caused by coffee due to the presence of cafestol and kahweol in
coffee that raise the serum concentration of AST and ALT.

These findings were confirmed by histopathology where the
histopathological investigation of liver sections of obese rats treated
with black pepper showed the architecture of the hepatic lobules
appeared more or less like normal (Fig. 2a). A micrograph of a liver
section of obese rats injected with triton and treated with black pepper
showed the normal hepatic lobules structure (Fig. 2b).

Histopathological examination of liver sections of obese rats treated

with coffee showed normal hepatic lobules structure associated with
few microvesicular patterns of fatty infiltration (Fig. 2c). In some
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Fig. 2: A micrograph of a liver section of (a) Obese rat treated with black pepper shows the architecture of the hepatic lobule that appears
more or less like normal. (b) A micrograph of a liver section of obese rat injected with triton and treated with black pepper shows the
normal hepatic lobule structure. (c) A micrograph of a liver section of obese rat treated with coffee shows the normal hepatic lobule
structure. Notice few microvesicular pattern of fatty infiltration. (d) A micrograph of a liver section of obese rat injected with triton and
treated with coffee shows the normal hepatic lobule structure. Notice the congested hepatic sinusoids. (e) A micrograph of a liver section
of obese rat injected with triton and treated with coffee shows the normal hepatic lobule structure. Notice few macrovesicular pattern of
fatty infiltration (H and E, stain, Scale bar: 20 pm)

rats, sections of obese rat injected with triton and treated with coffee
showed the normal hepatic lobule structure and congested hepatic
sinusoids (Fig. 2d). Micrographs of liver sections of obese rat injected
with triton and treated with coffee showed the normal hepatic lobule
structure. Few macrovesicular patterns of fatty infiltration were
noticed (Fig. 2e).

The mean values of lipid profile were significantly changed after
treatment with both black pepper extract and coffee extract and their
mixture when compared to HFD, HFD+triton, triton, and control groups
(Table 4). These results agree with Chioma et al.and Huangetal. [53,54],
who revealed that black pepper and coffee stimulate lipid metabolism
and fat mobilization from adipose tissue leading to decrease in FFAs
and hepatic lipids and increase the thermogenic response and energy
expenditure.

In the present study, supplementation with black pepper, coffee extract,
and their mixture significantly changed the mean levels of cAMP in

treated groups when compared to obesity-induced groups with both
HFD and triton (Table 5). Coffee is phosphodiesterases inhibitor that
inhibits and blocks adenosine receptors induce lipolysis by increasing
cAMP [56]. Furthermore, piperine is used as an MC4R agonist increasing
cAMP resulting in a reduction in food intake [57].

These results agree with Yoon et al. [16], who suggested that coffee and
black pepper increase serum cAMP and suggested to be good therapies
as antiobesity treatment as well as the rise in cAMP was accompanied
by the decrease in the secretion of triacylglycerol, cholesterol, and
apolipoprotein B via VLDL [58].

Coffee as phosphodiesterases inhibitor inhibited adenosine receptor
leading to increases NE, dopamine levels, and serotonin [59]. Moreover,
black pepper and its main component piperine led to increased NE,
dopamine, and serotonin levels [60], resulted in the inhibition of food
intake and decreasing body weight by stimulating thermogenesis and
energy expenditure through the sympathetic nervous system.
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CONCLUSION

In conclusion, black pepper and coffee extracts are overlooked as
promising weight reduction and antihyperlipidemic agents. Their
effects might be attributed to their antioxidant activities as well as
their impact on brain levels of cAMP and neurotransmitters resulting
in reduction of food intake and stimulation of thermogenesis. Thus,
lowering body weight and decreasing fat accumulation throughout the
body.
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