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Summary: The global rise in cardiometabolic disorders is closely linked to the dual burden of poor dietary habits and
increasing alcohol consumption. While the individual metabolic contributions of ethanol and high-fat diets are clear, the
rapidly expanding global market of commercial alcoholic herbal beverages (AHBs) introduces complex phytochemical-
ethanol matrices whose combined systemic risks remain heavily under-researched. This study was designed to investigate
the outcome of AHB and ethanol consumption in high-fat diet-induced cardiometabolic syndrome indices in rats. Male
Wistar rats were divided into six groups fed either a normal diet (ND) or an HFD (52% fat). Following a 3-week dietary
exposure, rats received a two-bottle choice of water and either 10% AHB or 10% EtOH for an additional 6 weeks alongside
their respective diets. HFD feeding significantly increased blood pressure, visceral adiposity, fasting glucose, insulin
resistance (HOMA-IR), dyslipidemia, and liver enzymes (ALT, AST, ALP). Concurrently, it elevated pro-inflammatory
cytokines (TNF-a, IL-1B) and malondialdehyde, while depleting antioxidant defences (GSH, SOD, catalase) in hepatic and
cardiac tissues. Interestingly, AHB and EtOH administration alongside both diets mimicked or exacerbated these
pathophysiological profiles, uniquely worsening glucose intolerance while driving severe macrovascular fatty degeneration
and cardiomyocyte necrosis. In conclusion, consumption of commercial alcoholic herbal beverages and ethanol under normal
or high-fat dietary conditions severely accelerates glucose intolerance, insulin resistance, and visceral adiposity. This
interaction induces structural cardio-hepatic damage mediated by profound oxido-nitrosative stress and systemic
inflammation.
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INTRODUCTION

The complex illness known as cardiometabolic syndrome
(CMS) has been associated with one's food, way of life,
genetics, and environmental factors (Khan et al., 2023).
Impaired glucose metabolism, insulin resistance, disruption
of insulin signaling, production of free radicals, and
elevated levels of inflammatory cytokines have all been
connected to cardiometabolic problems (Bakhtiyari et al.,
2022, Nikrad et al., 2023). The CMS represents a growing
global health crisis, persisting as a leading contributor to
morbidity and mortality despite widespread public health
awareness and intervention efforts (Wang et al., 2023). This
epidemic is closely intertwined with the global spread of
Westernized dietary patterns, characterized by excessive
consumption of energy-dense, nutrient-poor foods including

ultra-processed meals, refined carbohydrates, and sugar-
sweetened beverages (Moreno-Fernandez et al., 2018;
Medina-Remon et al., 2018). Such dietary habits have been
consistently linked to the development of multiple
cardiometabolic risk factors, including dyslipidemia,
hypertension, insulin resistance, impaired glucose tolerance,
and central obesity (Panchal ez al., 2011). Beyond metabolic
disturbances, emerging evidence implicates Western-style
diets in the pathogenesis of a broader spectrum of chronic
diseases, ranging from type 2 diabetes and cardiovascular
disorders to respiratory and neurological conditions
(Ekmekcioglu et al., 2023; Medina-Remon et al., 2018).
The convergence of these dietary trends with other lifestyle
factors underscores the wurgent need for continued
investigation into the mechanisms driving cardiometabolic
dysfunction and the identification of modifiable risk factors
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that may exacerbate or ameliorate disease progression. It is
pertinent to note that, several individuals with unhealthy
eating habits are reportedly involved in the consumption of
Alcoholic herbal beverages (AHB) or chronic ethanol
(Aguas-Ayesa et al., 2023).

The World Health Organization (WHO, 2024) reports
that alcohol-related deaths and illnesses are linked to the
amount and frequency of alcohol consumption. Notably,
men account for a significantly higher proportion of global
alcohol-attributable deaths (7.7%) compared to women
(2.6%), highlighting a substantial gender disparity in the
harmful effects of alcohol (White, 2020). Many civilizations
worldwide have a long-standing tradition of soaking plants
in wine or distillates with varying alcohol concentrations for
a few days, weeks, or even years (Martinez-Francés et al.,
2021). In Nigeria, a local traditional alcoholic herbal
beverage is sold as “Paraga”. Paraga is a popular alcohol-
herbal beverage made from a blend of unprocessed or badly
refined alcohol and herbs (Kehinde &, Adegoke 2012,
Adewunmi et al., 2023, Ajayi et al., 2023). Paraga and other
AHBs in most parts of sub-Saharan Africa is believed to
possess therapeutic qualities. (Kehinde and Adegoke, 2012;
Ibraheem and Adigun, 2018; Nelson and Uko, 2019).
However, a converging study has reported that chronic
ethanol consumption is linked to free radicals generation,
elevated liver oxygen consumption, liver fatty deposition,
inflammation, fibrosis, and cirrhosis (Salete-Granado et al.,
2023). Research has consistently shown that areas with easy
access to affordable alcohol are associated with a higher
incidence of Alcoholic Liver Disease (ALD), suggesting a
link between alcohol availability and the development of
ALD (WHO, 2024).

Moreover, both alcohol-herbal beverages and ethanol
have been reported to increase aggressive behaviour, cause
oxido-inflammatory ~ stress,  elicit  neurocognitive
dysfunction (Brinkman et al., 2019; Ajayi et al., 2023), and
may affect cardiovascular (CV) health in a variety of ways
(Piano et al., 2017). Drinking alcohol has several
complicated impacts on cardiovascular (CV) health,
including structural damage to the heart and other parts of
the CV system, through several mechanisms such as
dyslipidemia, oxidative stress, inflammation, and
programmed cell death causing mitochondrial dysfunction,
and alterations in circulation (Piano 2017; Minzer et al.,
2020). While the individual contributions of chronic ethanol
intake and high-fat diet (HFD) consumption to the
pathogenesis of cardiometabolic syndrome are well-
established, their combined effects have often been studied
with a primary focus on hepatic steatosis or general
metabolic dysfunction (Martinez-Urbistondo et al., 2024).
The global rise in cardiometabolic disorders is closely
linked to the dual burden of poor dietary habits and
increasing alcohol consumption. While the hepatotoxic
effects of chronic ethanol intake are well-documented, the
specific cardiovascular and metabolic consequences of
commercially available alcoholic herbal beverages,
particularly in the context of a high-fat diet, remain poorly
understood.

Furthermore, the global market has seen a surge in the
popularity of alcoholic herbal beverages (AHBs), whose
complex phytochemical composition may interact with
ethanol to produce biological effects distinct from those of
alcohol alone (Okareh et al., 2018). However, preclinical

evidence detailing the specific impact of these commercial
AHB formulations—particularly their propensity to
exacerbate cardiometabolic disturbances under dietary
stress—remains scarce. Given that oxidative stress and
inflammation are critical mechanistic drivers of
cardiometabolic co-morbidities (Li et al., 2021), this study
was designed to move beyond standard metabolic
parameters. It specifically aims to investigate the
comparative effects of an AHB and pure ethanol on
systemic cardiometabolic indices, with a focused
exploration of the resulting oxido-nitrosative damage and
inflammatory responses in the hepatic and cardiac tissues of
rats fed either a normal or a high-fat diet.

While the individual metabolic contributions of ethanol
and high-fat diets are clear, the rapidly expanding global
market of commercial alcoholic herbal beverages (AHBs)
introduces complex phytochemical-ethanol matrices whose
combined systemic risks remain heavily under-researched.
This study provides a necessary departure from standard
ethanol-only models by testing actual, street-vended AHB
formulations to debunk false public perceptions surrounding
their safety.

MATERIALS AND METHODS

Drugs and Chemicals: Alcoholic herbal beverage
“paraga” (Mowe, Ogun State), Ethanol (BDH chemical
limited), dithiobisnitrobenzoic acid (DTNB), thiobarbituric
acid (TBA), Griess reagent from Sigma Aldrich (St Louis,
USA). Interleukin-1beta (IL-1B) and Tumour necrosis factor
(TNF-0) rats’ uncoated ELISA Kit invitrogen by Thermo
Fisher Scientific (USA).

Experimental animal: Thirty-six (36) male Wistar rats
(120g-150g) were used for the study. They were obtained
from the central animal house, College of Medicine,
University of Ibadan, Nigeria. They were housed in groups
of ten (10) in large polycarbonate cages. The animals were
maintained in standard environment conditions, fed with
standard diet and water and wood shaven was used as
bedding at room temperature. The animals were handled
following the National Institutes of Health (NIH) guide for
the care and use of laboratory animals. The experiment was
approved by the University of Ibadan-Animal Care and Use
Research Ethical Committee (UI-ACUREC/19/153).

High-fat diet preparation: Fresh animal fat was obtained
from Abattoir Akinyele market in Ibadan, Oyo state, and
then processed to lard (Matheos, 2016). Briefly, the fat was
cleaned, melted on low heat, and sieved to remove non-fat
solids, including connective tissue and meat. The resulting
liquefied fat was allowed to cool and solidify, then mixed
with powdered standard rodent pellet in a 40:60 weight-to-
weight ratio, forming a homogeneous mixture of lard and
pellet that was fed to the rats. The powdered standard pellet
food was purchased from Acefeeds, Olaogun, Ibadan. The
standard rodent feed contained 12% fat, 60% carbohydrates,
and 20% proteins. Therefore, the addition of 40% lard
(which is essentially 100% fat) to the pellets which contain
12% fat, produced a food mixture containing 52% fat.
Therefore, the term, “high-fat diet” (HFD) in this study
refers to a diet containing 52% fat by weight (40% from
added lard and 12% of the standard diet).

Effects of alcohol herbal beverage and ethanol consumption in high-fat diet-induced cardiometabolic syndrome
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Preparation of alcohol herbal beverage (AHB) ‘paraga’,
and ethanol (ETOH): The alcoholic herbal beverage (also
known as paraga) was purchased from Mowe motor parks
along the Ibadan — Lagos expressway, Ogun state, Nigeria.
The mixture was filtered to remove the herbs and stored at
room temperature. Fresh dilutions were prepared each day
of treatment in tap water before being administered orally
(voluntary drinking) to the rats. 100 mL of 10% (v/v)
ethanol was prepared by adding 13.4 mL of 95% ethanol to
86.6 ml of tap water. The control groups received tap water.

Experimental design and Treatment: Male Wistar rats
were divided into six groups (n=6): Three groups were fed
on normal diet (ND), and the second groups fed on HFD.
Group 1 (ND) received tap water alone, group 2 (HFD)
received tap water. Group 3 (ND+AHB) received AHB
(10%), group 4 (HFD+AHB) received AHB (10%). Group
5 (ND+ETOH) received ethanol (10%), while group 6
(HFD+ETOH) received ethanol (10%). All the rats
receiving AHB and ETOH underwent ramp-initiation
period to avoid potential confounds of their taste aversion.
The AHB or ETOH two-bottle choice ramp procedure
consisted of home-cage 24-hours access to a bottle
containing tap water or another bottle containing 2% AHB
or ETOH for 48 hours, 5% for 72 hours, and 10% for 72
hours. Water and AHB, or ETOH were administered via a
rubber bottle with a sealed rubber stopper containing
straight sipper tube (Coker et al., 2020). Following a 3-week
Normal diet and HFD exposure period, and the AHB or
ETOH-ramp initiation period, the rats were exposed to
home-cage 24-hour access to two-bottle choice of tap water
and 10% AHB or EtOH for additional six weeks. The doses
of AHB and ETOH were selected from previous studies
(Ajayi et al., 2020; 2023). The rats were exposed to these
drinks on Monday, Wednesday, and Friday beginning at 10
am and ending at 10 am the following day for six weeks.

Sacrifice: Twenty-four hours after the last day of
treatments, animals were deeply anesthetized by ether
inhalation. Retro-orbital blood was collected into
heparinized and non-heparinized plain tubes which were
kept for 30 minutes for separation. Serum was collected by
centrifugation at 10,000 rpm for 15 min at room
temperature. Also, the adipose, liver and heart tissues were
removed, rinsed in Tris-KCl buffer (pH 7.4) and weighed.
A portion of about 500 mg of liver and heart tissues were
stored on ice. The liver and heart tissues were homogenized
with 10% w/v phosphate buffer (0.1 M, pH 7.4). The liver
homogenates were centrifuged in a refrigerated centrifuge
at 16,000 rpm for 10 min at 4°C. The supernatant was used
to determine biochemical parameters.

Determination of insulin and insulin resistance
parameters: Using commercial insulin ELISA kits from
Elabscience (Cat No.: E-EL-R3034; Wuhan, China), the
manufacturer's instructions were followed to assess fasting
serum insulin concentration. The protocol as described in
the manufacturer’s instruction incubates 100 pL with of
sample or standard in a precoated 96-well plate for 90 min
at room temperature followed by addition of biotinylated
detection antibody, HRP conjugate and substrate reagent
with washing in between the steps. The final ELISA
absorbance was measured at 450 nm in a microplate reader
(Micro READ 1000, Belgium). The detection sensitivity
was set at 3.75 pg/mL.

The following formula was used to determine
Homeostasis Model Assessment-Insulin ~ Resistance
(HOMA-IR). HOMA-B (homeostasis assessment for -cell
function) was computed using the formula B-cell function
(%) = (20 x insulin (umol/mL)/ (glucose-3.5)). HOMA-IR
= [Fasting insulin x (fasting glucose/22.5)] (Matthews et al.,
1985).

Estimation of serum Lipid profile: The serum lipid profile

Estimation of Blood pressure measurement: Blood pressure wascluding total cholesterol, triglycerides, and high-density

checked in experimental animals at the end of nine (9) weeks bpoprotein-cholesterol

(HDL-c) was analyzed using

high fat diet feeding and six (6) weeks of consumption of AHB ahndox test kits (Randox Laboratories Ltd. UK). The levels

ETOH. Blood pressure was measured by

plethysmography using an electrosphygnomanometer (CODMow-density

tail-cuff low-density lipoprotein cholesterol (LDL-c) and very

lipoprotein  cholesterol (VLDL-c) were

Kent Scientific, USA) with accessories such as the occlusion cufgtimated using the Friedewald formula, which calculates:
volume pressure reading cuffs and restraining cone and a warmidgd)L-c = Total cholesterol - HDL-c - (Triglyceride/2.2)
board to keep the animals warm. The animals were habituatdd.DL-c = Triglyceride/2.2 (Friedewald et al., 1972).
before taking blood pressure parameters (systolic, diastolic and

mean arterial pressure). Changes in systolic blood pressuDetermination of atherogenic indices/biomarkers of
diastolic blood pressure and mean arterial blood pressure wedyslipidemia: The biomarkers of dyslipidemia such as

obtained and significant difference analyzed.

Oral glucose tolerance test (OGTT): Oral glucose
tolerance test was performed on rats in the sixth week
following consumption of AHB and ETOH and at the end
of the 9-week feeding duration. The rats were fasted
overnight and the baseline blood glucose level was taken via
the tail prick method. The rats were administered glucose
solution orally (2g/kg body weight) by gastric tubes and the
blood glucose concentration was determined using an
accucheck glucometer at 0, 30, 90 and 150 minutes after the
glucose load. A graph was plotted and area under the curve
(AUC) was calculated to assess the glucose tolerance.

Cardiac risk index = Total cholesterol/HDL cholesterol;
Atherogenic index of plasma = log (Triglyceride/HDL
cholesterol); Coronary Risk Index (CPI): HDL-c/LDL-c
(Ikewuchi & Ikewuchi, 2009) were calculated.

Determination of Liver enzymes: The liver enzymes,
serum aspartate transaminase (AST), alanine transaminase
(ALT), and alkaline phosphatase (ALP) were determined
with Randox diagnostic test kits (County Antrim, BT29
4QY, UK) following manufacturer’s instruction

Enzyme-Linked Immunosorbent Assay for TNF- a and
IL-1p: The concentrations of TNF-a (Cat No.:88-7340-88)
and IL-1B (Cat No.:88-6010-22 ) in serum, liver and cardiac
tissue were determined using ELISA Thermo Fisher
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Scientific (USA) according to manufacturer’s instruction.
Tissue levels of TNF- o and IL-1B were determined using
the kits specific to the cytokines of interest, with sensitivity
limit of 4 pg/mL. All the measurements were done at room
temperature in accordance to Thermo Fisher instructions
using microplate reader (Micro READ 1000, Belgium) with
450nm filter. The concentration of TNF- a and IL-1p from
the samples were extrapolated from the standard curves of
TNF- a and IL-1p standards included in the assay kits and
expressed as pg /mg protein.

Determination of malondialdyde and nitrites in serum,
hepatic and cardiac tissues: Malondialdehyde (MDA)
levels was assessed as oxidative stress marker in serum,
hepatic and cardiac tissues using the thiobarbituric reactant
assay method (Nagababu et al., 2010). Briefly, 100 puL of
serum or tissue supernatants were deproteinezed with
trichloroacetic acid and centrifuged. The supernatant was
heated with TBA for 45 min at 80°C in a water bath. The
absorbance of the supernatant was read at 532 nm. The
MDA concentration was calculated using a molar extinction
coefficient of 1.56 x 105 M cm™! and values were expressed
as pmol of MDA per milligram protein. Griess reagent was
used to quantify the nitrite level in the serum, liver, and heart
supernatant samples. Briefly, 5x diluted serum and tissue
supernatant (100 pL) was added to 100 pL Greiss reagent
(1:1 solution of 1% sulfanilamide in 5% phosphoric acid and
0.1% of N-I-naphthyl ethylenediaminedihydrochloride)
(Green et al. 1982). Next, using a plate reader to detect the
absorbance at 540 nm, the nitrite level was determined using
the standard curve made from sodium nitrite (0—100 uM).

Determination of reduced glutathione (GSH) and
enzymic antioxidant parameters: The procedure for
determination of GSH according to Jollow et al. (1974) was
used. About 100 pL of serum or tissue supernatants were
deproteinized with trichloroacetic acid and centrifuged; the
supernatant (100 uL) was incubated with an equal volume
of DTNB (0.0006 M), and absorbance was measured at 405
nm using a microplate reader (Micro READ 1000,
Belgium). The technique previously described by Goth ef al.
(1991) was used to estimate the activity of catalase present
in the serum, liver, and heart. 5x diluted serum and tissue
supernatant (50 pL) was incubated with 50 pL of the
substrate (800 pmoles of H,O» in sodium potassium
phosphate buffer (pH 7.4) in a 96-well plate. After the
mixture was incubated for five minutes at room temperature,
100uL of sulfuric acid-acidified ammonium molybdate was
added to stop the process. The absorbance was read at 405
nm in a microplate reader. The protein unit used to express
the catalase activity was U/milligram. The liver SOD
activity was measured by the method previously described
(Misra and Fridovich, 1972). This method involves
inhibiting superoxide-dependent adrenaline auto-oxidation
in a plate reader adjusted at 492 nm. An aliquot of 50 pL of
the diluted sample was added to 150 uL of 0.05 M carbonate
buffer (pH 10.2) to equilibrate in a 96-well plate. The
reaction was started by the addition of 50 pL freshly
prepared 0.3 mM adrenaline (in Tris-HCI buffer). The blank
wells were prepared as above, except samples were replaced
with distilled water. The rate of change was monitored
kinetically at 0, 60, 120, and 180 seconds. The amount of
SOD necessary to cause 50% inhibition of the oxidation of

adrenaline was considered 1 unit of SOD activity and was
finally expressed as Unit/mg protein.

Histological evaluation of cardiac and hepatic tissues:
Rats (3/group) were perfused and cardiac and hepatic tissue
were fixed with 10% phosphate buffered formaldehyde. The
fixed tissues were processed to obtain paraffin wax
embedded tissue blocks, which were sectioned in the sagittal
plane using a microtome (Leica, Germany). It was stained
with Hematoxylin and Eosin to demonstrate general
histology using the method of Eltony and Elgayar (2014).
Thereafter, images were acquired using an Optronics Digital
Camera connected to a computer interface (MagnaFire) and
an Olympus BX-51 Binocular research microscope.

Statistical analysis

The data were analyzed using Graph Pad Prism software
version 8.0 and expressed as mean + standard error of the
mean (S.E.M). Statistical analysis was performed using
student t-test or one-way ANOVA, followed by Turkey’s
multiple comparison test where appropriate. A value of p <
0.05 was considered to be statistically significant.

RESULTS

Effect of AHB and ETOH on blood pressure parameters
in ND- or HFD-fed rats: The effect of AHB and ETOH on
blood pressure parameters: SBP, DBP, and MAB in ND and
HFD-fed rats is depicted in Figure 1 A C. The SBP was
significantly (p < 0.05) increased in HFD compared with
ND (149.20+7.33 vs. 115.20 + 4.84 mmHg), while AHB
and ETOH increased it in ND-fed rats. The DBP was
similarly increased when HFD was compared with ND
(114.60+3.57 vs 86.70+6.26 mmHg), while it also increased
in ND-fed rats that received AHB (109.20+1.77 mmHg) and
ETOH (95.80+3.79 mmHg) compared with ND alone. Also,
the MAP was significantly increased in HFD when
compared with ND (125.804+4.08 vs 96.00+6.21 mmHg),
while only AHB (117.60+2.02 mmHg) increased it
significantly in ND-fed rats when compared with ND alone.
However, in comparison with the HFD alone, the SBP,
DBP, and MAP in HFD + AHB and HFD + ETOH groups
showed no significant change, although HFD + AHB and
HFD + EtOH groups significantly increased SBP, DBP, and
MABP relative to the ND-fed rats.

Effect of AHB and ETOH on oral glucose tolerance test
(OGTT) in ND- and HFD-fed rats: Following glucose
loading, there was a gradual increase in the level of glucose
over time in all the different groups with peak glucose level
observed in HFD+AHB (Fig 2A). Fastest onset of glucose
clearance was observed in ND group. As shown in figure
2B, the AUC was significantly (p<0.05) greater in HFD fed
rats administered only water as compared to ND only
(278.00+5.26 vs 241.70 £4.16 mg/dL, Fig 2B). Animals that
chronically consumed AHB and ETOH in both ND-fed rats
and HFD-fed rats showed significantly increased AUC for
the OGTT when compared with the corresponding control
groups. All treatment groups showed a greater AUC in HFD
fed rats as compared to the ND fed counterparts
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ND- Normal diet, HFD- High-fat diet, AHB- Alcoholic herbal beverage, ETOH- Ethanol (10%).

Effect of AHB and ETOH body weight gain and organ
weights in ND- and HFD-fed rats: The effect of AHB and
ETOH on weight gain, relative cardiac, liver, and adipose
weight in ND and HFD-fed rats is shown in figure 2. Body
weight gained was significantly (p <0.05) higher in HFD
compared with ND (130.00+6.08 vs 77.00+7.96 g, Fig 2D),
while both AHB and ETOH reduced the weight gained in
both ND- and HFD-fed rats. Relative cardiac weight was

significantly reduced in HFD+ETOH when compared with
HFD alone (Fig 2C). No significant change was observed
on the relative liver weight of rats across the groups (Fig
2E). However, the adipose weight increased significantly (p
< 0.05) in the HFD-rats when compared with ND-fed rats.
AHB consumption significantly increased adiposity in ND
and HFD-fed rats when compared with corresponding ND
or HFD groups, respectively (Fig 2F).
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AHB and ETOH increase insulin resistance in ND and
HFD-rats: As shown in Figures 3 A-D, AHB and ETOH
significantly promotes insulin resistance in ND and HFD
fed rats. Insulin level increased significantly in HFD-rats
when compared with ND-fed rats (Fig 3A). Insulin level
was increased significantly in ND+AHB when compared
with ND alone, and HFD+ETOH when compared with HFD
alone. AHB significantly increased FBS in ND and HFD-
rats when compared with ND or HFD alone, respectively
(Fig 3B). HOMA-IR was significantly increased in HFD
when compared with ND-group, while it increased in rats
consuming AHB or ETOH animals, respectively (Fig 3C).
HOMA-beta was significantly reduced in HFD-alone when
compared with ND-alone (Fig 3D). In ND-fed rats that
consumed AHB and ETOH, HOMA-beta significantly
reduced when compared with ND group (Fig 3D).

Effect of Alcohol herbal beverages and ethanol
consumption on lipid profile and atherogenicity in ND
and HFD-fed rats: Lipid profile including total cholesterol
(TC), triglycerides (TG), high density lipoprotein (HDL),
low-density lipoprotein (LDL) and very low-density
lipoprotein (VLDL) results are presented in Table 1, and
atherogenicity such as HDL/LDL ratio, Al and CRI in Table
1. The HFD-fed experimental group showed a significant
increase in TC, LDL, Al, and CRI and a decrease in HDL
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Figure 3:

and HDL/LDL ratio when compared to the ND fed group.
However, AHB did not cause any significant alteration in
the lipid profile or atherogenic indices in HFD-fed rats but
increased the Al and CRI in ND-fed rats significantly. On
the other hand, ETOH significantly increased TC in ND and
HFD-fed rats when compared with ND and HFD-groups
alone. Also, ETOH increased Al and CRI but decreased
HDL/LDL ratio in ND-fed rats when compared with ND-
alone. But LDL-c and CRI was significantly higher in
HFD+ETOH than ND+ETOH.

Alcohol herbal beverages and Ethanol consumption
alter liver function in HFD-fed rat: The effect of AHB
and ETOH on liver function including alanine transaminase
(ALT), aspartate transaminase (AST), alanine phosphatase
(ALP) in HFD-fed rats is as shown in Table 1. The HFD-fed
experimental group showed a significant increase in ALT,
AST, and ALP when compared to the ND group alone. AHB
consumption significantly raised ALT, AST and ALP in ND
and HFD-fed rats when compared with the corresponding
ND or HFD group alone. Also, AST and ALP was increased
significantly in HFD+AHB when compared with
ND+AHB. The liver enzymes were increased in ND+ETOH
when compared with ND alone, while ALP increased in
HFD+ETOH when compared with HFD and ND+ETOH,
respectively.
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Effect of AHB and ETOH on insulin resistance parameters. (A) Insulin (B) Fasting blood Sugar (C) HOMA-IR (D) HOMA-BETA. Values
represents Mean = SEM (n=5). * p < 0.05 from paired groups using student t-test, “ p < 0.05 vs ND, and ® p < 0.05 vs HFD as determined
by one-way ANOVA with Turkey’s post-hoc test for multiple comparisons.

ND- Normal diet, HFD- High-fat diet, AHB- Alcoholic herbal beverage, ETOH- Ethanol (10%).
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Table 1:
Effect of AHB and ETOH on lipid profile, atherogenic indices and liver function tests in ND and HFD-fed rats
Parameters ND HFD ND+ AHB HFD+AHB ND+ETOH HFD + ETOH
Total Cholesterol 63.55 76.92 71.39 77.29 71.25 91.58
(mg/dL) +1.46 +0.59* +2.35 +3.94 + 1912 +3.33*°
Triglycerides 73.67 79.00 81.67 88.00 88.00 88.83
(mg/dL) +5.04 +4.95 +5.76 +3.74 +1.87 +3.19
High Density Lipoprotein 17.95 14.11 14.85 14.53 13.18 13.68
(mg/dL) +0.66 +0.34* +0.53 +0.83 +0.87° +1.06
Low Density Lipoprotein 30.87 47.01 40.21 45.16 40.47 60.12
(mg/dL) +1.64 + 1.28* +3.17 +0.46 +2.11 +3.46* P
Very Low Density Lipoprotein) 14.73 15.80 16.33 17.60 17.60 17.77
+1.01 +1.00* +1.16 +1.42 +0.37 + 0.64
HDL/LDL ratio 0.67 0.30 0.38 0.34 0.33 0.23
+0.01 +0.01* +0.03? +0.03 +0.042 +0.02
Atherogenic index (AI) 3.10 4.64 4.56 5.36 5.81 5.78
+0.22 +0.18* +0.332 +0.19 +0.50° +0.22
Coronary Risk Index (CRI) 3.59 5.46 4.84 5.33 5.52 6.89
+0.08 +0.13* +0.28° +0.07 +0.05° +0.32%°
ALT (U/L) 25.81 63.54 37.97 66.02 34.55 60.06
+1.38 +2.30%* +0.96* +2.53* +2.57° +1.40
AST (U/L) 27.22 58.55 48.99 70.62 36.83 64.36
+0.73 + 1.92% +0.56° +1.07%P +3.932 +2.17
ALP (U/L) 81.64 122.67 120.46 141.85 140.61 202.15
+2.32 +0.73* +1.95° +1.96%> +£2.26° +3.05%b

Values represent Mean +£ SEM (n=5). * p < 0.05 for paired treatment using student t-test,
a indicates significant difference from ND, and b indicates significant difference from HFD using or one-way ANOVA with
Turkey’s post-hoc test for multiple comparisons.
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Figure 4:

Effect of AHB and ETOH on inflammatory responses parameters. (A) Serum TNF-a (B) Heart TNF-a, (C) Liver TNF-a, (D) Serum IL-
1B, (E) Heart IL-1p, (F) Liver IL-1B. Values represents Mean + SEM (n=5). * p < 0.05 from paired groups using student t-test, “ p < 0.05
vs ND, and ® p < 0.05 vs HFD as determined by one-way ANOVA with Turkey’s post-hoc test for multiple comparisons. ND- Normal
diet, HFD- High-fat diet, AHB- Alcoholic herbal beverage, ETOH- Ethanol (10%).

Alcohol herbal beverages and Ethanol consumption
worsen liver and cardiac tissue inflammatory responses
in HFD-fed rat: The effect of AHB and ETOH on pro-
inflammatory markers (TNF-o and IL-1f) in the serum,
heart, and liver tissues of ND and HFD-fed rats is as
presented in Figure 4 A-F. HFD-fed rats showed a
significant (P< 0.05) two-three fold increase in TNF-o and

IL-1B concentrations in the serum, heart, and liver when
compared with the ND-fed rats. The consumption of AHB
in ND-fed rats showed significantly increased TNF-a and
IL-1B levels in cardiac and hepatic tissues (Fig 4B-C & E-
F) when compared with ND-rats alone. ND+AHB and
ND+ETOH showed a similar significant (P< 0.05) increase
in serum, heart, and liver TNF-a, and IL-1p levels in heart,
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and liver than ND-fed group. When compared with
ND+AHB treated rat, HFD+AHB showed significantly
higher levels of liver TNF-a. Similarly, when compared to
ND+ETOH treated rat, HFD+ETOH showed significant
increase in serum and heart TNF-a

Alcohol herbal beverages and ethanol consumption
exacerbate oxidative and nitrosative markers in the
serum, cardiac and liver tissues in ND and HFD-fed rats:
Levels of nitrites and MDA in serum, cardiac and hepatic
tissues in ND and HFD-fed rats is presented in Figure 5A-
F. Nitrites levels significantly increased in HFD groups
compared with the corresponding ND groups. Higher and
significant tissues nitrites levels were presented in animals
that consumed AHB and ETOH with HFD than in the
corresponding ND-fed groups. Similar observations were
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found with tissue lipid peroxidation end products,
malondialdehyde been significantly higher in the cardiac
and hepatic tissue of HFD+AHB and HFD+ETOH when
compared with HFD alone (Fig 5 E&F).

Alcohol herbal beverages and Ethanol consumption
reduced serum, cardiac and hepatic antioxidants
defenses in HFD-fed rat: HFD-fed rats treated with AHB
and EtOH showed diminished antioxidant defenses, as
evidenced by decreased GSH, catalase, and SOD levels in
serum, liver, and heart tissue (Fig 6 A-I). Specifically,
HFD+EtOH significantly decreased serum GSH and
catalase, cardiac GSH and SOD, and hepatic catalase
compared to HFD controls. Moreover, HFD+EtOH
treatment resulted in more pronounced reductions in GSH
levels and catalase activity compared to ND+EtOH

Figure 5:

Effect of AHB and ETOH
on serum, heart and liver
nitrites (A-C) and
malondialdehyde (D-F)
= levels. Values represents
& &L Mean + SEM (n=5). * p <
0.05 from paired groups
using student t-test, ¢ p <
0.05 vs ND, and ® p < 0.05
= vs HFD as determined by
one-way ANOVA with
Turkey’s post-hoc test for
multiple comparisons. ND-
Normal diet, HFD- High-fat
diet, AHB-  Alcoholic
herbal beverage, ETOH-
v Ethanol (10%).
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Figure 6:

Effect of AHB and ETOH on
serum, heart and liver reduced
glutathione (A-C), catalase (D-
F), and superoxide dismutase
(G-I). Values represent Mean +
SEM (n=5). * p < 0.05 from
paired groups using student t-
test, “ p < 0.05 vs ND, and % p
< 0.05 vs HFD as determined
by one-way ANOVA with
Turkey’s post-hoc test for
multiple comparisons. ND-
Normal diet, HFD- High-fat
diet, AHB- Alcoholic herbal
beverage, ETOH- Ethanol
(10%).
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ND + AHB

HFD + AHB

Plate 1:

ND + ETOH JIN

HFD + ETOH

Representative photomicrographs of cardiac tissue (H&E stained, Mag x 400). Normal cardiac myocyte and well organized with typical
striations of the myofibrils (black arrow), myocytic degeneration and necrosis (red arrow), disorganized and loss striations of the myofibrils
(red arrow head), and pyknotic nuclei (red star) of the heart. ND- Normal diet, HFD- High-fat diet, AHB- Alcoholic herbal beverage,

ETOH- Ethanol (10%).
ND + AHB
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Plate 2:

HFD + ETOH |
¢ SN LY

Representative photomicrographs of hepatic tissue (H&E stained, Mag x 400). Normal hepatic cell (black arrow), severe liver cell necrosis,
congested central vein, vacuolated cytoplasm (red arrow) and pyknotic nuclei (red star). ND- Normal diet, HFD- High-fat diet, AHB-

Alcoholic herbal beverage, ETOH- Ethanol (10%).

Alcohol herbal beverages and ethanol consumption
deteriorate the heart and liver tissue histoarchitecture in
HFD-fed rat: As shown in figure 7, the heart histological
photomicrographs of rat following treatment with ND,
HFD, ND + AHB, HFD + AHB, ND + ETOH, and HFD +
ETOH. Normal diet fed rat shows normal architecture of
cardiomyocytes with well-organized myofibril and
myocytes with no swelling, necrosis, or vacuolation. HFD
group showed enlarged cytoplasm, vacuolation, necrotic,
myofiber disarray and diffused cardiomyocyte, ND + AHB
showed neuclomegalic cardiomyocyte with cytoplasmic
enlargement, vacuolation and necrosis myofibril. Similarly,
HFD+AHB showed sever necrosis, vacuolation and
cytoplasmic enlargement, ND+EtOH treated experimental

rats revealed cytoplasmic swelling of cardiomyocyte with
mononuclear inflammatory cells infiltrations, vacuolation
and necrosis, HFD+EtOH showed disorganization of
cardiomyocyte with cytoplasm enlargement, vacuolation
and necrosis.

Furthermore, the liver histological photomicrographs of
the rat revealed that the hepatic parenchyma of the ND-fed
rat had normal architecture (Fig 8). HFD-fed rats also
demonstrated hepatocyte deterioration and microvesicular
steatosis. ND + AHB demonstrated ascetic liver damage
with hepatocyte hemorrhage foci, inflammatory infiltration,
and necrosis. ND + EtOH revealed, altered hepatic
architecture with diffuse macro-vesicular (white arrow),
fatty degeneration, and hepatocellular steatosis, while ND +
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EtOH group showed hepatocellular steatosis, fatty
degeneration, and diffuse macro-vesicular changes in the
hepatic architecture

DISCUSSION

This study evaluated the pathophysiological consequences
of consuming alcoholic herbal beverages and ethanol in
conjunction with a high-fat diet (HFD) on cardiometabolic
syndrome in rats, specifically examining markers of
oxidative stress, nitrosative damage, and hepatic and cardiac
inflammation. The Cardiometabolic Index (CMI) serves as
a comprehensive metric for assessing the likelihood of
developing metabolic disorders associated with obesity,
such as type 2 diabetes, hypertension, and cardiovascular
diseases like stroke (Cai et al., 2022). In this study, the
indices reported include blood pressure paramters, glucose
and insulin resistance parameters, lipid profile and liver
function enzymes, oxidative and inflammatory responses in
serum, cardiac and hepatic tissues as well as histological
alterations of cardiac and hepatic tissues.

Cardiometabolic syndrome, induced in rats by a high-fat
diet, is characterized by hypertension and accompanied by
metabolic and biochemical alterations (Chaar et al., 2016).
Also, alcohol has been shown to increase the risk of elevated
blood pressure through mechanisms such as imbalance in
the central nervous system, impaired baroreceptors,
increased sympathetic activity, elevated cortisol levels,
increased vascular reactivity due to elevated intracellular
calcium levels, stimulation of the endothelium to release
vasoconstrictors, and loss of relaxation from inflammation
and oxidative damage of the endothelium (Husain et al.
2014). The findings from this study demonstrated elevated
SBP, DBP and MAP in in ND-fed rats that consumed AHB
but the response was not changed in HFD-fed rats.
However, ETOH significantly caused elevated DBP and
MAP in HFD-fed rats.

Glucose homeostasis is impaired in metabolic
syndrome, characterized by insulin resistance and an
elevated risk of type 2 diabetes. The consumption of high-
fat diets and alcohol accelerates this pathophysiological
process by disrupting insulin signaling pathways and
pancreatic beta-cell function (Kim et al., 2015; Qi and
Wang, 2023). In this study, OGTT revealed an impairment
in glucose metabolism in both ND and HFD-fed rats
combined with AHB and ETOH. Insulin resistance
parameters increased significantly in rats that consumed
AHB in both ND and HFD when compared with ordinary
ethanol consumption, indicating a higher risk to develop
diabetes mellitus. The data presented here contest the
purported health advantages of alcoholic herbal beverages
such as paraga, underscoring the need for caution and
awareness of its potential harmful effects.

No significant changes was observed in lipid profile and
atherogenicity in HFD-fed rats that consumed AHB,
however, atherogenic indices increased in ND-fed rats.
Ethanol alone increased the coronary risk index of both ND
and HFD-fed rats. This findings may be unconnected with
the presence of some phytochemicals in AHB that may
possess potential modulatory effects on the lipid
metabolizing enzymes. Certain phytochemicals present in
some known plant used in the formulation of paraga
(Kehinde et al., 2012) such as lime, garlic, and onion have

demonstrated antihyperlipidemic effects, respectively
(Parveen et al., 2021; Sun et al., 2018; Galavi et al., 2021).
Therefore, the abundance of these plants in AHB might
blunt the deleterious effect of its high alcohol content on
blood lipids.

Diet and lifestyle are notable predictions of the state of
health of individuals. Eating Diets rich in fat and refined
carbohydrates or drinking excessive alcohol may
overburden the hepatocytes causing irreparable liver injury
(Demori et al., 2006; Wang et al., 2010). Liver injuries are
linked to the alteration of liver function indicated by
elevated serum AST, ALP, ALT, ROS production, oxidative
stress, and production of infiltration of inflammatory
mediators which notably result in fatty degeneration,
hepatocellular steatosis, and lipotoxicity (Hamano et al.,
2014, Pan et al., 2018, Tsuru et al., 2020). It is noteworthy
that liver injuries due to metabolic dysfunction ultimately
affect other organs including the brain, kidney, and heart. In
this study, our finding revealed hepatotoxic effects signified
by elevated AST, ALT and ALP enzymes in both ND and
HFD-fed rats that consumed AHB and ETOH. This result is
consistent with earlier findings when AHB was fed to mice
(Ajayi et al., 2020). Chronic alcohol abuse is associated
with a spectrum of hepatic pathologies, characterized by
steatosis, hepatitis, and progressive fibrosis ultimately
leading to cirrhosis (Osna et al., 2017). The unbridled sales
and consumption of AHB poses a serious threats in
development of liver-related ailments that is on the increase
in Nigeria (Nwokediuko et al., 2013; Devarbhavi et al.,
2023).

Furthermore, the present study assessed the synergistic
effects of alcoholic herbal beverages and ethanol on
cardiometabolic syndrome progression in a rat model fed a
high-fat diet, with emphasis on redox imbalance, nitrosative
stress, and hepatic/cardiac inflammatory pathways. The
groups fed with either normal diet (ND) or high-fat diet
(HFD) and administered AHB or ethanol exhibited
diminished antioxidant defenses in the liver and heart, as
indicated by decreased catalase, reduced glutathione levels,
and superoxide dismutase activity, leading to an imbalance
between oxidative stress and antioxidant capacity. Studies
have shown that GSH helps to neutralize lipid peroxide
molecules, SOD degrades superoxide radicals into oxygen
and H»0,, via the Fenton reaction whereas, CAT converts
lipid peroxide molecules including H,0, and ROS into
oxygen and water molecules (Wang et al., 2018).
Noteworthy, the CYP2E1 pathway in the liver is responsible
for the metabolism of ethanol, which results in the
production of reactive oxygen species (ROS) such as
superoxide anion and hydroxyl radical (Huang et al., 2018).
These ROS trigger apoptosis and necrosis, which ultimately
lead to cell death (Gopal ef al., 2021).

In addition, the administration of AHB or ethanol to rats
fed ND or HFD resulted in significant increases in serum,
hepatic, and cardiac TNF-o and IL-1p levels, suggesting
increased systemic and tissue-specific inflammation. High-
fat diet feeding, have been associated with multi-organ
inflammation, oxidative stress, high glucose, and fatty acid,
which is associated with activation of the lipogenic and pro-
apoptotic pathways (Huang et al., 2018, Tan & Norhaizan.,
2019). Furthermore, ethanol has been associated with liver
injury and TNF-a overproduction (Liu 2014). Ethanol has
been identified as a hepatotoxin, which causes
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hepatocellular damage through an oxido-inflammatory
response (Hakucho et al., 2014, Huang et al., 2018, Gopal
et al., 2021). Similarly, alcohol has been associated with
elevated cardiovascular risk, and severe heart injury which
cause the cardiomyocytes to undergo myocytolysis,
apoptosis, and necrosis (Fernandez-Sola, 2020, Minzer et
al., 2020). In corroboration with early studies, our findings
demonstrated heart and liver damage indicated by severe
inflammatory pro-inflammatory cytokines, experimental
rats fed ND or HFD and treated with AHB or EtOH.

Interestingly, the pathophysiological footprint observed
here was not entirely uniform, as several parameters
deviated from an expected additive or synergistic pattern.
For instance, despite the fact that AHB and EtOH
consumption profoundly aggravated glucose intolerance
and tissue-specific oxido-inflammatory cascades, they did
not induce a compounding elevation in systemic blood
pressure or serum lipid profiles in rats concurrently fed an
HFD. This suggests a potential ceiling effect or metabolic
cross-talk where the diet-induced changes dominate these
specific pathways. Additionally, a notable divergence was
observed in growth kinetics: both alcohol regimens
significantly blunted body weight gain across both dictary
backgrounds. This lower weight gain paradoxically
contrasts with the marked increases in visceral adiposity and
severe cardio-hepatic tissue damage noted in these same
animals, suggesting an altered metabolic efficiency or
localized lipotoxicity

Taken together, alcohol herbal beverages and ethanol
consumption in normal or high-fat diet feeding may cause
impaired glucose tolerance, lipogenesis, elevated insulin
level, insulin resistance, liver and heart tissue structural
damage marked by elevated oxido-nitrosative stress and
inflammation. Our findings imply that concomitant
consumption of alcohol-based herbal beverages or ethanol
with normal diet and high-fat diets may potentiate
cardiometabolic syndrome through disrupted liver and heart
metabolism. Importantly, our data reveal that AHB
consumption promoted significantly higher insulin
resistance (HOMA-IR) and higher fasting blood glucose
levels compared to pure ethanol consumption. This critical
finding directly adds a new layer to the existing literature:
the unstandardized herbal matrices in these drinks
significantly compound glucose intolerance rather than
mitigating it. This provides vital, missing preclinical
evidence necessary to address a profound public health
concern regarding the unbridled consumption of these
beverages in developing socio-economic regions.

While this study provides valuable insights into the
combined impacts of commercial alcoholic herbal
beverages and high-fat diets on cardiometabolic markers,
several limitations must be acknowledged. First, because
commercial AHB (‘paraga’) is purchased as a pre-
formulated street beverage, its exact phytochemical
profiling and the precise concentration of individual herbal
constituents were not characterized via high-performance
liquid chromatography (HPLC) or gas chromatography-
mass spectrometry (GC-MS). This limits our ability to
definitively pinpoint which specific botanical compound
modulated the lipid profiles or blood pressure responses.
Second, our evaluation of cardiovascular and hepatic
function was restricted to serum biochemistry, tissue-level
oxido-nitrosative  biomarkers, and  histopathology;

downstream molecular mechanisms—such as Western blot
or RT-gPCR analysis of specific inflammatory cascades
(e.g., NF-kB or NLRP3 inflammasome pathways) or insulin
signaling proteins (e.g., IRS-1, Akt)—were not mapped.
Lastly, this study was conducted exclusively on male Wistar
rats to avoid confounding estrous cycle variations. Given
known  gender-dependent disparities in  alcohol
epidemiology and metabolism, future translational studies
should encompass female cohorts to validate these
interactions across sexes."

Ethical approval: All applicable international, national,
and/or institutional guidelines for the care and use of
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involving animals were in accordance with the ethical
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were conducted. The animals were handled following the
National Institutes of Health (NIH) guide for the care and
use of laboratory animals. The experiment was approved by
the University of Ibadan-Animal Care and Use Research
Ethical Committee (UI-ACUREC/19/153).
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