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Abstract — This study evaluated the cardioprotective potential of Caesalpinia bonducella (L.) Roxb. seed
extracts in obese rats fed a high-fat diet (HFD), aiming to improve fat metabolism, reduce oxidative stress, and
prevent harmful lipid accumulation in blood vessels. Thirty-six adult albino rats were divided into six groups:
normal control, HFD control, HFD with simvastatin, and HFD with petroleum ether (PTCB), ethyl acetate
(EACB), or ethanolic (ETCB) seed extracts (100 mg/kg) for 30 days. Body weight, lipid profile (total cholesterol,
LDL, HDL, triglycerides), and oxidative stress markers (catalase and malondialdehyde) were measured. EACB
and ETCB extracts significantly lowered total cholesterol, LDL, triglycerides, and malondialdehyde while
increasing HDL and catalase, with ETCB showing superior effects. The extracts also reduced HFD-induced
weight gain, indicating improved fat metabolism. These results suggest that C. bonducella seed extracts,
particularly ETCB, protect against atherosclerosis and oxidative stress, supporting their potential as natural
cardioprotective agents and warranting further studies to clarify their underlying molecular mechanisms.
Keywords — Caesalpinia bonducella, Atherosclerosis, High-fat diet, Lipid profile, Oxidative stress

Introduction

Cardiovascular diseases (CVDs) remain the leading
cause of death globally, often referred to as “the disease of
the centuries” due to their high prevalence and impact.' In
2015 alone, CVDs accounted for approximately 17 million
deaths and affected over 422 million people, representing
31% of global mortality. Alarmingly, 75% of these deaths
occur in low- and middle-income countries, mainly due to
limited healthcare access.>® Atherosclerosis is the primary
contributor to CVD mortality. It is a chronic, progressive
condition marked by lipid and fibrous plaque build-up in
arterial walls, leading to reduced blood flow.* While age,
sex, and genetics are non-modifiable risk factors, modifiable
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ones include hypertension, diabetes, dyslipidemia, obesity,
smoking, and physical inactivity.’ Elevated LDL-cholesterol
plays a key role in atherogenesis, especially through the
peroxidation of polyunsaturated fatty acids in LDL and
VLDL, which promotes plaque formation.®

Conventional lipid-lowering drugs like statins, though
effective, often cause adverse effects such as muscle pain
and limited mobility. Other agents like colestipol and
cholestyramine cause gastrointestinal issues and drug
interactions, while bococizumab was withdrawn due to
neutralizing antibodies.” Plant-derived antioxidants such
as flavonoids and polyphenols show promise in managing
atherosclerosis by reducing oxidative stress, inflammation,
LDL, and triglycerides.® With 80% of the global population
relying on herbal remedies, especially in India, plant-based
therapies offer a safer alternative.

Caesalpinia bonducella (L.) Roxb., traditionally used for
various ailments, exhibits antioxidant, antihyperlipidemic,
antidiabetic, and anti-inflammatory properties.”'* Although
its hypolipidemic activity is documented.”** its anti-
atherogenic potential in high-fat diet models remains
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unexplored. This study investigates the ability of different
seed extracts of C. bonducella to mitigate atherosclerosis
in obese rats.

Experimental

Plants material collection and extraction — The seeds
of Caesalpinia bonducella (L.) Roxb. were collected from
Mangalore and authenticated. About 500 g of powdered
material was successively extracted using petroleum ether,
ethanol, and ethyl acetate in a Soxhlet apparatus at 40—
60°C. The marc was oven-dried and re-extracted with
solvents of increasing polarity. Each extract was concentrated
under reduced pressure and lyophilized (Lyodel).?!

Preliminary phytochemical screening of plant extracts
— Preliminary phytochemical screening of the extracts of
Caesalpinia bonducella (L.) Roxb seed was carried out
according to standard procedures described in the litera-
ture 2223

Experimental design, animal grouping, and diet
preparation — Healthy male Wistar rats (Ratfus norvegicus
domestica) were used in the study after approval from the
Institutional Animal Ethics Committee (Approval No:
AKCP/IAEC/01/19-20), in accordance with CPCSEA
guidelines. Thirty-six rats were randomly divided into six
groups (n = 6). Group I received normal saline (negative
control); Group II received a high-fat diet (HFD, positive
control); Group III received simvastatin (1.8 mg/kg b.w.,
orally) with HFD; Groups 1V, V, and VI received petroleum
ether, ethyl acetate, and ethanolic extracts of Caesalpinia
bonducella, respectively, at 100 mg/kg b.w., all with HFD.
Extracts and simvastatin were suspended in normal saline
and administered orally once daily for 30 days.

The HFD was formulated by mixing 20.5% wheat flour,
52.6% roasted Bengal gram, 5% skim milk powder, 4%
refined oil, 4% casein, 4% starch with salt mixture, 9%
coconut oil, 0.5% choline-vitamin mix, and 0.4% cholesterol.
After the treatment period and overnight fasting, all animals
were euthanized by cervical dislocation. Blood samples
were collected in heparinized tubes for plasma separation.
The heart, liver, and aorta were excised, cleared of adipose
tissue, weighed, and homogenized for further biochemical
analysis. All procedures strictly followed animal welfare
and ethical protocols.

Lipid extraction from tissues and plasma — All
analytical methods used in this study are standard and
validated, as described in the cited references. Lipid extraction
from tissues and plasma was carried out following the
method of Folch et al. (1957), using ethanol-ether and
chloroform-methanol mixtures, with sequential heating
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and centrifugation steps to isolate lipid fractions for
analysis of triglycerides, phospholipids, free fatty acids,
and cholesterol forms.**

Estimation of free and ester cholesterol — Cholesterol
fractions were quantified using the method by Varley (1954),
involving digitonin complexation, selective extraction
with petroleum ether, and colorimetric analysis via the
Liebermann—Burchard reaction at 620 nm.>

Estimation of free fatty acids — Free fatty acids were
extracted, purified using silicic acid, and reacted with
diphenyl carbazide after complexation with copper soaps,
based on the method by Falholt et al. (1973), with
absorbance read at 540 nm.*

Estimation of phospholipids — Phospholipid content was
determined as inorganic phosphorus using the Zilversmit
and Davis (1950) method involving digestion with acids,
molybdate complex formation, and color development
using ANSA reagent measured at 680 nm.*’

Estimation of triglycerides — Triglycerides were estimated
via isopropanol extraction, alumina deproteinization, and
subsequent color development with metaperiodate and
acetyl acetone as per Foster and Dunn (1973), read at
405 nm.*®

Estimation of HDL cholesterol — HDL cholesterol
was quantified enzymatically using a cholesterol oxidase
method after apo B-containing lipoprotein precipitation
by phosphotungstic acid and magnesium (Demacker et
al,, n.d.).”

Calculation of LDL cholesterol — LDL cholesterol was
calculated using the Friedewald formula:

LDL = Total cholesterol — (HDL + Triglycerides/5)
(Lee and Siddiqui, 2024).*°

Calculation of VLDL cholesterol — VLDL cholesterol
was derived by the formula:

VLDL = Triglycerides

(DeLong, 1986)."

Calculation of atherogenic index — Atherogenic index
was calculated using the log ratio of triglycerides to HDL
cholesterol as per Sun et al. (2024).>

Triglycerides

Al = log log DL

Calculation of cardiac risk ratio — Cardiac risk ratio
was calculated by:

_ Total cholesterol

CRR HDL

(Sujatha and Kavitha, 2017).%3

Calculation of atherogenic coefficient — Atherogenic
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coefficient was calculated using:

_ Total cholesterol-HDL

AC HDL

(Sujatha and Kavitha,
2017).%

Estimation of TBARS (lipid peroxidation marker) —
Thiobarbituric acid reactive substances (TBARS) were
estimated by reaction with TBA in acidic medium,
forming a pink chromophore measured at 535 nm as per
Niehaus and Samuelsson (1968).3

Estimation of conjugated dienes — Conjugated dienes,
formed by lipid peroxidation of PUFAs, were extracted
and measured at 233 nm using a method adapted from
Buege and Aust (1978), indicating oxidative stress levels
in tissues.™

Statistical analysis — All data are presented as mean +
standard deviation (SD) for six animals per group. Each
sample was analyzed in triplicate, and the mean of
triplicates was used for statistical analysis to minimize
analytical variation. Statistical significance was determined
using one-way analysis of variance (ANOVA) followed
by Scheffe’s multiple comparisons test. A p-value < 0.05
was considered statistically significant.
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Results and Discussion

A high-fat diet (HFD) led to a significant increase in
body weight in Group II rats compared to normal controls
(Group I). This confirms diet-induced obesity. Treatment
with various extracts of Caesalpinia bonducella—especially
the ethanolic extract (ETCB) at 200 mg/kg—significantly
attenuated this weight gain. The reduction observed in
extract-treated groups was comparable to the Simvastatin
standard group (Group III), indicating the anti-obesity
potential of the plant (Table 1). These results align with
previous findings demonstrating the role of phytochemicals
in lipid metabolism regulation.*

The HFD-fed rats (Group II) showed a significant increase
in total cholesterol, triglycerides, and free fatty acids
compared to controls. Treatment with ETCB and ethyl
acetate extract (EACB), especially at 200 mg/kg, resulted
in marked reductions in these parameters. Among the
extracts, ETCB exhibited the most pronounced hypolipidemic
effect. This can be attributed to flavonoids and sterols,
which have known lipid-lowering activity.*’° Furthermore,
phospholipid levels also decreased significantly in extract-
treated groups compared to HFD rats (Table 2), supporting

Table 1. Effect of various extract of seeds of Caesalpinia bonducella on average body weight changes in rats

Groups Initial weight (g) Final weight (g) Average body weight gain (g)
Group I 151.00 + 1.52°N8 17230 +2.28" 21.30 +3.76"
Group II 155.00 + 2.14™S 226.00 £ 2.46™ 71.00 + 3.20™
Group 111 157.00 + 2.45°NSONS 176.00 + 1.38°NSb* 19.00 £ 3.07 NSb*
Group IV 152.00 + 1.96°NSONS 214.00 = 2.23NSb* 62.00 £ 2.90 NS
Group V 158.00 £ 2.04NSNS 210.00 = 1.94NS0™ 52.00 £ 2,128\
Group VI 153.00 + 2.12°NSONS 190.00 + 2.18NSb* 37.00 £ 2.06 NS

Data are mean + SEM (n = 6).
One-way ANOVA with Tukey’s post-hoc test.
Superscripts: a = vs. Control (Group I), b = vs. HCD (Group II)

Significance: NS = not significant, *p < 0.05, **p <0.01

Table 2. Effect of Caesalpinia bonducella extracts on plasma lipid profile parameters including total cholesterol, triglycerides, free fatty
acids, and phospholipids in high-fat diet-fed rats

Groups Total cholesterol Free cholesterol ~ Ester cholesterol Free fatty acid Phospho lipid Triglyceride
(mg/dl) (mg/dl) (mg/dl) (mg/dl) (mg/dl) (mg/dl)

GroupT  122.61 = 145" 29.16 + 0.22" 9345+ 1.23%" 4124 £ 025" 97.58 + 0.18" 56.72 + 0.58"
GroupIT  182.80 = 1.18" 48.68 + 0.32* 134.12 + 0.92%" 62.18+0.15%" 140.26 + 0.26*" 75.26 + 0.62*"
Group IIT  109.90 + 1.63***" 3072 £ 025" 79.18 £ 1.38""*" 3896+ 0.26*"*  100.24 £ 0.26***"  59.64 + 0.40*"""
Group IV 177.02 £2.08"% 4538 £0.60*"*"  131.64 £ 1.48"™""  60.28 + 0.32°">  138.10 + 0.18°">™  73.70 + 0.48">"
Group V. 161.10 £2.028%" 40,72 £ 0.54*"%" 12038 £ 1.55"""" 5572+ 0.26""  134.62+0.24°>  70.23 + 0.40°""
Group VI 142.03 £ 1.70™"*" 3580+ 0.28 ™"  105.23 + 1.42°  54.64 + 0.30°""  131.48 £ 0.228%"  66.52 + 0.42*">"

Data are mean = SEM (n = 6). One-way ANOVA with Tukey’s post-hoc test.

Superscripts: a = vs. Control (Group I), b = vs. HCD (Group II), *p < 0.05, **p < 0.01.
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improved lipid mobilization.

Group II rats showed a notable decrease in HDL-cholesterol
and an increase in LDL and VLDL-cholesterol, reflecting
a typical dyslipidemic profile. Post-treatment with extracts
restored HDL levels and significantly decreased LDL and
VLDL fractions (Table 3). The effect was dose-dependent,
with ETCB at 200 mg/kg showing the best modulation.
These outcomes suggest the extracts improve reverse
cholesterol transport and reduce atherogenic indices.***!

The liver and heart lipid content in HFD rats showed
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substantial accumulation of cholesterol and triglycerides.
Extract treatments markedly reversed this lipid deposition
in both tissues (Table 4). The efficacy was again most
pronounced in high-dose ETCB groups, indicating strong
lipid-regulatory effects in peripheral organs. This might
be due to improved lipid oxidation and reduced synthesis,
as suggested in previous phytotherapeutic studies.*

Lipid peroxidation, measured via thiobarbituric acid
reactive substances (TBARS), increased significantly in the
liver and heart of HFD-fed rats (Group II). Administration

Table 3. Effect of various extracts of Caesalpinia bonducella on plasma lipoprotein levels (HDL, LDL, VLDL) in high-fat diet-fed rats

Groups HDL cholesterol ~ LDL cholesterol ~ VLDL cholesterol ~ LDL- c/HDL—c HDL-(;/ TG Ath.erogenic
(mg/dl) (mg/dl) (mg/dl) ratio ratio index

GroupT  59.25+0.38" 25.12 4 0.38" 11.78 + 0.15" 0.42 +0.01* 0.48 + 0.03" 1.90 + 0.05"
GroupII  36.86 £ 0.40” 43.86 + 0.26" 15.12+0.18" 1.18 £ 0.07* 0.20 + 0.03*" 3.98 + 0.04*
Group ITT ~ 59.05 £ 0.34°"  20.10£0.32**" 1044 +0.10°*>  0.34+0.09°"" 0.54 £ 0.024"" 1.92 +0.02*
Group IV 38.68 £ 0.32""*"  41.82+036™"  14.84+0.18""  1.08+0.10™"*"  022+0.02"*"  3.56+0.05""
GroupV 4024+ 028"  3828+024™"  14.12£0.12"°"  0.95+0.08""" 0.25 £0.01%"" 3.10 £ 0.03%""
Group VI 4642+ 030" 3241 +028*" 1296+ 0.10°°"  0.70 £ 0.09 """ 0.33 £ 0.024"" 2.72 + 0.06°"

Data are mean + SEM (n = 6). One-way ANOVA with Tukey’s post-hoc test. Superscripts: a = vs. Control (Group I), b = vs. HCD (Group

1), *p < 0.05, **p < 0.01.

Table 4. Effect of various extracts of Caesalpinia bonducella on tissue lipid content (cholesterol and triglycerides) in high-fat diet-fed rats

Group Tissue Free cholesterol Ester cholesterol Triglycerides Phospholipids Free Fatty acids
(mg/g) (mg/g) (mg/g) (mg/g) (mg/g)
I Aorta 0.46 + 0.02"" 2.10 + 0.38" 11.20 + 0.08" 9.88 +0.09* 13.08 + 0.07°"
(CI\(I)‘I’]‘;‘;(‘)?)I Heart 0.71 + 0.02" 2.88 + 0.03" 11.12 + 0.04"" 2435+ 0.10" 15.82 + 0.09""
Liver 0.82 + 0.02"" 1.70 + 0.04" 8.38 +0.12%" 18.94 + 0.18"" 14.16 + 0.12%"
11 Aorta 2.42 £ 0.05* 6.92 + 0.32%" 22.32 4+ 0.32* 17.23 £0.10* 29.35 + 0.08*"
c(glfrlgl) Heart 1.05 4 0,03 7.06 + 0,08 4925+ 0.20° 38.16 4 0.14°" 4423+ 0.18"
Liver 1.32 + 0.04*" 3.62 + 0.062* 28.78 + 0.20*" 30.38 + 0.15" 33.92 + 0.20™
111 Aorta 0.65 + 0.03*"> 2.78 £ 0.10*" 13.22 + 0.08*" 11.12 + 0.12%%0* 15.86 + 0.22%""
(Bxtractl)  p . 0.66 + 0.06 > 2.96 + 0044 18.90 & 0.14°">* 27.54 + 0,23 17.16 + 0.25°">*
Liver 0.88 + 0.05*"* 1.80 + 0.02*" 10.38 + 0.07*"* 19.22 + 0.24*"0" 16.12 + 0.14*"
v Aorta 2.30+0.01%"0 6.86 + 0.224"0 20.98 + 0.22%"0" 16.34 + 0.122"0™ 28.18 + 0.07*"
(ExtractID) oot 1.0140.047 6.90 £ 012N 4660+ 024" 3694+ 025" 4234+ 022"
Liver 1.28 + 0.028""0* 3.54 +0.03 """ 26.36 + 0.14*>" 28.92 + (0.24*0" 31.86 + 0.14"
\Ys Aorta 2.18 + 0.022" 6.48 + 0,180 20.14 + 0.14 " 14.28 + 0.10*™" 26.30 + 0.09*™%"
(ExtractIll) - proat 0,98 2 0,020 658018 422140187 3528+ 024" 3675+0.18""
Liver 1.06 + 0.032">" 3.32 + 0.06">" 23.94 + 0.20*""" 26.58 + 0.18*""" 28.24 + 0.20*"""
VI Aorta 2.02 £ 0.05%" 6.20 £ 0.30*"> 18.26 + 0.18*"Y" 13.12 + 0.14™Y" 22.82 + (0.072Ns bk
(Extract IV) oot 0,92+ 0,03 612+ 0.10""" 3776 £ 020 3246+ 020" 3244+ 014"
Liver 1.07 £ 0.01*"" 3.06 + 0.05*"> 20.58 + 0.23*"" 24.12 + 0.16* 25.10 + 0.18*">"

Data are mean = SEM (n = 6).

One-way ANOVA with Tukey’s post-hoc test.

Superscripts: a = vs. Control (Group I), b = vs. HCD (Group II), *p <0.05, **p < 0.01
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of both ETCB and EACB led to a significant decrease in
TBARS levels (Table 5), indicating reduced oxidative
stress. These findings support the antioxidant potential
of C. bonducella, possibly attributed to its polyphenolic
content.”

A high-fat diet caused a substantial decline in enzymic
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antioxidants such as superoxide dismutase (SOD), catalase
(CAT), and glutathione peroxidase (GPx) in liver and
heart tissues. Extract treatments significantly enhanced the
activity of these enzymes, with the highest restoration
seen in the ETCB 200 mg/kg group (Table 6). These results
reinforce the role of C. bonducella in re-establishing

Table 5. Effect of various extracts of Caesalpinia bonducella on Tissue Lipid Peroxidation (cholesterol and triglycerides) in high-fat diet-

fed rats
Group Tissue TBARS (nmol MDA/g) Conjugated Diene (nmol/g)
I (Normal Control) Aorta 17.23 +£0.18" 166.24 £ 0.14"
Heart 39.82+0.18 141.12 + 0.33%"
Liver 24.16 + 0.22"" 162.80 + 0.35""
11 (HFD Control) Aorta 70.52 +0.12* 658.75 + 0.56""
Heart 81.26 + 0.20” 218.44 + 0.25"
Liver 72.38 +0.18" 228.65 + 0.10°
11 (Extract I) Aorta 18.76 + 0.18*"%" 318.54 + 0.23*"0"
Heart 4122+0.18" 150.58 + 0.12%">
Liver 27.58 + 0.34°0" 172.38 + 0.20°""
IV (Extract IT) Aorta 68.46 + 0.30* 636.58 + 0.38 """
Heart 78.62 + 0.28% 210.68 + 0.18%"""
Liver 69.28 + 0.28"" 219.70 + 0.22%"
V (Extract III) Aorta 61.65 +0.25°"" 603.42 + 0.30°""
Heart 75.85 + 0.20™"" 202.26 + 0.20°""
Liver 60.92 + 0.30™"0" 211.38 + 0.28*""
VI (Extract IV) Aorta 55.18 £ 0.36%">"* 548.06 + 0.35°"
Heart 70.28 + 0.223"0"* 195.82 + 0.14%">
Liver 54.54 + 0.240" 202.64 + 0.24

Data are mean + SEM (n = 6).
One-way ANOVA with Tukey’s post-hoc test.

Superscripts: a = vs. Control (Group I), b = vs. HCD (Group II), *p <0.05, **p < 0.01

Table 6. Effect of various extracts of Caesalpinia bonducella on Tissue Enzymic Antioxidants (TBARS levels) in high-fat diet-fed rats

SOD CAT GPx GR GST
Groups S . (umol H20: consumed/ (mg GSH consumed/ (mg GSH consumed/ (umol CDNB-GSH
(unit/min/mg protein) . h . . . . ; - .
min/mg protein) min/mg protein) min/mg protein) conjugate/min/mg protein)
Aorta  Heart Liver  Aorta  Heart Liver  Aorta  Heart Liver  Aorta  Heart Liver  Aorta  Heart Liver
Group 2.89+ 176+ 3.68+ 3122+ 5018+ 2954+ 1572+ 1272+ 9.4+ 174+ 276+ 152+ 1694+ 21.10+ 29.18+
I 0.03*  0.04" 001 030" 020 025" 0.2  0.14""  0.06"  0.02 001" 002> 014> 025"  0.14"
Group 140+ 092+ 182+ 2158+ 3155+ 17.68+ 840+ 835+ 565+ 081+ 166+ 069+ 824+ 722+ 1125+
I 0.08"  0.02°" 003" 022" 0.8 022"  0.08"  0.08"  0.09" 003 001" 001" 009 0.2 0.5
Group 283+ 170+ 3.65+ 3072+ 3058+ 2838+ 1210+ 1138+ 890+ 162+ 270+ 142+ 1372+ 1735+ 2716+
I 0.022"Y" 0,03 0.02°%  0.14 0225 010" 0.09*"*"  0.09*"*" 0.09°*" 0.01°"*" 0.02°"*" 0.02*""*" 0.10*"°" 0.18*"*" 0.10*""
Group 1.60+ 1.07+ 201+ 2205+ 2246+ 1870+ 868+ 862+ 580+ 090+ 142+ 085+ 884+ 876+ 1242+
IV 0.015% 0.012"" 0.022"°" 0.16°"0™ 0.222"Y™  0.14°" 010%™ 0.09*""*™ 0.04°°™ 0.02°">" 0.01*"°™ 0.02*"*™ 0.10°"  0.14"  0.18""
Group 196+ 1.16+ 225+ 2368+ 2314+ 19.66+ 930+ 938+ 622+ 105+ 186+ 098+ 952+ 1068+ 1426+
Voo 0.01%Y 0,022 0,017 0.20°% 0.23° 0.09°7" 0.12%°7 0,140 0,06 0,017 0.01707 00227 0,087 0.128707 (1280
Group 232+ 132% 256 2494+ 2502+ 2158+ 984 976+ 678+ 120+ 210+ 106+ 1036+ 1332+ 1878+
VI 0.022° 0,017 001%™ 028" 0.20°°"  0.20°%" 0.08™  0.10°°"  0.09*""  0.01*"Y"  0.017"Y" 0.01% 0,142 0,167 0,140

Data are mean + SEM (n = 6).
One-way ANOVA with Tukey’s post-hoc test.

Superscripts: a = vs. Control (Group I), b= vs. HCD (Group II), *p <0.05, **p <0.01.
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Table 7. Effect of various extracts of Caesalpinia bonducella on Tissue Non-Enzymic Antioxidants in high-fat diet-fed rats

Glutathione (mg/g tissue)

Groups -
Aorta Heart Liver
Group 1 6.72 £ 0.02"" 7.42 £0.10" 4.938 £ 0.04"
Group II 3.40 + 0.04" 3.58 +£0.12* 135+ 0.05*"
Group IIT 6.10 £ 0.04%"" 7.14 £ 0.05"" 4.76 + 0.02
Group IV 3.78 £ 0.044"0" 3.96 £ 0.142"0™ 241 £ 026"
Group V 426 + 0,035 438+0.10 ™™ 2.98 £ 0200
Group VI 4.90 + 0.04°> 4.74 + 0.07"" 3.28 +£0.12¢%"

Data are mean + SEM (n = 6).
One-way ANOVA with Tukey’s post-hoc test.

Superscripts: a = vs. Control (Group I), b = vs. HCD (Group II), *p <0.05, **p <0.01.

Table 8. Phytochemical investigation of various extracts of Caesalpinia bonducella Linn

Phytoconstituents
172]
Q 1%} [72) 7] [%2]
2 & g8 o B 02 2 v o= 2
o = 2] <Q =]
S.No Extracts g B = b5 2 g £ =55 £ g g g S
s £ § & § & E 52 2 g g 3B &
= £ =z z % & £ g8 & & g £ 2
f=1 = —
& © = = ) < =
1 Pet. ether extract - - - - - - - +
2 Ethyl acetate extract + - + + + + - - +
3 Ethanol extract + + - + + + + + - -

+: indicates the presence of constituents
- indicates the absence of constituents

redox balance through enzymic defense.**

The concentration of glutathione (GSH)—a critical
non-enzymic antioxidant—was significantly depleted in
the aorta, heart, and liver of HFD rats (Group II), as
shown in Table 7. Treatment with C. bonducella extracts,
particularly ETCB at both 100 and 200 mg/kg, restored
GSH levels across all tissues. This may be due to the
activation of glutathione reductase or enhanced GSH
synthesis.** Restoration of GSH reflects improved
antioxidant status, which is essential for combating HFD-
induced oxidative injury.*’*

Histopathological evaluation confirmed biochemical
findings. The liver of HFD-fed rats showed microvesicular
steatosis and congested blood vessels. Treatment with
ETCB and EACB at both doses markedly reduced steatosis
and vascular congestion, showing restoration of hepatic
architecture (Fig. 1). Similarly, aortic sections from HFD
rats displayed prominent fat deposition, which was
significantly reduced in extract-treated groups (Fig. 2).
These improvements are consistent with the lipid-lowering
and antioxidant effects observed in earlier parameters.

The ethanolic extract had the most comprehensive range
of phytoconstituents, including alkaloids, sterols, flavonoids,

tannins, phenolic compounds, saponins, glycosides, and
amino acids. These compounds are strongly linked in
literature to the prevention and treatment of atherosclerosis
due to their antioxidant, anti-inflammatory, and lipid-
lowering effects. Consistent with previous reports, extracts
rich in flavonoids, sterols, saponins, and phenolics exhibit
potent anti-atherosclerotic activities by improving lipid
profiles and reducing plaque formation. Our in vivo
biochemical results, showing significant reductions in
total cholesterol, LDL-C, triglycerides, and improvements
in HDL-C, support this.**"° Together, the findings indicate
that the phytochemically rich ethanolic extract is largely
responsible for the observed cardiovascular-protective
effects, confirming its strong anti-atherosclerotic potential.

In conclusion, the present study demonstrates that
Caesalpinia bonducella extracts, particularly the ethyl
acetate and ethanolic fractions at a dose of 100 mg/kg body
weight, exhibit significant anti-atherogenic and antioxidant
effects in HFD-induced hyperlipidemic rats. Treatment led
to a notable reduction in plasma and tissue levels of free
and esterified cholesterol, triglycerides, phospholipids, LDL,
and VLDL, while restoring HDL levels and reducing the
atherogenic index—effects comparable to the standard
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Fig. 1. Histopathological studies for liver [(A—F) Group I-VI]; (A) Group I received normal saline (negative control); (B) Group II
received a high-fat diet (HFD, positive control); (C) Group III received simvastatin (1.8 mg/kg b.w., orally) with HFD; (D)~F) Groups
IV, V, and VI received petroleum ether, ethyl acetate, and ethanolic extracts of Caesalpinia bonducella, respectively, at 100 mg/kg b.w., all

with HFD.

Fig. 2. Histopathological studies for aorta [(A—F) Group [-VI)]; (A) Group I received normal saline (negative control); (B) Group II
received a high-fat diet (HFD, positive control); (C) Group III received simvastatin (1.8 mg/kg b.w., orally) with HFD; (D-F) Groups IV,
V, and VI received petroleum ether, ethyl acetate, and ethanolic extracts of Caesalpinia bonducella, respectively, at 100 mg/kg b.w., all

with HED.

drug simvastatin. Additionally, the extracts significantly
attenuated lipid peroxidation markers such as TBARS and
conjugated dienes and enhanced both enzymatic (GPX,
GRX, GST, SOD) and non-enzymatic (glutathione) anti-
oxidant defenses in vital organs. The use of validated and
standardized biochemical assays ensured high analytical
precision, which is evident from the minimal variation
among replicates, thereby supporting the reliability of the
experimental findings. These findings highlight the
therapeutic potential and novelty of C. bonducella in

managing diet-induced atherosclerosis through dual lipid-
lowering and antioxidative mechanisms. The promising
outcomes support its further exploration through molecular
studies to elucidate the underlying pathways and potential
development as a plant-based alternative in cardiovascular
disease management.
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