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Abstract

Introduction: Obesity caused by excessive dietary fat intake is associated with abnormal lipid accumulation and metabolic
disturbances. This study evaluated the anti-obesity effects of aqueous extracts of Aloe vera in female Swiss albino mice.

Methods: Female Swiss albino mice were maintained under controlled laboratory conditions and divided into four groups (n=6
per group). Group | served as the normal control. Group Il received a high-fat diet (35% carbohydrate, 20% protein, and 45% fat)
for 60 days to induce obesity. Group Ill consisted of obese mice treated orally with Aloe vera extract (0.3 mL/kg body weight) for 30
days, while Group IV included normal mice treated with Aloe vera extract for 30 days. Body weight, adipose tissue lipid deposition
(Oil Red O staining), and HDL-associated protein expression (SDS-PAGE) were evaluated.

Results: Aloe vera treatment significantly reduced body weight and lipid accumulation in adipose tissue of obese mice. Histological
analysis demonstrated reduced intracellular lipid deposition following treatment. In addition, HDL-associated protein expression
was enhanced in treated obese mice compared with untreated obese animals, suggesting improved lipid transport and metabolism.
Conclusion: Aloe vera administration reduced body weight, decreased adipose tissue lipid accumulation, and enhanced HDL-
associated protein expression in diet-induced obese mice. These findings support the potential of Aloe vera as a complementary

therapeutic agent for improving lipid metabolism and managing obesity-associated metabolic disturbances.
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Introduction

Aloe vera is widely incorporated into commercial health
products, nutraceutical formulations, and traditional
remedies owing to its wide medicinal values (1, 2). It has
been reported to exert multiple systemic benefits, including
improvements in lipid balance, glycemic regulation,
oxidative status, inflammation, skin health, and general
metabolic well-being (3-5). Much of the existing research,
however, has emphasized its influence on circulating
lipid parameters—such as reductions in total cholesterol,
triglycerides, and LDL—without fully examining how Aloe
vera interacts with lipid-handling pathways within specific
metabolic tissues (6-8).

Obesity is characterized by excessive fat accumulation
resulting from disturbances in adipocyte lipid turnover.
Dysregulated lipolysis and lipogenesis in adipose tissue
contribute directly to metabolic dysfunction. Although
Aloe vera has been studied for its hypolipidemic effects,

evidence describing its role in modulating lipid breakdown
at the adipocyte level is limited. This represents a significant
gap, as adipocytes are the primary site for lipid deposition
and serve as a key regulator of whole-body metabolic
homeostasis through tightly coordinated enzymatic and
hormonal pathways (9).

HDL-cholesterol is vital to maintain lipid balance by
accepting cholesterol and other lipids from peripheral
tissues, including adipose depots, and transporting them to
the liver for clearance through reverse cholesterol transport.
Increasing attention has shifted from total HDL levels
toward the protein composition of HDL, as alterations in
its protein cargo can modify its functional properties and
cardiometabolic benefits. Despite substantial literature on
Aloe vera’s systemic lipid-lowering effects, very few studies
have examined whether it influences HDL at the molecular
or protein level (10-12).

To address these understudied areas, the present work
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investigated two mechanistic aspects of Aloe vera’s
metabolic action: (i) its ability to alter lipid mobilization
within adipose tissue, assessed through Oil Red O staining
as an indicator of changes in lipid content and lipolysis,
and (ii) its effect on the expression of HDL-associated
proteins, evaluated using SDS-PAGE to detect shifts in
protein composition.

By coupling tissue-level assessment of adipocyte lipid
breakdown with protein-level analysis of HDL, this study
provides a more detailed understanding of how Aloe vera
may influence lipid metabolism beyond conventional serum
lipid measurements. These findings offer preliminary
mechanistic insight into Aloe vera’s potential utility as
a complementary intervention for obesity and related
metabolic disturbances.

Methods

Experimental Animals and Study Design

This study was carried out in 3-month-old female Swiss
albino mice procured from registered breeders. Animals
were housed under standard laboratory conditions
in propylene cages at a temperature of 25°C and 55%
humidity. Standard pellet feed and water were supplied
freely throughout the experiment ad libitum.

After one week of acclimatization, animals were classified
into 4 groups containing 6 mice each. Group I consists
of control animals under regular laboratory diet. Group
IT animals were induced with obesity through a high-fat
diet containing 35% carbohydrate, 20% protein, and 45%
fat for 60 days. Group III consisted of obese mice that
subsequently received oral Aloe vera administration at
a dose of 0.3 mL/kg body weight for 30 days. Group IV
included non-obese mice maintained on a standard diet
and treated with the same dosage of the preparation.

Body weight was recorded periodically during the
experimental period to monitor obesity progression and
treatment-associated changes. At the end of the study,
animals underwent overnight fasting for approximately
12 h before sample collection. Anaesthesia was induced
using isoflurane (5 mg/kg body weight), and blood samples
were collected; the serum was collected and stored at —80°C
until further analysis.

This study was carried out after obtaining approval from
the Institutional Animal Ethics Committee, Coimbatore
Medical College and Hospital, in accordance with the
CPCSEA recommendations (Ethical Approval Code:
CMCH/PH/004/2017).

Aloe vera Extract

Fresh mature Aloe vera leaves were washed thoroughly
using distilled water. The outer rind was carefully removed,
and the inner gel was collected. The gel material was
homogenized and subjected to aqueous extraction for 48
h at room temperature under continuous stirring. The
extract was filtered through Whatman No.1 filter paper
and concentrated using a rotary evaporator maintained
at 40-45°C to obtain a semi-solid preparation. The final
extract was stored at 4°C until use.

The extract contains several naturally occurring
phytochemicals including flavonoids, polysaccharides,
anthraquinones, and plant sterols such as B-sitosterol.
Earlier reports have associated these phytochemicals with
wide anti-obesity properties (13,14).

Analysis of HDL-Associated Protein Expression by SDS-
PAGE

Bradford assay was done to estimate the serum protein
concentration in the samples under study. 20 pg of protein
was then run on SDS-polyacrylamide gel electrophoresis
using a 10% resolving gel at 50 V. 70 kDa molecular weight
marker obtained from Genei Laboratories, Bangalore,
served as a protein ladder. Following electrophoretic
separation, gels were stained using Coomassie Brilliant Blue
R-250 and destained with a methanol-acetic acid-water
solution. Protein bands were visualized and documented
for comparative evaluation of expression patterns.

Oil Red O Staining of Adipose Tissue
White adipose tissue samples were excised, washed in
chilled phosphate-buffered saline (PBS), and rapidly
preserved in liquid nitrogen. The frozen tissues were
subsequently sectioned in a cryostat with 10 pm thickness
and carefully mounted onto clean glass slides. Fixation was
done using cold acetone for 10 min, washed with water,
and treated with propylene glycol in two successive steps.
Slides were stained with Oil Red O for 7 min and rinsed
using 85% propylene glycol followed by distilled water.
Hematoxylin counterstaining was carried out for 1 min
before mounting with glycerin jelly. Tissue sections were
examined microscopically to evaluate intracellular lipid
deposition.

All samples were processed simultaneously using
identical staining reagents and uniform handling conditions
to minimize technical variability.

Statistical Analysis

Statistical analysis was carried out using GraphPad
Prism software. Data obtained from baseline and final
observation periods were expressed as mean * standard
deviation (SD). Since the measurements were recorded
from the same experimental animals at two different time
intervals, a paired Student’s t-test was applied to determine
the statistical significance within each group. Differences
were considered statistically significant at P<0.05.

Results

Evaluation of Aloe vera Treatment on Body Weight in

Obese Mice

Body weight variations recorded during the experimental

period are presented in Table 1. Animals maintained on

the normal laboratory diet (Group I) showed no significant

alteration in body mass throughout the study. Similarly,

administration of the plant preparation to non-obese mice

(Group IV) did not produce measurable changes in weight.
Mice receiving the high-fat diet exhibited a marked
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Table 1. Weight-reducing potential of Aloe vera across the study groups

GROUP

Body weight (in grams)

1 m v
Baseline Observation 26.7+1.8 30.2+1.4 33.1+0.8 29.1+1.5
Final Observation 27.5+0.09 34.2+1.2 29.6+1.6 28.2+0.9
P value 0.5N 0.03" 0.4N

increase in body mass, confirming successful induction
of obesity. A significant rise in weight was observed in
Group Il animals (P=0.02). In contrast, obese mice under
Aloe vera treatment showed a reduction in body weight
following intervention. The significant decrease from
33.1+0.8 to 29.6 £ 1.6 g indicates that the treatment may
counter excessive weight gain associated with high-fat
feeding (P=0.03).

The absence of major weight reduction in normal
animals suggests that the treatment primarily influences
obesity-associated metabolic alterations rather than normal
physiological growth.

Values are presented as mean + standard deviation (SD)
(n=6 animals per group). Statistical analysis was performed
using the paired Students t-test to compare baseline and
final body weights within each group. A P value < 0.05 was
considered statistically significant. Abbreviations: NS, not
significant; SD, standard deviation.

Analysis of HDL-Associated Protein:

Serum protein patterns obtained from different groups
were analyzed using SDS-PAGE. Figure 1 illustrates
the electrophoretic profile of serum samples from all
experimental groups. Lane 1 corresponds to the protein
ladder, whereas lanes 2-5 represent Groups I-IV,
respectively.

Band intensity varied among the groups, reflecting
differences in the HDL-associated protein expression.
Obese animals receiving the high-fat diet demonstrated
altered protein profiles when compared with control
mice. Following treatment, improved protein expression
patterns were observed in obese animals, indicating a
possible beneficial effect on lipid transport and lipoprotein
regulation.

Effect on Adipose Tissue Lipid Deposition

Oil Red O staining revealed distinct differences in adipose
tissue lipid storage among the groups. Tissue sections
from normal mice (Figure 2A) displayed normal cellular
appearance with minimal lipid accumulation and relatively
lighter staining.

In obese animals receiving the high-fat diet (Figure 2B),
enlarged adipocytes with intense staining were evident,
indicating increased intracellular lipid storage. Peripheral
displacement of nuclei was also observed, consistent with
adipocyte hypertrophy.

Sections obtained from treated obese mice (Figure 2C)
exhibited comparatively lighter staining than untreated
obese animals, suggesting reduced lipid deposition
following treatment. Cellular morphology remained largely

similar, although intracellular lipid content appeared
diminished.

Non-obese treated mice (Figure 2D) also demonstrated
reduced staining intensity relative to normal controls.
Smaller adipocytes were more frequently observed in
this group, indicating reduced lipid storage and possible
suppression of adipocyte maturation.

Overall, the histological findings indicate reduced lipid
accumulation following treatment. Since all tissue sections
were processed under identical experimental conditions,
differences in staining intensity are considered to represent
true biological variation.

Discussion

The present study evaluated the influence of Aloe vera
administration on body weight regulation, adipose tissue
lipid storage, and HDL-associated protein expression in
mice with diet-induced obesity. The findings demonstrated
that treatment decreased body weight, reduced lipid
deposition in adipocytes, and enhanced HDL expression
in obese animals. These observations suggest that the
plant-derived preparation may beneficially influence lipid
metabolism under obese conditions (15).

The high-fat diet increased the body weight of group
IT mice and enhanced adipocyte lipid accumulation,
confirming successful induction of obesity in the
experimental model. Enlarged adipocytes and intense
Oil Red O staining observed in untreated obese animals
indicate excessive intracellular lipid storage, which is
characteristic of obesity-associated metabolic imbalance.
Following treatment, obese mice exhibited reduced staining
intensity and lower body weight, indicating diminished
lipid deposition and possible enhancement of lipid
mobilization.

Previous investigations involving Aloe vera have mainly
focused on its potential to regulate serum lipid profile.
The present study extends these findings by examining
HDL-associated protein expression at the molecular level.
Increased HDL-related protein expression observed after
treatment may indicate improved lipoprotein metabolism
and enhanced lipid transport mechanisms (16-20).

The biological activity observed in this study may be
associated with phytoconstituents naturally present in Aloe
vera, including flavonoids, plant sterols, anthraquinones,
and polysaccharides. These phytochemicals have been
reported to possess antioxidant, anti-inflammatory, and
lipid-regulating properties (21). Plant sterols such as
[-sitosterol may facilitate cholesterol handling and support
HDL-mediated transport, whereas flavonoids may protect
lipoproteins from oxidative damage and preserve their
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Figure 1. HDL expression in mice under study

Figure 2A: Control Mice

Figure 2C: Obese mice under
Aloe vera therapy

Figure 2B: Obesity Induced Mice

Figure 2D: Normal mice under
Aloe vera therapy

Figure 2 A-D. Microscopic visualization of lipid accumulation in adipose tissue sections following Oil Red O staining in experimental and treatment groups.
Yellow arrows indicate mature adipocytes, whereas white arrows indicate immature adipocytes.

structural integrity.

Several mechanisms may explain the observed effects.
Bioactive constituents present in the extract may
influence hepatic lipid metabolism and contribute to
improved apolipoprotein synthesis. In addition, enhanced
mobilization of lipids from adipose tissue may promote
reverse cholesterol transport pathways. Antioxidant
activity may also help preserve HDL-associated proteins
from oxidative modification, thereby maintaining their
functional properties.

The adipose tissue findings further support the anti-
obesity potential of the treatment. Reduced staining
intensity in treated groups indicates decreased intracellular
lipid accumulation. The presence of smaller adipocytes in
treated animals may additionally suggest suppression of
adipocyte enlargement and altered lipid storage dynamics.

The present findings may hold importance in the context
of obesity-associated dyslipidaemia and cardiovascular
complications. Since HDL functionality is closely
associated with lipid transport and cardiometabolic health,
enhancement of HDL-associated protein expression may
provide additional protective effects beyond conventional
lipid lowering.

Certain limitations should be considered while
interpreting the results. The study evaluated overall HDL-
associated protein expression using SDS-PAGE without
quantification of individual apolipoproteins. Serum HDL-
cholesterol concentration was also not directly measured.
Furthermore, the phytochemical constituents of the
extract were not quantitatively characterized. Functional
studies evaluating HDL activity were not performed, and
the observations were limited to an experimental animal
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model.

Future studies should focus on detailed phytochemical
profiling, quantitative analysis of specific HDL-associated
proteins, and assessment of HDL functional activity.
Application of advanced molecular techniques such
as Western blotting or ELISA may provide greater
specificity regarding individual protein alterations. Clinical
investigations may further clarify the translational relevance
of these findings in obesity and metabolic disorders.

Conclusion

The present study demonstrated that Aloe vera
administration decreased body weight, reduced adipose
tissue lipid deposition, and enhanced HDL-associated
protein expression in obesity induced mice. These
observations indicate that the treatment may beneficially
influence lipid metabolism and adipose tissue lipid
handling. The findings support the potential role of Aloe
vera as a complementary therapeutic candidate in obesity-
associated metabolic disturbances and warrant further
mechanistic and clinical evaluation.

Authors’ Contribution

Conceptualization: Nalini Devarajan, Ramalingam Mathangi

Data Curation: Nalini Devarajan, Karthick Rajendran, Pavithra
Amritkumar

Formal Analysis: Nalini Devarajan, Karthick Rajendran, Ramalingam
Mathangi

Investigation: Nalini Devarajan, Karthick Rajendran, Pavithra
Amritkumar, E. Susithra

Methodology: Nalini Devarajan, Ramalingam Mathangi

Project Administration: Nalini Devarajan

Resources: Karthick Rajendran, E. Susithra, Ramalingam Mathangi
Software: Karthick Rajendran

Supervision: Ramalingam Mathangi

Validation: Nalini Devarajan, Ramalingam Mathangi
Visualization: Nalini Devarajan, Pavithra Amritkumar
Writing-Original Draft: Nalini Devarajan

Writing-Review & Editing: Nalini Devarajan, Ramalingam Mathangi,
Karthick Rajendran, E. Susithra, Pavithra Amritkumar

Competing Interests

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to
influence the work reported in this paper.

Data Availability Statement
All data generated or analyzed during this study are included in this
article. Further enquiries can be directed to the corresponding author.

Ethical Approval
The study was approved by the Ethics Committee of Coimbatore
Medical College and Hospital (Ethical code: CMCH/PH/004/2017).

Funding

This research received no specific grant from funding agencies in
the public, commercial, or not-for-profit sectors. Therefore, no grant
number is applicable.

References

1. Abid A, Javed M, Zafar S, Hamdani SAZ, Shah SHBU, Abid
J, Ahmad AMR. The green healer: an updated review on the
phytochemical profile and therapeutic potential of Aloe vera.
Front Nutr 2025;12:1689700. doi:10.3389/fnut.2025.1689700

2. He$ M, Dziedzic K, Gérecka D, Jedrusek-Golifiska A, Gujska

18.

E. Aloe vera (L.) Webb.: Natural Sources of Antioxidants - A
Review. Plant Foods Hum Nutr 2019;74(3):255-265. doi:
10.1007/s11130-019-00747-5

Catalano A, Ceramella J, lacopetta D, Marra M, Conforti F, Lupi
FR, Gabriele D, Borges F, Sinicropi MS. Aloe vera-An Extensive
Review Focused on Recent Studies. Foods 2024;13(13):2155.
doi:10.3390/foods13132155

Babu SN, Noor A. Bioactive constituents of the genus Aloe and
their potential therapeutic and pharmacological applications:
a review. ] Appl Pharm Sci 2020;10(11):133-45. doi:10.7324/
japs.2020.101118

Haghani F, Arabnezhad MR, Mohammadi S, Ghaffarian-
Bahraman A. Aloe vera and streptozotocin-induced diabetes
mellitus. Rev Bras Farmacogn 2022;32(2):174-87. doi:10.1007/
s43450-022-00231-3

Kooshki A, Memarzadeh MR, Rakhshani MH, Akbarzadeh
R, Tofighiyan T, Foroumandi E. Aloe vera supplementation
improves cardiovascular risk factors in hemodialysis patients:
a randomized, double-blind, placebo-controlled trial. Avicenna
) Phytomed 2024;14(4):422-30. doi:10.22038/ajp.2023.23447
Yang S, Huang X, Li X, Feng J, Chen P, Cao Z, He L, Li C, Li
Z, Xie M. Aloe vera polysaccharides mitigate high-fat high-
cholesterol diet-induced atherosclerosis in ApoE-/- mice via
regulation of lipid metabolism and gut microbiota. Food Funct.
2025;16(16):6671-6686. doi:10.1039/d5f001995h

Deora N, Venkatraman K. Aloe vera in diabetic dyslipidemia:
improving blood glucose and lipoprotein levels in pre-clinical
and clinical studies. ] Ayurveda Integr Med 2022;13(4):100675.
doi:10.1016/j.jaim.2022.100675

Duan Y, Gong K, Xu S, Zhang F, Meng X, Han J. Regulation
of cholesterol homeostasis in health and diseases: from
mechanisms to targeted therapeutics. Signal Transduct Target
Ther 2022;7(1):265. doi:10.1038/541392-022-01125-5
Ouimet M, Barrett TJ, Fisher EA. HDL and reverse cholesterol
transport: basic mechanisms and their roles in vascular health
and disease. Circ Res 2019;124(10):1505-18. doi:10.1161/
CIRCRESAHA.119.312617

Sacher S, Mukherjee A, Ray A. Deciphering structural aspects
of reverse cholesterol transport: mapping the knowns and
unknowns. Biol Rev Camb Philos Soc 2023;98(4):1160-83.
doi:10.1111/brv.12948

Song Z, Xiaoli AM, Yang F. Regulation and metabolic
significance of de novo lipogenesis in adipose tissues. Nutrients
2018;10(10):1383. doi:10.3390/nu10101383

Tada A, Misawa E, Tanaka M, Saito M, Nabeshima K, Yamauchi
K, et al. Investigating anti-obesity effects by oral administration
of Aloe vera gel extract (AVGE): possible involvement in
activation of brown adipose tissue (BAT). ] Nutr Sci Vitaminol
(Tokyo) 2020;66(2):176-84. doi:10.3177/jnsv.66.176

He$ M, Dziedzic K, Gérecka D, Jedrusek-Golinska A, Gujska E.
Aloe vera (L.) Webb.: natural sources of antioxidants - a review.
Plant Foods Hum Nutr 2019;74(3):255-65. doi:10.1007/
s11130-019-00747-5

Moinaldini S, Allahyari M, Shahouzehi B, Fallah H. Evaluation
of the effect of co-administration of IRAK inhibitor and
pioglitazone on PPAR-y, GLUT-4, TNF-q, and leptin genes
expression in adipose tissue of insulin-resistant mice. |
Kerman Univ Med Sci 2021;28(2):127-38. doi:10.22062/
jkmu.2021.91608

Sanchez M, Gonzdlez-Burgos E, Iglesias |, Gémez-Serranillos
MP. Pharmacological update properties of Aloe vera and
its major active constituents. Molecules 2020;25(6):1324.
doi:10.3390/molecules25061324

Zhang T, Chen J, Tang X, Luo Q, Xu D, Yu B. Interaction
between adipocytes and high-density lipoprotein: new insights
into the mechanism of obesity-induced dyslipidemia and
atherosclerosis. Lipids Health Dis 2019;18(1):223. doi:10.1186/
$12944-019-1170-9

Fallah H, Masoumi-Ardakani Y, Pourkamalzadeh M,

Journal of Kerman University of Medical Sciences 2026;33:4233 | 5


https://doi.org/10.3389/fnut.2025.1689700
https://doi.org/10.1007/s11130-019-00747-5
https://doi.org/10.3390/foods13132155
https://doi.org/10.7324/japs.2020.101118
https://doi.org/10.7324/japs.2020.101118
https://doi.org/10.1007/s43450-022-00231-3
https://doi.org/10.1007/s43450-022-00231-3
https://doi.org/10.22038/ajp.2023.23447
https://doi.org/10.1039/d5fo01995h
https://doi.org/10.1016/j.jaim.2022.100675
https://doi.org/10.1038/s41392-022-01125-5
https://doi.org/10.1161/CIRCRESAHA.119.312617
https://doi.org/10.1161/CIRCRESAHA.119.312617
https://doi.org/10.1111/brv.12948
https://doi.org/10.3390/nu10101383
https://doi.org/10.3177/jnsv.66.176
https://doi.org/10.1007/s11130-019-00747-5
https://doi.org/10.1007/s11130-019-00747-5
https://doi.org/10.22062/jkmu.2021.91608
https://doi.org/10.22062/jkmu.2021.91608
https://doi.org/10.3390/molecules25061324
https://doi.org/10.1186/s12944-019-1170-9
https://doi.org/10.1186/s12944-019-1170-9

Devarajan et al

19.

Shahouzehi B. Antioxidant effects of pioglitazone and
interleukin-1 receptor-associated kinase inhibition on oxidative
stress indices in obese C57BL/6) mice. ] Kerman Univ Med Sci
2025;32(1):1-7. doi:10.34172/jkmu.4145

Kooshki A, Memarzadeh MR, Rakhshani MH, Akbarzadeh
R, Tofighiyan T, Foroumandi E. Aloe vera supplementation
improves cardiovascular risk factors in hemodialysis patients:
A randomized, double-blind, placebo-controlled trial. Avicenna

20.

21.

J Phytomed 2024:14(4):422-430. doi:10.22038/AJP.2023.23447
Mahdy Ali K, Wonnerth A, Huber K, Woijta J. Cardiovascular
disease risk reduction by raising HDL cholesterol--
current therapies and future opportunities. Br J Pharmacol
2012;167(6):1177-94. doi:10.1111/j.1476-5381.2012.02081.x
Catalano A, Ceramella J, lacopetta D, Marra M, Conforti F,
Lupi FR, et al. Aloe vera-an extensive review focused on recent
studies. Foods 2024;13(13):2155. doi:10.3390/foods13132155

Journal of Kerman University of Medical Sciences 2026;33:4233


https://doi.org/10.34172/jkmu.4145
https://doi.org/10.22038/AJP.2023.23447
https://doi.org/10.1111/j.1476-5381.2012.02081.x
https://doi.org/10.3390/foods13132155

