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ABSTRACT

Background : Obesity has become a serious public health problem, with modern treatment being lengthy and
costly, and therefore often inaccessible to all patients. Traditional medicine therefore offers an alternative for low-
income populations.

Objectives : The objective of this study was to evaluate the effect of Lippia multiflora aqueous extract on obesity
prevention through anthropometric parameters.

Methods: We therefore administered the aqueous extract of this plant at doses of 200 and 400 mg/kg bw to rats
made obese by a high-calorie diet composed of sucrose and paraffin oil for 28 days.

Results: The extract at these different doses showed a decrease in anthropometric parameters (body mass, weight
gain, body mass index, and abdominal circumference). This decrease was significant for body mass, weight gain,
and abdominal circumference. The extract also restored the relative masses of organs (liver, heart, Kidneys,
visceral adipose tissue, and abdominal subcutaneous tissue) disrupted by feeding a high-calorie diet in rats at
doses of 200 and 400 mg/kg bw.

Conclusion : In summary, Lippia multiflora possesses anti-obesity effects, allowing it to prevent the onset of
obesity due to a high-calorie diet.
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1. INTRODUCTION

Obesity is generally due to excessive eating, leading to poor glucose utilization by the body as evidenced by
chronic hyperglycemia (1). Oxidative stress is often the cause of obesity (2). Widespread in all continents,
overweight, particularly obesity, has become one of the leading causes of mortality worldwide and the leading
risk factor for disability (3). Indeed, according to the World Health Organization (4), approximately 2.5 billion
adults aged 18 and over were overweight and approximately 890 million obese people were observed in 2022.
This value represents 43% of the adult population worldwide. Africa is also facing a growing problem of
overweight, especially among children. In 2019, the continent was home to 24% of overweight children under 5
years old worldwide (4). Studies by (5) in the school environment in Céte d'lvoire showed a prevalence of 5%.
Furthermore, there were 4% overweight subjects, 39% underweight, 25% thin and normal subjects were 27%.
Obesity was more common in girls (6.8%) than in boys (1.8%). Obesity management is mainly based on a change
in nutritional habits (low fat, sugar and sodium), regular exercise and drug treatment. The latter is reserved for the
most severe forms of obesity associated with complications (6). Currently, many conventional medications are
used for the treatment of obesity. The ineffectiveness of conventional treatments, their adverse effects, and their
tolerability issues have led African populations to turn to traditional medicine (7,8).
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Plants are considered an important source of raw materials for the discovery of new molecules needed for future
drug development.

Today, it is clear that traditional medicine is increasingly used by populations to treat several pathologies such as
obesity. It is in this context that we chose Lippia multiflora, a plant from the VVerbenaceae family commonly used
in lvory Coast in the treatment of obesity. The main objective of this study is therefore to evaluate the preventive
potential of an aqueous extract of Lippia multiflora on anthropometric parameters in an experimental model of
obesity induced orally by a high-calorie diet in Wistar rats.

2. MATERIAL
Plant Material
The plant material consisted of the leaves of Lippia multiflora Moldenke (Verbenaceae). They were harvested in
Daloa (central-west region of Cote d'lvoire) during the semi-rainy season in 2025.

Animal Material

The experiments involved albino rats of the species Ratus norvegicus, of the Wistar strain. They were eight (8) to
twelve (12) weeks old and weighed between 154 and 218 g. These animals, from the animal facility of the Faculty
of Biosciences at Félix Houphouet Boigny University (Cocody, Abidjan), were acclimated to the Animal
Physiology Laboratory (Félix Houphouet Boigny University) where the experiments took place. They were kept
under standard conditions: 12 hours of light and 12 hours of darkness, at room temperature, with free access to
food and water.

3. METHODS
Extraction of the Total Aqueous Extract of Lippia Multiflora Leaves
One hundred grams (100 g) of Lippia Multiflora leaf powder are decocted in one liter of distilled water. After
mixing with magnetic stirring, the decoction is filtered twice (using cotton wool and Wattmann paper). The filtrate
is evaporated at 65°C using a rotary evaporator and dried at 45°C in an oven. The method used is that of [9].

Preventive Effect of Lippia Multiflora Leaf Aqueous Extract on Anthropometric Parameters in Obesity
Induced by a High-Calorie Diet in Rats

We implemented this method based on the studies of (10). The goal was to preventatively treat a metabolic
disorder caused by a high-calorie diet composed of 30% sucrose and refined palm oil.

We divided the rats into five (5) batches of six (6) rats each and then treated them by gavage (oral route) with
different products:

« Batch 1: Rats given distilled water at a dose of 5 mL/kg bw;

« Batch 2: Rats given distilled water (5 mL/kg bw) + the solution (30% sucrose at 10 mL/kg bw + refined palm
oil at 10 mL/kg bw);

« Batch 3: Rats given metformin (Glyferon*) at a dose of 0.1 mg/kg bw + the solution (30% sucrose at 10 mL/kg
bw + refined palm oil at 10 mL/kg bw);

* Batches 4 and 5 (tested batches): Rats receiving the aqueous extract at doses of 200 and 400 mg/kg bw + the
solution (30% sucrose at 10 mL/kg bw + refined palm oil at 10 mL/kg bw).

The rats were subjected to this treatment for 28 days during which the animals' body weights were measured at
the end of each week.

Determination of anthropometric parameters

Anthropometric parameters were determined using the method described by (11). Throughout the experiment,
body mass was weighed, as well as abdominal circumference (AC) and body length (naso-anal length) were
measured in all rats. These measurements were taken at the beginning and weekly during treatment until the end
of the experiment (28 days).

Body mass was measured using a digital scale (Denver Instrument S-234, Germany). Abdominal circumference
and naso-anal length were measured manually using a tape measure. Abdominal circumference was measured
across the widest area of the rat's abdomen.

In addition, body mass and naso-anal length were used to determine BMI (Body Mass Index) using the following
formula:

BMI = Body mass (g) / (Naso-anal length)? (cm?)

Organ Harvesting
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At the end of the experiments, all rats were weighed and sacrificed according to good laboratory practices. After
anesthesia with ether solution, organs such as the liver, heart, kidneys, and adipose tissue were removed with
small dissecting forceps and rinsed with 0.9% NaCl solution. The harvested organs were weighed using a precision
balance to calculate the relative mass using the following formula (12).

Absolute mass of the organ (g)
Relative mass (%) = : X 100
Body mass of the animal on

the day of sacrifice

Statistical Analysis

Data were expressed as the mean followed by the standard error of the mean (M + SEM). Analysis of variance
(ANOVA 1) was applied to the results to assess the effects of the different treatments at the 5% statistical
significance level. This multiple comparison test was used to compare means. Graph Pad Prsim 8.0 software (San
Diego, California, USA) was used for statistical analysis.

4. RESULTS
Yield of the total aqueous extract of Lippia multiflora leaves
The mass of 100 g of fine powdered Lippia multiflora leaves yielded 20.4 g of total aqueous extract of Lippia
multiflora leaves. Thus, the extraction yield obtained during this preparation is 20.4%.

Effect of the extract on anthropometric parameters in rats

Effect of the extract on body mass in rats

The body weight of the rats increased in all groups. In batch 1 (distilled water), the increase in body weight was
moderate. In contrast, in batch 2, treated only with the sucrose solution and paraffin oil, a rapid increase in body
weight was observed, reaching 236 + 4.3 g. In batches 4 and 5 treated respectively with the extract 200 mg/kg +
sucrose solution and paraffin oil and 400 mg/kg + sucrose solution and paraffin oil, a slowdown in the progression
of body weight is observed. Body weights of 198.2 + 5.1 and 195.2 + 4.6 g are obtained on the 28th day for the
doses of 200 and 400 mg/kg bw respectively. The same kinetics of action is noted with 191.1 + 4.3 g in batch 3
treated with Glyferon* + sucrose solution and paraffin oil.

Table 1: Influence of the extract on the evolution of body weight of rats.
Body weight (g) Batch 1 Batch 2 Batch 3 Batch 4 Batch 5
Day 0 1741+ 3.2 175.1+4.2 173.2+35 176.4 + 3.7 173+ 34
Day 7 176.6 + 3.2 189.2+6.2 175.2+ 3.5 177.2+4.2 175.4+5.2
Day 14 180.2+4.2 210.1+4.3 178.3+35 179 £ 3.76 178.6 +4.6
Day 21 183.3+5.2 223.2+4.6 183.2+35 190.5+ 4.6 185.4+ 4.6
Day 28 191.4+5.1 236 £4.3 191.1+4.3 198.2+5.1 195.2+4.6

Batch 1: control on normal diet; Batch 2: control on diet with sucrose solution and paraffin oil; Batch 3: group
on diet Glyferon* + sucrose solution and paraffin oil; Batch 4: group on diet with extract 200 mg/kg + sucrose
solution and paraffin oil bw; Batch 5: group on diet with extract 400 mg/kg + sucrose solution and paraffin oil
bw.

Effect of the extract on body weight gain in rats

Table 2 shows the influence of the extract on body weight gain in rats. Weight gain was observed in all batches

of rats. Over the four (4) weeks, a significant increase in body weight gain was observed in batch 2 (high-calorie

diet) compared to group 1 (distilled water). Batch 2 had the highest weight gain, at 20.9 + 4.5 g. Similarly, a

significant increase in body weight gain was observed in batch 2 compared to batches 3, 4, and 5.
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Table 2: Influence of the extract on body weight gain in rats.

(BB(;?X (g;N eight Batch 1 Batch 2 Batch 3 Batch 4 Batch 5
Week 1 25+03 141 +4.1%3% 2+04 0.8+£0.1 2.4+0.6
Week 2 3.6+04 20.9 + 4 5% 3.1+£0.2 1.8+04 32+£15
Week 3 3.1+0.6 13.1+3.5%% 49+11 115+3.2 6.8+22
Week 4 81+14 12.8 +3.4%% 79+£22 7.7+21 9.8+31

Values are presented as the mean followed by the standard error of the mean (SEM), for each group (n = 6). a:
comparison of the control group (group 1) with the high-calorie diet group (group 2); k: comparison of groups 3,
4 and 5 with the high-calorie diet group (group 2); *p < 0.05: significant difference; Batch 1: control with normal
diet; Batch 2: control with diet with sucrose solution and paraffin oil; Batch 3: group with Glyferon diet* +
sucrose solution and paraffin oil; Batch 4: group with diet with 200 mg/kg extract + sucrose solution and paraffin
oil bw; Batch 5: group with diet with 400 mg/kg extract + sucrose solution and paraffin oil bw.

Effect of the extract on body mass index in rats

Table 3 shows the influence of the extract on the body mass index (BMI) of rats.

Consumption of the high-calorie diet caused a greater increase in body mass index (BMI) values in rats fed this
diet alone than in control rats (batch 1) during the experiment. This difference in mean body mass index values
was not significantly significant (p > 0.05) from the first to the fourth week of the study.

Rats in the batches that received the high-calorie diet followed by Glyferon and the doses (200, 400 mg/kg body
weight) of the extract also experienced increases in body mass index (BMI). However, these increases in the body
mass index values of rats in these batches were lower than those of rats in batch 2. The differences between the
body mass index (BMI) values of rats that received the doses of the extract (200 and 400 mg/kg body weight) and
rats in the other batches (1 and 2) were not statistically significant (p > 0.05).

Table 3: Influence of the extract on the body mass index of rats.

Body Masszlndex Batch 1 Batch 2 Batch 3 Batch 4 Batch 5
(9/cm)
Week 0 3.7+14 35+12 36121 39+21 3.8+3.1
Week 1 41+23 52+28 39+24 49+31 46+15
Week 2 45+22 54+35 41+34 51+3.2 48+34
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Week 3

46+138

45+23

53+22

51+37

Week 4

4.7+55

58+26

48+33

55+16

53+35

Effect of the extract on abdominal circumference in rats
The mean abdominal circumference values of rats fed the high-calorie diet and the aqueous extract of Lippia
multiflora leaves are shown in Table 4.

Consumption of the high-calorie diet caused a greater increase in abdominal circumference (waist circumference)
values in rats (batch 2) fed only this diet than in control rats (batch 1) during the experiment. This difference
between the mean waist circumference values was significant from the 2nd to the 4th week.

Rats in the batches that received the high-calorie diet followed by Glyferon and the extract at doses of 200 and
400 mg/kg bw did not experience significant increases in their abdominal circumference values. In addition, these
waist circumference values of rats in batches 3, 4 and 5 were significantly lower than those of rats in batch 2
which received only the high-calorie diet.

Table 4: Influence of the extract on the abdominal circumference of rats

Waist m(ec a;zL)Jrement Batch 1 Batch 2 Batch 3 Batch 4 Batch 5
Week 0 114+1.2 112+£21 119+19 116+£2.2 11,3+2,7
Week 1 119+21 131+£2.2 124+£23 12,9+23 12,7+17
Week 2 122+2.2 15,7 +3,3 %% 12,727 13,1+3,5 12,9+3,2
Week 3 125+31 17,4 + 3,64 129+4,1 13,9+ 3,6 13,5+ 3,8
Week 4 12,8+4,1 19,1 2,28 13,7+4,2 149+5,1 141+24

Values are presented as the mean followed by the standard error of the mean (SEM), for each group (n = 6). a:
comparison of the control group (group 1) to the high-calorie diet group (group 2); k: comparison of groups 3, 4
and 4 to the high-calorie diet group (group 2). *p < 0.05: significant difference; Batch 1: control on normal diet;
Batch 2: control on diet with sucrose solution and paraffin oil; Batch 3: group on Glyferon diet* + sucrose solution
and paraffin oil; Batch 4: group on diet with 200 mg/kg extract + sucrose solution and paraffin oil bw; Batch 5
5: group on diet with 400 mg/kg extract + sucrose solution and paraffin oil bw

Effect of the extract on relative mass
Table 5 presents the mean values of the relative weights of the organs (liver, heart, kidneys, visceral adipose
tissue, and abdominal subcutaneous adipose tissue).
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In rats fed only the high-calorie diet, the mean value of the relative masses of the liver was higher than that of rats
in the control batch (8.1 + 0.3% vs. 5.9 + 0.4%). In addition, the relative mass value of rats in the group fed only
the high-calorie diet was higher than that of rats treated with the aqueous extract of Lippia multiflora.

In terms of relative heart masses, the values were similar from the rats in the untreated high-calorie diet batch
(0.67 = 0.1%) to the rats in batch 1 (0.65 + 0.4%) and to the rats fed a high-calorie diet and treated with the
aqueous extract of Lippia multiflora leaves at doses of 200 and 400 mg/kg body weight (0.68 + 0.3 and 0.65 +
0.4%).

As for the relative kidney masses, the mean value in rats from batches exclusively subjected to the high-calorie
diet was initially higher (1.41 £ 0.1%) than that of the control batch 1 (1.05 + 0.2%) and even higher than the
values of the relative kidney masses of rats subjected to the high-calorie diet and treated (1.23 £+ 0.6% for 200
mg/kg and 1.17 + 0.4% for 400 mg/Kkg).

The relative mass of visceral adipose tissue in rats from the control batch 1 (0.58 + 0.1%) was lower than that in
rats from the untreated high-calorie diet batch (1.1 + 0.3%). Rats in batches receiving both the high-calorie diet
and the Lippia multiflora aqueous extract treatment had lower relative visceral adipose tissue masses (0.56 + 0.4%
for 200 mg/kg and 0.41 + 0.3% for 400 mg/kg) than rats in the high-calorie diet batch.

Abdominal subcutaneous tissues had a significantly higher mean relative mass value (8.41 + 0.7%) in rats from
the batch that received only the high-calorie diet compared to the mean value of abdominal subcutaneous tissue
masses in rats from the control batch 1 (4.19 + 0.6%). This difference between the values of relative masses of
abdominal subcutaneous adipose tissues was significant (p < 0.05). However, the relative mass of abdominal
subcutaneous tissues in rats from the batch fed only the high-calorie diet (batch 2) was significantly higher than
those in rats from the batches treated with the extract at doses of 200 and 400 mg/kg body weight, respectively
(4.1+£0.4and 3.87 £ 0.5%). The organs of rats treated with the high-calorie diet and Glyferon had relative masses
significantly close to those of the organs of rats treated with the high-calorie diet and the extract.

Table 5: Influence of the extract on the relative masses of some organs in rats
Values are presented as the mean followed by the standard error of the mean (SEM), for each group (n = 6). a:

Relative masses of

organs Batch 1 Batch 2 Batch 3 Batch 4 Batch 5
(%)
Liver 59104 8.1+£0.3 51+01 6.1+1.05 55+0.6
Heart 0.65+0.4 0.67+0.1 0.64+0.2 0.68+0.3 0.65+0.4
Kidneys 1.05+0.2 1.41+£0.1 1.02+04 1.23+0.6 1.17+04

Visceral adipose tissue 0.58+0.1 1.1+£03 0.47+0.2 0.56+0.4 0.41+0.3
Abdominal
subcutaneous adipose 4.19+0.6 8.41+0.7%%" 36+0.7 41+04 3.87+05
tissue

comparison of the control group (group 1) to the high-calorie diet group (group 2); k: comparison of groups 3, 4
and 4 to the high-calorie diet group (group 2). *p < 0.05: significant difference; Batch 1: control on normal diet;
Batch 2: control on diet with sucrose solution and paraffin oil; Batch 3: group on Glyferon diet* + sucrose solution
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and paraffin oil; Batch 4: group on diet with 200 mg/kg extract + sucrose solution and paraffin oil bw; Batch 5:
group on diet with 400 mg/kg extract + sucrose solution and paraffin oil bw

5. DISCUSSION
Our results showed an increase in body weight and weight gain after being fed a high-calorie diet composed of
sucrose and paraffin oil. These observations are consistent with studies conducted by (10). According to (13), this
increase is due to an accumulation of fats and sugars in the body. Simultaneous treatment of rats with a high-
calorie diet and the total aqueous extract of Lippia multiflora leaves showed a decrease in body weight and weight
gain. These results are consistent with those of (14), who studied the total aqueous extract of Taraxacum officinale
in rats, and (15), who conducted studies on the aqueous extract of Tetracera potatoria.

Our results also showed that the body mass index (BMI) value did not undergo any significant variation in the
rats in the batch that was fed only with the high-calorie diet compared to that of the rats in the control batch fed
with pellets. In the same way, the body mass index values of the rats in the groups fed with the high-calorie diet
and treated with the aqueous extract of Lippia multiflora leaves did not undergo any significant variation. These
results confirm the observations of the authors who believe that the body mass index (BMI) is not sufficient on
its own to diagnose obesity but that it must be associated with other markers such as waist circumference and lipid
profile (16). The plant extract reduced abdominal circumference (waist circumference), which appeared to
increase with the high-calorie diet. These results are consistent with those of (17), who conducted a double-blind
study in 50 obese men, with a reduction in waist and hip circumference and induced weight loss after
administration of Nigella sativa extract.

The study of the effect of Lippia multiflora aqueous extract on the relative mass of the heart, kidneys, liver, and
visceral adipose tissue showed non-significant variations between the batches of rats studied. However, a
significant difference in relative mass due to an increase in the relative mass of abdominal subcutaneous adipose
tissue in rats fed exclusively on the high-calorie diet should be noted. This increase in the relative mass of
abdominal subcutaneous adipose tissue may be the result of an accumulation of fat deposited in the abdominal
muscle. This explains the high average waist circumference value in animals that consumed the high-calorie diet
without the addition of aqueous extract of Lippia multiflora leaves. It has been shown by the studies of (18) that
excessive intake of lipids through diet can promote their accumulation in striated muscles and adipose tissues. On
the other hand, a significant decrease in the relative mass of abdominal subcutaneous adipose tissue is noted in
rats receiving both the high-fat diet and the aqueous extract of Lippia multiflora, compared to rats fed only the
high-calorie diet. The aqueous extract of Lippia multiflora could therefore prevent the deposition of fats in striated
muscles and adipose tissues.

6. CONCLUSION
The high-calorie diet induced obesity in rats over a period of twenty-eight (28) days. This diet caused an increase
in body weight. This observation validates the hypothesis of an obesogenic effect of this diet. This diet,
characterized by excessive calorie intake, also caused disturbances in anthropometric parameters and the relative
masses of certain organs such as the liver, heart, kidneys, and adipose tissue.

The results of the experiment conducted on rats subjected to the same high-calorie diet demonstrated a beneficial
effect of the aqueous extract of Lippia multiflora leaves by correcting anthropometric parameters and relative
organ masses.

Our results therefore confirm the anti-obesity effect of the aqueous extract of Lippia multiflora leaves. This effect
could be due to the chemical compounds contained in Lippia multiflora leaves.

Funding: These studies were funded by three authors.

Authors' contributions: The corresponding author participated in funding and handling. The other two authors
participated in funding and processing of results.

Conflict of interest: there is no conflict of interest for these studies.

Acknowledgments: We thank the director of the Animal Physiology laboratory at the Félix Houphouet Boigny
University of Cocody-Abidjan.

REFERENCES

www.ijapbs.in JAPBD JOURNA 7



Evaluation of the preventive effect of the total...

10.

11.

12.

13.

14.

15.

16.

17.

18.

Ampa R, Tony MD. Wossolo LS, Evaluation of the anti-diabetic activity of the hydro-ethanolic extract of the
nuclei of Persea americana (Lauraceae) in the wistar rat. Pharmaceutical World Research. 2021 ; 7 (7) : 2229-
2454. https://doi.org/10.35759/JAnmPI1Sci.v60-1.2.

Duan Y, Wang L, Han L, Wanga B, Sun H, Chen L, Zhu L, Lu Y. Exposure to phthalates in patients with
diabetes and its association with oxidative stress, adiponectin, and inflammatory cytokines. Environment
International. 2017 ; 10 : 953-63.

Berrington de Gonzalez A., Hartge P., Cerhan J.R., Flint AJ, Hannan L, MacInnis RJ, Moore SC, Tobias GS
et al. Body-mass index and mortality among 1.46 million white adults. The New-England Medical Review
and Journal. 2010; 363 (23): 2211-9. doi: 10.1056/NEJMo0a1000367.

WHO. Principaux repéres : Obésité et surpoids. Dans : OMS. [Consulté¢ le 10 juillet 2024], 2024,
https://www.who.int/fr/news-room/fact-sheets/detail/obesity-and-overweight, 21 p.

Kramoh KE, N’goran YNK, Aké-Traboulsi E, Boka BC, Harding DE, Koffi DBJ, Koffi F, Guikahue MK.
Prévalence de 1’obésité en milieu scolaire en Cote d’Ivoire. Annales de Cardiologie et d’Angéiologie. 2012 ;
61 3) :145-9.
https://doi.org/10.1016/j.ancard.2012.04.020.

HAS (Haute Autorité de la Santé). Organisation des Parcours : Prescription d’activité physique et sportive au
surpoids et I’obésité de 1’adulte, [Consulté le 06 aolt 2025]. Rapport du référentiel d’HAS, 2018, 1-3, 9 pages,
has-sante.fr/upload/dc.

Bahmani M, Eftekhari Z, Saki K, Fazeli-Moghadam E, Jelodari M, Rafician-Kopaei M. Obesity
Phytotherapy: Review of Native Herbs Used in Traditional Medicine for Obesity. Journal evidence.-based
complemenaryt and alternative Medecine. 2016, 21(3) :228-34. doi: 10.1177/2156587215599105.

Miiller TD, Blither M, Tschop MH, DiMarchi RD. Anti-obesity drug discovery: advances and challenges.
Nature Reviews and Drug Discovery. 2022; 21 (3):201-223. doi: 10.1038/s41573-021-00337-8.

N’guessan JM, Konan BR, N’guessan YF, Allou K. Extraction et screening phytochimique des extraits des
feuilles de 3 plantes a effet insecticide pour la lutte contre les punaises Pseudotheraptus devastans D. en
culture de cocotier (Cocos nucifera L). International Journal of Biological and Chemical Sciences. 2024; 18
(5): 1758-1767. DOI:10.4314/ijbes.v18i5.11.

Tony MDE, Ampa R, Milandou RVA, Wossolo LBS 1, Loubanou CAC, Diatewa M. Effet de I’extrait aqueux
des feuilles de Tetracera potatoria Afzel ex G. Don (Dilleniaceae) sur la prévention du désordre métabolique
induit par une alimentation hypercalorique chez le rat wistar. Journal of Animal and Plant Sciences. 2024 ;
60 (1) : 10972-10989. https://doi.org/10.35759/JAnmPISci.v60-1.2.

Widjaja EE, Nugraha GI, Sudigdoadi S. The Influence of Coconut Oil and Palm Oil on Body Mass Index.
Abdominal Circumference, and Fat Mass of Wistar Male Rats, eJournal Kedokteran Indonesia. 2018; 6 (3):
172-176. DOI: 10.23886/¢jki.6.9108.

Islam R, Alam AH, Rahaman BM, Salam KA, Hossain A, Baki A, Sadik G. Toxicologicol studies of two
compounts isolated from Lorentus globosus Roxd. Pakistan Journal of Biological Sciences. 2007 ; 10 : 2073-
2077. doi: 10.3923/pjbs.2007.2073.2077.

Abbas K.and Djermoun M. Etude de I'effet de I'extrait aqueux de Portulaca oleracea sur 1'obésité chez les
rats Wistar. Mémoire de Master, Universite echahid hamma lakhdar D’EL-OUED, République Algérienne
Démocratique et Populaire 2015, 83 p.

Kajimura S and Saito M. A new era in Brown adipose tissue biology: Molecular control of Brown fat
développement and energy homeostasis. Annales Reviews of physiology. 2014 ; 76: 225-249. doi:
10.1146/annurev-physiol-021113-170252.

Tony MDE, Ampa R, Mayoke A, Boukongo PR, Mambeke HM, Wossolo LBS et al. Effect of Tetracera
potatoria Aqueous Extract on Mellitus Diabetes and Its Complication Preventions in Wistar Rats. Journal of
Biosciences Medicine. 2023 ; 11 : 207-222.
DOI:10.4236/jbm.2023.117016.

Malatesta D. Validité et pertinence de 1'index de masse corporelle (IMC) comme indice de surpoids et de
santé au niveau individuel ou épidémiologique. Institut des Sciences du Sport de 1’Université de Lausanne,
Faculté de biologie et de médecine — Département de physiologie, (Promotion Santé Suisse Document de
travail 8), Berne 2013, 35p.

Datau EA, Wardhana, Surachmanto EE, Pandelaki K, Langi JA, Fias T. Efficacy of Nigella sativa on serum
free testosterone and metabolic disturbances in central obese male. Acta Medicine Indonesia. 2010 ; 42 (3) :
p- 130-4. doi: 10.4103/2230-8229.155380.

Hermier D and Galmiche G. La sensibilité a I'induction de 1'obésité et du syndrome métabolique par un régime
gras et sucré s'accompagne d'une efficacité protéique accrue dans le foie et diminuée dans le muscle.,Journée
Francophone de la Nutrition. Lipid Nutrition 33, Paris- France. 2017, 6 p.

www.ijapbs.in



https://www.who.int/fr/news-room/fact-sheets/detail/obesity-and-overweight
https://doi.org/10.1016/j.ancard.2012.04.020
http://dx.doi.org/10.4314/ijbcs.v18i5.11
https://doi.org/10.35759/JAnmPlSci.v60-1.2
https://www.researchgate.net/profile/Masayuki-Saito?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
http://dx.doi.org/10.4236/jbm.2023.117016

