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ABSTRACT 
Background. Obesity involves the excessive expansion of white adipose tissue, 
typically associated with adipocyte hypertrophy and inflammation, especially in 
visceral depots, a process influenced by sex. Natural compounds like Copaiba’s 
oil (CO) exhibit anti-inflammatory and anti-adiposity effects, though their impact 
on white adipose tissue histology is unknown. 
Aims. This study evaluated the effect of oral CO supplementation on the histology 
and content of visceral WAT depots in hypothalamic obese male and female 
Wistar rats. 
Methods. The litter size was adjusted to 6-8 pups per dam (3-4 males and 
females) at birth. Hypothalamic obesity was induced in the neonatal period via 
subcutaneous injection of Monosodium L-glutamate (4g.Kg-1). Non-obese group 
received equimolar saline (1.25 kg-1). Half of the animals from each group 
received oral CO-supplementation (0.5mL.kg-1; three times/week) from pos natal 
days 30 to 90, while non-supplemented groups received saline (0.9%) during the 
same period, via and frequency. At 92 pos natal days, following 12h of fasting, 
the animals were euthanized, blood samples were collected, and plasma was used 
to dosage glucose and triglycerides from which the TyG index was calculated to 
evaluate insulin resistance. Visceral Perigonadal and Perirenal depots were 
excised, weighed, and analyzed histologically. 
Results. CO-supplementation showed nonsignificant effects in non-obese groups 
(males or females). Obese male and female animals show higher triglycerides, 
increased insulin resistance, heavier visceral adipose tissue depots, lower 
adipocyte numbers, and increased hypertrophy than males and females non-
obese. Moreover, obese males displayed hyperglycemia compared to non-obese 
males. CO supplementation's effects were sex-dependent in obese males, CO 
worsened triglyceride levels without affecting visceral adipose tissue content or 
histology. Conversely, in obese females, CO supplementation improved 
triglyceride levels, decreased perigonadal weight, and increased adipocyte 
numbers in perigonadal and perirenal depots. 
Conclusion. Chronic oral CO supplementation does not prevent adipose tissue 
expansion or metabolic dysfunction in male hypothalamic obese rats. In contrast, 
obese female CO-supplemented showed a slight reduction in adiposity with 
increased adipocyte proliferation and improved fasting triglycerides levels, 
indicating greater responsiveness in females to the beneficial effects of CO on 
obesity.  
Keywords: White Adipose Tissue, Obesity, Copaiba, Medicinal Plants. 
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Introduction 

The adipose tissue exerts an essential role in energy 
homeostasis, first accommodating excessive calories into 
lipids deposition and second by secreting a greater 
variety of signals, nominated of adipokines, which via the 
central nervous system (CNS) communicate about 
metabolic body state regulating food intake and energy 
expenditure1. Moreover, adipokines released by white 
adipose tissue (WAT) also modulate immunological 
responses and insulin periphery sensibility2. Excessive 
WAT expansion defines obesity, and WAT dysfunctions 
are related to metabolic abnormalities present in 
metabolic syndrome (MS), such as dyslipidemia, 
hyperglycemia, and insulin resistance3. Obesity and MS 
associations elevate the risk of the development of 
chronic diseases, in particular type 2 diabetes mellitus 
(T2M) and cardiovascular dysfunctions4,5. 
 

Adipocytes are the most common cell type in WAT of 
mammals, including humans and rodents, and manage 
metabolic and endocrine functions in this tissue6. The 
adipocytes show common morphological characteristics 
such as a large diameter (≥100µm) due to a unilocular 
lipids deposition (a single and large lipid droplet) 
resulting in scarce cytoplasm and non-centrally nuclei7. 
Moreover, WAT shows reduced vascularization, 
innervation, and mitochondria content compared to other 
tissues8. In consequence, WAT presents a lower metabolic 
rate and a high capacity to store energy 9. 
 

During high energy surplus conditions, WAT's adipocytes 
can get bigger in size (hypertrophy) and number 
(hyperplasia), expanding adipose mass content next to 
the visceral organs or subcutaneously. The visceral and 
subcutaneous WAT depots present different growth 
patterns and immune and metabolic functions6. Thus, 
visceral WAT expansion occurs preferentially by 
adipocyte hypertrophy, presenting a higher pro-
inflammatory state, reduced vascularization, higher 
oxidative stress, and elevated lipolysis rate than 
subcutaneous WAT depots5. For this reason, rodents and 
humans that develop obesity primarily throughout 
visceral WAT expansion show a more severe deleterious 
impact on lipids and glucose homeostasis and a higher 
risk of T2DM development and cardiovascular 
dysfunctions5. 
 

Sexual dimorphism influences energy homeostasis, 
affecting WAT distribution and determining differences 
in adipocyte endocrine, metabolic, and immune functions. 
Consequently, the effect of WAT expansion in obese 
states exerts a distinct impact on the health of males and 
females 10–13. Visceral WAT deposition is typically 
obesity-associated in men and postmenopausal women, 
while peripheral subcutaneous WAT distribution is typical 
in premenopausal women14. Genetic and hormonal levels 
appear important to WAT distribution and pathological 
states related to obesity 9–11. Thus, obese men and obese 
male rodents often present a greater prevalence of 
hyperglycemia and hypertriglyceridemia and a higher 
risk of MS 15,16. A recent study showed that metabolic 
homeostasis works differently in men and women due to 
evolutionary adaptations that enable women to resist 
losing energy stores and protein mass while remaining 
fertile in times of energy deficit 11,12.  

Although we currently have different strategies to avoid 
obesity's harmful effects on health - bariatric surgery, 
pharmacological agents, diet, and exercise - as pointed 
out by epidemiological studies, obesity remains growing 
worldwide, indicating that none of these mechanisms can 
preserve body weight control in the long term17. Sexual 
dimorphism also defines the effectiveness of anti-
adiposity strategies18,19, and recognizing these effects is 
fundamental to the treatment of obesity. In this context, 
many natural compounds present bioactive principles that 
can attenuate the negative impact of obesity on health20. 
 
Plant substances showing potential beneficial effects on 
health are found in Brazilian forests, including the 
Copaifera tree, from which copaiba’s oil (CO) is 
obtained21–23. The use of CO has been reported since the 
16th century, and this agent shows several therapeutic 
properties, such as anti-inflammatory24, urinary tract 
infections, sore throats, stomach ulcers25, and infectious 
diseases26,27. Despite the chemical profile of CO might be 

slightly different from one species to another, the β-

caryophyllene, α-humulene, α-copaene, α-bergamotene, 

δ-cadiene, and β-bisabolol beside diterpene acids, such 

as copalic acid, clorechinic acid, and hardwickiic acid are 
the compounds found in more significant quantities in this 
oil 23.  
 
More recently, studies have shown anti-inflammatory 
properties of CO in the liver28, skin 25, lung29, intestine30, 
and neuronal cells31. Interestingly, in neuronal cells, the 
CO-upregulated molecular pathways (pI3K/Akt/mTOR, 
MAPK, and JAK/STAT)28 which are also common 
pathways of the inflammatory process in WAT. However, 
the effects of CO supplementation on WAT are 
contradictory. In this sense, de Paula et al., 2023 showed 
that oral CO supplementation in lean rats did not alter 
adiposity or WAT inflammation22. In contrast, positive 
anti-adiposity and anti-inflammatory effects of CO 
supplementation in the WAT were shown in the obesity 
induced by high sucrose diet21.  
 
Herein, we used a hypothalamic obese model induced by 
high Monosodium L-glutamate (MSG) doses, 
administered at first post-natal days (PND), to evaluate 
CO effects on WAT. MSG-obese rodents show massive 
visceral adiposity, insulin resistance, dyslipidemia, and 
glucose intolerance, reproducing typical metabolic 
abnormalities in human obesity 4,32,33. MSG-obese rats 
develop obesity without hyperphagia, so they avoid diet 
influences on CO effects. Moreover, until now, no study 
has evaluated CO supplementation effects on WAT 
content and histology considering sex influences. Thus, the 
central aim of the present study was to investigate the 
effects of oral and chronic CO supplementation on WAT 
content and histology of hypothalamic MSG-obese and 
non-obese male and female Wistar rats. 
 

Methods 
ANIMAL AND ETHICAL ASPECTS 
In the present study, Wistar male and female rats were 
neonatally treated with MSG and supplemented with CO 
for a long life. Animals were maintained at controlled 
luminosity (dark-light cycle) and temperature (23±2oC), 
allocated in 3 – 4 rats by cages and receiving chow 
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rodents (Biobase, Brazil) and water ad libitum. The 
project was approved by the Ethics Committee on Animals 
Use (CEUA/November 13/2020) of Western Parana 
State University (UNIOESTE). All procedures respected 
the guidelines of the National Council for Control of 
Animal Experiments (CONCEA) and The Arrive Guidelines 
2.0. 
 

HYPOTHALAMIC OBESE AND NON-OBESE ANIMALS 
Pregnant rats were acquired and maintained in 
individual cages, with rodent chow and water ad libitum. 
At birth, the offspring size was adjusted to 3 – 4 pups by 
the dams of each sex: males and females. Hypothalamic 
lesions were induced by subcutaneous administration of 
MSG (4 g.Kg-1) applied from the 2nd to 6th PND. The 
fragility of the blood-brain barrier in this period allows 
MSG to cause damage to neurons mainly located in the 
arcuate nucleus of the hypothalamus, promoting an obese 
and pre-diabetic phenotype in adult Wistar rats34,35; 
these male and female animals compose the 
hypothalamic-obese group (MSG). In the non-obese 

groups named Control (CT), male and female rats 
received saline equimolar solution (1.25 g.Kg-1). All 
animals were weaned and weighed at 21-PND and 
randomly distributed to subgroups according to the 
supplementation scheme.  
 
COPAIBA OIL SUPPLEMENTATION 
Amazon Oil provides CO donations, and this product are 
available at: https://amazonoil.com.br/produtos-da-
floresta/resina-de-copaiba/ 36. From 22-90 PND, 
supplemented groups received CO 0.5 mL.Kg-1 
(represented by co), orally by gavage method. Non-
supplemented groups received saline solution (NaCl 

0.9%, represented by ∅). Thus, considering sex, obesity, 
and supplementation originated in 8 experimental 
groups (n=6 rats/group). Control non-supplemented 

(CT∅); Control CO supplemented (CTco); Hypothalamic-

obese non-supplemented (MSG∅); Hypothalamic-obese 
CO supplemented (MSGco) for males and the same 
groups for females. See experimental design Figure 1. 

 

 
Figure 1. Experimental design. Litters were adjusted by sex. Obesity was induced via subcutaneous monosodium L-
glutamate (MSG) injection; non-obese group received saline. After weaning, CO supplementation was started. Non-

supplemented groups received saline (∅). Blood and white adipose tissue deposits were collected at the experiment's end. 
 
EUTHANASIA AND ADIPOSITY EVALUATION 
At 92 PND, euthanasia was performed, body weight 
(BW) was measured, and BW gain (∆BW) was calculated 
between 92 PND BW and 21 PND BW. The serum 
samples were collected, and white adipose tissue 
Perigonadal (Pg-WAT) and perirenal (Pr-WAT) depots 
were excised, weighed, and transferred to a fixation 
histological solution (Alfac: alcohol 70%; formalin 37-
40% and glacial acetic acid) for histological procedures.  
 

FASTING GLUCOSE, TRIGLYCERIDES, AND INSULIN 
RESISTANCE 
Fasting glucose and triglycerides (TG) were obtained 
from the serum by enzymatic colorimetric commercial kits 
(Bioloquid, Laborclin Produtos para Laboratórios Ltda, 
Pinhais, Brazil) following the fabricant's instructions, and 
used to perform the insulin resistance evaluation by 
Triglycerides-glucose (TyG) index, calculated as 
Ln[fasting TG (mg.dL-1) × fasting glucose (mg.dL-1)/2)37. 
 

WHITE ADIPOSE TISSUE HISTOLOGY 
The Pg-WAT and Pr-WAT depots were submitted to the 
dehydration process in growing alcohol solution after 
they were diaphanized by xylol and embedded in 
paraffin (ACS Científica, Brazil). The tissue samples were 

cut with serial interrupted sectioning (7µm) at microtome 
(OLYMPUS CUT4055), and at least nine sections were 
transferred to slides and stained using the hematoxylin 
and eosin (H&E) technique. The slides were photographed 
in an Olympus BX60 microscope with an Olympus DP71 
camera attached at 40X magnification. The ImageJ 
software (Version 1.53a, USA) was used to characterize 
the area (µm2) and number of adipocytes. 
 

STATISTICAL ANALYSIS 
Data were shown as mean ± standard deviation (SD). 
Normality was tested by the Shapiro-Wilk test. Factor 
influences like obesity (Ob), copaiba’s oil 
supplementation (Sup), and Interaction (Int) were 
calculated by ANOVA two-way followed by Tukey’s post 
hoc (p<0.05); differences between groups are 
evidenced by different letters.  
 

Results 
IMPACT OF ORAL COPAIBA’S OIL SUPPLEMENTATION 

ON HYPOTHALAMIC OBESE AND NON-OBESE MALE 
WISTAR RATS (TABLE 1; FIGURES 2 AND 3) 
At 90 PND, MSG treatment significantly influenced ∆BW 
[F(1,20)=0.5070; P<0.0001]; fasting values of glucose 

https://amazonoil.com.br/produtos-da-floresta/resina-de-copaiba/
https://amazonoil.com.br/produtos-da-floresta/resina-de-copaiba/
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[F(1,20)=15.99; P=0.0007]; triglycerides [F(1,20)=28.64; 
P<0.0001] and TyG index [F(1,20)=44.15; P<0.0001]; in 

male Wistar rats. Thus, non-supplemented MSG∅ rats 
showed smaller ∆BW (38%) with elevated values of 
glucose (18%) and triglycerides (56%) plasma levels 

than CT∅ (Table 1). As a result, MSG∅ rats were insulin 

resistant, showing higher TyG values (8%) than CT∅ 
animals. CO-supplementation no alter ∆BW 

[F(1,20)=0.2564; P=0.6182], glucose [F(1,20)=0.4382; 
P=0.5155] or TyG index [F(1,18)=2.812; P=0.1108] in 
male MSG-obese and CT (Table 1). However, a 
significant influence of CO on triglyceride levels 
[F(1,20)=5.343; P=0.0316] in MSGco animals showed 

hypertriglyceridemia compared to CT∅, CTco, and MSG∅ 
groups. Interaction effects (Sup versus Ob) were not 
found in these variables. 

 
Table 1. Impact of oral Copaiba’s Oil administration on body weight, metabolic variables and insulin resistance on 
hypothalamic obese and non-obese male Wistar rats. 

 
variables  

Males p-value 

CT∅ CTco MSG ∅ MSGco Int Ob Sup 

 BW (g) 
271a 261 a 168 b 180 b 

0.4847 <0.0001 0.6182 
(18) (20) (43) (18) 

Glucose 
(mg.dL-1) 

87 a 88 a 103 b 98 ab 
0.3141 0.0007 0.5155 

(5) (7) (9) (8) 

Triglycerides 
(mg.dL-1) 

57 a 66 a 89 b 114 c 
0.2887 <0.0001 0.0316 

(15) (5) (21) (26) 

TyG Index 
7.77 a 7.88 a 8.39 b  8.63 b 

0.5485 <0.0001 0.1108 
(0.24) (0.27) (0.23) (0.22) 

Data are mean (SD) n=6. BW: body weight gain. TyG: Triglycerides-glucose index. CT: control. MSG: obese. ∅non-supplemented 
and co co-supplemented. P-value shows effects (Ob: obesity; Sup: supplementation and Int: interaction) by Two-way ANOVA test 
(bold represent p<0.05). Different letters indicate differences in Tukey’s post hoc tests (p<0.05).  

 
Figures 2 and 3 show the effect of MSG treatment and 
CO supplementation on visceral WAT content and 
histology of male Wistar rats.  The content of visceral Pg-
WAT [F(1,20)=50.39; P<0.0001] and Pr-WAT 
[F(1,20)=42.45; P<0.0001] depots were significantly 
influenced by MSG-treatment. In this manner, the weight 
of Pg-WAT and Pr-WAT increased by 118% (Figure 2E; 

P=0.0001) and 95% (Figure 3E; P=0.0013) in the MSG∅ 

than in the CT∅ group. Moreover, MSG treatment also 
changes adipocyte area in Pg-WAT [F(1,20)=15.26; 
P=0.0009] and Pr-WAT [F(1,20)=63.12; P<0.0001] 

depots. Thus, adipocytes from MSG∅ rats were 

significantly higher in the Pg-WAT 102% (Figure 2F; 
P=0.0435) and Pr-WAT 107% (Figure 3F; P<0.0001) 

than CT∅ animals. Similarly, the number of adipocytes 
was affected by MSG treatment in both visceral Pg-WAT 
[F(1,20)=24.38; P<0.0001] and Pr-WAT [F(1,20)=28.96; 

P<0.0001] depots. Then, non-supplemented MSG∅ 
animals showed reduced adipocyte numbers in Pg-WAT 
57% (Figure 2G; P=0.028) and Pr-WAT 55% (Figure 
3G; P=0.0024) depots compared to the same depots 

from CT∅ groups. CO supplementation did not modify Pg-
WAT or Pr-WAT depots in males obese MSGco or non-
obese CTco groups. 
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Figure 2. Weight and Histological analyses of Perigonadal White Adipose Tissue depot from male obese and non-

obese Wistar rats. Representative photomicrography of CT∅ (A); CTco (B); MSG∅ (C) and MSGco (D). Nuclei (↑). Lipid 
droplet (*). Relative weight. (E). Area (F) and number (G) of adipocytes. ANOVA Two-way factor is shown in the box 
above the graphics: Obesity (Ob). The Tukey post hoc test statistical differences are evidenced by different letters above 
the bars P<0.05 in all statistical analyses.  
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Figure 3. Weight and Histological analyses of Perirenal White Adipose Tissue depot from male obese and non-obese 

Wistar rats. Representative photomicrography of CT∅ (A); CTco (B); MSG∅ (C) and MSGco (D). Nuclei (↑). Lipid droplet (*). 
Relative weight. (E). Area (F) and number (G) of adipocytes. ANOVA Two-way factor is shown in the box above the 
graphics: Obesity (Ob). The Tukey post hoc test statistical differences are evidenced by different letters above the bars 
P<0.05 in all statistical analyses. 
 

IMPACT OF ORAL COPAIBA’S OIL SUPPLEMENTATION 

ON HYPOTHALAMIC OBESE AND NON-OBESE FEMALE 
WISTAR RATS (TABLE 2; FIGURES 3 AND 4) 
At 90 PND, MSG treatment significantly influenced ∆BW 
[F(1,20)=56.15; P<0.0001]; fasting triglycerides plasma 
levels [F(1,20)=26.16; P<0.0001] and TyG index 
[F(1,20)=30.50; P<0.0001] in female Wistar rats. Thus, 

non-supplemented MSG∅ rats showed smaller ∆BW 
(32%) and higher values of triglycerides (60%) and TyG 

(7%) in comparison to non-supplemented CT∅ (Table 2) 

without modifying fasting glucose levels. In females, CO 
supplementation affects ∆BW [F(1,20)=5.452; P=0.0301]. 
This variable was slightly elevated in the CTco and MSGco 
groups compared to respective non-supplemented 

animals (CT∅ and MSG∅). Moreover, we also noted Int 
(Sup versus Ob) effects on triglyceride plasma levels 
[F(1,20)=26.16; P<0.0001]). Thus, female MSGco has 

smaller (21%) triglyceride levels than MSG∅ (table 2). 
Fasting glucose and TyG index were not significantly 
altered by CO supplementation in the female groups.  
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Table 2. Impact of oral Copaiba’s Oil administration on body weight, metabolic parameters and insulin resistance on 
hypothalamic obese and non-obese female Wistar rats. 

 
variables 

Females p-value 

CT∅ CTco MSG ∅ MSGco Int Ob Sup 

 BW (g) 

144 a 152 a 98 b 116 b 
0.3947 <0.0001 0.0301 

(18) (6) (16) (9) 

Glucose 
 (mg.dL-1) 

96 a 100 a 105 a 98 a 
0.1606 0.4251 0.7038 

(8) (14) (9) (4) 

Triglycerides  
(mg.dL-1) 

45 a 48 ac 72 b 56 c 
0.0179 <0.0001 0.0770 

(3) (9) (9) (11) 

TyG Index 

7.69 a 7.24 a 8.26 b 8.16 b 
0.8969 <0.0001 0.4260 

(0.11) (0.17) (0.33) (0.30) 

Data are mean (SD) n=6. BW: body weight gain. TyG: Triglycerides-glucose index. CT: control. MSG: obese. ∅non-supplemented 
and co co-supplemented. P-value shows effects (Ob: obesity; Sup: supplementation and Int: interaction) by Two-way ANOVA test 
(bold represent p<0.05). Different letters indicate differences in Tukey’s post hoc tests (p<0.05).  

 
In the females, the MSG treatment also influenced the 
content of visceral Pg-WAT [F(1,17)=17.66; P=0.0006] 
and Pr-WAT [F(1,20)=12.85; P=0.0019] depots. Thus, the 
weight of Pg-WAT and Pr-WAT were increased by 
173% (Figure 4E; P=0.0115) and 114% (Figure 5E; 

P=0.0019) in the MSG∅ female rats compared to the CT∅ 
female rats. Herein, CO supplementation influences the 
Pg-WAT depot's weight [F(1,17)=4.548; P=0.0478], with 
MSGco animals presenting a similar weight of Pg-WAT 

than  CT∅. CO supplementation does not alter the weight 
of Pr-WAT in obese (MSGco) or non-obese (CTco) females. 
MSG treatment also modifies adipocyte area in visceral 
Pg-WAT [F(1,20)=4.642; P=0.0436] and Pr-WAT 
[F(1,26)=41.94; P<0.0001]  depots from female groups. 

Thus, non-supplemented MSG∅ rats presented higher 
adipocyte size in Pr-WAT 146% (Figure 5F; P<0,0001) 
but no significant difference in Pg-WAT (Figure 4F; 

P=0.0657) depots in comparison to CT∅ animals. 

Similarly, the number of adipocytes was affected by 
MSG treatment in both visceral Pg-WAT [F(1,18)=4.579; 
P=0.0463] and Pr-WAT [F(1,24)=25.92; P<0.0001] 

depots. Then, non-supplemented MSG∅ animals showed 
reduced adipocyte numbers in Pg-WAT 52% (Figure 4G; 
P=0.0057) and Pr-WAT 55% (Figure 5G; P=0.0084) 

depots compared to CT∅ groups. The size of adipocytes 
in the Pg-WAT and Pr-WAT depots was not altered by 
CO supplementation in females, obese (MSGco), or non-
obese (CTco) groups. However, the number of adipocytes 
in the Pr-WAT depot was modified by CO 
supplementation [F(1,24)=5.200; P=0.0318]. Thus, the 
number of adipocytes in the Pr-WAT depot from MSGco 

was similar to that observed in CT∅ (Figure 5G, 
P=0.2205). Moreover, the Int effect (Ob versus Sup) was 
observed in adipocyte numbers of Pg-WAT depot of 
female groups [F(1,18)=11.09; P=0.0037] with MSGco rats 

presenting similar to CT∅ animals (Figure 4G; P=5672). 
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Figure 4. Weight and Histological analyses of Perigonadal White Adipose Tissue depot from female obese and non-

obese Wistar rats. Representative photomicrography of CT∅ (A); CTco (B); MSG∅ (C) and MSGco (D). Nuclei (↑). Lipid 
droplet (*). Relative weight. (E). Area (F) and number (G) of adipocytes. ANOVA Two-way factor is shown in the box 
above the graphics: Obesity (Ob), supplementation (Sup), or interaction (Int). The Tukey post hoc test statistical differences 
are evidenced by different letters above the bars P<0.05 in all statistical analyses. 
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Figure 5. Weight and Histological analyses of Perirenal White Adipose Tissue depot from female obese and non-

obese Wistar rats. Representative photomicrography of CT∅ (A); CTco (B); MSG∅ (C) and MSGco (D). Nuclei (↑). Lipid 
droplet (*). Relative weight. (E). Area (F) and number (G) of adipocytes. ANOVA Two-way factor is shown in the box 
above the graphics: Obesity (Ob) and supplementation (Sup). The Tukey post hoc test statistical differences are evidenced 
by different letters above the bars P<0.05 in all statistical analyses. 
 

Discussion 
The hypothalamus is an essential neuronal center 
regulator of energy homeostasis38  and hypothalamic 
lesions induced by high doses of MSG are a well-known 
model for hypothalamic obesity induction34,39,40. In the 
present study, we confirm the efficacy of neonatal MSG 
treatment to induce obesity accompanied by metabolic 
abnormalities. Thus, we noted that MSG-obese rodents 
showed, despite reduced BW, high visceral WAT content, 
hypertriglyceridemia, and insulin resistance in both sexes. 
We 32,33,41 and others 42,43 have shown that lipogenic 
effects of insulin have a relevant role in augmented 
adiposity in MSG-obese rodents. 

Hypothalamic obesity MSG-induced in rats is associated 
with reduced growth hormone (GH) levels, which is known 
for its well-established lipolytic effect on WAT44. 
Additionally, this obesity model exhibits elevated 
corticosterone levels, a condition that promotes visceral 
WAT deposition45. Moreover, the autonomic imbalances, 
typically observed in MSG-obese rodents, contribute to 
WAT expansion46. In this context, vagal hyperactivity 
induces hyperinsulinemia, which in turn stimulates 
adipogenesis and lipogenesis33, while sympathetic 
hypofunction diminishes WAT’s lipolytic activity, further 
contributing to its expansion46. Similar endocrine, 
autonomic, and metabolic disturbances observed in 
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MSG-obese rodents are also found in humans with 
hypothalamic obesity47.  
 
Sexual hormones strongly influence metabolism, 
determining WAT distribution and its consequences on 
immune and energy homeostasis 10,11,13. Several studies 
have proved that MSG treatment exerts different effects 
on female and male rodents42,48,49. In agreement, we 
noted that sexes influence some characteristics in the 
MSG-obese model. Thus, in our data, male MSG-obese 
rats showed fasting hyperglycemia, a condition not found 
in female MSG-obese animals. Similarly, Hernández 
Bautista et al. (2019) found higher glucose intolerance in 
male MSG-obese rats42. These data also confirm human 
findings that those men presenting more visceral WAT 
content present a greater risk of diabetes in comparison 
to obese women 50. Reduction in testosterone levels in 
obese men appears to be responsible for these 
deleterious effects on glucose homeostasis51. Low 
testosterone levels are associated with increased visceral 
WAT content, intimately related to energy imbalance, 
glucose intolerance, insulin resistance, and dyslipidemia52. 
It is important to notice that after hypothalamic lesions 
induced by MSG, gonadal atrophy occurs with a 
significant reduction in testosterone levels53. 
 
Considering sex influences metabolism, it is common to 
observe different responses to anti-obesity treatment 
between males and females and women and men54–56. 
For this reason, our study evaluated the effects of oral 
and chronic CO-supplementation on adiposity and WAT 
histology, exploring sex influences. CO is a natural 
compound used as an anti-inflammatory, antimicrobial, 
and cicatrizing agent, especially by Brazilians20,24–27,29, 
but is also freely commercialized in other countries. More 
recent studies have pointed out that this oil would show 
anti-adiposity effects21, whose mechanisms have yet to 
be revealed.  
 
As fat mass expansion defines obesity, our first question 
was whether chronic CO supplementation offered at long 
life could avoid visceral WAT expansion in male and 
female hypothalamic obese rodents? 
 
In male MSG-obese rats, we found no effects of CO-
supplementation in body weight or visceral WAT depot 
content. Moreover, in the male MSG-obese group, the 
CO-supplementation does not change adipocyte area or 
number in the visceral WAT depot, suggesting no 
preventive effects of this oil on fat mass expansion. In 
contrast, a study using oral CO supplementation (200 
mg.kg-1.day-1 for eight weeks) showed reduced adiposity 
and inflammatory process in obesity induced by a high 
sucrose diet. These authors also noted a reduction in 
visceral WAT depots accompanied by improved lipid 
profile, fasting glucose levels, and insulin resistance 57.  
 
At present work, none of these data were confirmed in 
the MSG-obese male rats. In contrast, we noted that 
chronic oral CO-supplementation worsens triglyceride 
levels in the male MSG-obese model. Males MSG-obese 
rodents are responsible for other anti-adiposity 
strategies, such as exercise46,58,59, bariatric surgery60, 
and taurine supplementation 61. We have demonstrated 
that oral vitamin D supplementation improved metabolic 

metabolism without altering adiposity in male MSG-
obese rats 62. These data suggest that MSG-obese male 
rats can be resistant to the anti-adiposity effects of CO 
supplementation. 
 
Obesity-induced by high carbohydrate or fat diets 
normally exerts more deleterious effects on the liver and 
inflammatory processes than the hypothalamic obese 
model60,63, and these points appear to be more positively 
improved by oral CO-supplementation 64,65. Moreover, it 
is important to remember that hypothalamic obese rats 
do not show hyperphagia, present lower GH and 
testosterone levels, and have higher corticosterone 
concentrations 40,45,53,65 conditions that could influence CO 
effects. The absence of anti-adiposity effects in male lean 
rats was also noted by Paula et al. (2023)22, 
corroborating the present study, where males and 
females who were non-obese (CT) were unresponsive to 
CO supplementation effects.  
 
Contrary to MSG-obese male rats, we noted influences 
of oral CO-supplementation in MSG-obese females. Thus, 
female MSG-obese supplemented with CO showed 
reduced triglyceride plasma levels and a slight reduction 
in Pg-WAT content without altering insulin sensibility. 
Moreover, our data from histological analyses of visceral 
WAT depots show that oral CO supplementation elevates 
adipocyte nuclei number in MSG-obese females despite 
no change in adipocyte size. Thus, our results indicate 
more health benefits of oral CO supplementation to 
visceral WAT of MSG-obese females.  
 
Molecular in vitro studies have shown that CO can 
stimulate phosphatidylinositol 3'-kinase (PI3K)-protein 
kinase B (PI3K-Akt) and the mitogen-activated protein 
kinase (MAPK) and JAK/STAT signaling pathways in 
several cellular types28. These pathways are also 
involved in adipogenesis in WAT66. However, whether 
CO supplementation can stimulate these mechanisms in 
WAT is unknown.  
 
It is well recognized that visceral WAT depot expansion 
preferentially by hypertrophy67 . Thus, at least in female 
MSG-obese, CO supplementation appears to raise the 
proliferation capacity of visceral WAT event, which 
would explain the reduction in triglyceride levels found in 
female MSG-obese. The female mice presented higher 
adipogenesis capability on the subcutaneous WAT when 
fed with a high-fat diet68. Although subcutaneous and 
visceral WAT depots utilize different cellular and 
molecular mechanisms to regulate adipogenesis69,70 ; our 
results suggest that visceral WAT in females is more 
responsive to adipogenesis induced by CO 
supplementation than in male obese rats. Sex differences 
in adipogenesis control have been demonstrated 
previously71,72. 
 
To our knowledge, no study explores adipogenesis or 
lipogenesis on WAT of rodents supplemented with CO, 
and the probable mechanisms of CO in this tissue are 
unknown. Molecular studies with CO in other cellular 
types can offer some clues. Studies in neuronal cells 
indicate that cannabinoid receptors subtype 2 (CB2) 
mediated the effects of CO on the pI3K/Akt/mTOR 
signaling pathway31. Endocannabinoid systems are 
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represented in the WAT, which regulates critical 
homeostatic processes, including adipogenesis and 
lipogenesis73, expressing the cannabinoid receptors 
CB1 and CB2. Interestingly, the CB2 receptor stimulates 
proliferation on WAT depot73,74. Then, we speculated 
that oral CO supplementation would modulate this 
receptor pathway in the visceral WAT of MSG-obese 
females. It has been shown that endocannabinoid 
activation on the hypothalamus differs in male and 
female obese mice75. 
 

Finally, we cannot exclude the possibility that CO 
supplementation would affect metabolism via CNS and 
from the intestine, activating vagal afferent pathways. 
Unfortunately, none of these mechanisms are 
investigated. Still, it is important to consider that MSG-
obese shows hypervagal dysfunctions and hypothalamic 
lesions, conditions that may explain the reduced anti-
adiposity effects of CO supplementation on this obesity 
model.  
 

Our study presents some important limitations among 
those we emphasized. First, the commercially traded CO, 
as used here, is often a mixture of oleoresin from many 
trees and species, and it is challenging to recognize the 
principal compound responsible for its effects. However, 
the primary compounds are generally very similar 
between different analyses performed 76. For example, 
terpenes (approximately 60 types) are frequent in CO, 

with β-caryophyllene the dominant terpene, representing 

approximately 51% of the total terpenes in CO31. 
Second, CO exerts differential effects on the molecular 

signaling pathways in different cell type31. Moreover, the 

opposite effects of isolated β-caryophyllene compound 

and CO signaling pathways indicate that complex 
interactions of its constituents are important to determine 
its functional effects.  
 

Conclusion 
In conclusion, chronic and oral CO supplementation could 
not avoid obesity development and visceral WAT 
expansion in the MSG-treated rats. Sexes influence CO 
supplementation effects on WAT and metabolism. Thus, 
MSG-obese female CO-supplemented showed a slight 
reduction in adiposity with increased adipocyte 
proliferation and improved fasting triglycerides plasma 
levels. Further studies are necessary to clarify eventual 
molecular CO mechanisms in WAT from MSG-obese 
females.  
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