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Abstract
This study demonstrated the therapeutic potentials of Cucumeropsis mannii seed oil 
(CMSO) capable of alleviating BPA- induced dyslipidemia and adipokine dysfunction. 
In this study, we evaluated the effects of CMSO on adipokine dysfunctions and dys-
lipidemia in bisphenol- A (BPA)- induced male Wistar rats. Six- week- old 36 albino rats 
of 100– 200 g weight were assigned randomly to six groups, which received varied 
doses of BPA and/or CMSO. The administration of BPA and CMSO was done at the 
same time for 42 days by oral intubation. The adipokine levels and lipid profile were 
measured in adipose tissue and plasma using standard methods. BPA induced signifi-
cant (p < .05) increases in triglycerides, cholesterol, leptin, LDL- C, and atherogenic and 
coronary risk indices in adipose tissue and plasma, as well as a decrease in adiponec-
tin and HDL- C levels in Group II animals. BPA administration significantly (p < .05) 
elevated Leptin levels and reduced adiponectin levels. BPA plus CMSO reduced tri-
glycerides, cholesterol, leptin, LDL- C, and atherogenic and coronary risk indices while 
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1  |  INTRODUC TION

Endocrine disruptors (Eds or EDCs) are substances that work by im-
itating endogenous hormones, disrupting the signaling system, and 
causing a slew of metabolic problems (Flint et al., 2012; Metz, 2016). 
2, 2- Bis (4- hydroxy- phenyl) propane shortened as BPA is among 
the common xenobiotics acting as endocrine disruptors (Awuchi & 
Awuchi, 2019; Gabr et al., 2017). The major pathways of BPA human 
exposure have been identified as ingestion, inhalation, and skin con-
tact (Talpade et al., 2018). Increased temperature, extended stor-
age duration, repetitive use, and basic/acidic foods in bottles/cans 
have all been linked to cancer (Adeghe & Emejulu, 2016). Though, 
leached bisphenol A hydrolyzes in drinks/food, dietary exposure is 
the major human exposure, environmental contamination, among 
other things, may increase BPA exposure (Adeghe & Emejulu, 2016; 
Stragierowicz, 2015). Due to the production of peptide hormones 
called adipokines, including adiponectin and leptin, the adipose tis-
sues play crucial roles in the biological system's endocrine system. 
These adipokines act either systemically, in the form of endocrine 
action, or locally, in the form of paracrine/autocrine action, commu-
nicating information on triacylglycerides (TAG) (adipose tissue's en-
ergy reserves) to the brain and other tissues (Nelson & Cox, 2008). 
Furthermore, in animals, the adipose tissue serves as a primary fuel 
depot by storing TAGs and regulating thermal homeostasis (Tusubira 
et al., n.d.; Müllerová & Kopecký, 2007).

Like many endocrine disruptors, bisphenol A is lipophilic and 
has a long half- life, and can bioaccumulate in the adipose tissues 
resulting in weight gain through adipogenesis stimulation (Akash 
et al., 2020). The action of BPA on adipose tissue implies that it is 
an obesogen, causing aberrant fat accumulation and obesity (Apau 
et al., 2018; Ariemma et al., 2016). Bisphenol A exposure also inter-
feres with the functions of adipokines in adipose tissues (Ariemma 
et al., 2016; Rönn et al., 2014).

Plants provide man with a variety of structurally unique natu-
ral products, which offer a variety of therapeutic and nutraceutical 
potentials and contribute to the enhancement of human's health 
(Watal et al., 2014). The gourd family, also called Cucurbitaceae, is 
among the most genetically enriched restorative medicinal plants, 

as well as a source of fats, protein, and other important nutrients 
in diets (Desai et al., 2018; Dhakad et al., 2017). In moist, humid 
climates, especially in the regions of Cameroon and southwestern 
Nigeria, the nonhardy legume Cucurbitaceae mannii (C. mannii), be-
longing to the family Cucurbitaceae, grows as a tendril creeper/
climber (Watal et al., 2014). (Adeghe & Emejulu, 2016) stated that 
in Nigeria, this plant is also known as “Agushi” in Hausa, “Egusi” in 
Yoruba, and “Egwusi” in Igbo. It is also known as white- seed melon 
and cucumeropsis Manni in English (Adeghe & Emejulu, 2016).

Dyslipidemia is prevalent among patients with coexisting risk 
factors of cardiovascular diseases, including diabetes, diabetes, hy-
pertension, human immunodeficiency virus, etc. (Gebreegziabiher 
et al., 2021; Tufail et al., 2021; Yasmin et al., 2021). It is associated 
with over 50% of cases of ischemic heart disease worldwide, and 
over 4 million deaths per year (Gebreegziabiher et al., 2021). The 
prevalence of dyslipidemia in African adult population alone is es-
timated at over 25.5% (Gebreegziabiher et al., 2021). Adipose tis-
sue dysfunctions caused by many factors, such as obesity, lead to 
dysregulated production of adipokine, which has systemic and local 
effects on inflammatory cells (Kim & Choi, 2020). Imbalance in adi-
pokine results in the development of chronic inflammation that plays 
a role in the development of cardiovascular and metabolic diseases 
(Kim & Choi, 2020).

According to research, CMSO could be suitable edible oil for 
lowering cardiovascular diseases and has been found to inhibit 
phosphodiesterase– 5 and arginase, suggesting that it has erection- 
inducing qualities (Amin et al., 2018). Studies reported that CMSO 
reduces alterations in the histology and biochemistry of testicles 
against BPA- induced toxicity (Agu et al., 2022). Cucumeropsis 
mannii contains 31.4% crude protein and all the essential amino 
acids, and 52.5% total fat in its seeds with abundant fatty acids 
such as oleic (15.90%), linoleic (62.42%), stearic (10.26%), palmitic 
(10.27%), etc. (Besong et al., 2011), as well as fiber, carbohydrates, 
and other important compounds, including bioactive compounds 
such as polyphenols, alkaloids, etc, all of which have been shown 
to exert important biological properties in various studies (Khalid 
et al., 2022; Ofoedu et al., 2022; Rahim et al., 2022). As a result, 
this study aims to explore if C. mannii seed oil could help maintain 

increasing adiponectin levels and HDL- C in adipose tissue and plasma (p < .05). The 
results showed that BPA exposure increased adipose tissue as well as serum levels 
of the atherogenic index, triglycerides, cholesterol, coronary risk index, LDL- C, lep-
tin, and body weight with decreased adiponectin levels and HDL- C. Treatment with 
CMSO reduced the toxicities caused by BPA in rats by modulating the body weight, 
adiponectin/leptin levels, and lipid profiles in serum and adipose tissue. This study 
has shown that CMSO ameliorates BPA- induced dyslipidemia and adipokine dysfunc-
tions. We suggest for further clinical trial to establish the clinical applications.

K E Y W O R D S
adipokines, bisphenolA, Cucumeropsis mannii seed oil, dyslipidemia, natural products
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systemic lipid homeostasis while also reducing the harmful effects 
of BPA in adipose tissue. In this study, we evaluated CMSO effects 
on in BPA- induced adipokine dysfunctions and dyslipidemia using 
male Wistar rats. The study showed the therapeutic potentials of 
CMSO capable of alleviating BPA- induced dyslipidemia and adipo-
kine dysfunction.

2  |  MATERIAL S AND METHODS

2.1  |  Chemicals

Pure pellets BPA [2,2- bis(4- hydroxyphenyl) propane] and the chemi-
cal reagents for the study were all analytical grades and obtained 
through Bristol Scientific from Sigma Aldrich Company, United 
Kingdom.

2.2  |  Collecting and authenticating plants

Cucumeropsis mannii Naud seed was used in this study, and it was 
acquired from Izzi LGA, Nigeria. The obtained plant was identified by 
Mr. Nwankwo, E.O., a taxonomist at Ebonyi State University, Nigeria 
(EBSU). For the purpose of reference, a portion of the C. mannii seed 
was maintained at the herbarium of EBSU with voucher Reference 
number: EBSU- H- 396.

2.3  |  CMSO extraction

CMSO was extracted by applying the traditional and mechanical 
methods of Kate et al. (2014) and modified by Agu et al. (2022). 
During extraction, warm water drops were added to improve oil 
(Colucci et al., 2020; Nwozo et al., 2023). The water helps in the rup-
turing of the cells, partly by binding to gum/mucilage (hydrocolloids) 
(Dror et al., 2006), which are allowed to sediment. The extracts were 
stood for 5– 7 days undisturbed to sediment and were then sepa-
rated by decantation to recover oil with purer quality. The oil was 
then kept in clean bottles for use.

2.4  |  Test for acute toxicity

CMSO acute toxicity in Wistar Albino rats (male) was evaluated ac-
cording to OECD (2008) as specified in guideline No. 425. Acute 
toxicity was done using the test procedure of limit dose according 
to the guideline No. 425. For this experiment, 2 months old albino 
Wistar rats (male) were employed for the animal study and were ac-
climatized in the laboratory for 7 days before the experiment. Fifty 
ml/kg CSMO was orally given to a female rat after fasting overnight. 
Thereafter, the rat was strictly monitored for any observed behav-
ioral or physical change for an initial 30 min after the extract's ad-
ministration, and then periodically observed for the next 24 h, with 

more attention within the first 4 h, and then monitored on daily basis 
for 14 days (Agu et al., 2022; Eleazu et al., 2021). Foods were given 
to the rats after 3-  to 4 h administration of CMSO. After the first 
rat survival, the other four rats (male) were recruited, then fasted 
for 4 h. The rats subsequently received the same CMSO dose fol-
lowed by the same observation/monitoring, which continued for 
additional 14 days to watch for possible toxicity (Agu et al., 2022; 
Eleazu et al., 2021). At 50 ml/kg limit test dose, there were no signs 
of gross behavioral or physical changes in the rats, such as motor 
activity, reduction in feeding, or hair erection during the 24 h and 
14- day monitoring periods. Consequently, 5 ml/kg limit dose (10%) 
was chosen as the intermediate/middle dose, 2.5 ml/kg (half of this) 
was chosen as the lower dose, while 7.5 ml/kg (1.5 times the middle 
dose) was chosen as the higher dose according to the guideline of 
OECD (2008) as stated in the OECD guideline No. 425.

2.5  |  Experimental rats

The animals used for the experiment were albino Wistar rats ob-
tained from the Animal House, University of Nigeria, Nsukka, 
Nigeria. They were obtained and put in rat cage made of stainless 
steel in the animal house that was well ventilated at the Department 
of Biochemistry, EBSU. The rats were allowed 7 day acclimatization 
under good sanitary/laboratory conditions at ambient tempera-
ture and a dark/light cycle of 12 h (Messaoudi et al., 2022; Rahim 
et al., 2023). They were allowed unrestricted access to Vital Feed® 
and water. The rats were well handled as recommended/approved 
by the Ethical Committee, with EBSU/BCH/ET/20/003 ethical ap-
proval number.

2.6  |  BPA dissolution

The BPA pellets were ground. The solution of BPA was formed by 
dissolving 5 g BPA in 100 ml olive oil according to Alboghobeish 
et al. (2019). Olive oil served as the vehicle and was administered to 
the normal control.

2.7  |  Experimental design

The study made use of 36 male rats (6 weeks) of 100– 200 g weight, 
which were randomly grouped into six groups labeled groups I to VI, 
with each group having six rats. Groups I to III were control, whereas 
groups IV to VI were treated groups. Groups I, II, and III were given 
1 ml olive oil, 100 mg/kg bw BPA, and 7.5 ml/kg bw CMSO, respec-
tively. Groups IV, V, and VI received 100 mg/kg bw BPA + 7.5 mg/kg 
bw CMSO, 5 mg/kg bw CMSO, and 2.5 mg/kg bw CMSO, respec-
tively. Body weight was measured every 7 days during the trials. The 
CMSO and the BPA were simultaneously administered using oral 
intubation for 6 weeks, and done once per day (Rahim et al., 2023; 
Zheng et al., 2020).
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2.8  |  Collection of tissue sample

The sacrifice of the animals was done under light anesthesia using 
cervical dislocation the following overnight fast at the end of the 
study. Plain sample bottles were used to collect blood through the 
femoral vein. The plasma was cautiously pipetted into appropriate 
tubes with labels for examination after centrifuging the blood sam-
ples for 5 min at 3000 rpm. The rats' adipose tissues were removed, 
cleaned from superficial connective tissue, and then kept in a so-
lution of 1:5 v/v ice- cold 0.25 M sucrose before commencing the 
analysis.

2.9  |  Determination of biochemical parameters

2.9.1  |  Lipid profile determination

The Allain and Roschlaw (1979) method was used to determine 
the total cholesterol. The cholesterol concentration (mg/dl) in 
samples = sample absorbance/standard absorbance × standard 
concentration. The concentration of HDL cholesterol was meas-
ured according to the Allain and Roschlaw (1979) centrifuga-
tion method. The mg/dl HDL cholesterol = sample absorbance/
standard absorbance × standard concentration. Triglyceride 
(TG) concentration was evaluated using Tietz (1990) descrip-
tion. Concentration of TG = sample absorbance/standard ab-
sorbance × standard concentration. The concentration of LDL 
cholesterol was measured using the Friedewald et al. (1972) 
equation method. LDL cholesterol concentration (mg/dl) = Total 
cholesterol−(HDL + triglycerides).

2.9.2  |  Atherogenic index (AI) and coronary risk 
index (CRI)

The atherogenic index was calculated as described by Eleazu 
et al. (2018). Atherogenic index = LDL − HDL. The CRI was calcu-
lated according to Alladi and Shanmugasundaram (1989) and Abbott 
et al. (1998): CRI = total cholesterol/HDL.

2.9.3  |  Determination of leptin and 
adiponectin levels

The ELISA described by Hotta et al. (2000) was used to measure the 
plasma leptin level and adiponectin level.

2.10  |  Statistics

The statistical analyses were done with GraphPad Prism 5.04. The 
data/results were presented as mean standard deviation. anova 

(One- way) with Brown– Forsythe test was done. Generally, p < .05 
(significance level).

3  |  RESULTS AND DISCUSSION

3.1  |  CMSO effects on rats' body weight in BPA- 
induced dyslipidemia

BPA administration significantly (p < .05) elevated the rat weights 
(Figure 1). However, there was a significant (p < .05) decrease in the 
body weight of rats after coadministration of BPA + CSMO (Figure 1).

3.2  |  CMSO effects on serum lipid profile in BPA- 
induced dyslipidemia

In Figure 2a– d, the result showed that BPA administration signifi-
cantly (p < .05) elevated the serum levels of cholesterol and LDL- C 
with a reduction in HDL- C levels. However, BPA and CMSO coad-
ministration significantly (p < .05) reduced cholesterol, triglycerides, 
and LDL- C with an elevation of HDL- C. A nonsignificant(p > .05) in-
crease was observed in the level of triglycerides in normal control 
when compared with the BPA control. But coadministration of BPA 
and CMSO significantly(p < .05) elevated the triglycerides level in 
serum (Figure 2a– d).

3.3  |  CMSO effects on adipose tissue lipid profile 
in BPA- induced dyslipidemia

BPA administration significantly (p < .05) elevated the levels of cho-
lesterol, triglycerides, and LDL- C with a reduction in HDL- C level in 
rat adipose tissue. However, BPA and CMSO coadministration sig-
nificantly (p < .05) reduced cholesterol, triglycerides, and LDL- C with 
the elevation of HDL- C (Figure 3a– d).

F I G U R E  1  Cucumeropsis mannii seed oil effects on body weight 
on dyslipidemia induced by BPA in rats. The values of the results 
are presented as mean ± SD (n = 6). Mean having different signs 
have significant difference (p < .05).
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3.4  |  CMSO effects on CRI in BPA- induced 
dyslipidemia in rats

BPA administration significantly (p < .05) elevated the CRI in serum 
and adipose tissue of male rats (Figure 4). BPA and CMSO coadmin-
istration in male rats significantly (p < .05) reduced the CRI in both 
adipose tissue and serum of rats (Figure 4a,b).

3.5  |  CMSO effects on atherogenic risk index in 
BPA- induced dyslipidemia

BPA administration significantly (p < .05) elevated the ARI in adipose 
tissue and serum of male rats (Figure 5). BPA and CMSO coadmin-
istration in male rats significantly (p < .05) reduced the ARI in both 
adipose tissue and serum of rats (Figure 5a,b).

F I G U R E  2  (a– d) Effects of Cucumeropsis mannii seed oil on serum lipid profile in dyslipidemia induced by BPA in rats. The values of the 
results are presented as mean ± SD (n = 6). Mean having different signs have significant difference (p < .05).
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3.6  |  CMSO effects on adipose tissue adipokines in 
BPA- induced adipokine dysfunction

BPA administration significantly (p < .05) elevated leptin level and 
reduced adiponectin level in adipose tissues of male rats (Figure 6). 
BPA and CMSO coadministration in male rats significantly (p < .05) 
reduced the level of leptin but elevated the adiponectin level in male 
rats (Figure 6).

3.7  |  CMSO effects on serum adipokines in BPA- 
induced adipokine dysfunction

BPA administration significantly (p < .05) elevated leptin levels and 
reduced adiponectin levels in male rats' serum (Figure 7). BPA and 
CMSO coadministration in male rats significantly (p < .05) reduced 
the level of leptin though not in a dose- dependent manner and el-
evated the adiponectin level in male rats (Figure 7).

4  |  DISCUSSION

In the current study, BPA significantly elevated the body weight of 
the rats. Gurmeet et al. (2014) found that following BPA exposure at 
1, 5, and 100 mg/kg body weight showed no significant difference as 
compared to the control group. (Miao et al., 2015) found a substan-
tial reduction in body weight and testicular volume in rats exposed 
to 400 mg/ kg bw of BPA when compared to a control group. Awuchi 
& Awuchi (2019) described the endocrine disruptive effects of BPA 
and other endocrine disruptors found in plastic packages. Further 
studies showed that when male rats were given a modest dose 
(100 mg/kg bw) of BPA, their body weight did not alter significantly 
(Nanjappa et al., 2012; Norazit et al., 2012). Our results showed that 
BPA intoxication increased the body weight of the experimental 
rats. Neier et al. (2019) reported a gradual increase in body weight in 
the offspring of 12– 27- weeks - old C57BL/6J female mice that were 
fed on Chow diet Gestation day 9 to PND 21 at a dose of 50 μg/kg/
day. According to Tian et al. (2021) reported that exposure to BPA 

F I G U R E  3  (a– d) Cucumeropsis mannii seed oil effects on the lipid profile of adipose tissue in dyslipidemia induced by BPA in rats. The 
values of the results are presented as mean ± SD (n = 6). Mean having different signs have significant difference (p < .05).
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and tetrabromobisphenol A at 20, 100, and 500 μg/L/day elevated 
the body weight, length, and food intake in male zebrafish. Taylor 
et al. (2018) reported increased body weight of prenatal mice ex-
posed to 500 mg/kg bw/day. However, CMSO cotreatment reduced 

the body weight of rats considerably which might be attributed to 
CMSO's therapeutic efficacy and protective capacity.

Furthermore, our findings showed that BPA treatment substan-
tially increased blood and adipose tissue cholesterol, triglycerides, 

F I G U R E  4  (a,b) Cucumeropsis mannii seed oil effects on coronary risk index in dyslipidemia induced by BPA in rats. The values of the 
results are presented as mean ± SD (n = 6). Mean having different signs have significant difference (p < .05).
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and LDL- C levels while decreasing HDL- C levels in rats. Wang 
et al. (2020) reported that BPA exposure increased low- density li-
poprotein cholesterol (LDL- C), triglyceride (TAG), and total choles-
terol (TC), with a reduction in high- density lipoprotein cholesterol 
(HDL- C). Similarly, the current study supports a previous study by 
Zhu et al. (2015) that found BPA to cause a detrimental decrease 
in total cholesterol (TC), high- density lipoprotein cholesterol (HDL- 
C), as well as a rapid increase in low- density lipoprotein cholesterol 
(LDL- C), triglycerides (TG), and free fatty acids (FFA), altering the 
HDL- C transport mechanism.

A study by Cai et al. (2015) also found that BPA raised the lev-
els of FFA in the blood as well as the levels of low- density lipopro-
tein (LDL- C) and triglycerides (TGs) in the adipose tissues of rats. 

Atherosclerosis (oxidized LDL- C inside the walls of arteries) and 
obesity have both been linked to the buildup of LDL- C and TGs (Cai 
et al., 2015). In support of this, Gao et al. (2017) found that BPA has a 
hyperlipidemic and compounding effect in the induction of oxidative 
stress in serum and adipose tissues in rats, which leads to the gener-
ation of reactive oxygen species (ROS) such as the hydroxyl radical, 
peroxynitrite anion, nitric oxide, singlet oxygen, and the peroxyl rad-
ical, confirming its deleterious effect in this study.

The decrease in HDL- C levels observed in this study may be 
brought on by toxicant and metabolite binding to the enzyme's ac-
tive site, which suppresses the synthesis of 3- hydroxy- 3- methylgl
utaryl- coenzyme- A reductase (HMG- CoA reductase) and prevents 
it from catalyzing the conversion of 3- hydroxy- 3- methylglutaryl- c

F I G U R E  6  (a,b) Cucumeropsis mannii seed oil effects on adipose tissue adipokines in rats induced by BPA- mediated adipokine 
dysfunction. The values of the results are presented as mean ± SD (n = 6). Mean having different signs have significant difference (p < .05).
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oenzyme- A to mevalonic acid, a critical step in biosynthesis (Naomi 
et al., 2022).

On the other hand, coadministration of BPA and CMSO substan-
tially decreased cholesterol, triglycerides, and LDL- C while increas-
ing HDL- C. It has been reported that the antioxidant and chemical 
components in CMSO, including omega- 6 fatty acids, omega- 3 fatty 
acids, palmitic acids, stearic acids, oleic acids, linoleic acids, and 
other monounsaturated and polyunsaturated fatty acids, protect 
the structural and functional integrity of the cell membrane and 
maintain HDL- C (Boubekeur et al., 2022; Zahnit et al., 2022). These 
components may also be responsible for the decrease in choles-
terol, triglycerides, and LDL- C. As a result, when hormones indicate 
a need for energy, fatty acids and glycerol are released from tri-
glycerides stored in fat cells (adipocytes) and transported to organs 
and tissues throughout the body, or fatty acids are released from 
adipocytes and mobilized for usage during times of stress (Egbuna 
et al., 2021; Iwaniec et al., 2007). Fatty acids are attached to a pro-
tein called serum albumin in the blood; they are taken up by cells in 
muscle tissue and oxidized to CO2 and water to provide energy (Gao 
et al., 2017). A study reported that 50 μg/kg/day BPA exposure to 
15 weeks old female Sprague– Dawley rats via oral gavage on the 6th 
day after pregnancy up to 36 days elevated the level of abdominal 
lipid weight up to 77% in female offspring, decreased level of HDL 
up to 49% and increased level of TG, TC, LDL, and leptin.

Interestingly, BPA treatment significantly (p < .05) increased 
serum and adipose tissue levels of leptin while concurrently reduc-
ing levels of adiponectin. The findings of this study matched those 
of Angle et al. (2013), who found a significant rise in serum leptin 
levels with a concomitant drop in serum adiponectin levels, resulting 
in abdominal fat mass. Similarly, Gao and Horvath (2008) found that 
BPA induction increased the level of leptin in adipose tissues, which 
affects body weight by acting primarily on the central nervous sys-
tem, specifically the hypothalamus, with concomitant decreases in 
serum levels of adiponectin, which plays a key role in the regulation 
of glucose uptake by cells (Ben- Jonathan et al., 2009).

In an in vitro investigation employing human adipocytes, 
Valentino et al. (2013) discovered that modest doses of BPA af-
fected insulin- stimulated glucose utilization and the insulin signaling 
pathway, thus dysregulating adipocyte activity. Additionally, they 
discovered that male offspring had higher levels of insulin and leptin 
and lower levels of serum adiponectin, indicating that BPA exposure 
affects how white adipose tissue is metabolized (Bouret et al., 2015). 
According to a previous study (Cirillo et al., 2008), BPA has been 
shown to increase the level of leptin in adipose tissues, which pro-
motes obesity and inflammatory disorders like hypertension, meta-
bolic syndrome, and cardiovascular disease. Leptin bioaccumulation 
occurs when genes that regulate its activities are modulated, result-
ing in an increase in leptin levels in the blood (Cirillo et al., 2008).

As a result, when hormones signal a need for energy, fatty acids 
and glycerol are released from triglycerides stored in fat cells (adipo-
cytes) and delivered to organs and tissues throughout the body, or 
fatty acids are released from adipocytes and mobilized for use during 
times of stress when the body requires energy (Iwaniec et al., 2007). 

The process starts when blood levels of glucagon and adrenaline rise, 
and these hormones connect to particular receptors on adipose cell 
surfaces (Goliasch et al., 2015). The activation of lipase, which hy-
drolyzes triglycerides in the droplet to release free fatty acids, is the 
result of this binding action in the cell (Cai et al., 2015). These fatty 
acids enter the circulatory system and are distributed to skeletal and 
cardiac muscle, as well as liver cells (Iwaniec et al., 2007). Fatty acids 
are attached to serum albumin in the blood, taken up by the cells, 
and oxidized to CO2 and water to provide energy (Gao et al., 2017). 
A considerable portion of the fatty acids is taken up by the liver and 
are partially resynthesized into triglycerides and delivered to the 
muscle and other tissues in VLDL lipoproteins (Iwaniec et al., 2007). 
A portion is also transformed into tiny ketone molecules, which are 
then transported to peripheral organs and consumed to produce en-
ergy (Sirtori, 2015).

The bisphenol A (BPA) injection increased the coronary risk index 
and atherogenic index (AI) in the serum and adipose tissue of male 
rats considerably (p < .05). In an earlier study (Bouret et al., 2015), it 
was discovered that BPA induction raised the atherogenic index (AI) 
and coronary risk index (CRI) in rats' serum and adipose tissues, both 
of which are important biomarkers for determining the likelihood of 
developing coronary artery disease (CAD).

This finding coincided with an animal study conducted in the 
United State of America, which found that BPA injection in rats 
increased AI and CRI in serum and adipose tissues above normal 
ranges and was inversely associated with BMI (Iwaniec et al., 2007). 
Similarly, other studies reported that BPA induction in rats inversely 
increased AI in both serum and adipose tissues of male rats, which 
eventually leads to cardiovascular diseases such as atherosclerosis 
and arteriosclerosis thickening or hardening the loss of elasticity of 
artery walls, restricting blood flow to one's organs and tissues and 
posing serious health risks.

The findings of this work are comparable to the study of Wang 
et al. (2020) who looked at the effects of BPA in rats and combined 
two lipid indices (TAGs and HDL- C) to create AI, which can be used 
as a new and better biomarker for obesity. AI is a biomarker of 
plasma atherosclerosis and it is substantially linked with other major 
atherosclerosis indexes such as LDL- C size and small- dense LDL- C 
(Knight et al., 2009). According to Zhu et al. (2015), the accumulation 
of metabolites and toxicants binding to the enzyme's active site low-
ers lipase activity and causes the formation of fatty plaques, choles-
terol, and other substances in and on the arterial wall, maybe causing 
an increase in AI and CRI in this study. Contrarily, the coronary risk 
index and atherogenic index were significantly reduced by BPA and 
CMSO. The lower levels of AI and CRI in rats' serum and adipose tis-
sues may be attributed to CMSO's previously identified antioxidant 
and chemical components.

5  |  CONCLUSION

The results of this study showed that BPA exposure in rats 
increased serum and adipose tissue levels of cholesterol, 
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triglycerides, LDL- C, leptin, coronary risk index, atherogenic 
index, and body weight with decreased HDL- C, and adiponec-
tin. Interestingly, CMSO treatment reduced the toxicity caused 
by BPA in rats by modulating the body weight, adiponectin and 
leptin levels, and lipid profiles in serum and adipose tissue. The 
findings of this study demonstrate CMSO's therapeutic potential 
capable of alleviating BPA- induced dyslipidemia and adipokine 
dysfunction in male rats. However, as sufficient studies have not 
been done on Cucumeropsis mannii seed oil, we recommend fur-
ther studies into the biological activities of the plant oil and also 
establish more information on the specific compounds responsible 
for each biological activity.
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