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Abstract: In the recent years, obesity has become more prevalent owing to increase habit sedentary. According to many
studies, physical activities and nutritherapy could be complementary solutionto this problem. Pawpaw (Carica papaya) is a
tropical fruit highly consumed for its flavour and nutritive properties. The present studywas carried out to investigate the effect
of some pawpaw’s varieties’ juice on obesity, insulin resistance and atherogenic riskin albino rats under oxidised palm oil and
sucrose diet. Healthy males and females Wistar rats received during 13 weeks every day a supplement of oxidised palm oil
(25%) sucrose (25%). At the end of this period, animals presenting obesity, insulin resistance and glucose
intolerancecharacteristics were randomly separated into 6 groups. Three of these groups (satellite control groups (G III, G IV
and G V) returned to standard diet and received a supplement of smooth cayenne and spanich variety of pawpaw (1 ml/100g),
while thethree others groups (OPOS control groups G II, G VI and G VII) continued with oxidised palm oil and sucrose diet
(OPOS), and received a supplement of smooth cayenne and spanich variety of pawpaw (1 ml/100g), respectively during 12
weeks. Oral Glucose Tolerance Test (OGTT) was performed and insulin sensitivity was assessed by performing insulin
tolerance test, then determining insulin index (Kitt). Body weight, Lee index, naso-anal length, abdominal fat mass, BMI,
faeces relative weight and lipid profilewere measured; Atherogenic risk was calculated. OPOS diet induced overall obesity,
abdominal obesity, insulin resistance, dyslipidemia and atherogenic risk, and thenreduced Faeces relative weight in animals
(P<0.001 respectively). Treatment with two varieties of pawpaw fresh juice significantly (P< 0.001) reduced Lee index, naso-
anal length, abdominal fat mass andBMI, and increased facces weight; Glucose tolerance and insulin sensitivity were restored;
the lipid profile was improved and the atherogenic risk eliminated both in males and females. These results highlight the
obesogenic, hyperglycaemic and dyslipidemic characters of OPOS diet, and show the benefits of pawpaw fresh juice on these
metabolic diseases. With complementary studies, we will recommend the consumption of this fruit as complementary solution
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for theprevention and/or the management of the cardiometabolic risk.
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1. Introduction

Sedentary lifestyle and excess caloric intake from a diet
high in fats and sugars have made obesity international
public health problems [1]. Obesity acts as a stressing agent
both in adipose metabolism and in metabolic organs,
including the liver, muscle and pancreas resulting in insulin
resistance and type II diabetes mellitus [2]. Obesity reduce
life expectancy of up to 7 years compared with normal
weight individuals and predict the future development of
metabolic syndrome, type 2 diabetes mellitus and
cardiovascular diseases [3]. Excess adiposity and poor cardio
respiratory fitness drive the epidemic of type 2 diabetes
mellitus and early cardiovascular [4]. Cardiovascular
complications are the main cause of morbidity in obese,
insulin resistance and type 2 diabetes mellitus. Consequently,
obesity and its comorbidities, characterized by
hyperglycaemia, insulin resistance, dyslipidemia, low-grade
systemic inflammation, elevated plasma triacylglycerol and
total cholesterol, may lead to the onset of metabolic
syndrome, a serious threat to the population health [5, 6]. The
major cause of obesity is the chronic excessive energy intake
from calorie-dense foods, such as high fat foods that contain
greater caloric content than the carbohydrate or protein
constituents coupled with decreased energy expenditure [0,
7]. It’s recognized that calorie restriction limits the amount of
daily calorie intake to 60-70% of ad libitum feeding. In
human and mammals long-termed calorie restriction results
in sustained benefits on major risk factors for atherosclerosis,
type 2 diabetes and inflammation [8]. The incidence of
obesity is increasing all over the world. For weight loss,
surgery seems an option when other treatment modalities have
failed [9]. Even if at present time bariatric surgery allows to
have notable results on the loss of weight and the survival of
obese individuals, it is necessary to improve the prevention of
the metabolic complications the medical care and to adapt best
strategy aiming to manage obesity and its comorbidities.
Pawpaw is a tropical fruit probably favorable in obesity and
dyslipidemia treatment, as it contains a high amount of papain,
chymopapaine, lipase etc; lipase is efficient on lipolysis and
diminishing the severity of cardiovascular syndromes [10].
Fresh fruits are known for their defensive impact against
cardiovascular diseases [10]. They have the benefit of
containing high amounts of specific dietary fiber, which
decreases cholesterol uptake by the organism [10]. Fat binding
capacity (FBC), important for the detection of anti-obesity
property in food, was very high in pawpaw. A couple of
clinical investigations demonstrate the helpful impacts of
papain in stoutness treatment [10]. This study was therefore,
conducted to investigate ameliorative effects of two varieties
of pawpaw fruit on obesity and insulin resistance in rats.

2. Materials and Methods

2.1. Juice Preparation

Pawpaw fruits collection and juice preparation

Two most cultivated varieties of fresh Solo number §
pawpaw fruits Carica papaya (L). (Caricaceae): weth
yellow-orange flesh oblong form (hermaphrodites feet), and
round form (females feet) were collected from Djombe-Penja
Subdivision (Littoral region - Cameroon), identified at the
Cameroon National Herbarium, where a specimen has been
deposited under the number 66220/HNC. The fruits were
washed and peeled; then, the edible portion was cut into tiny
pieces and placed in a semi-industrial juice extractor
(Moulinex). Juicing process somehow preserved fibers. After
processing, the juice obtained was lyophilized.

2.2. Animals

Eighty four adult male and female Wistar rats (forty two
males and forty two females, 8 weeks old) were obtained from
experimental animal centre, Faculty of Science of University
of Douala. The rats were retained under controlled states of
temperature (23£2°C), humidity (50+5%) and 12 h light-dim
cycle. Rats were acclimatized for a week before beginning the
experiment. They were kept in sanitized polypropylene cages
containing sterile husk as bedding with free access to standard
pellets as basal diet and water ad libitum. All procedures
approved by with the European Union on Animal Care (CEE
Council 86/609) guidelines adopted by the Institutional Ethics
Committee of the Cameroon Ministry of Scientific Research
and Technology Innovation.

2.3. Experimental Design

After one-week of acclimatization, rats (both sexes) were
divided randomly into two main groups. G I (control, n = 6,
each sex) that was kept on normal diet. OPOS group (n = 36,
each sex) that was fed on OPOS (oxidised palm oil and
sucrose) (1 kg ration contained 250 g oxidized oil, 250g of
sucrose and 500g of standard diet (corn 40%, soybeans 20%,
fish 20%, peanut 8%, wheat 7%, cotton 2%, bone 2% and
vitamins 1%) according to the modified method of Ngueguim
et al. [11]. Animals in this group gained free access to water
for 13 weeks until the point that obesity was confirmed by low
faecces weight, high BMI, high Lee index, high abdominal
circumference and low naso-anal lenght. After the 13 week of
obesity induction, OPOS group were divided into 6 obese
groups (each group contained 6 rats) which were treated for 13
more weeks as follow: Untreated obese group (G II) that
continued with OPOSdiet and receiveddistilled water
(1mL/100g), the 2™obese group (G III) received normal diet
and distilled water (1mL/100g), the 3™ obese group (G IV)
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received normal diet and 1 mL/100g of pawpaw fruit juice of
oblong form, 4™obese group (G V) continued with OPOS diet
and received 1 mL/100g of pawpaw fruit juice of oblong form,
the 5™ obese group (G VI) received normal diet and 1
mL/100g of pawpaw fruit juice of round form, 6™ obese group
continued with OPOS diet and received 1 mL/100g of pawpaw
fruit juice of round form (G VII).

2.4. Measurements

Anthropometrical parameters of each group were recorded
weekly throughout the experimental period (26 weeks).
Serum glucose level of each rat were assessed at the
beginning of the experiment (W,) and then after thirteen
weeks (Wi3) and twenty six weeks (Wy); and to evaluate
insulin resistance in this period, insulin tolerance test was
performed [12] and insulin sensitivity index calculated [12].
After 12h, of fasting, the glycaemia was evaluate at Oh and
animals received 2 Ul/kg of insulin and blood was obtained
from tail at 12, 20, 30 and 60 min after insulin injection;
serum glucose was measured and K, value was obtained
using the following formula:

K= (CO0-Cmin)/C0=
concentration.

Twenty-four hours after the last treatment, oral glucose
tolerance test was evaluate according to the method of Tritos
and Manzoros [12] and the animals were scarified through
terminal exsanguination under ketamine (80 mg/kg) and
xylazine (10mg/kg) anaesthesia. Fasting blood samples were
collected through cardiac puncture into labelled tubes and the
sera were stored at -80°C for blood lipid analyses. Then, the
rats were sacrificed and dissected, certain organs and
abdominal fats harvested and weighted.

concentration at Oh, minimal

2.5. Serum Biochemical Assays

Serum total cholesterol (TC), triacylglycerides (TQG)
andHDLcholesterol weremeasured using a spectrometer, then
atherogenic index was determined by the ratio LDL-
cholesterol/HDL-c [13].

2.6. Statistical Analysis

All data were expressed as mean + standard error mean.
Statistical significance was determined by applying one-way
ANOVA with post-test turkey using statistics software
package (graph pad prism V. 8. 01. Difference significant at
P value <0.05.

3. Results

3.1. Effects of Supplement of Oxidised Palm Qil and
Sucrose on Anthropometrical Parameter

After 13 weeks of induction, animals submitted to food
supplemented with oxidised palm oil (25%) and 25% of sucrose
(OPOS) in both sex presented an increase of abdominal fat mass
more than 78.83% (8.54+0.68 vs 2.68+0.26, 10.96+0.77 vs
2.3240.32; P<0.001), BMI 26.98% (0.63+£0.02 vs 0.46+0.02,

0.6+£0.02 vs 0.46+0.02; P<0.001), abdominal circumference
47.57% (35.92+0.72 vs 24.344+0.28, 35.924+0.87 vs 24.32+0.72;
P<0. 001), Lee index 15.63% (0.32+0.01 vs 0.274+0.00,
0.32+0.01 vs 0.27+0.01; P<0.001), liver and kidney relative
weight 61.31% (6.1+£0.4 vs 2.36+0.1, 5.25+£0.47 vs 2.98+0.16;
P<0.001) respectively for males and females. OPOS also
induced a decrease of naso-anal length 20.18% (19.06+0.36 vs
23.88+0.36, 18.1+0.06 vs 20.4+0.24; P<0.001 respectively for
males and females), faeces weight (P<0.001) in control group
compared to the OPOS groups (G II).

3.2. Effects of Supplement of Oxidised Palm Oil and
Sucrose on Insulin Sensibility

After 13 weeks of induction, a subcutaneous injection of
insulin (2 Ul/kg) to animal receiving OPOS diet revealed that
glycaemia remained significantly higher throughout the
experimental period (Table 1) in comparison with rats
receiving standard diet (in both sex). The insulin sensitivity
index was 0.44 and 0.51 (respectively for males and females)
for normal rats versus 0.16 and 0.09 (respectively for males
and females) for animals receiving OPOS diet. Insulin
sensitivity index was significantly decreased of 63.64 and
82.35% (respectively for males and females) for animals
receiving OPOS diet as compared to the normal control.

3.3. Effects of Supplement of Oxidised Palm Oil and
Sucrose on Blood Lipids and Atherogenic Risk

13 weeks of food supplementation with oxidised palm oil
(25%) and 25% of sucrose (OPOS) in the both sex induced
an increase of triglyceride (TG) for more than 47.46%
(287+16.75 vs 150.8£10.98, 277.1£12.06 vs 151.1+9.40;
P<0.001), total cholesterol (TC) 51.50% (810.3£83.29 vs
393+£2.29, 577.6£26.03 vs 387.6+£5.31; P<0.001), LDL-c
61.55% (704.5+£101.5 vs 270.9+2.7, 457+15.9 vs 269.8+8.38;
P<0.001), atherogenic index (AI) 78.17% (19.47+2.74 vs
4.25+0.06, 12.79+0.21 vs 4.54+0.22; P<0.001) respectively
for males and females. OPOS diet also induced a decrease of
HDL-c of 55.12% compared to normal control.

3.4. Effects of C. Papaya on Anthropometrical Parameter

For 13 weeks, obese animals were treated with pawpaw
juice, which induced significant decreases of abdominal fat
mass (50.35 and 50.75%), BMI (21.31 %and 21.54 %),
abdominal circumference (27.24% and 23.48%) and Lee
index (17.65% and 14.71%) respectively for oblong and
round form (G IV and G VI) compared to G III. Lee index
and Naso-anal length remained significantly different
between negative control group (G I) and the groups treated
with pawpaw juice extract (P<0.001 respectively). However,
pawpaw juice significantly increased faeces’ weight in
treated animals (P<0.001), comparatively to obese untreated.
No significant difference of pawpaw juice effect (P>0.05)
was observed neither between oblong and round form groups,
neither between animals fed with normal diet and those fed
with OPOS, nor between males and females (Table 1).
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Table 1. Effects of concomitant administration of Carica papaya (Oblong and Round form) juice extract and oxidised palm oil+sucrose on anthropometrical

parameters in rats.

B . _— MALES
arameters 8 TG Gl Gl GIV GV G VI G VI

W0 13.86£0.10  14.26+0.08 14.28+0.12 14.54+0.06 14.72+0.04 14.69+0.06 14.67+0.3

AC (cm) W13 24.04£0.25  35.76£0.97%  35.68+0.92%  35.34+0.34% 36.1240.51% 36.31£0.87 % 36.07+0.73 %
W26 24.34+0.28  36.68+0.72% 35.1240.93%  27.76+1.54%'3 31.12+1.06% 28.77+1.22 ' 32.22+1.46
W0 17.38£0.27  17.06+0.12 16.90+0.3 17.12+0.22 17.82+0.25 17.61+0.23 18.29+0.55

NAL (cm) W13 22.74£0.56  19.10+0.38* 18924026  20.10+0.47 19.10+0.25% 18.88+0.47 % 18.97+0.24 %
W26 23.88+0.36  19.06+0.36% 19.50£0.15%  20.70+0.80 19.40+0.21% 20.20+0.37 19.75+0.40 %
W0 1.28+0.57 0.34+0.07 1.24+0.28 0.36+0.03 1.16+0.14 1.16+0.18 1.192+0.07

AFM (g) W13 1.63+0.27  7.19£0.38" 8.97+1.05 7.35+0.26% 8.3+0.40% 7.78+0.80 % 8.10+0.80
W26 2.68+0.26 10.05+£0.57 8.54+0.68 4.99+0,14%303¢3 5.38+0.19%%3  49540.1843  529+(.22 ¥
W0 0.45+0.02 0.48+0.01 0.49+0.02 0.49+0.02 0.46+0.01 0.47+0.1 0.44+0.03

BMI (g/em?) W13 0.47£0.02  0.68+0.04% 0.67+0.03 * 0.65+0.02 % 0.61+0.02 % 0.66+0.04 % 0.61+0.04 %
W26 0.46+0.01 0.69+0.03 0.63+0.01* 0.49+0.02% 0.53+0.01 0.50+0.01 **2 0.5340.01 °*2

s il W0 0.3£0.01 0.3+0.00 i 0.3+£0.00 . 0.3£0.00 i 0.29+0.00 . 0.29+0.00 i 0.29+0.01 i

(gfemr) W13 0.27+0.01 0.33+0.01 ﬂ»} 0.33+0.00 33 0.3210.00:3» i 0.32:!:0.0b02 2 0.33+0.01 :3 i 0.3210.05»
W26 0.27+0.00  0.34+0.01° 0.32+0.00" 0.28+0.01%¢ 0.3+£0.00 0.29+0.00 ¢ 0.3£0.00
W0 1.26+0.11 1.19+0.02 1.540.18 0.97+0.11 1.19+0.04 1.32+0.14 1.21+0.09

FW (g/100g) W13 2.28+0.11 1.24+0.07% 1.18+0.10% 1.13+0.04 % 1.26+0.11% 1.16£0.14% 1.21£0.06®
W26 2.42+0.09 1.09+0.10* 1.6+0.06* 2.1940.07 %2 2.52+0.04 2.2440.13 %2 2.354+0.07 %2

FEMALES

Parameters  Weeks — -7 Gl Gl GV GV G VI G VIl
WO 14.50+0.18  14.13+0.04 14.37+0.11 14.26+0.14 14.67+0.19 14.36+0.13 14.28+0.35

AC (cm) W13 24.70£0.26  36.33+0.89% 35.74+0.70%  34.66+0.52% 34.8740.17% 35.16+0.44 % 36.84+0.86 %
W26 24724023  38.97+0.40% 35.9240.87%  30.06+0.61% 32.04+0.98 33 27.53+1.09 ¥ 29.82+0.53
W0 17.2240.56  17.81%0.52 18.10+0.25 17.88+0.22 19.92+0.48 17.74+0.30 17.96+0.40

NAL (cm) W13 20.40£0.24  18.10+0.06® 18.88£0.30%  19.14+0.24 18.3140.14% 18.60+0.18* 18.56+0.20*
W26 21.12+0.58  17.98+0.28 % 18.12+£0.07*  20.12+0.37* 19.3240.32% 19.55+0.18 19.22+0.77 %
W0 1.25£0.56  0.48+0.07 1.42+0.24 0.46+0.03 1.51£0.16 1.30+0.26 1.32+0.08

AFM (g) W13 2.4+0.32 9.87+0.42% 10.65+0.79*  8.81+0.28% 10.78+0.74 % 8.87+0.48% 8.88+0.79
W26 2.3240.32 11.69+0.26 % 10.96+0.77%  5.98+0.16%S  6.65+6.65 03 5.87+£0.38 433 6.47+0.4] ©%3
W0 0.44+0.01 0.44+0.04 0.400.02 0.45+0.01 0.35+0.013 0.44+0.01 0.43+0.02

BMI (g/cm?)  WI3 0.47+0.03 0.64+0.02* 0.60+0.02 0.57+0.01 % 0.55+0.01* 0.61£0.01 % 0.56+0.02 %
W26 0.46+0.01 0.65+0.03 0.57+0.01* 0.5140.01 °*2 0.48+0.01 2 0.5140.01 °*2 0.5140.02 %2

L it W0 0.29+0.00  0.29+0.01 i 0.28+0.01 i 0.29+0.00 i 0.260.01 i 0.29+0.00 i 0.29+0.01 i

(g/en) W13 0.28+0.01 0.33+0.00 “3 0.32+0.00 33 0.31+0.00 “lbz 1 0.31i0.00*‘lbz 1 0.32i0.00“lb2 1 0.31i0.00“lb2 1
W26 0.27+0.01 0.34+0.01* 0.31£0.00" 0.29+0.00°1%% 0.29+0.00 *1*% 0.30:£0.00 °1*% 0.30:£0.01 *1*%
W0 1.30+0.10 1.08+0.09 1.43+0.09 1.03+0.07 1.2140.07 1.27+0.10 1.14£0.13

FW (g/100g)  WI3 2.3440.20 1.00£0.04 % 0.99+0.06 1.2540.04 % 1.4240.18% 1.10£0.09* 1.3140.13%
W26 2.60+0.07 1.25£00.06%  1.52+0.13% 2.26+0.17%¢ 2.97+0.10 % 2.4140.13 %3 2.7440.06 %3

G I: Normal control; G II: Satellite control; G III: oxidised palm oil and sucrose control; G IV and G VI: obese rats treated with pawpaw juice extract of
Oblong form; G Vand VII: obese rats treated with pawpaw juice extract of Round form; AC: abdominal circumference, NAL: naso-anal length; AFM:
abdominal fat mass; BMI: body mass index; Lee index; FW: faeces weight. Each value represent mean + Standard error, n = 6. p<0.05= significant difference;

a, b, c: significant difference when compared respectively with G I, G II and G III; al/b1/c1=p<0.05, a2/b2/c2=p<0.01, a3/b3/c3=p<0.001.

3.5. Effects of C. Papaya on Oral Glucose Tolerance Test,
Insulin Sensitivity and Insulin Sensitivity Index

It was observed that, concomitant oral administration of
the juice fruit (all varieties of C. papaya) with OPOS diet
inhibited significantly (P<0.001) the increase of area under
curve of oral glucose tolerance test with a minimal on G IV
group (243.13 wversus 459.3; 201.05 versus 474.15
respectively for males and females) compared to G II groups.
However, a significant difference (P<0.001) was observed
between G I group and groups receiving C. papaya fruit
extract. The administration of juice fruit of all varieties with
OPOS diet provoked a significant (P<0.001) decrease of area
under curve of insulin sensitivity with a minimal on G IV

(316.05 versus 459.05; 308.1 versus 474.15 respectively for
males and females) compared to OPOSC groups. On the
other hand, a supplement of oxidised palm oil and sucrose
induced a significant decrease (p<<0.001) of insulin sensitivity
index of 63.64% and 85.32% respectively for males and
females compared to G 1 group (Figure 2). Moreover, all
varieties of C. papaya juice extract administered in
association with OPOS + S diet induced a significant
increase (p<0.001) in the insulin sensitivity index with a
maximal on G IV group in males (0.51 versus 0.16), on G V
in females (0.39 versus 0.09) compared to G II groups. The
inhibition was 218.75% and by 333.33% respectively for
males and females. No significant difference of pawpaw
juice effect (P>0.05) was observed neither between oblong
and round form groups, neither between animals fed with
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normal diet and those fed with OPOS, nor between males and  females (Figures 1, 2, 3).
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Figure 1. Aera under curve of insilin sensitivity in animals during period.

A: Males; B: Females; G I: Normal control; G II: Satellite control; G III: oxidised palm oil and sucrose control; G IV and G VI: obese rats treated with
pawpaw juice extract of Oblong form; G Vand VII: obese rats treated with pawpaw juice extract of Round form. Each value represent mean + Standard error,
n = 6. p<0.05= significant difference; a, b, c: significant difference when compared respectively with G I, G Il and G III; al/b1/c1=p<0.05, a2/b2/c2=p<0.01,
a3/b3/c3=p<0.001.
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Figure 2. Insulin sensitivity index in animals during experiment period.

A: Males; B: Females; G I: Normal control; G II: Satellite control; G III: oxidised palm oil and sucrose control; G IV and G VI: obese rats treated with
pawpaw juice extract of Oblong form; G Vand VII: obese rats treated with pawpaw juice extract of Round form. Each value represent mean + Standard error,
n = 6. p<0.05= significant difference; a, b, c: significant difference when compared respectively with G I, G Il and G III; al/b1/c1=p<0.05, a2/b2/c2=p<0.01,

a3/b3/c3=p<0.001.
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Figure 3. Aera under curve of glucose tolerance in animals after treatment.

G I: Normal control; G II: Satellite control; G III: oxidised palm oil and sucrose control; G IV and G VI: obese rats treated with pawpaw juice extract of
Oblong form; G Vand VII: obese rats treated with pawpaw juice extract of Round form. Each value represent mean + Standard error, n = 6. p<0.05=
significant difference; o, b, c: significant difference when compared respectively with G I, G II and G III; al/bl/cl=p<0.05, a2/b2/c2=p<0.01,

a3/b3/c3=p<0.001.

3.6. Effects of Some Varieties of A. Comosus on Serum
Lipid Profile

All varieties of C. papaya juice fruit extract administered
during the last 13 weeks of experimental period induced a
decrease of triglycerides, total cholesterol, LDL-c and
atherogenic index as compared to the OPOS control. The
decrease in triglycerides maximal was 54.75 and 53.32% in
G V group (173.3 versus 3949 and 173 versus 347.5
respectively for males and females). On the other hand,
serum total cholesterol decreased with a maximal of 51.08%
and 40.28%in G V respectively for males and females, LDL-

¢ by 64.4% and 54.83% in the same groups respectively for
males and females. HDL-c which was significantly high of
61.47% and 60.41% (respectively for males and females)
compared to animals receiving OPOS diet. A significant
increase in atherogenic index was observed when compared
to normal control. The treatment with all varieties juice fruit
receiving OPOS diet significantly reduced these parameters
near normal values range. No significant difference of
pawpaw juice effect (P>0.05) was observed neither between
oblong and round form groups, neither between animals fed
with normal diet and those fed with OPOS, nor between
males and females (Table 2).
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Table 2. Effects of concomitant administration of Carica papaya (Oblong and Round form) juice extract and oxidised palm oil+sucrose on lipid profile,
atherogenic index and insulin resistance in rats.

Groups GI GII G III G1V GV G VI G VII
MALES
TG 150.8+10.98 394.9+14.64° 287+16.75% 178,7+8,25 194,4+10,15%4  195,145,96 % 178,3+3,19 %
HDL-c 92.7+1.81 35.35+1.42% 41.6+1.08% 91,75+1,6 % 91,15+1,71 % 75,6+4,31 21533 83,35+3,46 %
TC 393+2.29 865.9+73.61% 810.3+83.29% 423,6+7367%% 4234233253 491,6+19,37%  470,2423,24 %3
LDL 270.9+2.7 768.9+99.54 % 704.5£101.5% 296,6+12,06%  273,7427,63 %S 3782424375 363,3+18,43 %5
Al 4.25+0.06 25.02+2.81% 19.4742.74% 4,630,183 4,43+0,32 %33 6,55+ ¢ 5,79+0,07 3
IR 1.63+0.12 11.28+0.79% 6.940.35% 1,95+0,07 ®¢3 2,13+0,08 ¥ 2,62+0,18 © 2,15+0,06 %
FEMALES
TG 151.14£9.40 347.5435.12% 277.1£12.06 % 177,746,233 173+10,42 % 181,6+1,68 182,6+5,71 B
HDL-c 85.65+3.53 37.65+0.89 % 43.55+1.85% 97,75+1,61 %4 121,941,265 95 10+4,38 % 101,9+1,82 #2033
TC 387.6+5.31 707.4+47.63 % 577.6+26.03 % 422,9+10,36% 431,849,083 470,1425,72%°1  423,8+23,89 %3
LDL 269.8+8.38 598.2+68.37% 457+15.9% 2952+11,88%2  270,2+12,24%  308,7425,57%?  265+28,12%3
Al 4.54+0.22 18.76+1.84% 12.79+0.21% 4,390,129 3,5+0,1 B¢ 4,68+0,36 % 3,93+0,28 ¥
IR 1.77+0.11 9.34+1.15% 6.42+0.41 % 1,82:£0,09 %3 1,42+0,08 %3 1,92+0,09 %33 1,79+0,05 %3

G I: Normal control; G II: Satellite control; G III: oxidised palm oil and sucrose control; G IV and G VI: obese rats treated with pawpaw juice extract of
Oblong form; G Vand VII: obese rats treated with pawpaw juice extract of Round form; TC: total cholesterol, TG: triglyceride; HDL-C: high-density
lipoprotein cholesterol; LDL-C: low-density lipoprotein cholesterol; Al: atherogenic index; IR: insulin resistance. Each value represent mean + Standard error,
Unit is mg/dL. n = 6. p<0.05= significant difference; a, b, c: significant difference when compared respectively with G I, G II and G 1II; al/b1/c1=p<0.05,

a2/b2/c2=p<0.01, a3/b3/c3=p<0.001.

4. Discussion

Our study shows that the administration of OPOS diet
induced metabolic disorders including obesity, dyslipidemia,
and consequently insulin resistance [14, 15]. Continual
heating of palm oil became harmful to organism. Actually,
palm oil used repetitively induces fatty acids oxidation, and
increases the rate of cytotoxic fatty acid accumulation,
resulting in the alteration of insulin response and
hypertension [16]. Moreover, a diet rich in sucrose results
in insulin resistance [17]. Oxidised palm oils combinated to
sucrose could react synergically to cause abnormalities
including glucose tolerance, insulin resistance and
hyperlipidemia. This study investigation showed that,
standard diet associated with oxidised palm oil and sucrose
during 13 weeks induced an increase of abdominal
circumference, BMI and Lee index. This would be due to
the presence of fructose, oleic and palmitic acid within the
diet. It was also observed an increase of abdominal fat
strengthened by the lipogenic character of the diet that
explain the hypertrophy and herplasia of adipocytes.
Animals receiving OPOS diet presented hyperglycemia,
glucose intolerance and insulin insensibility. Sucrose can be
metabolized into glucose and fructose which may be
transformed into lipid through lipogenesisde novo pathway
and in turn induce lipotoxixityandglucotoxicity; preventing
insulin action or secretion at cellular levels resulting in a
hyperglycemia [18, 19]. In addition, oxidised palm oil
increase the level of mono and polyunsaturated fatty acids
and thus increase the rate of fats. Thus oxidised palm oil
and sucrose contribute to cytotoxic fatty acid accumulation
and the alteration of insulin response [16]. The insulin
resistance observed in this study is related to the increase of
abdominal fats [18, 20] and corroborate the insulin
sensitivity index (K;;) which was dramatically dropped in

animals receiving OPOS diet. Administration of juice fruits
extracts of all varieties of C. papaya with OPOS diet
inhibited an increase of blood glucose levels in OGTT (oral
glucose tolerance test) and IST (insulin sensitivity test). The
benefits of C. papaya on glycemia are reported by Juarez-
Rojop et al. [21]. This could be due to the actions of our
fruits extracts at peripheral levels by reducing glucose
absorption from the gastrointestinal tract and/or stimulating
peripheral glucose utilization [22, 23]. Moreover, during
thirteen weeks of treatment with oblong and round form of
pawpaw fruits, we also observed hypoglycemic effects that
were similar to those obtain by Juarez-Rojop et al. [21]. It
should be due to probable stimulatory mechanism on the
few surviving B-cells, which could allow the release of
more insulin [21-24]. Our study suggests that C. papaya
juice fruit may act by stimulating the few remaining B-cells
with release of insulin. Pawpaw fruits extracts (oblong and
round form) after thirteen weeks of treatment involved a
decrease of serumlevel of triglycerides, total cholesterol,
LDLc and an increase of serum level of HDLc. These
results are involved in prevention of development
atherosclerosis and coronary heart disease and similar to
those of Zetina-Esquivel et al. (2015) [25], and similar
results have already been reported [26, 27]. These fruits
could modulate blood lipid abnormalities, suggesting that,
fruit would be helpful to prevention of obesity and
comorbidities by reduction of dyslipidemia. Juice fruit
extract could modulate blood lipid abnormalities,
suggesting that, all varieties of C. papaya in this study
would be helpful to the prevention of obesity and
complications  through reduction of dyslipidemia,
amelioration of insulin sensitivity. Moreover, previous
studies have reported that some phytocomponents as
saponins, steroids contents in Carica papaya endowed
antihyperlipidemic and antiatherogenic action by inhibiting
intestinal lipid absorption via resin-like action and
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inhibition of lipase activity [21]. These effects could be due
to the decreases of intestinal absorption of cholesterol
beside the reabsorption of bile acids and neutral sterol [26].
The effects of these varieties of Carica papaya could be
due to the existence of papain that having lipolytic and
proteolytic activity and to the contents of high amount of
fiber and polyphenol compound in raw juice which induced
hypocholesterolemic effects [10].

5. Conclusion

A supplement of oxidised palm oil (25%) and sucrose
(25%) during thirteen weeks induced metabolic alteration.
Treatment with the two varieties - oblong and round forms -
of pawpaw considerably improved glucose tolerance, insulin
sensitivity, and lipidaemia, and ameliorated anthropometrical
parameters. Pawpaw should then be recommended by
nutritionist against metabolic diseases.

6. Recommendations

Oxidized oils and sugar consumption drastically negatively
affect cardiometabolic health. As a functional food, Pawpaw
juice regular consumption can provide major benefits on
many of these cardiometabolic abnormalities, and then either
treat, prevent or improve cardiometabolic risk, no matter if
the diet is safe or not. Nevertheless, adopting a safe diet gives
better results than unsafe one. Generally, the use of foods
rich in micronutrient regulates metabolic disorders and help
to improve non-communicable diseases.
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