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INTRODUCTION

Obesity is a metabolic disorder characterized by excessive 
accumulation of  fat in the body that has reached pandemic 
proportions as defined by the World Health Organization.1 
Its prevalence worldwide has almost tripled since 1975. 

Currently, around one-third of  the world’s overweight 
population is obese.1,2 In Africa, the prevalence of  
obesity is estimated at one in five adults and one in ten 
children and adolescents. In Cameroon, there has been 
an increase in the percentage of  obese adults, from 
4.9% to 15.1%.3 Obesity is associated with nearly 200 
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comorbidities, including cardio-metabolic disorders such 
as Type 2 diabetes,4 cardiovascular diseases,5 hypertension,6 
dyslipidemia,7 gastrointestinal disorders,8 mechanical 
disorders (osteoarthritis of  weight-bearing joints, 
hypoventilation), numerous cancers, and mental health 
problems (depression), as well as functional limitations and 
a reduction in health-related quality of  life.1,6 It has also 
been reported to weaken COVID-19.9 The cause of  obesity 
includes the high consumption of  energy-dense foods as 
well as high-sugar diets with little or no physical activity.10

Surgical interventions (bariatric surgery) are used to manage 
obesity, but due to unfavorable surgical consequences 
and their costly nature, many people find it difficult to 
comply.11,12 Medications have also been used to manage 
obesity, but there are side effects and weight gain when 
medication is stopped.13,14 Other ways have been examined 
in recent years to treat and prevent obesity with few or no 
side effects. Thus, eating habits have become an important 
factor in preventing a large part of  overweight and obesity.15 
Among them, different types of  fatty acids have received 
much attention for health.16 Previous studies have shown 
that the chain length, the degree of  unsaturation, and 
the position and stereoisomeric configurations of  fatty 
acid double bonds could affect the rate of  fatty acid 
oxidation, thereby influencing body weight.17 A high 
intake of  fatty fish (sardines) rich in long-chain omega-3 
fatty acids (eicosapentaenoic acid [EPA] [20:5 n-3] and 
docosahexaenoic acid [DHA] [22:6 n-3]), present in the oil 
of  fish, was associated with an improvement of  the lipid 
profile in humans and rats.18,19

In Cameroon, due to their proliferation in the rivers 
and lakes of  the Far North Region, the sardine (Sardina 
pulchardus) is valued and traditionally processed to extract 
oil. This oil is used for stomach aches and joint diseases. 
The oil is in high demand locally and even in neighboring 
countries.20 The oil is also used for cooking. In addition, 
due to its richness in long-chain polyunsaturated fatty acids 
(EPA and DHA), it can be an asset in the management of  
metabolic diseases for this population.

Results of  recent studies have also revealed that several 
other uncommon fatty acids, such as conjugated fatty 
acids including conjugated Linolenic acids (CLNA) and in 
particular eleostearic acid (cis-9, trans-11, and trans-13-18:3) 
also have favorable effects on cardiometabolic health.21,22 
Ricinodendron heudelotii also known as njansan is a plant of  the 
Euphorbiaceae family. The almonds are used to thicken and 
season sauces in Cameroon and in many other countries in 
Africa.23,24 These almonds contain about 45–55% oil which 
is rich in eleostearic acid (47–52%).23,25 They are also rich 
in antioxidants such as tocopherol (178.3±0.4 mg/100 g).26 
Given its interesting composition, njansan oil has demonstrated 

its pharmacological effects in several studies. It reduces 
several risk factors for cardiovascular diseases.19,27 Moreover, 
previous work also showed that in rats and in Caco-2 cells, 
this fatty acid was metabolized to rumenic acid.28,29

Oils extracted from njansan kernels and sardines were found 
to be healthy and nutritionally adequate.

Aims and objectives
The aim of  this study was therefore to compare the effects 
of  njansan oil rich in CLNA and sardine oil rich in omega-3 
on rats with HFD-induced obesity. The biochemistry and 
physiological indicators of  obesity-associated disorders 
were examined to assess the impact of  the oils. The results 
of  this study could contribute to the exploration and 
development of  safe and effective dietary supplements for 
the treatment of  obesity.

MATERIALS AND METHODS

Material
R. heudelotii kernels (Picture 1a) used for this study were 
purchased from the Douala Central Market (Littoral, 
Cameroon), which is one of  the major renowned marketing 
areas in Cameroon.

Sardina pilchardus with a pink tail used for the extraction 
of  sardine fish oil was purchased on the shores of  Lake 
Maga located in the Far North region of  the Mayo Danay 
Division (Cameroon) (Picture 1b).

Oil extraction
Njansan oil extraction
The oil from R. heudelotii kernels was extracted by cold 
pressing using a CGOLDENWALL automatic oil press 
machine, model number ×5, made in Glendale, California. 
The R. heudelotii almonds were put through the inlet and 
pressing was done at 50°C. The pressed oils were protected 
from light. They were stored in a dark environment for 
48 h before being filtered.

Sardine fish oil extraction
The oil from the flesh of  sardine fish was extracted at 
the Bioprocess Laboratory of  the University Institute 
of  Technology of  the University of  Ngaoundéré by the 

Picture 1: Ricinodendron heudelotii kernels (njansan) (a) Sardine fish 
(Sardina pilchardus) (b)
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improved traditional cooking process described by the 
Musgums.20

Physicochemical properties
The oils were characterized to see the impact of  the 
extraction method on the quality of  the oils. Hence, the acid 
value, peroxide value, and iodine value of  fish oil and njansan 
oil were measured according to the method of  AOCS.30

Animals
In this study, healthy male Wistar rats (11–12 weeks old, 
270–290 g weight) were provided by the animal house of  
the WISTAR Institute Saint Louis Bamenda, Cameroon. 
The rats were acclimatized for a week in the Biochemistry 
animal farmhouse of  the University of  Bamenda (North 
West, Cameroon). The animals were maintained in a 
standard environmental atmosphere (at a 12-h light/
dark cycle, 32±2°C temperature, 50±5% humidity) with 
a normal diet and water ad libitum in a simple cage. The 
rats were randomly assigned into six groups, six rats per 
group. This study was approved by the institutional animal 
research committee of  the Faculty of  Sciences of  the 
University of  Bamenda.

Induction of hyperlipidemia using hyper fat diet
The diets were prepared in the COLTECH laboratory 
(College of  Technology, University of  Bamenda). The 
control diet (group  C0) was formulated based on the 
modified AIN-93 protocol.31

Induction of  hyperlipidemia in the rats was achieved 
by feeding HFD formulated according to the protocol 
described by Aïssatou et al.,32 with some modifications. 
The detailed formulations of  the different diets are given 
in Table 1. All diets were given to rats ad libitum.

Study design
The rats having received HFD were gavaged with fish 
oils and njansan oils. The rats were split into six groups as 
follows:

•	 Group 1: Normal (CO); received control diet during 
the whole experimental period (8 weeks) and gavaged 
(1  g/kg body weight/day) of  water for the past 
4 weeks

•	 Group  2: Hyper (HFD); received HFD all over 
the experimental period ( 8  weeks) and gavaged 
(1 g/kg body weight/day) of  water for the past 4 weeks

•	 Group 3 (N1); received HFD all over the experimental 
period ( 8 weeks) and gavaged (1 g/kg body weight/day) 
of  njansan oil for the past 4 weeks

•	 Group 4 (N2); received HFD all over the experimental 
period (8 weeks) and gavaged (2 g/kg body weight/day) 
of  njansan oil for the plast 4 weeks

•	 Group 5 (F1); received HFD all over the experimental 
period (8 weeks) and gavaged (1 g/kg body weight/day) 
of  fish oil for the past 4 weeks

•	 Group 6 (F2); received HFD all over the experimental 
period (8 weeks) and gavaged (2 g/kg body weight/day) 
of  fish oil for the past 4 weeks.

Measurement of body weight and food intake
The individual body weight of  the rats was measured 
weekly using a scale. Percentage weight gain (%) was 
calculated as follows: (Body weight a specific week (g) − 
initial body weight)/initial body weight × 100. Food prices 
were recorded each day (over 24 h) based on the weight of  
leftover food per 200 g given.

Analysis of the Lee index
The weights of  the rats were taken daily using an electronic 
balance and their naso-anal lengths were measured at the 
end of  every week using a measuring tape to determine 
their obesity status. The Lee index for each rat was 
calculated using the formula of  Lee33:

Le e  i n d e x  =
−
W e i g h t g

Na s o a n a l l e n g t h c m

3 ( )
� ( )

Blood and sample collection
At the end of  the experiment, the animals were fasted 
for 12 h but had free access to drinking water. The rats 
were then anesthetized using diazepam (10 mg/kg) and 
sacrificed by decapitation. Whole blood was drawn into 
tubes and stabilized for between 15 and 30 min to ensure 
that it was able to clot at room temperature. The serum 
was prepared from the blood using a centrifugation at 
3000 rpm for 10 min. The latter was used to determine 
the hepatosomatic index, the viscerosomatic index, and 
the adiposity index, respectively.

Biochemical analyses of serum lipid profiles
The total cholesterol (TC), high-density lipoprotein 
cholesterol (HDL-C), and triglyceride levels in the serum 

Table 1: Detailed composition of experimental 
rat diets31,32

Food 
components

Ingredients Control 
diet (%)

High fat 
diet (%)

Proteins Fish meal 20 10
Carbohydrates Corn starch 59 29

Sucrose 5 5
Lipids Soya bean oil 5 5

Egg yolk* 0 25
Palm oil** 0 20

Others Cellulose 5 0
Vitamin mix 1 1
Mineral mix 5 5

100 100
*Egg yolk: 300 g, **Coconut oil: 25 g
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were analyzed by kit assay methods (Enzopak, India) as 
per the manufacturer’s instruction. Low-density lipoprotein 
cholesterol (LDL-C) and very low-density lipoprotein 
(VLDL-C) were calculated using the formula:

VLDL-C (mg/dL) = TG ÷534

LDL-C = TC – (HDL-C + VLDL-C)34

Atherogenic index (AI) and coronary risk index (CRI) were 
calculated using the formula:

AI = LDL-C ÷HDL–C, CRI = TC ÷HDL–C35

Analysis of the antioxidant activity
Two different methods were used to evaluate the 
antioxidant activity in the serum of  rats.

Superoxide dismutase (SOD) activity
The activity of  SOD was evaluated by the method described 
by Misra and Fridovish.36 An aliquot of  200 µL of  blood 
serum was introduced into 1600 µL of  carbonate buffer 
(50 mM, pH 10.2). The reaction was initiated by adding 
200 µL of  adrenaline (0.6 mg/L) to each tube, and after 
homogenization, the ODs were read after 20 s and 80 s 
at 480 nm. The specific activity of  SOD was expressed in 
units/mg of  blood serum used.

Catalase (CAT) activity
The CAT activity was determined by a previously described 
method.37 300 μL of  H2O2 (9%) was introduced into tube 
followed by 1400 µL of  the test samples while 1700 µL of  
phosphate buffer (0.1M pH 7.2) was introduced into the 
tube for the blank. 300 µL of  blood sample from each rat 
were then added to the tubes and after homogenizing, the 
ODs were read at 240 nm at 30, 60, and 90 s. The enzymatic 
activity of  CAT was expressed in IU/mg of  blood sampled.

Estimation of fasting blood glucose
Before animal sacrifice, the tail of  each rat was injured 
using a single-use lancet, blood was applied to the strip, 
and blood glucose concentrations (mg/dl) were determined 
using the glucometer.

Statistical analysis
The data reported in the tables and figures were carried 
out in triplicate or several replicate determinations. All 
data were expressed as mean ± standard deviation and 
statistically analyzed using one-way analysis of  variance. 
When statistical differences were noted, Duncan’s Multiple 
Range test was applied to classify the samples at a significant 
level of  5%. The Statgraphics Centurion version XVI.I 
software-package was used for statistical analysis.

RESULTS

Physicochemical analyses of R. heudelotii almond and 
S. pilchardus fillets oils
The acid value, iodine value, and peroxide value (Table 2) 
were performed on oils that were used for the treatment 
of  obesity to evaluate their quality at the moment they 
were used. It appears that fish oil has the highest acid 
(1.35 mg KOH/g oil) and peroxide values (3.20 meq O2 
per kg of  oil). But the values found are lower than those 
recommended by the Codex Alimentarius.38 The iodine 
index shows that njansan oil, with an index of  103 g I2/100 g 
oil is richer in unsaturated fatty acids than sardine fillet oil.

Effect of high fat diet and different oil treatments on 
anthropometrical parameters
During the first 4  weeks of  the protocol, the animals 
received food without treatment. In Figure 1a, all animals 
gained weight. For the control (CO), the evolution of  the 
weight is constant; the weight gain is therefore 11 g. For 
the groups that received the high-fat diet, weight gain is 
visible with an average of  around 26 g (Figure 1b). During 
the second experimental period (5–8 weeks), weight gains 
were significantly reduced (P<0.05) in groups N1, N2, F1, 
and F2 compared to the HFD control (Figure 1b). The 
body mass of  the N1 group showed the highest significant 
decrease (P<0.05), but there was no significant difference 
between N1 and N2 and between F1 and F2.

Lee index
The lee index is a good parameter used in animals to 
assess the induction of  obesity by diet.39,40 Table 3 shows 
the variation of  this index during the induction of  obesity 
and during treatment with oils. Lee considered values 
>310 as an indicator of  obesity.39 Before treatment, the 
five groups excluding the control received an HFD which 
led to a significant increase in the Lee index during the 
study, rendering the rats obese before treatment with oils. 
The Lee index of  the control group however had a steady 
increase throughout the study. In the second phase of  the 
study (treatment with oils), the control group maintained 

Table 2: Some physicochemical parameters 
of Ricinodendron heudelotii almond oils and 
Sardina pilchardus fillets
Some 
parameters

R. heudelotii Fish oil Codex 
standard38

Acid value 
(mg KOH/g oil)

1.01±0.05b 1.35±0.01a 3

Iodine value 
(g I2/100 g oil)

103±1a 87±2b

Peroxide value 
(meq O2/kg of oil)

2.43±0.1a 3.20±0.01b 5

Values are means±SD of three determinations. Values on the same line with 
different superscripts are significantly different at P<0.05 (Duncan’s test)
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a steady increase in the Lee index which was not relative to 
the other groups which experienced a decrease in the Lee 
index. Sardine flesh oils and njansan almonds, whatever 
the quantity, do not significantly influence the decrease in 
the Lee index (P<0.05).

Effect of njansan oil and sardine fish oil on food intake 
and adiposity, hepatosomatic viscerosomatic indices
The adiposity, viscerosomatic, and hepatosomatic 
indices (Table 4) were determined to evaluate the effect 

of  the HFD and different oil treatments on the organs 
of  rats.

In terms of  food intake, rats fed a normal diet consumed 
more food (30 g) but had a lower weight gain than the 
HFD group, which only consumed about 26 g and had 
a higher adiposomatic index (3.69). Oral administration 
of  the oils in all test groups significantly decreased food 
intake and adiposomatic index compared to the HFD 
group (P<0.05). Eating foods rich in oil leads to a feeling 
of  fullness.

The liver mass ratio of  rats with fed the HFD increased 
significantly compared to that of  rats in the control group 
(P<0.05). However, this was neutralized after treatment 
with oils, regardless of  the concentrations used. However, 
this reduction remains high compared to the normal 
group.

The viscerosomatic index (heart, kidney) of  the control 
group was significantly lower as compared to that of  the 
rats that received HFD (P<0.05) (Table  4). There was 
nevertheless no significant difference between the groups 
that received treatment with both oils, irrespective of  the 
concentrations used.

Table 3: Variation of Lee index of rats before and 
after treatment
Groups Before treatment After treatment

Initial End End
C0 296±1b 297±2b 303±3c

HFD 290±1b 324±3a 332±4a

N1 305±3a 325±5a 318±2b

N2 301±5ab 335±4a 323±2b

F1 302±11ab 332±1a 319±3b

F2 295±3ab 320±1a 318±3b

Means±SD (n=6) followed by different letters in the same column are significantly 
different (P<0.05) as determined by Duncan’s multiple range test. C0: Normal 
control; HFD: Hyperlipidaemic group; N1: 1 g/kg body weight of Njansan oil group, 
N2: 2 g/kg body weight of Njansan oil group; F1: 1 g/kg body weight of Sardine fish 
oil, F2: 2 g/kg body weight of Sardine fish oil

Table 4: Effect of njansan and sardine oils oral administration on food intake and adiposity, 
hepatosomatic, and viscerosomatic indices of rats fed with high fat diet
Group Food intake/g/day/rat Parameters Kidney

Adiposity index Liver Heart
CO 30.01±1.62a 1.65±0.47d 2.69±0.68c 0.93±0.15b 2.25±0.38b

HFD 26.15±2.01b 3.69±0.87a 4.68±0.76a 1.14±0.19a 2.70±0.30a

N1 22.08±1.81c 2.78±0.79b 2.98±0.18bc 1.03±0.04a 2.45±0.26ab

N2 21.10±2.11c 2.78±0.75b 3.17±0.42b 1.07±0.13a 2.57±0.16ab

F1 22.20±1.60bc 2.40±1.1bc 2.98±0.17bc 1.04±0.11a 2.2617±0.12b

F2 21.55±1.75c 2.25±0.36c 2.97±0.16bc 1.06±0.05a 2.46±0.21ab

Means±SD (n=6) followed by different letters in the same column are significantly different (P<0.05) as determined by Duncan’s multiple range test. C0: Normal control; 
HFD: Hyperlipidaemic group; N1: 1 g/kg body weight of Njansan oil group, N2: 2 g/kg body weight of Njansan oil group; F1: 1 g/kg body weight of Sardine fish oil, F2: 2 g/kg 
body weight of Sardine fish oil

Figure 1: Body weight changes: (a) kinetic weight changes; (b) total weight gains for 8 weeks of rats after gavage with njansan and sardine fillets 
oils. Means ±SD (n=6) followed by different letters are significantly different (P<0.05) as determined by Duncan’s multiple range test. C0: Normal 
control; HFD: Hyperlipidaemic group; N1: 1 g/kg body weight of Njansan oil group, N2: 2 g/kg body weight of Njansan oil group; F1: 1 g/kg body 
weight of Sardine fish oil, F2: 2 g/kg body weight of Sardine fish oil

ba
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Effect of sardine fish oil and Njansan oil on the serum 
lipid profile
Triglyceride level
During obesity induction, there was a significant increase in 
the TG level (P<0.05) (292.80±17.40 mg/dL) caused by the 
HFD with respect to the control group (69.60±10 mg/dL). 
Nevertheless, this situation was counteracted following 
treatment with the oils of  Njansan and fish regardless of  
the concentrations used (P<0.05). The greatest reductive 
effect was seen in rats fed with sardine fish oil. For F1, the 
decrease was from 292.8 mg/dL to 93.45±10.81 mg/dL a 
drop of  199 mg/dL after 4 weeks (Figure 2).

TC, HDL-C, LDL-C, and VLDL-C
The serum lipid profile of  rats that were fed different 
diets is shown in Figure 3. Among the circulating lipid 
fractions, the TC, the LDL-C, and the VLDL-C levels 
were found to be significantly increased in the HFD 
group as compared to the control group (P<0.05) after 
treatment with obesity.

Nonetheless, all groups that received treatment with oils 
had a significant reduction in the concentration of  these 
parameters with increasing concentrations of  the oils 
(P<0.05). Sardine fish oil had the greatest reductive effect 
as compared to Njansan oil (Figure 3).

The HFD significantly reduced the concentration of  
serum HDL-C (22.01±2.01 mg/dL) as compared to the 
control group (43.35±3.46  mg/dL). After treatments 
with both oils, the serum HDL-C level significantly 
increased compared to the control group, regardless 

of  the concentration of  the oils used (P<0.05). The 
difference between fish oil and sardine oil is not significant 
(Figure 3).

Effect of sardine fish oil and Njansan oil on atherogenic 
and coronary risk indices
The results of  HFD and oil treatment on the AI and CRI 
of  rats are shown in Figure 4. HFD significantly increased 

Figure 3: Effect of njansan oil and sardine fish oil on Total cholesterol, 
high-density lipoprotein, Low-density lipoprotein and very low density 
lipoprotein levels in the blood serum of hyperlipidemic rats fed a high-
fat diet. Means ±SD (n=6) for histograms with the same color, followed 
by different letters are significantly different (P<0.05) as determined by 
Duncan’s multiple range test. C0: Normal control; HFD: Hyperlipidemic 
group; N1: 1 g/kg body weight of Njansan oil group, N2: 2 g/kg body 
weight of Njansan oil group; F1: 1 g/kg body weight of Sardine fish oil, 
F2: 2 g/kg body weight of Sardine fish oil

Figure 2: The effect of njansan oil and sardine fish oil on the triglyceride 
level of obese rats. Means ±SD (n=6) followed by different letters are 
significantly different (P<0.05) as determined by Duncan’s multiple 
range test. C0: Normal control; HFD: Hyperlipidemic group; N1: 1 g/kg 
body weight of Njansan oil group, N2: 2 g/kg body weight of Njansan 
oil group; F1: 1 g/kg body weight of Sardine fish oil, F2: 2 g/kg body 
weight of Sardine fish oil

Figure 4: Effect of sardine fish oil and njansan oil consumption on 
the AI and CRI of obese rats. Means ±SD (n=6) for histograms with 
the same color, followed by different letters are significantly different 
(P<0.05) as determined by Duncan’s multiple range test. C0: Normal 
control; HFD: Hyperlipidemic group; N1: 1 g/kg body weight of Njansan 
oil group, N2: 2 g/kg body weight of Njansan oil group; F1: 1 g/kg body 
weight of Sardine fish oil, F2: 2 g/kg body weight of Sardine fish oil
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the AI and CRI of  these rats in the obesity induction phase 
(P<0.05). Both indices were greatly reduced following 
treatment with both oils, irrespective of  the concentration 
used, as compared to the control group. A  significant 
reduction in the AI of  the rats was seen, especially in rats 
fed with Njansan (N2) and sardine fish oils (F2) (P<0.05). 
For the CRI, this decrease is not significant, whatever the 
concentration or type of  oil.

Effect of sardine fish oil and Njansan oil on oxidative 
stress parameters (SOD and CAT)
Figure 5 shows the changes in CAT and SOD in rats fed 
with HFD and after treatment with oils. For the HFD group, 
the CAT and SOD levels were 25 and 10, respectively. After 
treatment with oils, there was a significant increase (P<0.05) 
regardless, of  the type of  oil. This increase is proportional 
to the quantity of  oil. Njansan oil has a higher protective 
effect for these two enzymes compared to sardine oil.

Effect of sardine fish oil and Njansan oil on serum 
blood glucose level
The normal blood glucose level in rats is 50–135 mg/dL.41 
The results of  the effect of  sardine fish oil and njansan 
oil on the serum blood glucose level of  obese Wistar rats 
are shown in Figure  6. During the 8  weeks of  obesity 
induction in HFD rats groups, their blood sugar levels 
increased significantly compared to those of  the control 
group (P<0.05). There was, however, a significant 
resolution effect after treatment with both oils, regardless 
of  the concentration used. The greatest decrease in blood 
glucose was observed in rats treated with N2 (P<0.05). 
This finding supports the use of  Njansan oil (2 g/kg) as a 
potential curative food for people suffering from diabetes 
mellitus caused by obesity, compared to sardine oil at both 
concentrations.

DISCUSSION

A diet containing more than 30% of  energy intake in the 
form of  lipids leads to the development of  obesity in rats, 
mice, dogs, and primates due to increased caloric intake.42 
However, this public health problem finds a solution thanks 
to dietary interventions such as the consumption of  foods 
rich in polyunsaturated fatty acids (n-3 PUFA and CLNA). 
The development of  obesity in this study was marked by 
an increase in anthropometric parameters such as body 
mass and Lee index in the HFD groups compared to the 
control group. This is due to accumulated fats, which cause 
hypertrophy and hyperplasia of  adipose tissue (Figure 1). 
The reduction in body mass following oil treatment 
confirms the beneficial effects of  njansan and sardine oil 
in the pathogenesis of  obesity. Njansan oil (plant-based) at 
2 g/kg body weight had the highest reducing effect on rat 

body mass compared to sardine oil (animal-based). The 
results are consistent with previous studies that showed 
similar results following oil supplementation in high-fat 
diet-induced obesity.19,43-45 The majority of  studies use 
high doses of  between 10 and 50% oil. In our study, 1 
and 2  g oil/kg body weight of  njansan and/or fish oil 
were used, which is a relatively low dosage reflecting the 
benefit for humans. The decrease in Lee index (Table 3) 

Figure 6: The effect of njansan and fish oils on the blood glucose 
of obese rats. Means ±SD (n=6) followed by different letters are 
significantly different (P<0.05) as determined by Duncan’s multiple 
range test. C0: Normal control; HFD: Hyperlipidemic group; N1: 1 g/kg 
body weight of Njansan oil group, N2: 2 g/kg body weight of Njansan 
oil group; F1: 1 g/kg body weight of Sardine fish oil, F2: 2 g/kg body 
weight of Sardine fish oil

Figure 5: Consumption of njansan and fish oils affects catalase and 
superoxide dismutase activities in the serum of hyperlipidemic rats 
fed a high-fat diet. Means ±SD (n=6) for histograms with the same 
color, followed by different letters are significantly different (P<0.05) as 
determined by Duncan’s multiple range test. C0: Normal control; HFD: 
Hyperlipidemic group; N1: 1 g/kg body weight of Njansan oil group, 
N2: 2 g/kg body weight of Njansan oil group; F1: 1 g/kg body weight of 
Sardine fish oil, F2: 2 g/kg body weight of Sardine fish oil
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following treatment with oils this may likely be due to a 
decrease in adipose tissue associated with accumulated 
energy expenditure through thermogenic pathways to 
prevent excessive accumulation of  fat.46 n-3 PUFAs have 
been shown to improve lipolysis and suppress lipogenesis, 
thereby decreasing lipid storage and ultimately leading to 
a reduction in adipocyte size.43 Sharma and Agnihotri45 
reported similar effects, with Lee index values higher than 
those obtained in this study due to the duration of  obesity 
induction.

The significant reduction in the adiposity index of  obese 
rats following treatment with oils (Table 4) is due to the 
presence of  polyunsaturated fatty acids. The mechanism 
for this effect of  n-3 PUFA lies in the modulation of  
lipid metabolism by promoting fatty acid oxidation rather 
than their storage, possibly through Sterol Response 
Element-binding Protein 1c, a master regulator of  lipid 
homeostasis that prevents the accumulation of  hepatic 
and serum TG. Fish oil supplementation significantly 
induces phosphorylation and activation of  adenosine 
monophosphate kinase in depots of  adipose tissue and 
therefore increases thermogenesis.46 This is consistent with 
the data reported by Haimeur47 using fish oil and argan 
oil; the same is true of  the work of  Yuan et al.,22 Machado 
et al.,48 using pomegranate seed oil rich in punicic acid 
(9c, 11t, 13c-CLNA). This finding suggests that fish oils 
from the Far North of  Cameroon and njansan oil, even at 
low concentrations, have a significant effect on reducing 
body fat. They could have anti-obesity properties. This 
is the 1st time that this observation has been reported on 
njansan oil.

The liver is the main organ of  detoxification and lipid 
metabolism in the body. According to the results in Table 4 
the most significant liver-reducing effect was observed in 
rats treated with njansan oil. Supplementation of  n-3 PUFA 
from oils reduced lipidemia and prevented hepatic steatosis 
by lowering lipid metabolism in the liver.49 Chiu et al.50 
also reported similar results with 5% fish oil. However, 
the work of  Arao et al.,51 showed that supplementation 
with pomegranate seed oil rich in punicic acid acids had 
no effect on the liver after 2 weeks.

Triglycerides are defined as an independent risk factor 
for coronary heart disease.52 The differences in TG levels 
among rats that received treatment with both oils (Figure 2) 
can be explained by the differences in metabolism of  various 
lipids according to their fatty acid content. An increase in 
ω-3 fatty acids mainly decreases serum TG.53 This may 
be due to decreased hepatic lipogenesis, pancreatic lipase 
inhibition, and suppression of  the expression of  sterol 
regulatory element-binding protein-1c. As a result, there 
is a decrease in the ability to increase β-oxidation of  fatty 

acids through regulation of  the hepatic gene involved 
in lipid metabolism (Stearoyl-CoA desaturase). We can 
therefore conclude that α-eleostearic acid (a conjugated 
linolenic fatty acid) from njansan oil as well as ω-3 fatty 
acids from sardine fish oil might have a reductive effect 
on the TG level. Similar results were obtained by Leudeu 
et al.,27 with R. heudelotii incorporated at 5% in the rats’ diet. 
Haimeur et al.,47 and Lima et al.,54 also had similar results in 
a comparative study using fish oil and another plant-based 
oil. The same is true of  the work of  Arao et al.,51 Yuan 
et al.22 using punicic acid.

A diet rich in saturated fatty acids leads to an increase in 
plasma levels of  TC and LDL-c) and increases the risk of  
developing three symptoms of  syndrome-X: low HDL-
cholesterol, high TC, and high triglycerides.55,56 All this 
increases the risk factors for premature atherosclerotic 
cardiovascular disease. In this study, the rats which 
received a HFD had a significant increase in the serum 
concentrations of  TC, TG, LDL-C, and VLDL-C and 
a decrease in HDL-C concentration (Figure  3). The 
normalization of  the hyperlipidemic state observed after 
treatment of  the rats with sardine and R. heudelotii oils 
at different concentrations may be due to the ability of  
the oils rich in polyunsaturated fatty acids to enhance 
lipolysis, lower lipogenesis, suppress appetite, reduce lipid 
absorption and inhibit peroxisome proliferator-activated 
receptor gamma (PPARγ) expression.57 Franczyk-
Żarów et al.,58 showed that plasma levels of  TC and 
LDL+VLDL cholesterol were significantly decreased in 
animals fed CLNA and CLA compared to the control. 
A  number of  lipid parameters have been employed 
in predicting the risk of  coronary atherosclerosis and 
cardiovascular diseases. However, AI and CRI are more 
accurate predictors of  cardiovascular risk than lipid 
parameters. In this study, HFD significantly increased 
AI and CRI (Figure 4). Treatment with both oils caused 
a profound reduction in both AI and CRI indices due 
to the hypolipidemic effect of  both oils. Atherogenic 
dyslipidemia is characterized by a combination of  
increased levels of  TG, LDL-C, and AI and a decreased 
level of  HDL as seen in the rats fed with HFD. This result 
is in concurrence with that of  Sharma and Agnihortri45 
and Da Cunha de Sá et al.18

Obesity is closely associated with oxidative stress. It 
was reported that SOD and CAT are the two most 
important enzymes of  the enzymatic antioxidant defense 
system.59 SOD catalyzes the dismutation reaction of  
superoxide anions radicalized into molecular oxygen and 
hydrogen peroxide, which are in turn removed by the 
other antioxidant enzyme CAT to prevent the body from 
peroxidative damage.60 The result of  this study suggests 
effective protection of  R. heudelotii and sardine oils 
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against the generation of  free radicals. This protection is 
proportional to the oil concentration and is more marked 
with njansan oil (Figure 5). This could be attributed to their 
rich omega-3 fatty acid content (for fish oil) and CLNA 
(47–52%), vitamin E (178.3±0.4 mg/100 g) and phytosterol 
content (for njansan oil), which have scavenging capacity 
free radicals and reduce lipid peroxidation.61-63 These results 
corroborate those of  Lima et al.,54 who showed an increase 
in SOD activity after fish oil supplementation. The same is 
true for the results of  Yuan et al.,22 who found CAT and 
glutathione peroxidase activity levels significantly increased 
in the liver of  mice after punicic acid supplementation for 
8 weeks with a CLNA.

Obesity is characterized by hyperglycemia. Boukhari et al.,64 
confirmed that in Wistar rats, a high-lipid diet consumed for 
2 months leads to an increase in food intake, body weight, 
and lipid accumulation in adipose tissue, dyslipidemia, 
and hyperglycemia. This is evidenced by the significantly 
high glucose level in obese rats before treatment with both 
oils (Figure  6). This may be due to increased free fatty 
acids in plasma, which reduces insulin-regulated glucose 
metabolism.65 This is similar to a study done by Roza et al.,66 
It is also similar to the results of  Daidj and Lamri-Senhadji67 
who showed that oils from sardine fillets and viscera lead to 
a reduction in blood sugar levels in rats given an HFD. The 
significant decrease in plasma glucose level may probably 
be due to the PUFAs (CLNA, omega-3) present in both 
oils, known to activate PPARγ and significantly decrease 
glucose levels in serum68,69. Saha and Ghosh70 observed that 
administration of  CLNA isomers significantly reduced the 
blood sugar level of  STZ-induced diabetic rats compared 
to the diabetic control group. This result is contradictory 
with that of  Lima et al.,54 Franczyk-Żarów et al.58 who 
showed no significant changes in serum glucose after 
feeding rats with HFD and supplementing with fish oil 
and pomegranate seed oil, respectively.

Limitations of the study
The limitation of  this work is that the experimentation 
time was short (8 weeks).

CONCLUSION

Supplementation with S. pulchardus oil and especially 
R.  heudelotii oil for 8 weeks effectively attenuated HFD-
induced lipid, blood glucose parameters, and body weight gain 
and fat accumulation in rats. They also help fight free radicals.

This provides preliminary evidence that njansan oil at a 
low daily dose (1  g/kg body weight) may be useful for 
the management of  obesity and also reduce the risk of  
developing coronary heart disease.

ACKNOWLEDGMENT

The authors wish to thank Bioprocess Laboratory of  
IUT (University of  Ngaoundere) and the Department of  
Nutrition, Food and Bioresource Technology of  College 
of  Technology (University of  Bamenda) which provided 
the reagents for the conduct of  this study

REFERENCES

1.	 WHO. Obesity and Overweight. Geneva: World Health 
Organization; 2021. Available from: https://www.who.int/news-
room/fact-sheets/detail/obesity-and-overweight [Last accessed 
on 2021 Mar 03].

2.	 Chooi YC, Ding C and Magkos F. The epidemiology of obesity. 
Metabolism. 2019;92:6-10.

	 https://doi.org/10.1016/j.metabol.2018.09.005
3.	 Simo LP, Agbor VN, Temgoua FZ, Fozeu LC, Bonghaseh DT, 

Mbonda AG, et al. Prevalence and factors associated with 
overweight and obesity in selected health areas in a rural health 
district in Cameroon: A  cross-sectional analysis. BMC Public 
Health. 2021;21(1):475.

	 https://doi.org/10.1186/s12889-021-10403-w
4.	 Zang L, Maddison LA and Chen W. Zebrafish as a model for 

obesity and diabetes. Front Cell Dev Biol. 2018;6:91.
	 https://doi.org/10.3389/fcell.2018.00091
5.	 Akyea RK, Ntaios G and Doehner W. Obesity, metabolic health 

and clinical outcomes after incident cardiovascular disease: 
A  nationwide population-based cohort study. J  Cachexia 
Sarcopenia Muscle. 2023;14(6):2653-2662.

	 https://doi.org/10.1002/jcsm.13340
6.	 Cooper AJ, Gupta SR, Moustafa AF and Chao AM. Sex/gender 

differences in obesity prevalence, comorbidities, and treatment. 
Curr Obes Rep. 2021;10(4):458-466.

	 https://doi.org/10.1007/s13679-021-00453-x
7.	 De Lorenzo A, Gratteri S, Gualtieri P, Cammarano A, Bertucci 

P and Di Renzo L. Why primary obesity is a disease? J Transl 
Med. 2019;17(1):169.

	 https://doi.org/10.1186/s12967-019-1919-y
8.	 Emerenziani S, Guarino MP, Trillo Asensio LM, Altomare A, 

Ribolsi M, Balestrieri P, et al. Role of overweight and obesity in 
gastrointestinal disease. Nutrients. 2019;12(1):111.

	 https://doi.org/10.3390/nu12010111
9.	 Van Vollenstee FA and Van der Merwe MT. Obesity and its 

implications for COVID-19 pandemic in South Africa. S Afr J 
Infect Dis. 2021;36(1):228.

	 https://doi.org/10.4102/sajid.v36i1.228
10.	 Panchal SK, Poudyal H, Iyer A, Nazer R, Alam A, Diwan V, et al. 

High-carbohydrate, high-fat diet-induced metabolic syndrome 
and cardiovascular remodeling in rats. J Cardiovasc Pharmacol. 
2011;57(5):611-624.

	 https://doi.org/10.1097/FJC.0b013e31821b1379
11.	 Madura JA 2nd and Dibaise JK. Quick fix or long-term cure? Pros 

and cons of bariatric surgery. F1000 Med Rep. 2012;4:19.
	 https://doi.org/10.3410/M4-19
12.	 Arterburn DE, Telem DA, Kushner RF and Courcoulas AP. 

Benefits and risks of bariatric surgery in adults: A review. JAMA. 
2020;324(9):879-887.

	 https://doi.org/10.1001/jama.2020.12567



Florent, et al.: Njansan and sardine fillets oils in the management of obesity

Asian Journal of Medical Sciences | Apr 2024 | Vol 15 | Issue 4	 67

13.	 Khera R, Murad MH, Chandar AK, Dulai PS, Wang Z, Prokop LJ, 
et al. Association of pharmacological treatments for obesity with 
weight loss and adverse events: A systematic review and meta-
analysis. JAMA. 2016;315(22):2424-2434.

	 https://doi.org/10.1001/jama.2016.7602
14.	 Gadde KM and Pritham Raj Y. Pharmacotherapy of obesity: 

Clinical trials to clinical practice. Curr Diab Rep. 2017;17(5):34.
	 https://doi.org/10.1007/s11892-017-0859-2
15.	 Chao AM, Quigley KM and Wadden TA. Dietary interventions 

for obesity: Clinical and mechanistic findings. J  Clin Invest. 
2021;131(1):e140065.

	 https://doi.org/10.1172/JCI140065
16.	 Calder PC. Functional roles of fatty acids and their 

effects on human health. JPEN J Parenter Enteral Nutr. 
2015;39(1 Suppl):18S-32S.

	 https://doi.org/10.1177/0148607115595980
17.	 DeLany JP, Windhauser MM, Champagne CM and Bray GA. 

Differential oxidation of individual dietary fatty acids in humans. 
Am J Clin Nutr. 2000;72(4):905-911.

	 https://doi.org/10.1093/ajcn/72.4.905
18.	 Da Cunha de Sá RD, Simão JD, da Silva VS, de Farias TM, Cruz 

MM, Antraco VJ, et al. Fish oil enriched in EPA, but not in DHA, 
reverses the metabolic syndrome and adipocyte dysfunction 
induced by a high-fat diet. Nutrients. 2021;13(3):754.

	 https://doi.org/10.3390/nu13030754
19.	 Pradhan S, Panchali T, Paul B, Khatun A, Rao Jarapala  S, 

Mondal  KC, et al. Anti-obesity potentiality of Tapra 
fish (Opisthopterus tardoore) oil. J  Food Biochem. 
2020;44(11):e13448.

	 https://doi.org/10.1111/jfbc.13448
20.	 Ghomdim ZH, Mezajoug KL, Ngangoum ES, Djiazet S and 

Tchiegang C. Contribution to the investigation of the artisanal 
fish oil (Sardine pilchardus. Walb.) Sector in the Far-North 
Region-Cameroon. J Food Stab. 2023;6:51-65.

21.	 Li K, Sinclair AJ, Zhao F and Li D. Uncommon fatty acids and 
cardiometabolic health. Nutrients. 2018;10(10):1559.

	 https://doi.org/10.3390/nu10101559
22.	 Yuan G, Tan M and Chen X. Punicic acid ameliorates obesity 

and liver steatosis by regulating gut microbiota composition in 
mice. Food Funct. 2021;12:7897-7908.

	 https://doi.org/10.1039/D1FO01152A
23.	 Tchiegang C, Kapseu C, Ndjouenkeu R and Ngassoum MB. 

Ricinodendron heudelotii (Bail.) Kernels: A novel ingredient for 
tropical food agro-industries. J Food Eng. 1997;32(1):1-10.

24.	 Mosso K, Kouadio N, Koulibaly S and Kouman KG. Utilisations 
Alimentaires des Amandes de Ricinodendron heudelotii ssp 
Heudelotii en Côte d’Ivoire. In: Actes du 2ème Séminaire Safou, 
1997. Ngaoundéré (Cameroun); 1998. p. 3-5.

25.	 Nzali GH, Tchiegang C, Sandjon B and Meurens M. 
Comparison of some physicochemical properties of oil 
extracted from Ricinodendron heudelotii (Bail.) Kernels by UV 
spectrophotometry. Int J Biosci. 2016;8(6):93-102.

	 https://doi.org/10.12692/ijb/8.6.93-102
26.	 Nikiema D, Mouloungui Z, Oi Koua K, Cerny M, Lacroux E, 

Valentin  R, et al. Effect of dehulling method on the chemical 
composition of the lipid constituents of the kernels and 
oils of Ricinodendron heudelotii seeds. Ind Crops Prod. 
2019;140:111614.

	 https://doi.org/10.1016/j.indcrop.2019.111614
27.	 Leudeu BC, Tchiégang C, Barbé F, Nicolas B and Guéant JL. 

Ricinodendron heutelotii (Bail.) Or Tetracarpidium conophorum 

Müll. Oils fed to male rats lower blood lipids. Nutr Res. 
2009;29(7):503-509.

	 https://doi.org/10.1016/j.nutres.2009.07.004
28.	 Ghomdim Nzali, H, Tchiegang C, Mignolet E, Turu C, Larondelle Y 

and Meurens M. Study of bioconversion of conjugated linolenic 
acid (CLNA) of Ricinodendron heudelotii (Bail.) Seed in male rats 
into conjugated linoleic acid (CLA) using UV-Vis spectrometry 
and gas chromatography. Asian J Biochem. 2012;7(4):194-205.

	 https://doi.org/10.3923/ajb.2012.194.205
29.	 Ghomdim NH, Tchiegang C and Meurens M. Huile de 

Ricinodendron heudelotii (Bail): Propriétés et Métabolisme. 
Sarrebruck, Allemagne: Presses Academiques Francophones; 
2016. p. 200.

30.	 AOCS, FD. Official Methods and Recommended Practices 
of the American Oil Chemists’ Society. Vol. 5. Urbana: AOCS; 
1998. p. 2-93.

31.	 Reeves PG, Nielsen FH and Fahey GC Jr. AIN-93 purified diets 
for laboratory rodents: Final report of the American Institute of 
Nutrition ad hoc writing committee on the reformulation of the 
AIN-76A rodent diet. J Nutr. 1993;123(11):1939-1951.

	 https://doi.org/10.1093/jn/123.11.1939
32.	 Aïssatou DS, Metsagang JT, Sokeng CD and Njintang NY. 

Antihyperlipidemic and hypolipidemic properties of Tacca 
leontopetaloides (L.) Kuntze (Dioscoreales: Dioscoreaceae) tuber’s 
aqueous extracts in the rats. Braz J Biol Sci. 2017;4(7):67-80.

	 https://doi.org/10.21472/bjbs.040708
33.	 Lee MO. Determination of the surface area of the white rat 

with its application to the expression of metabolic results. Am J 
Physiol Content. 1929;89(1):24-33.

	 https://doi.org/10.1152/ajplegacy.1929.89.1.24
34.	 Friedewald WT, Levy RI and Fredrickson DS. Estimation of the 

concentration of low-density lipoprotein cholesterol in plasma, 
without use of the preparative ultracentrifuge. Clin Chem. 
1972;18(6):499-502.

35.	 Castelli WP, Abbott RD and McNamara PM. Summary estimates 
of cholesterol used to predict coronary heart disease. Circulation. 
1983;67(4):730-734.

	 https://doi.org/10.1161/01.cir.67.4.730
36.	 Misra HP and Fridovich I. The generation of superoxide 

radical during the autoxidation of hemoglobin. J  Biol Chem. 
1972;247(21):6960-6962.

37.	 Sinha AK. Colorimetric assay of catalase. Anal Biochem. 
1972;47(2):389-394.

	 https://doi.org/10.1016/0003-2697(72)90132-7
38.	 CODEX Alimentarius. Programme Mixte FAO/OMS sur les 

Normes Alimentaires Commission du Codex Alimentarius 
Quarante-deuxième Session Centre International de 
Conférences, Genève (Suisse); 2019.

39.	 Stephens DN. Does the Lee obesity index measure general 
obesity? Physiol Behave. 1980;25(2):313-315.

	 https://doi.org/10.1016/0031-9384(80)90222-x
40.	 Sun Z, Zhang ZC and Liu Z. Experimental study of diet-induced 

obesity animal model. Chin Pharmacol Bull. 2002;18:466-467.
41.	 Hidayaturrahmah H, Budi Santoso H, Aulia Rahmi R 

and Kartikasari D. Blood Glucose Level of White Rats 
(Rattus norvegicus) after Giving Catfish Biscuit (Pangasius 
hypothalmus). In: BIO Web of Conferences. Vol.  20. France: 
EDP Sciences; 2020. p. 04005.

42.	 West DB and York B. Dietary fat, genetic predisposition, 
and obesity: Lessons from animal models. Am J Clin Nutr. 
1998;67(3 Suppl):505S-512S.



Florent, et al.: Njansan and sardine fillets oils in the management of obesity

68	 Asian Journal of Medical Sciences | Apr 2024 | Vol 15 | Issue 4

	 https://doi.org/10.1093/ajcn/67.3.505S
43.	 De Sá RD, Crisma AR, Cruz MM, Martins AR, Masi LN, do 

Amaral CL, et al. Fish oil prevents changes induced by a high-fat 
diet on metabolism and adipokine secretion in mice subcutaneous 
and visceral adipocytes. J Physiol. 2016;594(21):6301-6317.

	 https://doi.org/10.1113/JP272541
44.	 Yang W, Chen X, Chen M, Li Y, Li Q, Jiang X, et al. Fish oil 

supplementation inhibits endoplasmic reticulum stress and 
improves insulin resistance: Involvement of AMP-activated 
protein kinase. Food Funct. 2017;8(4):1481-1493.

	 https://doi.org/10.1039/C6FO01841F
45.	 Sharma P and Agnihotri N. Fish oil and corn oil induced 

differential effect on beiging of visceral and subcutaneous white 
adipose tissue in high-fat-diet-induced obesity. J Nutr Biochem. 
2020;84:108458.

	 https://doi.org/10.1016/j.jnutbio.2020.108458
46.	 Wu L, Zhang L, Li B, Jiang H, Duan Y, Xie Z, et al. AMP-activated 

protein kinase (AMPK) regulates energy metabolism through 
modulating thermogenesis in adipose tissue. Front Physiol. 
2018;9:122.

	 https://doi.org/10.3389/fphys.2018.00122
47.	 Haimeur A, Meskini N, Mimouni V, Ulmann L, Messaouri  H, 

Pineau-Vincent F, et al. A  comparative study on the effect 
of argan oil versus fish oil on risk factors for cardio-vascular 
disease in high-fat-fed rats. Nutrition. 2019;57:32-39.

	 https://doi.org/10.1016/j.nut.2018.05.027
48.	 Machado M, Costa EM, Silva S, Rodriguez-Alcalá LM, 

Gomes AM and Pintado M. Pomegranate oil’s potential as an 
anti-obesity ingredient. Molecules. 2022;27(15):4958.

	 https://doi.org/10.3390/molecules27154958
49.	 Dubois V, Breton S, Linder M, Fanni J and Parmentier M. Fatty 

acid profiles of 80 vegetable oils with regard to their nutritional 
potential. Eur J Lipid Sci Technol. 2007;109(7):710-732.

	 https://doi.org/10.1002/ejlt.200700040
50.	 Chiu CY, Wang LP, Liu SH and Chiang MT. Fish oil 

supplementation alleviates the altered lipid homeostasis in 
blood, liver, and adipose tissues in high-fat diet-fed rats. J Agric 
Food Chem. 2018;66(16):4118-4128.

	 https://doi.org/10.1021/acs.jafc.8b00529
51.	 Arao K, Wang YM, Inoue N, Hirata J, Cha JY, Nagao K, et al. 

Dietary effect of pomegranate seed oil rich in 9cis, 11trans, 
13cis conjugated linolenic acid on lipid metabolism in obese, 
hyperlipidemic OLETF rats. Lipids Health Dis. 2004;3(1):24.

	 https://doi.org/10.1186/1476-511X-3-24
52.	 Caselli C, De Caterina R, Smit JM, Campolo J, El Mahdiui M, 

Ragusa R, et al. Triglycerides and low HDL cholesterol predict 
coronary heart disease risk in patients with stable angina. Sci 
Rep. 2021;11(1):20714.

	 https://doi.org/10.1038/s41598-021-00020-3
53.	 Yang ZH, Amar M, Sorokin AV, Troendle J, Courville AB, 

Sampson M, et al. Supplementation with saury oil, a fish oil high 
in omega-11 monounsaturated fatty acids, improves plasma 
lipids in healthy subjects. J Clin Lipidol. 2020;14(1):53-65.e2.

	 https://doi.org/10.1016/j.jacl.2019.10.013
54.	 Lima Rocha JÉ, Mendes Furtado M, Mello Neto RS, da Silva 

Mendes AV, da Silva Brito AK, Sena de Almeida JO, et al. Effects 
of fish oil supplementation on oxidative stress biomarkers 
and liver damage in hypercholesterolemic rats. Nutrients. 
2022;14(3):426.

	 https://doi.org/10.3390/nu14030426
55.	 Kris-Etherton PM and Yu S. Individual fatty acid effects on 

plasma lipids and lipoproteins: Human studies. Am J Clin Nutr. 
1997;65(5 Suppl):1628S-1644S.

	 https://doi.org/10.1093/ajcn/65.5.1628S
56.	 Paccaud F, Schlüter-Fasmeyer V, Wietlisbach V, Bovet P. 

Dyslipidemia and abdominal obesity: An assessment in three 
general populations. J Clin Epidemiol. 2000;53(4):393-400.

	 https://doi.org/10.1016/s0895-4356(99)00184-5
57.	 Gavrilova O, Haluzik M, Matsusue K, Cutson JJ, Johnson  L, 

Dietz KR, et al. Liver peroxisome proliferator-activated 
receptor gamma contributes to hepatic steatosis, triglyceride 
clearance, and regulation of body fat mass. J  Biol Chem. 
2003;278(36):34268-34276.

	 https://doi.org/10.1074/jbc.M300043200
58.	 Franczyk-Żarów M, Tarko T, Drahun-Misztal A, Czyzynska-

Cichon I, Kus E and Kostogrys RB. Pomegranate seed oil as 
a source of conjugated linolenic acid (CLnA) has no effect on 
atherosclerosis development but improves lipid profile and 
affects the expression of lipid metabolism genes in apoE/LDLR-
/-mice. Int J Mol Sci. 2023;24(2):1737.

	 https://doi.org/10.3390/ijms24021737
59.	 Curtis SJ, Moritz M and Snodgrass PJ. Serum enzymes derived 

from liver cell fractions. I. The response to carbon tetrachloride 
intoxication in rats. Gastroenterology. 1972;62(1):84-92.

60.	 Ansari JA, Bhandari U, Pillai KK and Haque SE. Effect of 
rosuvastatin on obesity-induced cardiac oxidative stress in Wistar 
rats--a preliminary study. Indian J Exp Biol. 2012;50(3):216-222.

61.	 Sakai K, Kino S, Takeuchi M, Ochi T, Da Cruz G and Tomita I. 
Analysis of antioxidant activities in vegetable oils and fat soluble 
vitamins and biofactors by the PAO-SO method. Methods Mol 
Biol. 2010;594:241-250.

	 https://doi.org/10.1007/978-1-60761-411-1_16
62.	 Muga MA and Chao JC. Effects of fish oil and spirulina on 

oxidative stress and inflammation in hypercholesterolemic 
hamsters. BMC Complement Altern Med. 2014;14:470.

	 https://doi.org/10.1186/1472-6882-14-470
63.	 Adomè NF, Honfo F, Chadare FJ and Hounhouigan DJ. 

Proximate composition, colour of seeds, chemical compounds 
of seed oils of Vitex doniana, Ricinodendron heudelotii and 
Cleome gynandra: Implications for human nutrition and industrial 
applications. J Appl Biosci. 2023;188:19823-19834.

64.	 Boukhari N, Taleb-Senouci D, Chabane FZ, Besbes M and 
Lamri-Senhadji MY. Fish by-products oil corrects dyslipidemia, 
improves reverse cholesterol transport and stimulates 
paraoxonase-1 activity in obese rat. Ann Cardiol Angeiol (Paris). 
2013;62(3):149-154.

	 https://doi.org/10.1016/j.ancard.2013.04.007
65.	 Daniele G, Eldor R, Merovci A, Clarke GD, Xiong J, Tripathy D, 

et al. Chronic reduction of plasma free fatty acid improves 
mitochondrial function and whole-body insulin sensitivity in obese 
and type 2 diabetic individuals. Diabetes. 2014;63(8):2812-2820.

	 https://doi.org/10.2337/db13-1130
66.	 Roza NA, Possignolo LF, Palanch AC and Gontijo JA. Effect of 

long-term high-fat diet intake on peripheral insulin sensibility, 
blood pressure, and renal function in female rats. Food Nutr 
Res. 2016;60(1):28536.

	 https://doi.org/10.3402/fnr.v60.28536
67.	 Daidj NB and Lamri-Senhadji M. Hepatoprotective and anti-

obesity properties of sardine by-product oil in rats fed a high-fat 
diet. Prev Nutr Food Sci. 2021;26(3):285-295.

	 https://doi.org/10.3746/pnf.2021.26.3.285
68.	 Oh DY, Talukdar S, Bae EJ, Imamura T, Morinaga H, Fan W, 

et al. GPR120 is an omega-3 fatty acid receptor mediating 



Florent, et al.: Njansan and sardine fillets oils in the management of obesity

Asian Journal of Medical Sciences | Apr 2024 | Vol 15 | Issue 4	 69

potent anti-inflammatory and insulin-sensitizing effects. Cell. 
2010;142(5):687-698.

	 https://doi.org/10.1016/j.cell.2010.07.041
69.	 Brostow DP, Odegaard AO, Koh WP, Duval S, Gross MD, 

Yuan  JM, et al. Omega-3 fatty acids and incident type  2 
diabetes: The Singapore Chinese health study. Am J Clin Nutr. 

2011;94(2):520-526.
	 https://doi.org/10.3945/ajcn.110.009357
70.	 Saha SS and Ghosh M. Antioxidant and anti-inflammatory effect 

of conjugated linolenic acid isomers against streptozotocin-
induced diabetes. Br J Nutr. 2012;108(6):974-983.

	 https://doi.org/10.1017/S0007114511006325

Authors’ Contributions:
SNF- Investigation and formal analysis; GNH- Conceptualization, methodology, and writing - review and editing. EAR and TC- Supervision and writing - review 
and editing. All authors read and approved the final manuscript.

Work attributed to:
Department of Food Process and Quality Control, Bioprocess Laboratory, University Institute of Technology (UIT), University of Ngaoundere, Adamaoua, 
Cameroon.

Orcid ID:
Soh Nde Florent-   https://orcid.org/0009-0001-8255-1281
Ghomdim Nzali Horliane-   https://orcid.org/0000-0002-7079-426X
Ejoh Aba Richard-   https://orcid.org/0000-0002-6852-2265
Tchiegang Clergé-   https://orcid.org/0000-0001-9528-7718

Source of Funding: None, Conflicts of Interest: None.


