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ABSTRACT

Dietary habits with sea food containing high 
polyunsaturated fatty acid content have been associated 
with a low risk of developing obesity. Obesity is 
associated with increased cardiometabolic risks due to 
increased copying of western diet and sedentary lifestyle. 
This research aimed at evaluating the protective effect 
of Sardinella maderensis oil on obesity, insulin resistance 
and biomarkers of cardiometabolic dysfunction in 
obese albino rats receiving high fat diet. The fish oil 
was extracted by the Bligh and Dyer method followed 
by analysis of oil quality indices, Percentage Free Fatty 
Acids (%FFA), Iodine Value (IV), Peroxide Value (PV), 
p-Anisidine Value (p-AV) and Total Oxidation Value 
(TOTOX) using the standard methods of the AOAC 
(Association of Official Analytical Chemists). An ethical 
clearance was obtained in order to carry out in vivo 
studies. Thirty-six male albino rats were randomly and 
evenly distributed into six groups of six animals each. 
These groups were: Normal group (healthy rats fed with 
normal rodent chow), negative control (obese+250 mg/
kg body weight of distilled water), positive control (obese 
rats receiving 20 mg/kgBW of Orlistat), test groups 1, 2 
and 3 all obese and receiving 250, 500, 1000 mg/kgBW 
of fish oil respectively by oral gavage. After 28 treatment 
days, oral glucose tolerance test was performed, fasting 
blood glucose, lipid profile (total cholesterol, triglycerides, 
high density lipoproteins, low density lipoproteins 

and very low density lipoproteins) and serum markers 
(aspartate aminotransferase, alanine transferase, lactate 
dehydrogenase and creatinine) were measured using 
commercial kits. The results from S. maderensis oil 
quality indices revealed that the FFA content (0.98 ± 
0.27%), IV (118.41 ± 5.83 gI2/100g), PV (7.94 ± 0.39 
meqO2/kg), P-AV (18.57 ± 0.30) and TOTOX (34.24 ± 
0.80) were all within the codex alimentarius commission 
recommended ranges meaning that oil may be safe for 
consumption. The fish oil significantly (p<0.05) decreased 
body weight, food intake and serum lipids (TC, TG and 
LDL-c) but increased HDL-c. Serum AST, ALT and insulin 
levels were significantly decreased (p<0.05). HOMA-IR, 
atherogenic index of plasma and AST/ALT ratio were all 
significantly decreased (p<0.05) in treated groups. All 
these results suggested that the oil showed a protective 
effect against cardiometabolic risks. This data may be 
useful for the design a preventive plan against obesity 
and cardiometabolic risks.

Keywords: Cardiometabolic risks, Obesity, Cardiometabolic 
dysfunction, Insulin resistance, Diabetes mellitus Type-2, 
Cholesterol

INTRODUCTION

Numerous evidences have shown that sustained con-
sumption of High-saturated Fat Diet (HFD) can result in 
obesity, diabetes mellitus type-2 and as well as other re-
lated diseases like cardiovascular diseases and cancer [1]. 
Cardiovascular Diseases (CVD) are on the rise in Sub-Sa-
haran Africa, and a large proportion of the adult popula-
tion is thought to sufer from at least one cardiometabolic 
risk factor [2]. In forty years, the prevalence of obesity has 
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doubled and one third of the world ‘s population (approx-
imately 39%) is overweight or obese [3]. In 2020, up to 
39 million children under the age of 5 were overweight 
or obese. There is an increased risk of cardiovascular dis-
ease associated with obesity and about 90% of obese 
people have diabetes mellitus type-2 [4]. The hypertri-
glyceridemia, one of the obesity phenotypes, is becoming 
a risk factor for many chronic diseases [5]. Obesity is a 
public health problem worldwide that contributes to the 
development of many metabolic alterations such as he-
patic steatosis, glucose intolerance and hypertension [6]. 
These metabolic derangements lead to the development 
of Type-2 Diabetes Mellitus (T2DM), non-alcoholic fatty 
liver disease and cardiovascular diseases, which are the 
main causes of morbidity and mortality in many countries 
[7]. Cardiovascular Diseases (CVDs) are the leading caus-
es of death globally, accounted for 17.7 million deaths in 
2016, and are mostly prevalent in low-to middle-income 
countries 2 [8]. Cardiovascular Diseases (CVDs), such as 
ischemic heart disease and stroke, are major causes of 
death worldwide [9]. Risk factors for CVDs include dyslip-
idemia, obesity, increased blood pressure and diabetes 
mellitus [10]. Diabetes grows worse over time and comes 
with major complications such as hyperlipidemia, and 
Cardiovascular Diseases (CVDs) [11]. According to statis-
tical data of the International Diabetes Federation, more 
than 450 million people suffered from diabetes worldwide 
in 2017, and this number was expected to hit 629 mil-
lion by 2045 [12]. Lifestyle changes which focus on proper 
nutrition and physical activity constitute the primary ap-
proach for treating obesity [13]. Fish oil rich in omega-3 
polyunsaturated fatty acids such as eicosapentaenoic acid 
and docosahexaenoic acid have been reported to reduce 
obesity [14-16] prevent cardiovascular disease risk [17- 19] as 
well as overcome the insulin resistance [14,20]. Sardinella 
maderensis is a sea fish commonly consumed in Camer-
oon but little information is available on its oil. Therefore, 
the aim of this study was to evaluate the effects of S. 
maderensis oil based Omega-3 PUFA supplementation on 
obesity, insulin resistance and cardiometabolic dyfunction 
in obese albino rats. Organisation of the template.

A template (with its file name ending on .dot, rather than 
on .doc) in Word

®
 is a “mold” that formats documents 

based on it. If you click ‘New’ on the ‘File’ menu, what 
you see and open are in fact templates. To use the Com-
puter Physics Communications template, you should first 
save it with the other templates, probably in a directory 
called ‘…\Microsoft Office\Templates’. If you cannot find 
it, go to the ‘Tools’ menu, choose ‘Options…’, click the 
‘File locations’ tab and see which directory is specified for 

‘User templates’. After saving the template in that direc-
tory, you can start using it via ‘New’ on the ‘File’ menu.

The template formats your text by using a Word
®
 feature 

called ‘Styles’. Styles define the format (or appearance) 
of a paragraph of text as regards letter size, indentation, 
line spacing, etc. If you’re not familiar with using styles, 
do not worry, the template arranges everything for you 
in a user-friendly way.

MATERIALS AND METHODS

Sample collection

Twenty-five kilograms of sardine with weight range from 
106-207 grams and length range from 19-21 cm were 
purchased from a cold store in Buea, South-west region 
at arrival as shown in Figure 1. Immediately after pur-
chase, they were placed in ice with a fish/ice ratio of 1:2 
(w/w) and transported to the Life Science Teaching Lab-
oratory of the University of Buea and kept in the freezer 
for future use.

Sample preparation: Prior to be used, the fish were 
thawed, the internal organs removed and the fish were 
washed to remove the residual blood. Bones, scales and 
fins were removed with the help of a sharp knife. Fish 
fillet were obtained by cutting the fish lengthwise along 
the backbone to obtain as much flesh as possible.

Oil extraction: The oil was extracted by the Bligh and 
Dyer method [21]. All the fillets were ground and mixed 
with water, chloroform, and methanol in solvent ratios 
1:1:4 (ml/ml/ml) respectively. The mixture was then 
blended, squeezed using a clean linen cloth, and filtered 

Figure 1. Sardinella maderensis
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solution required for the blank.

S=Volume in ml of standard sodium thiosulphate solution 
required for the sample. 

N=Normality of the standard sodium thiosulphate solu-
tion. 

W=Weight in g of the sample.

Peroxide value

Principle: It is based on peroxides liberating iodine from 
potassium iodide. That is, the amount of peroxides is cal-
culated back by the amount of sodium thiosulfate con-
sumed.

The peroxide value was determined by AOCS official 
method. The test oil sample was filtered through a What-
man filter paper to remove moisture and impurities. A 
0.5 g sample of filtered oil was accurately weighed to 
0.05 g in a 250 ml Erlenmeyer flask. 30 ml of 3:2 acetic 
acid chloroform was added and swirled to mix well. Two 
blank samples were simultaneously prepared without the 
addition of fish oil. To the samples, 0.5 ml of saturat-
ed potassium iodide solution was added and allowed to 
stand for exactly 1 min. Saturated potassium iodide solu-
tion was prepared by adding 10 g potassium iodide to 6 
ml boiled distilled water. After the standing time 30 ml of 
distilled water was immediately added to the oil samples 
and swirled to mix. The samples ware titrated against 0.1 
N sodium thiosulfate until the yellow iodine color disap-
peared. Starch indicator (2 ml) was added and the titra-
tion was continued against 0.1 N sodium thiosulfate until 
the blue color disappeared.

Calculation:

Peroxide Value (PV) = ( ) 1000S B N
W

− × ×  

Where:B =Volume of titrant, ml of blank

S =Volume of titrant, mL of sample

N =Normality of sodium thiosulfate solution

W =Weight of sample, (g)
P-anisidine value

Principle: Based on the fact that aldehydes derived 
from primary oxidation products such as peroxides will 
react with p-anisidine. 

P-anisidine value was determined by AOCS official meth-
od. A 0.5-4 ± 0.001 g sample of oil was accurately 
weighed in a 25 ml volumetric flask. The oil samples were 
then dissolved and diluted with 25 ml iso-octane. The 
Absorbance (AB) of the oil sample was measured at 350 

using a coffee filter paper number 2, within 10 to 15 
minutes. The polar phase, water and methanol were re-
moved using a separating funnel. Chloroform (lower liq-
uid layer) was collected and filtered using a coffee filter 
paper number 2 to remove moisture and impurities. Oil 
was obtained by evaporating the solvent at 40

o
C using a 

vacuum rotary evaporator.

Oil quality indices: Percentage free fatty acids

Colorimetric method principle: The free fatty acids 
in the sample, under conditions of pH<7.0 react with a 
chromagen to develop a colour whose optical density is 
proportional to the concentration of acidity of the fat, 
expressed as percentage of oleic acid. 

Into a 250 millilitres conical flask, 2 grams of oil were 
weighed and added, 100 ml of 95% ethanol previously 
neutralized with 2 ml of phenolphthalein indicator were 
also added. The conical flask was placed on a hot water 
bath until the oil was completely dissolved in the solvent. 
The hot solution was titrated with 0.1 mole KOH until a 
pink color appeared [22].

Calculation: Acid Value (AV) = 
56.1 100M Vx

W
× ×

 

Where V=Titre value

M=Molarity of KOH used 

W=Weight in grams, of sample

This acid value was then converted to percentage free 
fatty acids (%FFA) using the following formula [22]:

2.82 100% FFA
56.1
AV g× ×

=  

Iodine value

Principle: Fatty acids react with a halogen (iodine) re-
sulting in the addition of the halogen at the C=C double 
bond site.

Colorimetric method: 0.1 g of oil was weighed into a 
500 ml conical flask with glass stopper, to which 25 ml 
of chloroform was added. Approximately 25 ml of Wij’s 
solution was pipetted and the flasks were kept in dark 
for half an hour. A blank was carried out simultaneous-
ly in the same manner as test sample but without oil. 
Then, 15 ml of potassium iodide solution was added. The 
liberated iodine was titrated with standardized sodium 
thiosulphate solution, using starch as indicator at the end 
until the blue colour formed disappeared after thorough 
shaking with the stopper [22].

Iodine value (mg) =   

Where, B =Volume in ml of standard sodium thiosulphate 
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the experiment. During the experimental phase, a total 
of 36 adult albino rats were randomly and evenly distrib-
uted into six groups (numbered 1-6) of six animals each. 
High fat diet was fed to groups 2,3,4,5 and 6 for 60 days 
prior to treatment period.

Rats with Lee index greater than or equal to 310 were 
considered obese Figure 2 and oil treatment was done for 
28 days afterwards. The growth response, daily food and 
water intake of each group was calculated for the entire 
duration of the experiment.

Normal group: Healthy rats fed with normal rodent 
chow.

Negative control: Obese+distilled water (250 mg/
kgBW).

Positive control group: Obese rats with oral admin-
istration of 20 mg per kg body weight orlistat Figure 3 
for the last 28 days consecutively, 1/3 of that used by 
Bukhari et al. [24].

nm using a spectrophotometer. A 5 ml sample of oil was 
pipetted into one test tube and 1 ml of p-anisidine re-
agent will be added. Then, 5 ml of iso-octane was added 
to another test tube with 1 ml of p-anisidine reagent and 
used as a blank. The p-anisidine reagent was prepared 
by adding 0.25 g p-anisidine to 100 ml of glacial acetic 
acid. After 10 minutes, the Absorbance (AS) of the oil 
sample with the p-anisidine reagent was measured im-
mediately at 350 nm using a spectrophotometer.

Calculation:

P-Anisidine (P-AV) = ( )25 1.2 100AS AB x
W
−  

Where: AS=Absorbance of the fat solution after reaction 
with the p-anisidine reagent 

AB=Absorbance of the fat solution 

W=Weight of oil (g)

TOTOX value

The Totox value (Total Oxidation Value) will be obtained 
from the peroxide and the anisidine value by calculation.

2TOTOX PV p AV= + −  

Animal bioassay

Ethical consideration: An ethical clearance for ani-
mal handling and care was obtained from the Universi-
ty of Buea-Institutional Animal Care and Use Committee 
(UB-IACUC) with permit number UB-IACUC N0 03/2023 
in order to carry out this study.

Preparation of animal feed and formulation of the 
obese rat diet: Normal diet 600 grams of maize flour, 
200 grams of soya beans, 190 grams fish powder and 10 
grams of salt for every kilogram of food.

High Fat Diet (HFD), 600 grams of normal diet mixture, 
plus 290 grams of lard (saturated fat from pig), and 110 
grams of boiled egg yolk for cholesterol as reported by 
Othman et al. [23]. After a dough-like consistency formed 
using water, feed were shaped into small hand-balls and 
kept at 40◦C overnight to feed the rats in the next morn-
ing.

Induction of obesity, animal grouping and feed-
ing: Male albino rats aged 3-4 months, weighting 150-
200 grams was purchased at the animal house of the 
department of animal biology and conservation of the 
university of Buea, kept in the animal house of the fac-
ulty of science. The rats were allowed to acclimatize for 
a week in caged baths (containing sawdust) with water 
and food given ad-libitum before the commencement of 

Figure 2. Obese and healthy rat

Figure 3. Oral administration of 120 mg of orlistat
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Test groups 1, 2 and 3,Obesity+250, 500, 1000 mg/kg 
body weight of Sardinella maderensis oil respectively by 
oral gavaging according to Keapai et al. using a curved 
18 gauge, 2.25 ball diameter and 2 inches in length [25].

After 28 treatment days (at the end of the experiment), 
the rats were fasted overnight before being anesthetized 
with both ketamine (60 mg/kg) and xylazine (10 mg/kg), 
then whole blood was collected from the rats by cardiac 
puncture using 5 ml syringes [26].

Biochemical analysis

In order to evaluate the effect fish oil on the rats, the 
following tests were conducted:

Oral glucose tolerance test: The Oral Glucose Tol-
erance Test (OGTT) was used to test insulin resistance, 
according to the tests used in a previous study by de 
Castro Moreira et al. [27]. After the rats fasted for 12 h, 2 
g/kg body weight of glucose solution were administered 
by oral gavage to each rat. The blood glucose was col-
lected from a tail vein using a glucose meter according to 
the user instruction’s guideline (ACCU-CHEK per-forma, 
Roche Diagnistics GmbH, Mannheim, Germany) at 0, 30, 
60, 120 and 240 min, and the data expressed as an Area 
Under the Curve (AUC).

Fasting blood glucose and insulin measurement: 
Fasting blood glucose was measured at the end of the 
experimental phase. Serum was collected from the rats 
after centrifuging at 3000 rpm for 20 min. The serum 
insulin level was measured using a Fluorecare kit (Mi-
croprofit Biotech, Shenwhen, China) according to the 
manufacturer’s instructions. The insulin resistance index 
of Homeostatic Model Assessment for Insulin Resistance 
(HOMA-IR) was calculated according to the following for-
mula Salgado et al.[28]

 

Measurement of serum enzymes and lipid profile: 
Blood was placed into a sterile Vacutainer plastic tube 
(BD Vacutainer, Plymouth, UK). Serum was separated by 
centrifugation (3000 rpm, 20 min) and transferred to Ep-
pendorf tubes. All serum samples were stored at -80⸰C 
until analysis. Lipid profile (Triglycerides, total cholester-
ol, LDL-cholesterol, HDL-cholesterol, VLDL-cholesterol), 
and serum markers (aspartate transferase, alanine trans-
ferase, lactate dehydrogenase, creatinine) were mea-
sured with commercial kits (Chronolab).

Atherogenic index of plasma

Using results from the lipid profile tests for each group, 
the athrogenic index of plasma was calculated according 
to Dobiášová, et al. [29] using the formula:

( )10 /AIP Log TG HDL c= −  

AST/ALT ratio: Using results from the lipid profile tests 
for each group, the AST/ALT ratio was calculated accord-
ing to de Ritis et al.[30].

Statistical analysis: Data was analyzed using Graph-
Pad Prism version 8 (GraphPad Software, Inc, La Jolla, 
USA) and was expressed as mean ± SD and analyzed 
by one-way ANOVA analysis of variance with Bonfer-
roni test. The blood glucose Area Under the Curve 
(AUC) was calculated using excel 2013 with the formula 
AUC=(B1+B2)/2*(A2-A1). The results were considered 
as statistically significant when the P value was less than 
0.05.

RESULTS AND DISCUSSION

Oil quality indices

In order to know the safety of the Sardinella maderensis 
oil for consumption, the oil quality indices were analyzed 
and presented on the Table 1.
Table 1. Oil quality indices
Indices Value Codex safety 

level

Percentage free fatty 
acid (%)

0.98  ±  0.27 ≤ 2.5

Iodine value 
(gI2/100 g)

118.41 ±  5.83  

Peroxide value 
(meqO2/kg)

7.94 ±  0.39 ≤ 10

P-anisidine value 18.57 ± 0.30 ≤ 20

Total oxidation value 34.24 ±  0.80

Effect of sardinella maderensis on rats: Body weight and 
food intake

In an effort to explore the improvement in obesity, the 
change in body weight Figure 4 and the rats’ food intake 
were recorded weekly Figure 5.

The food intake from per week significantly increased 
(p>0.05) from week 1 to week 2 in all high fat diet fed 
groups when compared to normal group.

Serum lipid profile: To investigate the effect of fish 

≤ 40
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atherosclerosis, the Atherogenic Index of Plasma (AIP) 
was calculated and the values displayed on Figure 6.

There was a statistically significant decrease (p<0.05) in 
AIP in test groups 1, 2 and 3 when compared to the neg-
ative control group.

Assay of serum enzyme markers

As a means to inspect the effects of fish oil supplemen-
tation on cardiometabolic dysfunction, the level of serum 
enzyme markers (LDH, AST, ALT) and creatinine were 
assessed and shown in Table 3.

oil supplementation on the predisposition to obesity, car-
diovascular diseases and diabetes mellitus type 2, the 
serum lipid profile (TC, TG, HDL-c, LDL-c and VLDL-c) 
was assessed and presented on Table 2. The negative 
control group showed a significant increase (p<0.05) 
in TC, TG, LDL-c and VLDL-c but decreased HDL-c lev-
els when compared to the normal group. The positive 
control, test groups 1, 2 and 3 all showed a significant 
decrease (p<0.05) in serum TC, TG, LDL-c VLDL-c but 
increased HDL-c levels when compared to the negative 
control group. The highest dose of fish oil (1000 mg/kg 
BW) appeared to be more effective. To assess the risk of 

Figure 4. Weekly change in body weight per group
Note: ( ): Normal Group; ( ): Negative Control; ( ): 
Positive Control; ( ): Test group 1; ( ): Test group 2; ( ): 
Test group 3; significance; p<0.05)

Figure 5. Weekly food intake per group
Note: ( ): Normal Group; ( ): Negative Control; ( ): 
Positive Control; ( ): Test 1; ( ): Test 2; ( ): Test 3
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Table 2. Serum lipid profile

Groups Tests NG NC PC T1 T2 T3

TC 1888.88 2200.00 1766.66 1948.14 1788.88 1600.00

(mg/dl) ± 0.23b ± 157.13a ± 47.14c ± 26.36d ± 141.42e ± 0.09f

TG 2450 3316.66 2333.33 3366.67 2866.67 2766.67

(mg/dl) ± 212.13b ± 259.27a ± 0.06c ± 188.56a ± 77.12d ± 94.28e

LDL-c 191.53 1263.67 752.91 823.08 817.37 96.82

(mg/dl) ± 0.12b ± 135.11a ±18.42c ± 41.29d ± 0.20e ± 0.03f

VLDL-c 221.53 1263.67 752.87 893.51 586.75 83.48

(mg/dl) ± 42.42b ± 0.90a ± 0.05c ± 70.71d ± 75.42e ± 18.85f

HDL-c 1177.35 272.98 547.12 381.3 628.8 963.17

(mg/dl) ± 0.50b ± 29.83a ± 28.77c ± 88.35d ± 14.72e ± 0.04f

Note: NG: Normal Group; NC: Negative Control; PC: Positive Control; T1: Test group 1; T2: Test group 2; T3: Test group 3; Signif-
icance; p<0.05

Figure 6. Atherogenic index of plasma across the groups
Table 3. Serum enzyme markers

Groups NG NC PC T1 T2 T3

Tests

ALT 12.54 34.88 14.15 25.95 21.58 16.91

(µ/L) ± 2.06b ± 5.69a ± 1.34c ± 3.71d ± 4.94d ± 0.03c

AST 27.67 52.21 29.75 40.83 42.00 32.95

(µ/L) ± 8.24b ± 11.96a ± 2.6673b ± 3.29c ± 6.59d ± 2.88e

Creatinine 1.28 1.61 1.22 1.111 0.77 0.77

(mg/dl) ± 0.08a ± 0.39a ± 0.47a ± 0.68a ± 0.15b ± 0.15c

LDH 312.74 469.52 375.94 488.39 424.37 467.05

(µ/L) ± 68.49b ± 21.53a ± 18.57c ± 5.80a ± 56.88a ± 5.80a
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Homeostatic Model Assessment for Insulin Resis-
tance (HOMA-IR): In an effort to scrutinize the amount 
of insulin needed to keep the blood sugar in check, Ho-
meostatic Model Assessment for Insulin Resistance (HO-
MA-IR) was calculated from values of table 3 and the re-
sults represented on Figure 9. The decrease in HOMA-IR 
in the test groups was statistically significant (p<0.05) 
when compared to negative control.

In order to study the safety of Sardinella maderensis oil 
for consumption, the oil quality indices where evaluat-
ed. The oil contains 0.98 ± 0.27% of Free Fatty Acid 
(FFA); this value of FFA was within the safety range of ≤ 
2.5% recommended by the Codex alimentarius commis-
sion. This result was similarly to the FFA content (0.92 ± 
0.08%) obtained in the study of Aloo [31] for Oreochromis 
niloticus (tilapia) viscera oil unlike that of Cyprinos carpio 
(carp fish) (3.35 ± 0.02%) reported by Crexi et al. [32]. 
Also, FFA content was employed to assess fish deteriora-
tion during frozen storage de Koning et al. [33] suggesting 
that S. maderensis oil may have a long shelf life.

The iodine value indicates the number of reactive double 
bonds present in an oil. Ideally, this index is not a quality 
indicator but rather a composition indicator Miller [34]. A 
higher iodine value indicates more double bonds (unsat-
uration) inferring a high caution in terms of measures to 
reduce or slow down autoxidation. The iodine value of 
the S. maderensis oil was 118.41 ± 5.83 gI2/100 g and 
according to Mwangi et al. [35] the iodine value of fish 
oil can range up to 185 indicating a high level of double 
bonds (unsaturation). 

The peroxide value obtained (7.94 ± 0.39 meq O2/kg) 
was within the recommended range of ≤ 10 mill equiva-

In this study, all markers in three test groups showed sig-
nificant decline (p<0.05) except for LDH and creatinine 
when compared to negative control.

AST/ALT ratio: To determine the risk of cardiovascular 
diseases, the AST/ALT ratio was obtained and presented 
on Figure 7.

Oral glucose tolerance: In order to assess impaired 
glucose tolerance, the oral glucose tolerance test was 
conducted and the Area Under the Curve (AUC) was rep-
resented on Figure 8. The oral glucose loading induced 
significant increase of blood glucose level in rats of all 
groups. At the end of the test, curves were plotted for 
each group and the decrease between the area under 
each curve between the 3 test groups and the positive 
control group was statistically significant (p<0.05).

Figure 9. HOMA-IR per group
Note: NG: Normal group; NC: Negative control; PC: Posi-
tive control; T1: Test group 1; T2: Test group 2; T3: Test 
group 3; significance; p<0.05

Figure 7. AST/ALT ratio 
Note: NG: Normal Group; NC: Negative Control; PC: Pos-
itive Control; T1: Test group 1; T2: Test group 2; T3: Test 
group 3; significance; p<0.05)

Figure 8. Area Under the Curve (AUC) after glucose load-
ing
Note: NG: Normal Group; NC: Negative Control; PC: Pos-
itive Control; T1: Test group 1; T2: Test group 2; T3: Test 
group 3; significance; p<0.05)
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positively correlated with diabetes [43,44] and obesity in-
dicators [42,45]. AIP of plasma was significantly decreased 
(p<0.05) in the three test groups indicating a lower risk 
of obesity, CVDs and T2DM as compared to the negative 
control. It was equally noticed in other experiments that 
lower values of AIP turned to be healthier [42,45]. Although 
S. maderensis oil caused a significant reduction (p<0.05) 
in these parameters, they were still statistically higher 
than those of the normal control group. This implies that 
the S. maderensis oil has an ameliorative effect on the 
alterations of a lipid profile that occurs due to HFD con-
sumption. These results are important for showing that 
S. maderensis oil significantly reduced (P<0.05) TC, TG, 
HDL-c, LDL-c, and VLDL-c which is similarly to the study 
conducted by Haimeur et al., Godea et al [39,46]. Likewise, 
in this investigation there was a significant increase 
(p<0.05) of HDL-c level in serum observed by the effect 
of supplementation of S. maderensis oil in comparison 
with that fed on HFD and control diet. This is because 
fish oil raised lipoprotein lipase activity to produce more 
HDL-c which helped remove other forms of cholesterol 
from the bloodstream. Our findings were similar to those 
of Albracht et al. [47] but different from those of Han et 
al. in which there was no significant change (P>0.05) 
in HDL-c levels when compared to negative control rats 
[41]. The beneficial effect on serum lipid profile may be 
attributed to the fact that S. maderensis oil probably con-
tains omega-3 fatty acids, which contribute to lipid excre-
tion via bile, depleting the hepatic cholesterol pool and 
enhancing free cholesterol synthesis [41]. Hence, omega-3 
PUFAs, as mainly Eicosapentaenoic Acid (EPA) and Do-
cosahexaenoic Acid (DHA) are substrates for signaling 
molecules regulating the liver lipid metabolism Krebs et 
al., Bowen et al. [48,49]. This feature is achieved through (i) 
Transcriptional activation of FA oxidation by Peroxisome 
Proliferator-Activated Receptor alpha (PPAR-α); and (ii) 
Suppression of de novo lipogenesis via down-regulation 
of Sterol Regulatory Element-Binding Protein 1 (SREBP-
1c) Lombardo et al., Hernandez et al. [50,51]

Regarding serum enzyme markers, there was a signifi-
cant decrease (p<0.05) in AST and ALT levels but no sig-
nificant change (p>0.05) was observed in creatinine and 
LDH. Our findings in AST and ALT levels were in line with 
findings from other studies Aslam et al., Abdul-Lattif, Ga-
lal, et al.[52-54]. The release of ALT and AST from liver cells 
into the bloodstream represents hepatocellular damage. 
The absence of statistical difference between the groups 
can mean that there was not enough hepatocellular dam-
age to change the levels of liver markers as seen in LDH 
and creatinine [55,56].

lent of active oxygen/kg of oil by the Codex Alimentarius 
Committee for all edible oils [36]. This value is similar to 
that of other edible oils: Farmed salmon, seal, cod liv-
er and wild salmon oil were 9.17, 7.04, 6.92 and 5.13 
meqO2/kg oil, respectively Dave et al. [37] indicating a low 
level of primary oxidation products characterized by the 
presence of hydroperoxides in oil [37]. 

The P-anisidine value (18.57 ± 0.30) was within the rec-
ommended range of safety by the Codex Alimentarius 
Commission (P-anisidine value ≤ 20). Similarly, the p-Ani-
sidine values of farmed salmon, seal, cod liver and wild 
salmon oil were 3.36, 4.21, 6.20 and 9.67, respectively 
Dave et al. [37]. This P-Anisidine value suggests that S. 
madernsis oil may contain low secondary oxidation prod-
ucts such as aldehydes of α-and β-unsaturation [38].

The total oxidation value (34.24 ± 0.8) was within the 
recommended codex alimentarus commission safety 
range (TOTOX ≤ 40) for edible oils, indicating high pri-
mary (hydroperoxides) and secondary (aldehydes) oxida-
tive stability for storage [36].These oil quality indices sug-
gested that S. maderensis oil is good for consumption but 
it must not be kept exposed at room temperature. This 
fish oil was then administered to rats to see its effects on 
cardiometabolic risks.

Rats fed HFD with Sardinella maderensis oil supplemen-
tation showed a significant decrease (p<0.05) in body 
weight in comparison to the negative control group, but 
were still greater in weight than those of the normal con-
trol group. On the other hand, food intake significantly 
increased from week 1 to 4 in HFD fed groups when com-
pared to the normal group. These results are similar to 
the study done by Godea et al.[39] who reported that fish 
oil supplementation significantly reduced (p<0.05) body 
weight and proposed that the hypolipidemic and antioxi-
dant activities of fish oil are accountable for its favorable 
benefits on body weight gain. This means that the fish oil 
promoted lipid oxidation and excretion therefore leading 
to lose of weight.

Concerning lipid profile, HFD consumption manifested a 
significant (p<0.05) elevation in serum TC, TG, HDL-c, 
LDL-c, and VLDL-c in rats when compared to rats receiv-
ing the normal control diet. Similarly, it has been shown 
by other investigators that the levels of TC, TG, LDL-c 
and VLDL-c were substantially elevated in HFD rats in 
comparison to normal controls [40,41].

Atherogenic Index of Plasma (AIP) is an important pre-
dictor of cardiovascular disease (atherosclerosis) [42]. 
Many studies have reported that elevated AIP values are 
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of Sardinellla maderensis oil on insulin resistance and 
biomarkers of cardiovascular function in obese albino 
rats. Sardinellla maderensis oil was extracted, character-
ized and given to rats fed with high fat diet. Then se-
rum enzyme markers, lipids and insulin resistance were 
evaluated. The percentage free fatty acid, iodine value, 
total oxidation value, peroxide value and P-anisidine val-
ue were all within the recommended codex alimentarius 
commission range implying the oil is stable at room tem-
perature and safe for consumption. Sardinella maderen-
sis oil significantly decreased (P<0.05) body weight and 
serum lipids (TC-c, TG, VLDL-c and LDL-c) but increased 
HDL-c. AST and ALT were significantly decreased unlike 
creatinine and LDH which both showed no significant 
change (P>0.05). The serum insulin level and HOMA-IR 
were significantly diminished in S. maderensis oil treated 
groups. Implying the oil showed beneficial effect in treat-
ing obesity and cardiometabolic dysfunction. This data 
may be useful to design a preventive plan for cardiomet-
abolic risks.
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