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Hyperlipidemia is the major risk factor of arteriosclerosis, coronary heart diseases and death. Phenolic compounds
have been shown to offer the protection against cardiovascular complications. In the present study, we studied the
effect of semisynthetic phenolic compounds on the hyperlipidemic mice fed with high fat diet (cholesterol, cholic
acid and peanut oil). Phenolic compounds were mixed with HFD and the dose of the test compounds were 1 0mg/kg
for 6 weeks. After 6 weeks, the average body weight of lab diet, HFD, standard and test compounds were evaluated.
Average body weight of test compound 1, test compound 2 and test compound 3 showed insignificant results (P>1)
as compared to the standard drug (Atorvastatin in this study). The liver weight of mice increased (P>1) in all
treatment groups relative to standard drug fed group. The plasma lipids such as triglyceride and LDL-cholesterol
were found to be increased (P>1) in Test compound 1, test compound 2 , test compound 3 and HFD fed mice
when compared to that of standard drug ( Atorvastatin) fed mice. But high-density lipoprotein (HDL) cholesterol
increased in standard when compared to that of lab diet fed mice, HFD and test compounds. In conclusion, the
supplementation of semi synthetic phenolic compounds may have a weak potential of hypolipidemic effect on mice

fed high-fat diet.

1. Introduction

It is seen that most of the deaths are occurring due to diseases of
cardiovascular system. There is a significant impact of lifestyle changes on
the quality of health. Utilization of food highly rich with saturated fat and
having low fiber content is one of the factors of disarray in energy balance.
It is now evinced that hyperlipidemia is depicted as a major risk factor
for the premature development of atherosclerosis and its cardiovascular
complications. The prevalence of obesity has doubled in the past 25
years; today, twothirds of adults are overweight in the United State [1].
Hyperlipidemia is a disorder characterized by the increase in blood low-
density lipoprotein (LDL), total cholesterol (TC) and triglycerides (TG).More
than 3 million people have this genetic disorder in the United States and
Europe. This condition is an indicator of both coronary artery disease and
atherosclerosis and is the main cause of cardiovascular disease worldwide.
An accepted mean of treating the patients with hyperlipoproteinemia and
atherosclerosis is lowering the serum triglycerides (TG) and increasing
high-density lipoproteins (HDL) [2].

2. Material and Method
2.1. Materials

Normal lab diet, high fat diet including cholesterol, cholic acid, peanut oil,
standard drug (Atorvastatin in this study), test compound 1, test compound
2 and test compound 3.

2.2. Methods
2.2.1. Animals

36 mice (5-week-old female) were obtained, kept in National Institute of
Health and left to be acclimatized for 1 week before the experiment started.
A total of 36 mice were divided into 6 experimental groups with each 6 mice
per treatment group. Animals were kept in normal laboratory conditions
of temperature 23 + 1 °C and ambient humidity 55 +5%. Mice were housed
in stainless steel cages individually and kept in an isolated room. Lights
were maintained on an artificial 12h light-dark cycle. . All mice were
weighed weekly during 6 weeks of experimental period Animal cares was
in accordance to the guidelines established and approved by the National
institute of Health

2.2.2. Diets
All diets were based on National Institute of Health (NIH) recommendations

Mice were fed with high fat diet containing cholesterol, cholic acid, peanut
oil and normal laboratory diet for 6 weeks. Standard drug (Atorvastatin in

this study), Test compound 1, test compound 2 and test compound 3 was
mixed with high-fat diet (HFD) and the composition of the test compounds
was 10mg/kg.

2.2.3. Procedure for Antihyperlipidemic activity

A total of 36 mice were divided into 6 experimental groups with each 6
mice per treatment group. Test compound 1, test compound 2 and test
compound 3 was mixed with high-fat diet (HFD) and the dose f the test
compounds were 10mg/kg. Group I received Normal laboratory diet, Group
II received high-fat diet, Group III received standard drug (atorvastatin in
this study) along with high-fat diet, Group IV received test 18 compound
1 along received with high-fat diet, Group V received diet test compound 2
along with high fat diet and Group VI received test compound 3 along with
high fat diet. Mice had free access to feed and water throughout the study.
The specified quantity of test compound and standard was dissolved in 1mL
of DMSO and mixed with water supplied to mice. All mice were weighed
weekly during 6 weeks of experimental period. The activity was continued
for 6 weeks under controlled laboratory conditions (temperature 23+ 1°C
and ambient humidity 55 +5%).

2.2.4. Blood collection and analysis

At the end of the experimental period, the animals were anesthetized.
Blood samples were collected from the retro orbital vein. The serum was
separated by centrifugation at 2500xg for 15min at 4 BC. The amount of
serum triglyceride, total cholesterol, HDL- cholesterol, and LDL-cholesterol
were assayed automatically using an ADVIA 1650 lipid analyzer (Bayer,
Wuppertal, Germany)

2.2.5. Statistical analysis

For determination of change of body weight, liver weight, plasma
lipids, HDL and LDLcholesterol, individual mouse was considered as an
experimental unit. All data were analyzed by SPSS software general linear
model procedure was performed and mean values and standard error were
reported.

2.2.6. Results and discussion

Hyperlipidemia is one of the greatest risks of developing cardiovascular
disorders and complications. It is characterized by increase in low density
lipoprotein, total cholesterol and triglycerides. Natural phenolic compounds
have been reported to show protection against atherosclerosis and metabolic
disorders like hyperlipidemia, hyper glycaemia, and hypercholesterolemia.
A study was conducted on catechin compounds derived from green tea;
mice were fed a diet high in cholesterol and fat, after 4 weeks of treatment
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the rate of cholesterol absorption, total cholesterol low-density lipoprotein
plasma levels were measured. Catechin compounds have been shown to
reduce plasma cholesterol levels significantly in the group fed with these
compounds. This study showed significant results [3] The present study is
aimed to check the lipid lowering effect of synthetic phenolic compound
in ah high- fat diet (HFD) induced hyperlipidemic mice. Effect of phenolic
compounds on biochemical parameters including serum total cholesterol
(TC), triglycerides (TG), high-density lipoprotein (HDL), and low-density
lipoprotein (LDL) will be estimated in HFD induced hyperlipidemic mice.
The results obtained are then compared with the effects of marketed
product Atorvastatin. 36 mice (5-week-old female) were obtained and left to
be acclimatized for 1 week before the experiment started. A total of 36 mice
were divided into 6 experimental groups with each 6 mice per treatment
group. Animals were kept in normal laboratory conditions of temperature
23 + 1°C and ambient humidity 55 +5%. Lights were maintained on an
artificial 12h light-dark cycle. All mice were weighed weekly during 6
weeks of experimental period. Mice were fed with high fat diet containing
cholesterol, cholic acid, peanut oil and normal laboratory diet for 6 weeks.
Test compound 1, test compound 2 and test compound 3 was mixed with
high-fat diet (HFD) and the composition of the test compounds was 10mg/
kg. Group I received Normal laboratory diet, Group II received high fat diet,
Group III received standard drug (Atorvastatin in this study) along with
high fat diet, Group IV received test compound 1 along received with high
fat diet, Group V received diet test compound 2 along with high fat diet and
Group VI received test compound 3 along with high fat diet.

2.2.7. Body weight

Weights of the mice were taken after every week. Every group showed
increase in weight Table 4.1 shows the weight of the animals in all six cages,
each containing six mice at the start of experiment (zero week). These
animals have received lab diet, high fat diet, standard drug, test compound
1, test compound 2 and test compound 3 respectively .The average weight
of the animals receiving lab diet was 22.2g,the average weight of the animals
receiving high fat diet was 21.9g, the average weight of the animals receiving
standard drug ( atorvastatin in our study) was 22.36g ,the average weight
of the animals receiving test compound 1 was 22.43, the average weight of
the animals receiving test compound 2 was 21.13g and the average weight
of the animals receiving test compound 3 was 20.81g.

Weight of animals at the start of experiment (g) t
{zero week)

Lab diet High fat diet Standard  Test 1 Test 2 Test 3

1 25 193 24 19 269 29
2 219 i 254 244 218 28
3 221 232 41 31 139 19.1
4 238 29 195 203 20.6 16.3
5 245 0.7 209 205 13 213
L] 184 219 219 24 255 173

Total 1332 1314 1342 1346 126.8 1249
Average 22 219 2236 n4a 2013 2051

Table 4.2 shows the weight of the animals after 1 week. The average weight
of the animals receiving lab diet was 22.85g, the average weight of the
animals receiving high fat diet was 22.98g, the average weight of the animals
receiving standard drug (Atorvastatin in this study) was 22.66 g, the
average weight of the animals receiving test compound 1 was 23.25g, the
average weight of the animals receiving test compound 2 was 21.65g and
the average weight of the animals receiving test compound 3 was 21.01g.
The increases in weight of the animals have been shown after first week as
compared to zero week.

Table 4.2 Table representing weights of the animals after first week

Weight of animals after first week (g)
Lab diet  High fat diet Standard Test 1 Test 2 Test 3
1 pER 14 116 26 272 231
2 kiR i35 257 253 229 282
3 ns 12 243 Al 142 192
4 212 02 198 08 212 186
3 25 4 212 26.7 18.2 216
] 184 212 224 22 262 174
l'otal 1371 1379 136 1595 1299 128.1
Average 2285 29 2166 2525 2165 2101

Table 4.3 shows the weight of the animals after second week. The average

weight of the animals

receiving lab diet was 25.33g, the average weight of the animals receiving
high fat diet was

28.5g, the average weight of the animals receiving standard drug
(Atorvastatin in this study) was

24.96g, the average weight of the animals receiving test compound 1 was
28.75g, the average

weight of the animals receiving test compound 2 was 27.36g and the average
weight of the

animals receiving test compound 3 was 25.6g. The increases in weight of the
animals have been

shown after second week as compared to zero and first week.

Table 4.3 Table representing weights of the animals after second week

Weights of animals after two weeks (g)
Lab diet  High fat diet ~ standard  Test1 Test2 Test3

1 327 235 243 269 315 23

2 2 17 77 206 332 30

3 269 38 269 235 2135 26.3

4 192 79 K 302 n1 251
5 174 o} 24 33 18 276

] 248 263 258 0 185 20
Total 152 171 1498 1725 164.2 154
Average 2533 5 2496 2875 2736 156

Table 4.4 shows the weight of the animals after third week. The average
weight of the animals receiving lab diet was 26.91g, the average weight of
the animals receiving high fat diet was 29.23g, the average weight of the
animals receiving standard drug (Atorvastatin in this study) was 26.45g, the
average weight of the animals receiving test compound 1 was 29.81g, the
average weight of the animals receiving test compound 2

22 was 28.34g and the average weight of the animals receiving test
compound 3 was 27.03g. The increases in weight of the animals have been
shown after third week as compared to zero, first and second week.

Table 4.4 Table representing weights of the animals after third week

Weights of animals after third week (g)

Lab diet Fat diet standard  Test 1  Test 2 Test 3

1 333 294 26.7 . 319 215

2 27 279 88 298 333 303

3 9.1 309 276 17 278 174

4 21 0.1 234 294 273 272

5 35 302 256 326 2935 2717

] 258 2746 2646 D4 20 1
Tstal 1615 175.1 1587 1789 170.05 1622
Average 2691 2923 2645 2981 834 2703

Table 4.5 shows the weight of the animals after fourth week. The average
weight of the animals

receiving lab diet was 28.58g, the average weight of the animals receiving
high fat diet was

30.03g, the average weight of the animals receiving standard drug
(Atorvastatin in this study) was 28g, the average weight of the animals
receiving test compound 1 was 31.1g, the average weight of the animals
receiving test compound 2 was 29.46g and the average weight of the
animals receiving test compound 3 was 28.65g. The increases in weight of
the animals have been shown after fourth week as compared to zero, first,
second and third week.

Table 4.5 Table representing weights of the animals after fourth week

Weights of animals after fourth weeks (g)
Lab diet Fat diet standard Test 1 Test 2 Test 3
1 319 273 274 31 331 31
2 245 30 263 311 347 30.7
3 314 343 2.9 30 306 2865
4 251 302 256 286 174 294
5 297 0.4 274 34 27 279
6 269 28 28.4 313 213 243
T'otal 1715 1802 168 1866 176.8 171.95
Average 28.58 30,03 28 31 2046 28.65
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Table 4.6 shows the weight of the animals after fifth week. The average
weight of the animals receiving lab diet was 30.69g, the average weight of
the animals receiving high fat diet was 32.95g, the average weight of the
animals receiving standard drug (Atorvastatin in this study) was 28.5g, the
average weight of the animals receiving test compound 1 was 32.26g, the
average weight of the animals receiving test compound 2 was 30.54g and
the average weight of the animals receiving test compound 3 was 30.14g.
The increases in weight of the animals have been shown after fifth week as
compared to zero, first, second, third, fourth and fifth week.

Table 4.6 Table representing weights of the animals after fifth week

Weights of animals after fifth week (g)

Lab test Fatdiet  Standard Test]  Test?  Testd

1 M5 ] 9 332 339 M

2 n1 k) M8 3lE 355 3L

3 337 341 276 33 322 M8

4 2805 35 264 278 203 315

5 308 356 296 353 29.63 2803

] 179 36 b 332 27 264
Total 184.15 197.7 171 193.6 18325 18085
Average 30.69 3295 835 226 3054 0.4

Table 4.7 shows the weight of the animals after sixth week. The average
weight of the animals receiving lab diet was 31.85g, the average weight of
the animals receiving high fat diet was 33.85g, the average weight of the
animals receiving standard drug (Atorvastatin in this study) was 29.76g, the
average weight of the animals receiving test compound 1 was 33.46g, the
average weight of the animals receiving test compound 2 was 31.65g and
the average weight of the animals receiving test compound 3 was 31.66g.
The increases in weight of the animals have been shown after sixth week as
compared to zero, first, second, third, fourth, and fifth week.

Table 4.7 Table representing weights of the animals after sixth week

Weights of animals after sixth week{g)
Lab test Fatdiet  standard Test 1 Test 2 Test 3
1 351 3l 298 353 347 7
2 28 ile 99 126 363 115
3 i6 332 294 M6 338 k)|
4 k)| 352 99 n 32 137
3 32 36 298 367 296 %2
6 2 6.1 pLR ] 4.6 242 286
Total 191.1 203.1 178.6 2008 189.8 190
Average 3185 1385 2978 EERT 3165 il.66
a5
30 | ——Lab diet
=—#—High fat diat
25 4 —#—Standard
i tEST COMPOUnd 1
20 é=test compound 2
~@—Test compound 3
15
10
5
o T T T T T 1
1 2 3 4 5 6

Fig 4.1: line graph representing average weight of animals of different
groups

There is a steady increase in the average weight of the animals receiving
lab diet from week 1 to week 6 as sown in fig.4.2. In case of high fat diet
receiving animals there is a rapid increase in the average weight of animals
from week 1 to week 2, then steady increase is seen from week 2 to week 6
as shown in fig.4.3. Steady increase is a seen in animals receiving standard
drug (Atorvastatin in our study) from week 1 to week 6 as shown in fig.4.4.
Abrupt increase in average weight of animals is also seen in group receiving
test compound 1, 2 and 3 from week 1 to week 2 then consistent increase
of average weight is seen in 2 to week 6 as shown in fig. 4.5, 4.6 and 4.7
respectively.
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Fig.4.2 line graph representing body weight of animals receiving lab diet
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Fig.4.3 line graph representing body weight of animals receiving high fat
diet
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Fig.4.5 line graph representing body weight of animals receiving test
compound 1
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Fig.4.6 line graph representing body weight of animals receiving test
compound 2
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Fig.4.7 line graph representing body weight of animals receiving test
compound 3

2.2.8. Increase in percentage body weight

The average body weight of all experimental animals was increased in
corresponding increase in experimental schedule as shown in table 4.8.
At the end of 6 weeks the HFD group showed the highest percent increase
in average body weight which was found to be 54.56%. Test compound 1
showed 49.17% increase in average body weight, test compound 2 showed
49.78% increase in average body weight and test compound 3 showed
52.13% increase in average body weight. Test compounds nearly similar
patterns in percent increase of body weight as that of HFD group. The group
receiving standard drug showed 33.09% increase in average body weight as
shown in fig.4.8.

Table 4.8 Table representing average weights of the animals of different
groups from week 1 to week 6 (g)

Percent increase

Hlabdiet W high fat diet W standard

Wtest compound 1 B test compound 2 B test compound 3

1% 45.78% 52.13%
43.46%
] 33.09%
lab diet high fat diet standard  test compound test compound test compound

1 2 3

Fig 4.8 Bar graph showing percent increase in the average weight of the
animals of different group. These results suggested that the newly semi
synthesized phenolic compounds show insignificant results when compared
with the positive and negative control.

2.2.9. Liver weight

Liver weight of the mice was determined after supplementation of high
fat diet with test compound 1, test compound 2, test compound 3 and
standard drug (Atorvastatin in this study) for 6 weeks as shown in table
4.9. Average liver weight of the mice group fed with high fat diet (1.23g) was
significantly similar as compared to that of test compound 1 (1.13g), test
compound 2 (1.17g) and test compound 3 (1.21g). There was an increase
in the liver weight of the experimental animals group supplemented with
high fat diet. Standard drug (Atorvastatin in this study) supplemented mice
(1.03g) showed the lowest liver weight as compared to experimental groups
supplemented with test compound 1, test compound 2 and test compound
3 as shown in fig.4.9

Table 4.9 Table representing average liver weight of experimental animals
at the end of sixth week

Group Liver weight (g)
Lab diet 0.9
High fat diet 1.23
Standard L.03
Test compound 1 113
Test compound 2 117
Test compound 3 1.21
Liver weight
Hlab diet W high fat diet o standard

Week | Lab diet | High fat dict | Standard | test compound | | test compound 2 | Test compound 3
0 122 219 1236 n4 2113 2081
1 | 2285 20 1266 131 1165 2101
7 | BB iS5 2496 875 1736 256
3 | 2691 %7 2645 2981 834 2703
g | 838 30.03 i 31 2946 28.65
5 | 3069 3295 285 .2 3054 3014
6 | 318 3385 29.76 3346 3165 31.66

Mtest compound 1 M test compound 2 W test compound 3

123g 117g 1.21g
ME I I I
Iab diet high fat diet standard  test compound test compound test compound

1 1 3
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Fig. 4.9 Bar graph showing average liver weight of the animals of different
groups

2.2.9. Plasma lipid profile

Plasma lipid profile that includes cholesterol, triglycerides, high-density
lipoprotein, and low-density lipoprotein was evaluated as showed in table
4.10. Supplementation of the high fat diet (HFD) significantly increased total
cholesterol, HDL and LDL compared with lab diet fed mice. Standard drug
showed decreased total cholesterol, triglycerides, LDL and increased HDL
as compared to HFD group as the activity of the standard drug Atorvastatin
is proven. Test compound 1, test compound 2 and test compound 3 showed
nearly similar results of lipid profile as that of high fat diet fed mice as
shown in fig.4.10.

Table 4.10 representing plasma lipid profile of mice fed high fat diet with
standard, test compound 1, test compound 2 and test compound 3 (mg/dl)

Giroups Total Triglyeerides High-density | Low-density
cholesterol lipoprotein lipoprotein
(HDL) (LDL)
Lab diet 928 866 334 416
High fat diet 3862 162 36.2 374
Standard 165.4 1144 49 89
Test compound 1 369.7 160.8 326 309.1
Test compound 2 3751 162.8 344 i3
Test compound 3 774 1599 in4 i34
500
450
400
350 i
300 I
50 I M Total cholesterol
200 B Trighycerides
150 1
& High-density lipoprotein (HOL)
100 -
5 B Low-density lipoproteln [LOL)
0

Fig.4.10 Bar graph showing plasma lipid profile of different experimental
groups

Conclusion

In the present study antihyperlipideic activity was performed in high
fat diet induced hyperlipidemic mice models. It was indicated that there
is insignificant diffrence in the average body weight, liver weight and
plasma lipid profile of the phenolic test compound 1, test compound 2
and test compound 3 as compared with the standard drug (Atorvastatin
in this study). Although the antihyperlipidemic activity of these phenolic
compounds is not strong but literature showed that phenolic compounds
show cardiac potential so that these compounds should be evaluated for
their cardiovascular potential like cyclooxygenase inhibition, antithrombotic
and vasodilator activity.
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