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 5 
Abstract 6 

 Introduction: There has been sufficient awareness on atherosclerosis but this has not reduced 7 

the number of people with it. Atherosclerosis is promoted by low density lipoprotein (LDL) 8 

without sufficient removal of fats and cholesterol by high density lipoprotein (HDL). Stress is 9 

linked with hyperlipidemia, lowering HDL and increasing LDL levels. Citrus Limon is known 10 

for its rich minerals and flavonoid content which have been employed widely. This study is 11 

aimed at assessing the effects of citrus Limon on Bilirubin, HDL and LDL levels.  12 

Place and Duration of Study: Department of physiology, Delta State University Abraka. 13 

Methods: Experimental animals were divided into six groups. Group I were control group rats 14 

fed with feed ad libitum, Group II were negative control rats (stressed but not treated), Group III-15 

V were rats stressed and treated with 0.5ml/kg, 1ml/kg and 2ml/kg of Citrus Limon juice 16 

respectively, Group VI treated with 0.2ml/kg of Vitamin C. The animals were sacrificed by 17 

cervical dislocation after 14 days and blood samples were collected for biochemical analysis. 18 

Data were analyzed using SPPS and expressed as Means±Standard Error of Mean with 19 

significance at p<0.05.     20 

Results: Results showed that stress significantly (p<0.05) increased bilirubin and LDL and 21 

reduced HDL levels. Result also showed that Citrus limon administration significantly reduced 22 

serum bilirubin and LDL but increased HDL levels in experimental animals after 14 days. 23 

Conclusion: This study concludes that stress raises serum bilirubin and LDL levels and reduces 24 

HDL levels thus a major risk factor towards development of atherosclerosis. Administration of 25 

Citrus limon juice however reduces serum bilirubin and LDL while increasing HDL levels. 26 
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 30 

1.0  Introduction 31 

Stress is a threat to homeostasis
 [1]

 which affects different body systems 
[2]

 and causes 32 

several diseases in both humans and experimental animals.
[3]

 Many studies have reported the 33 

effect of stress on lipid metabolism.
[4]

 Stress increases low-density lipoprotein (LDL) and 34 

decreased high density lipoprotein (HDL) level 
[5, 6]

 LDLs cause atherosclerosis 
[7, 8]

, but 35 

HDL reduces the risk of cardiovascular diseases.
[9-12]

 Stress also increases bilirubin level.
[13]

 36 

Citrus Lemon fruit juice possesses alkaloids, flavonoids, steroids, terpenoids, saponins, 37 

cardiac glycosides, and reducing sugars which has been shown to have broad spectrum of 38 

biological activities 
[14-18]

 and has significantly decreased LDL level
[19]

, but raises HDL level 39 

in animal models
[20]

 and decreased bilirubin levels in carbon tetrachloride (CCl4)-intoxicated 40 

rats. 
[21] 

41 

 42 

2.0 Materials and Methods              43 

2.1 Experimental Animals 44 

The rats used in this study were adult male Wistar rats weighing between 150-200g. The 45 

animals were bred and procured from the Laboratory Animal Centre of the Faculty of Basic 46 

Medical Sciences, University of Nigeria Nsukka, Nigeria. The rats were housed in plastic 47 

cages under standard laboratory conditions and fed with standard rat chow and water ad 48 

libitum. The animals were handled in compliance with the guidelines approved by the 49 

institution’s Ethics Committee. 50 

 51 

UNDER PEER REVIEW



2.2 Preparation of plant 52 

Fresh Citrus limon fruits was obtained in Abraka, Ethiope East Local Government Area 53 

of Delta State, Nigeria. The fresh Citrus limon fruits were washed with tap water, peeled and 54 

the juice squeezed out with manual juicer. The juice obtained was filtered with Whatmann 55 

filter paper.  56 

2.3 Preparation of drug 57 

One hundred milligram (100mg) of vitamin C tablets was used. Each tablet (100mg) was 58 

dissolved in 10ml of distilled water. The mixture was centrifuged to obtain clear Vitamin C 59 

solution, which was then administered orally (0.2ml/kg) for fourteen days. 60 

2.4 Animal Grouping and Administration of juice 61 

Forty two (42) adult male wistar rats were divided into 6 groups (n=7). Administration of 62 

Citrus limon juice was done once daily (only in the morning) using orogastric cannula for a 63 

period of fourteen days. 0.5ml/kg, 1ml/kg and 2ml/kg was administered to the rats. 64 

Group 1: Control 65 

Group 2: Negative control (stressed and untreated) 66 

Group 3: Stressed rats + low dose (0.5ml/kg) 67 

Group 4: Stressed rats + medium dose (1ml/kg) 68 

Group 5: Stressed rats + high dose (2ml/kg) 69 

Group 6: Stressed rats + 0.2ml/kg of Vitamin C 70 

Stress models 71 

i. Movement restriction (immobilization) model of stress was performed on the experimental 72 

rats. The rats were placed in plastic tubes (inner diameter, 5.7cm; length, 20.3 cm) that 73 

completely restrict lateral movement of the rats and markedly reduced their front-to-back 74 

movement. One end of the tube remained open to allow breathing. Once inside the tubes, the 75 
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plastic tubes containing the rats were placed in a horizontal orientation. The animals were 76 

exposed daily to three hours (4hrs) of stress in the morning (between 9:00am and 1:00pm). 77 

ii. Water restriction stress was done by restricting the animals from water for 12hours after 78 

which Citrus limon juice was administered. 79 

iii. Feed restriction stress was also done by restricting the animals from feed for 12hours after 80 

which Citrus limon juice was administered. 81 

2.6 Analysis of sample 82 

Total bilirubin, HDL and LDL was determined using the Prietest Auto analyzer, Easy 83 

Lab, Version 2.1 (Labtech Product, UK). 84 

 85 

 86 

2.7 Sacrificing of animals and Collection of sample 87 

Blood samples were collected on day 7 and 14 and the animals were sacrificed by 88 

cervical dislocation. Blood was collected by cardiac puncture using 2ml syringes into plane 89 

containers and centrifuged to obtain serum for bilirubin, HDL and LDL analysis. 90 

2.8 Statistical Analysis:  91 

Data obtained were expressed as Mean ± Standard Error of Mean (SEM). Statistical 92 

analysis were performed by one way analysis of variance (ANOVA) using the SPSS software 93 

(version 21). A p-value of less than 0.05 (p < 0.05) was considered statistically significant. 94 

 95 

 96 

3.0 Results 97 

This result shows representation of the effects of Citrus limon juice on serum total bilirubin, 98 

HDL and LDL levels. 99 

3.1 Effects of Citrus lemon juice on total bilirubin level of stress induced Wistar rats. 100 
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This study shows the effect of Citrus limon fruit juice on serum bilirubin. Stress causes 101 

significant (p=.05) increase in serum bilirubin level at day 7 and day 14 respectively. Citrus 102 

lemon juice reduced the serum bilirubin level in a dose dependent manner. 0.2ml/kg of 103 

Vitamin C caused similar effect to the rats in negative control by decreasing the serum 104 

bilirubin level. At day 14, Citrus lemon juice and Vitamin C also caused a significant (p=.05) 105 

decrease in serum bilirubin level when compared with negative control. 106 

 107 

 108 

Fig. 3.1.  Effects of Citrus limon juice on total bilirubin level of stress induced Wistar rats. 
109 

 a p=.05 when compared to control at day 7 and 14 
110 

* p=.05 when compared to negative control at day 7 
111 

# p=.05 when compared to negative control at day 14 
112 

 113 
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3.2 Effects of Citrus limon juice on High density lipoprotein (HDL) level of stress 117 

induced Wistar rats. 118 

This study shows the effect of Citrus limon juice on serum HDL level. Stress causes a 119 

significant (p=.05) decrease in serum HDL level at day 7 and 14 days respectively. At day 7, 120 

Citrus limon juice does not significantly increase HDL in experimental animals when 121 

compared with negative control rats. However, at day 14, Citrus limon juice (2ml/kg) 122 

significantly (p=.05) increased HDL level when compared with negative control rats. At day 123 

7 and 14 respectively, administration of 0.2ml/kg of Vitamin C does not cause any significant 124 

change in the HDL level when compared with negative control rats.  125 

 126 

Fig. 3.2.  Effects of Citrus limon juice on HDL of stress induced Wistar rats. 
127 

a p=.05 when compared to control at day 7 and 14 
128 

# =.05 when compared to negative control at day 14 
129 

 130 
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Fig 3.3. Effects of Citrus limon juice on Low density lipoprotein (LDL) level of stress 134 

induced Wistar rats. 135 

This study shows the effect of Citrus limon on serum LDL level. Stress causes a significant 136 

(p=.05) increase in serum LDL level at day 7 and 14 respectively. At day 7, Citrus limon 137 

(1ml/kg and 2ml/kg) administration significantly (p=.05) decreased the serum LDL level in 138 

stressed rats. Also, administration of vitamin C has no significant effect in reducing serum 139 

LDL level at day 7. However, at day 14 of stress, Citrus limon (2ml/kg) causes significant 140 

(p=.05) reduction in serum LDL level when compared with negative control. Vitamin C 141 

administration at day 14, also does not reduce the LDL level. Hence, Citrus limon (1ml/kg, 142 

2ml/kg) shows a more potent effect in reducing serum LDL level than 0.2ml/kg of vitamin C. 143 

 144 

 145 

 
146 

Fig. 3.3.  Effects of Citrus limon juice on LDL of stress induced Wistar rats.a p=.05 when compared to control 
147 

* p=.05 when compared to negative control at day 7 
148 

# p=.05 when compared to negative control at day 14. 
149 
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4.0 Discussion 150 

At the end of the experiment, there was significant increase in plasma bilirubin as a result of 151 

stress. However, upon administration of Citrus limon juice, there was a significant (p<0.05) 152 

decrease in serum bilirubin level in a dose dependent manner. This observation may be ascribed 153 

to the presence of certain phytochemicals of the Citrus limon juice, which was previously 154 

reported to contain polyphenols, terpenes and flavonoids.
[17, 22]

 This observation is also in 155 

agreement with the study reported by Shefalee.
[21]

 Since Citrus limon juice has been reported to 156 

contain great deal of vitamin C an antioxidant, the consequent significant reduction in bilirubin 157 

following Citrus limon juice may be ascribed to the antioxidant effect exerted by this fruit due to 158 

the presence of this compound. 
[23] 

159 

High density lipoprotein (HDL) is known for removing and transporting unused and excess 160 

cholesterol from the tissues back to the liver (reverse cholesterol transport) for catabolism and 161 

excretion; this therefore connotes that HDL is beneficial to health and hence commonly called 162 

“good cholesterol”. In the present study, stress decreases HDL level significantly, a result that 163 

corroborates previous studies
6
. HDL level in the present study was increased significantly in the 164 

experimental animals administered with Citrus limon juice (2ml/kg) for 14 days. This shows that 165 

Citrus limon juice have HDL-boosting effect. This result is also consistent with the results 166 

reported by Kamal 
[20]

 that citrus peels powders raised HDL cholesterol level but reduces LDL 167 

level. Administration of vitamin C for 7 and 14 days respectively does not show similar effect as 168 

Citrus limon. However, Itoh 
[24]

 shows that vitamin C increases HDL level, a result contrary to 169 

findings in this study. The differences observed in this result may be due to the low dosage 170 

(0.2ml/kg) used in this study. 171 

Low density lipoproteins (LDLs) are also known as “bad cholesterol” as they transport 172 

cholesterol from the liver to tissues 
[9]

 and as such an important predictor of the likelihood of 173 

atherosclerotic conditions.
[12]

 This study reports that stress increases serum LDL level at 7 and 14 174 
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days respectively. This result is in agreement with one study by Neves 
[6]

 who also affirmed that 175 

LDL level increases during stress. Citrus limon juice (1ml/kg, 2ml/kg) significantly decreased the 176 

LDL level at 7 days. Vitamin C administration for 7 days has no significantly effect in reducing 177 

the level of LDL in serum when compared with stressed rats. However, administration of Citrus 178 

limon juice (2ml/kg) for 14 days reduces LDL level. This result is consistent with those obtained 179 

by Olukanni 
[19]

 and Gorinstein 
[25]

 that citrus juice possesses hypolipidemic effect and capable of 180 

reducing serum LDL level. Also, Monforte
26 

reported similar trend using citrus flavonoids.  181 

The reduction in LDL levels may be due to its antioxidant effect as it has been suggested that 182 

antioxidant (vitamin C) administration in animal model ameliorates endothelial function of 183 

coronary and peripheral vessels.
[27]

 At 14 day of 0.2ml/kg vitamin C administration, serum LDL 184 

level was not significantly reduced in stressed rats, a result contrary to that reported by 185 

Nerissa.
[28] 

This action could be dose-dependent causing an inability to reduce LDL level raised 186 

by stress as observed in this study.  187 

Conclusion 188 

This study concludes that stress raises serum bilirubin and LDL levels and reduces HDL levels. 189 

Citrus limon juice administration however provided ameliorating effect by reducing bilirubin and 190 

LDL while increasing HDL level. The similarity in some actions of Citrus limon and vitamin C 191 

shows that the activities of Citrus limon may be via antioxidant mechanism pathway. Hence 192 

Citrus limon can be beneficial in the management of stress or stress related disorders. 193 
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