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ABSTRACT 
 
Background: African locust bean is a condiment believed to be for the people of low class. Its 
health importance has not been fully known especially to the so-called high class.  
Aim: This study is aimed at investigating the effect of African locust bean on fasting blood sugar and 
lipid profile of albino rats.  
Methods: African locust bean (ALB) was purchased from a local market at Orita-Challenge area of 
Ibadan, Nigeria. They were sun dried and milled into powder using an electronic blender. The 
powder was extracted with n-hexane (40–60°C) in a soxlet extractor for 18 hours. The defatted, 
dried marc was repacked and then extracted with methanol. The dried marc was extracted with 
methanol in the soxlet apparatus for 10 hours. The methanol solution was subsequently 
concentrated in a rotatory evaporator at 40°C. Ten adult male albino rats with body weight between 
100 and 120 g were purchased from the Animal Holding Unit of the Department of Physiology, 
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University of Ibadan, Nigeria. They were allowed 7 days acclimatization period and were divided 
randomly into 2 groups of five rats each. Animals in group 1 were administered normal saline 
solution while those in group 2 were administered extract of African locust bean. The animals were 
exposed to the African Locust Bean and saline solution at a dose of 3 ml per 100 g body weight 12 
hourly via oral route of administration. After fourteen days of administration, the animals were fasted 
overnight and anaesthetized using diethyl ether. Blood samples were collected by cardiac puncture. 
Results: ALB was observed to significantly lower fasting blood sugar, total cholesterol and 
triglyceride but increased HDL-cholesterol significantly when compared to those of the control group 
at p<0.05. LDL-cholesterol was not significantly different when animals treated with ALB were 
compared with those of the control group. 
Conclusion: Increased blood sugar and hyperlipidemia has been implicated in diabetes. 
Cholesterolgenesis is a major onset of atherosclerosis and subsequent cardiovascular diseases. 
Therefore, ALB can serve as prophylaxis and remedies for several diseases caused by 
hyperglycemia and hyperlipidemia such as diabetes and coronary heart disease. 
 

 
Keywords: African locust bean; fasting blood sugar; lipid profile; diabetes; atherosclerosis. 
 
1. INTRODUCTION 
 
Africa locust bean (Parkia biglobosa) belongs to 
the family Fabaceace – pea family, of the order 
Fabaceae. It is popularly known as ‘iru’ by the 
Yorubas, ‘Dorawa’ by the Hausas and ‘Origili’ by 
the Ibos. The fermented seeds of African locust 
bean (ALB) are used in all parts of Nigeria and 
indeed the west coast of Africa for seasoning 
traditional soups. The yellow pulp is a high 
energy giving food with up 60% sugar [1]. The 
trees are often grown as shade trees. Parkia 
species have found use traditionally as food and 
medicinal agent. The bark is employed in wound 
healing, treatment of bronchitis, pneumonia, skin 
infection, gores, ulcer, bilharziasis, malaria, 
diarrhea and hypertension. In Gambia, the 
leaves and roots are used in preparing a lotion 
for sore eyes. A decoctions of the bark of P. 
biglobosa is also used as a bath for fever and as 
a hot mouth washes to steam and relieve 
toothache. The pulped bark used along with 
lemon for wound and ulcer. Fibres from pods and 
root are used as sponges and as string for 
musical instrument [1]. The powdered pods are 
used to paint traditional Hausa buildings in 
northern Nigeria. Parkia plants have been 
identified as source of tannin, saponins, gum, 
fuel and wood. Seeds of various species of 
Parkia have also been investigated for their 
protein and mineral content [2]. 
 
Lipids may be broadly defined as hydrophobic or 
amphiphilic small molecules; the amphiphilic 
nature of some lipids allows them to form 
structures such as vesicles, liposomes, or 
membranes in an aqueous environment [3]. 
Lipids are a large and diverse group of naturally 
occurring organic compounds that are related by 

their solubility in nonpolar organic solvents (e.g. 
ether, chloroform, acetone & benzene) and 
general insolubility in water [4]. They constitute a 
group of naturally occurring molecules that 
include fats, waxes, sterols, fat-soluble vitamins 
(such as vitamins A, D, E, and K), 
monoglycerides, diglycerides, triglycerides, 
phospholipids, etc. [5]. Although the term lipid is 
sometimes used as a synonym for fats, fats are a 
subgroup of lipids called triglycerides [6]. Lipids 
also encompass molecules such as fatty acids 
and their derivatives (including tri-, di-, 
monoglycerides, and phospholipids), as well as 
other sterol-containing metabolites such as 
cholesterol [7]. Although humans and other 
mammals use various biosynthetic pathways to 
synthesize and break down lipids, some 
essential lipids cannot be made this way and 
must be obtained from the diet [8]. Lipids have 
been reported to have several roles in the body 
[9]. 
 
2. MATERIALS AND METHODS 
 
2.1 Sample Preparation 
 
African locust bean (ALB) was purchased from a 
local market at Orita-Challenge area of Ibadan, 
Nigeria. They were sun dried and milled into 
powder using an electronic blender (Moulinex). 
The powder was extracted according to the 
method described by Odetola et al. [10]. 2.5 kg 
powder of ALB was extracted with n-hexane 
(boiling point 40–60°C) in a soxlet extractor (Sri 
Rudram Instrument, Chennai, India) for 18 hours. 
The defatted, dried sample was repacked and 
then extracted with methanol. Briefly, the dried 
marc was extracted with methanol in the soxlet 
apparatus for 10 hours. The methanol solution 
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was subsequently concentrated in a rotatory 
evaporator at 40°C. 
 
2.2 Animal Treatment 
 
Ten adult male albino rats (Rattus norvegicus) 
with body weight between 100 and 120 g were 
purchased from the Animal Holding Unit of the 
Department of Physiology, University of Ibadan, 
Nigeria. They were housed in Imrat animal 
house, Ibadan. They were acclimatized for seven 
(7) days during which they were fed ad libitum 
with standard feed and drinking water and were 
housed in clean cages placed in well-ventilated 
housing conditions (under humid tropical 
conditions) throughout the experiment. They 
were randomly divided into two groups of five 
rats each. Animals in group 1 were administered 
normal saline solution while those in group 2 
were administered African Locust Bean extract. 
The animals were exposed to the extract and 
saline solution at a dose of 3 ml per 100 g body 
weight 12 hourly via oral route of administration. 
After fourteen days of administration, the animals 
were fasted overnight and anaesthetized using 
diethyl ether. Blood samples were collected by 
cardiac puncture. 
 
2.3 Determination of Fasting Blood Sugar 
 
After the acclimatization period, animals used in 
this study were allowed to fast for twelve (12) 
hours before the administration of African locust 
bean and saline solution to groups 1 and 2 
respectively. The blood glucose level were taken 
by sterilizing their tails with 10% alcohol, and 
cutting the tails using scissors then allowing the 
blood to touch the test strip which was inserted 
into a calibrated glucose meter (One touch 
Glucometer, Acon Laboratory INC. San Diego, 
USA).This gave direct reading after 5 seconds in 
mg/dL. The blood glucose level of the rats before 
the administration of locust bean was measured 
in order to know the normal blood glucose of the 
rats in each group. After the administration of 
locust bean on the last day, all the rats in the 
groups were fasted again for 12 hours and their 
fasting blood sugar was determined using 
glucose meter. This was done in order to check 
and observe the effect of ALB on blood glucose 
level when compared to their initial glucose level 
(before the administration). 
 
2.4 Determination of Lipids 
 
Lipids were determined by previously described 
methods [11,12]. 

2.5 Statistical Analysis 
 
Data were subjected to analysis of variance 
using Graph Pad Prism. Results were presented 
as Mean ± Standard Error of the Mean (SEM).   
2–tailed t–test was used for comparison of the 
means. Differences between means was 
considered to be significant at p<0.05. 
 
3. RESULTS AND DISCUSSION  
 
Diabetes mellitus (commonly called diabetes) is 
a group of metabolic disorders characterized by 
high blood sugar levels over a prolonged period 
[13]. Symptoms of high blood sugar include 
frequent urination, increased thirst, and 
increased hunger [14]. If left untreated, diabetes 
can cause many complications [14]. Acute 
complications can include diabetic ketoacidosis, 
hyperosmolar hyperglycemic state, or death [15]. 
Serious long-term complications include 
cardiovascular disease, stroke, chronic kidney 
disease, foot ulcers, and damage to the eyes 
[14]. Diabetes is due to either the pancreas not 
producing enough insulin, or the cells of the body 
not responding properly to the insulin produced 
[16]. An abnormal increase in glucose has been 
associated with hyperlipidemia in both clinical 
and experimental diabetes [17]. 
 
One major finding of this study was that ALB 
indeed unhinged and perturbed the 
concentrations of fasting blood sugar and lipids 
in the animals used. These perturbations were 
reflected as up/down regulation of the 
concentrations of these metabolites. 
 
In this study, no significant difference was 
observed in the fasting blood sugar when 
animals in the ALB group were compared with 
those of control group prior to treatment (Fig. 1). 
After fourteen days of treatment, animals treated 
with ALB had significantly lowered fasting blood 
sugar when compared with control and 
pretreated groups (Figs. 2 and 3). This suggests 
that ALB may have an extrapancreatic anti-
hyperglycemic mechanism of action. This is in 
agreement with the earlier suggestion of Jackson 
and Bressler [18]. A number of other plants and 
extracts have also been reported to have an anti-
hyperglycemic and an insulin-stimulatory effect. 
[19,20,21]. Most of the plants with hypoglycemic 
properties have been found to contain 
metabolites such as glycosides, alkaloid, 
flavonoids etc. [22]. Chemical investigation of 
ALB has shown that they contain cardiac 
glycosides and alkaloids [23]. These chemical 
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* * 

substances may then be responsible for the 
hypoglycemic effect of ALB observed in this 
study. 
 
Apart from the regulation of carbohydrate 
metabolism, insulin plays an important role in 
lipid metabolism. Insulin insufficiency, as in 
diabetes mellitus, is associated with 
hypercholesterolemia and hypertriglyceridemia, 
which have been reported to occur in 

experimental diabetic rats [24,25,26]. 
Hypercholesterolemia could result in a relative 
molecular ordering of the residual phospholipids, 
resulting in a decrease in membrane fluidity [27]. 
Accumulation of triglycerides is one of the 
leading risk factors in coronary heart disease 
(CHD). Lipid and lipoprotein abnormalities have 
been shown to play a major role in the 
pathogenesis and progression of several disease 
conditions [28]. 
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Fig. 1. Fasting blood sugar of animals before treatment  

Results are presented as mean±SEM with n = 5 
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Fig. 2. Fasting blood sugar after 14 days treatment 

Results are presented as mean ± SEM with n = 5. The significant difference between the African locust bean–
treated animals and control group at p<0.05 is represented by * 
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Fig. 3. Effect of African locust bean administration on the fasting blood sugar of animals after 

14 Days 
Results are presented as mean ± SEM with n = 5. The significant difference between the African locust bean–

treated animals and control group at p<0.05 is represented by* 
 
In this study, total cholesterol and triglycerides 
concentrations were observed to decrease 
significantly when animals treated with ALB were 
compared with those of the control group at 
p<0.05 (Fig. 4 and 7 respectively). This could be 
that ALB may prevent the progression of CHD. 
Despite the availability of known anti-diabetic 
medications, remedies from medicinal plants are 
used with increasing success to treat this 
disease and manage its complications better 
[29]. Furthermore, it has been suggested that 
plant drugs and herbal formulations are less toxic 
and are free from side-effects compared with 
synthetic drugs, leading to an increasing 
preference for traditional plants over synthetic 
drugs [30,31,32,33]. Increased evidence of 
therapeutic effectiveness of herbal medicines 
may have influenced the interest of the WHO in 
hypoglycemic agents of plant origin used in the 
traditional treatment of diabetes [16]. 
 
HDL-Cholesterol and LDL-Cholesterol are two of 
the four main groups of plasma lipoproteins that 
are involved in lipid metabolism and the 
exchange of cholesterol, cholesterol ester and 
triglycerides between tissues [34,35]. Numerous 
population studies have shown an inverse 
correlation between plasma HDL-cholesterol 
levels and risk of cardiovascular disease, 
implying that factors associated with HDL-
cholesterol protect against atherosclerosis. Some 
of these factors appear to have antioxidant and 
anti-inflammatory effects which may obviate 
processes that initiate atherogenesis [36,37]. 

Epidemiological studies have also shown that 
elevated concentrations of total cholesterol 
and/or LDL-cholesterol in the blood are powerful 
risk factors for coronary heart disease [38]. Most 
extra-hepatic tissues, although having a 
requirement for cholesterol, have low activity of 
the cholesterol biosynthetic pathway. Their 
cholesterol requirements are supplied by LDL, 
which is internalized by receptor-mediated 
endocytosis. A major function of HDL-cholesterol 
is to enhance reverse cholesterol transport by 
scavenging excess cholesterol from peripheral 
tissues followed by esterification through lecithin: 
cholesterolacyltransferase and delivering it to the 
liver and steroidogenic organs for subsequent 
synthesis of bile acids and lipoproteins and 
eventual elimination from the body [39,40]. This 
role of HDL-cholesterol has been shown to be 
responsible for its atheroprotective properties. 
HDL-cholesterol also regulates the exchange of 
proteins and lipids between various lipoproteins. 
In addition, HDL-cholesterol provides the protein 
components required to activate lipoprotein 
lipase which releases fatty acids that can be 
oxidized by the ß-oxidation pathway to release 
energy [34,35]. Most importantly, HDL-
cholesterol can inhibit oxidation of LDL-
cholesterol as well as the atherogenic effects of 
oxidized LDL-cholesterol by virtue of its 
antioxidant property [40]. 
 
Interestingly, in this study, ALB administration 
caused a significant increase in the serum level 
of HDL-Cholesterol when compared with control 
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animals (Fig. 5). HDL-Cholesterol is usually 
referred to as the ‘good cholesterol’ [11]. Again, 
ALB administration decreased the concentration 
of LDL-Cholesterol (bad cholesterol) when 
compared with that of the control group at p<0.05 
(Fig. 6). The combined effect of increased    
HDL-Cholesterol (‘good cholesterol’) and 
decreased LDL-Cholesterol (‘bad cholesterol’) 
resulted in an increased HDL-C/LDL-C ratio in 
animals treated with ALB when compared with 
the control group. This strongly supports the 

notion that dietary supplementation with the 
extract of ALB can lead to a reduction in the risk 
of developing heart diseases, because a high 
HDL-C/LDL-C ratio has been shown to be 
beneficial and is indicative of a lower risk of CHD 
[41]. Although, the activities of enzymes were not 
investigated in this study, but it is possible that 
ALB decreases the activity of 3-hydroxy-3-
methylglutaryl coenzyme A (HMG CoA) 
reductase (the rate-limiting enzyme in cholesterol 
biosynthesis) [12]. 
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Fig. 4. Effect of African Locust bean administration on the total cholesterol of animals after 14 

days 
Results are presented as mean ± SEM with n = 5. The significant difference between the African locust bean–

treated animals and control group at p<0.05 is represented by * 
 

Contro
l

Locu
st 

Bea
n

0

10

20

30

40

50

60

Co
nc

en
tr

at
io

n 
of

 H
DL

 C
ho

le
st

er
ol

 (m
g/

dL
)

 
 

Fig. 5. Effect of African locust bean administration on the HDL-cholesterol of animals after 14 
days 

Results are presented as mean ± SEM with n = 5. The significant difference between the African 
locust bean–treated animals and control group at p<0.05 is represented by * 
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Fig. 6. Effect of African locust bean administration on the LDL cholesterol of animals after 14 

days 
Results are presented as mean ± SEM with n = 5. The significant difference between the African locust bean–

treated animals and control group at p<0.05 is represented by * 
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Fig. 7. Effect of African Locust Bean administration on the triglyceride level of animals after 14 

days 
Results are presented as mean ± SEM with n = 5. The significant difference between the African locust bean–

treated animals and control group at p<0.05 is represented by * 
 
4. CONCLUSION 
 
African locust bean positively perturbed and 
unhinged fasting blood sugar and lipid profile in 
this study. Therefore, it can serve as prophylactic 
and remedies for several diseases caused by 
hyperglycemia and hyperlipidemia. Specifically, 
diabetic patients should consumed more of 
African locust bean to reduce their blood sugar 
level. Even non-diabetic individuals should also 
consume it for prevention of diabetes and other 
coronary heart diseases. 

ETHICAL APPROVAL 
 
As per international standard or                        
university standard written ethical approval              
has been collected and preserved by the 
author(s). 
 
COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist. 
 



 
 
 
 

Airaodion et al.; AJRB, 4(4): 1-9, 2019; Article no.AJRB.49210 
 
 

 
8 
 

REFERENCES  
 
1. Cambel-Platt G. African locust bean 

(Parkia species) and its west African 
fermented food product daudawa. Ecology 
Food and Nutrition. 1980;9:123-132. 

2. Furniss BS, Hannaford AJ, Rogers V, 
Smith PWG, Tatchell AJ. Vogel’s textbook 
of practical organic chemistry, 4th Edition. 
Longman, Britain. 1978;100-222,931-1152. 

3. Subramaniam S, Fahy E, Gupta S, Sud M, 
Byrnes RW, Cotter D, Dinasarapu AR, 
Maurya MR. Chemical Reviews. 
2011;111(10):6452–6490. 

4. Fahy E, Subramaniam S, Murphy R, 
Nishijima M, Raetz C, Shimizu T, Spener 
F, Van Meer G., Wakelam M, Dennis EA. 
Journal of Lipid Research. 2009; 
50(Supplement):S9–S14. 

5. Page RA, Okada S, Harwood JL. Acetyl-
CoA carboxylase exerts strong flux control 
over lipid synthesis in plants. Biochim. 
Biophys. Acta. 1994;1210:369-372. 

6. Small DM. The physical chemistry of lipids. 
Handbook of Lipid Research. D. J. 
Hanahan, Editor. Plenum Press, New 
York. 1986;4. 

7. Michelle A, Hopkins J, McLaughlin CW, 
Johnson S, Warner MQ, LaHart D, Wright 
JD. Human biology and health. Englewood 
Cliffs, New Jersey, USA: Prentice Hall; 
1993. 

8. Airaodion AI, Adejumo PR, Njoku CO, 
Ogbuagu, EO, Ogbuagu U. Implication of 
sugar intake in haemorrhoid and 
menstruation. International Journal of 
Research and Reports in Hematology. 
2019;2(2):1-9. 

9. Airaodion AI, Ogbuagu U, Ogbuagu EO, 
Oloruntoba AP, Agunbiade AP, Airaodion 
EO, Mokelu IP, Ekeh SC. Mechanisms for 
controlling the synthesis of lipids. 
International Journal of Research. 
2019;6(2):123-135. 

10. Odetola AA, Akinloye O, Egunjobi C, 
Adekunle WA, Ayoola AO. Possible 
antidiabetic and antihyperlipidaemic effect 
of fermented Parkia biglobosa (Jacq) 
extract in alloxan-induced diabetic rats. 
Clinical and Experimental Pharmacology 
and Physiology. 2006;33:808–812. 

11. Owoade AO, Adetutu A, Airaodion AI, 
Ogundipe OO. Toxicological assessment 
of the methanolic leaf extract of Bridelia 
ferrugelia. The Journal of Phyto-
pharmacology. 2018;7(5):419-424. 

12. Owoade AO, Airaodion AI, Adetutu A, 
Akinyomi OD. Levofloxacin-induced 
dyslipidemia in male albino rats. Asian 
Journal of Pharmacy and Pharmacology. 
2018;4(5):620-629. 

13. World Health Organization. Archived from 
the original on 31 March 2014. 

14. Rippe RS, Irwin JM, Eds. Manual of 
intensive care medicine (5th Ed.). Wolters 
Kluwer Health/Lippincott Williams & 
Wilkins. 2010;549. ISBN: 978-0-7817-
9992-8. 

15. Kitabchi AE, Umpierrez GE, Miles JM, 
Fisher JN. Hyperglycemic crises in adult 
patients with diabetes. Diabetes Care. 
2009;32(7):1335–43. 

16. Shoback DG, Gardner D, Eds. "Chapter 
17". Greenspan's Basic & Clinical 
Endocrinology (9th Ed.). New York: 
McGraw-Hill Medical; 2011. ISBN: 978-0-
07-162243-1. 

17. Bierman EL, Ameral JAP, Balknap BH. 
Hyperlipidemia and diabetes mellitus. 
Diabetes. 1975;25:509–15. 

18. Jackson JE, Bressler R. Clinical 
pharmacology of sulphonylurea as 
hypoglycemic agent: Part I. Drugs. 
1981;22:211–45. 

19. Prince P, Stanely M, Menon PV, Pari L. 
Hypoglycaemic activity of Syzigium cumini 
seeds: Effect on lipid peroxidation in 
alloxan diabetic rats. J. Enthopharmacol. 
1998;61:1–7. 

20. Venkateswaran S, Pari L, Saravenan G. 
Effect of Phaseolus vulgaris on circulatory 
antioxidants and lipids in streptozotocin-
induced diabetic rats. J. Med. Food. 
2002;5:97–104. 

21. Latha M, Pari L. Preventive effects of 
Cassia auriculata L. flowers on brain lipid 
peroxidation in rats treated with 
streptozotocin. Mol. Cell. Biochem. 
2003;243:23–8. 

22. Loew S, Kaszkin M. Approaching the 
problem of bioequivalence of herbal 
medicinal products. Phytother. Res. 
2002;16:705–11. 

23. Ajaiyeoba EO. Phytochemical and 
antibacterial properties of Parkia biglobosa 
and Parkia biolor leaf extract. Aghil J. 
Biomed. Res. 2000;5:125–129. 

24. Loci AS, Shaabha M, Khazraji AL, Husain 
A, Twaija A. Hypoglycemic effect of a 
valuable extract on some blood 
parameters in diabetic animals. J. 
Ethnopharmacol. 1994;43:167–171. 



 
 
 
 

Airaodion et al.; AJRB, 4(4): 1-9, 2019; Article no.AJRB.49210 
 
 

 
9 
 

25. Ahardh CD, Bjorgell P, Nilson EP. The 
effect of tolnetamide in lipoproteins and 
lipoprotein lipase and hormone sensitive 
lipase. Diabetes Res. Clin. Pract. 1999;46: 
99–108. 

26. Frayn KN. Insulin resistance and lipid 
metabolism. Curr. Opin. Lipidol. 1993;4: 
197–204. 

27. Bopanna KN, Kannan J, Suchma G, 
Balaraman R, Ranthod SP. Antidiabetic 
and antihyperlipidemic effect of neem 
seed, kernel powder on alloxan diabetic 
rabbits. Ind. J. Pharmacol. 1997;29:162–7. 

28. Rotimi OS, David AO, Olusola AT, Regina 
NU, Elizabeth AB, Oladipo A. Amoxillin- 
and pefloxacin-induced cholesterogenesis 
and phospholipidosis in rat tissues. Lipids 
in Health and Disease. 2015;14:13-30. 

29. Bhattaram VA, Cercefe M, Cohlest C, Vest 
M, Deundo FH. Pharmacokinetics 
bioavailability herbal medicinal products. 
Phytomedicine. 2002;9:1–36. 

30. Airaodion AI, Ogbuagu U, Ogbuagu EO, 
Airaodion EO, Agunbiade AP, Oloruntoba 
AP, Mokelu IP, Ekeh SC. Investigation of 
aqueous extract of Zingiber officinale root 
potential in the prevention of peptic ulcer in 
albino rats. International Journal of 
Research and Innovation in Applied 
Science. 2019;4(2):64-67. 

31. Airaodion AI, Obajimi OO, Ezebuiro CN, 
Ogbuagu U, Agunbiade AP, Oloruntoba 
AP, Akinmolayan JD, Adeniji AR, Airaodion 
EO. Prophylactic efficacy of aqueous 
extract of Curcuma longa against 
indomethacin-induced ulcer. International 
Journal of Research. 2019;6(1):87-91. 

32. Airaodion AI, Olayeri IM, Ewa AO, 
Ogbuagu EO, Ogbuagu U, Akinmolayan 
JD, Agunbiade AP, Oloruntoba AP, 
Airaodion EO, Adeniji AR, Obajimi OO, 

Awosanya OO. Evaluation of Moringa 
oleifera leaf potential in the prevention of 
peptic ulcer in wistar rats. International 
Journal of Research. 2019;6(2):579-584. 

33. Saravanan R, Pari L. Antihyperlipidemic 
and antiperoxidative effect of diasulin, a 
polyherbal formulation in alloxan induced 
hyperglycemic rats. BMC Complement. 
Alternative Med. 2005;5:14–34. 

34. Gordon DJ, Rifkind BM. High-density 
lipoprotein: The clinical implications of 
recent studies. New England Journal of 
Medicine. 1989;321(19):1311-1316. 

35. Sviridiv D. Intracellular cholesterol 
trafficking. Histology and Histopathology. 
1999;14:305-319. 

36. Navab M, Berliner JA, Watson AD, Hama 
SY, Territo MC, Lusis AJ, Shih DM, Van 
Lenten BJ, Frank JS, Demer LL, Edwards 
PA, Fogelman AM. The Yin and Yang of 
oxidation in the development of thefatty 
streak. A review based on the George 
Lyman DuffMemorial Lecture. 
Arteriosclerosis and Thrombosis in 
Vascular Biology. 1994;16:831-842. 

37. Oram JF, Lawn RM. ABCA1: The 
gatekeeper for eliminating excess tissue 
cholesterol. Journal Lipid Research. 
2001;42:1173-1179. 

38. Law MR. Lowering heart disease risk with 
cholesterol reduction: Evidence from 
observational studies and clinical trials. 
European Heart Journal. 1999;1:S3-S8. 

39. Stein O, Stein Y. Atheroprotective 
mechanisms of HDL- Atherosclerosis. 
1999;144:285-303. 

40. Das DK. Cardioprotection with high density 
lipoproteins. Fact or friction? Circulation 
Research. 2003;92:258-260. 

41. Castelli L. Epidemiology of coronary heart 
disease. Am. J. Med. 1984;76:4–12. 

_________________________________________________________________________________ 
© 2019 Airaodion et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution 
License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any 
medium, provided the original work is properly cited. 
 
 

 

Peer-review history: 
The peer review history for this paper can be accessed here: 

http://www.sdiarticle3.com/review-history/49210 


