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ABSTRACT 

Oil rich Carica papaya Linn. (CPL) seed is currently discarded as waste. This 
research is aimed at ascertaining the lipid and antioxidant qualities of the oil in vivo 
(compared to groundnut oil). Four diets composed from the oil were fed to wistar rats 
for 32 days. The lipid profile and antioxidant status of the plasma, erythrocytes and 
brain were examined. The results showed significant reductions (P<0.05) in body 
weights (of rats fed with the 7-10 % oil diet), erythrocyte peroxidase activity, as well 
as cholesterol and phospholipids levels in brain. There was also a significant increase 
(P<0.05) in the reduced glutathione levels in the erythrocyte of rats fed with the 10 % 
oil diet. The brain weights were significantly increased (P<0.05) by all the CPL seed 
oil diets. The CPL seed oil quality is comparable to groundnut oil; but it is a better 
antioxidant source. Small quantities of 5-7% CPL oil in diets may be appropriate to 
prevent its deleterious effects on brain.  
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INTRODUCTION 
Carica papaya Linn. (CPL) is a perennial, fast-growing, semi-woody tropical herb. Its 
ripe fruit is cooked as soup with melon seeds and other spices (Gill, 1992). The seeds 
account for about 16 % of the fresh fruit weight. Each seed is made up of sarcotesta 
and endosperm (Puangsri, et al., 2005). Carica papaya seed extracts have been shown 
to have several medicinal properties. Among these is the nephro-protective activity of 
the aqueous seed extract of the unripe mature fruits (Olagunju, et al., 2009). This may 
involve its antioxidant and/or oxidative free radical scavenging activities. The 
aqueous seed extract has also been implicated in the treatment of poison-related renal 
disorders (Olagunju, et al., 2009). The fruit and its seeds have antihelminthic and anti-
amoebic activities (Okeniyi, et al., 2007).  Crude extracts of Carica papaya seed have 
an antibacterial activity that inhibits the growth of both gram positive (B cereus, S 
aureus and S faecalis) and gram negative (E coli, P vulgaris and S flexneri) 
organisms (Dawkins, et al., 2003), as well as anti-fertility effect on male rats, rabbits 
and monkeys (Lohiya, et al., 2008). Udoh et al., (2005) also showed that oral 
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administration of C. papaya seed extract could induce reversible male infertility. 
Therefore CPL seed extract could be used for the pharmaceutical development of a 
male contraceptive. This abortifacient property will only occur when high doses of the 
extract are given (Oderinde, et al., 2002). 

The current research is aimed at evaluating the effect of the Carica papaya 
seed oil on lipid and antioxidant profile in the brain, plasma and erythrocytes of 
albino rats.  

 
MATERIALS AND METHODS 

Chemicals:  The following analytical grade chemicals were used: hydrogen peroxide 
(H2O2), pyrogallol, trichloroacetic acid (TCA), 5, 5’- dithio-bis (2- nitrobenzoic acid) 
(DTNB), epinephrine, potassium dihydrogen phosphate (KH2PO4), dipotassium 
hydrogen phosphate (K2HPO4), and 2-thiobarbituric acid were products of Sigma 
Aldrich Chemicals (USA); Ethylene diamine tetraacetic acid disodium salt (Na2 
EDTA. 2H2O) was a product of British Drug Houses chemicals Limited, Poole, 
England; heparin was a product of Choongwae Pharma Corporation (Korea). Reagent 
diagnostic kits for cholesterol and triglyceride determinations were products of 
Cromatest® Diagnostics (Barcelona, Spain). All other chemicals used were also of 
analytical grade. 
Plant materials:  Wholesome ripe and mature Carica papaya fruits were purchased at 
a local market. The fruits were identified at the Applied Biology and Biotechnology 
Unit of Biological Sciences Department, Covenant University (CU), Nigeria. The 
fruits were cut into longitudinal halves and the wet seeds were separated out. These 
seeds were then gently but thoroughly rinsed with distilled water, and completely 
oven dried at 55oC for 40 hours. The dried seeds were pulverized into a fine powder 
using a mortar and pestle. The oil was extracted from the pulverized Carica papaya 
seeds with a Soxhlet apparatus (J.P. Selecta model) using n-hexane as the extracting 
solvent at 69oC. The extract was then subjected to pure recovery using a rotary 
evaporator at 69oC. This yielded fine, clear golden-yellow oil. The oil was kept in an 
air and water proof container, and stored in a biofreezer at -20oC until when required. 
Feed formulation of experimental rat diet: All the rat feed diets were composed with 
a mixture of flour binder (80g), groundnut cake (50g), fish meal (2.5g), soya meal 
(65g), wheat offals (7.5g), bone meal (7.5g), pre-mix (1g), salt (1g), methionine 
(0.25g), and lysine (0.25g). Both the control and the baseline diets also contained 
white maize (192.5g) and groundnut oil (25g). The 3%, 5%, 7%, and 10% Carica 
papaya seed oil diets contained 202.5g and 15g, 192.5g and 25g, 182.5g and 35g, and 
167.5g and 50g of white maize and Carica papaya seed oil respectively. Each flour 
mix was thereafter compressed into a cylindrically shaped cake before air-drying. 
Experimental animals: Healthy, 24-four-week-old female wistar albino rats (90-
120g) were purchased from the animal house of the University of Agriculture, 
Abeokuta, Ogun State, Nigeria. The internal guidelines of the University Ethical 
committee (2009) were taken into consideration prior to, and during this experiment. 
The rats were housed in well ventilated cages at the light proofed CU animal house. 
The animal house and its facilities were designed to prevent animals escaping and to 
prevent wild animals and insects from entering the animal house. The cages were 
cleaned twice every day. Suffocation in a diethyl ether vapour filled compartment was 
used to ensure the humane killing of the experimental animals. Animal surgeries were 
performed in a room different from where the animals were housed. Saw-dust was 
used as beddings for the animal house. The concentrations of the oil in diets were 
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selected such that the recommended 5% composition was accommodated, and the 
others representing slightly lower (3%), slightly higher (5%), or too higher (10%) 
concentrations than the recommended. 

Experimental design: Twenty four rats were randomly arranged in cages such that 
each cages contained two rats. All the rats were thereafter left to acclimatize for 2 
weeks. They were fed ad libitum with their respective diets except for the 24 hours 
fasting period prior to their being sacrificed. The rats in ‘group 0’ fed with 5% 
groundnut oil based diet, but sacrificed at the beginning of the experiment (day 0) 
were termed as ‘baseline’. The rats in ‘group 1’ fed with 5% groundnut oil based diet, 
but sacrificed at the end of the 32 days feeding experiment were termed as ‘control’. 
The ‘Group 0’ served as the baseline control to ascertain the initial biochemical status 
of the rats. The rats in this group were anesthetized using diethyl ether and sacrificed 
at Day 0 prior to feeding the rats in the remaining groups with their respective diets. 
‘Group 1’ rats were fed with 5% groundnut oil based diet. ‘Group 2’ rats were fed 
with 10%, ‘Group 3’ rats with 7%, ‘Group 4’ rats with 5%, and ‘Group 5’ rats with 
3% Carica  papaya seed oil based diet.   

Four (4) rats from each group (groups 1 to 5) were sacrificed thirty-two (32) 
days after feeding the rats with their respective diets, and blood was collected by 
cardiac puncture into lithium heparin tubes placed on ice. The plasma was separated 
from the erythrocyte by centrifuging the whole blood at 3000 rpm for 15 minutes, and 
the erythrocyte was washed thrice with 0.9% NaCl to remove white blood cells. The 
erythrocyte and plasma were separately frozen at -20oC until they were analyzed. The 
brain of each rat was excised, weighed and rinsed in 0.9 M KCl solution. 10% (w/v) 
homogenate in 0.1M phosphate buffer (pH 7.0) was prepared from the brain tissue, 
and lipid extracts were prepared in chloroform: methanol as described Folch et al., 
(1957).  
The weight of each animal was determined at day 0 and day 32 of the experiment. 
The change in weight was expressed as a percentage of the original weight. 
Analytical methods 
Bio-makers of oxidative stress: The concentration of thiobarbituric acid-reactive 
substances (TBARS) was determined colorimetrically by the method of Buege and 
Aust, (1978). The reduced glutathione concentration was determined using Ellman’s 
reagent, according to the method described by Ellman, (1959). 
Peroxidase (PER) activity was assayed following the method of Wever et al., (1980). 
The reaction mixture consisted of 3.0ml of pyrogallol in 0.1 M phosphate buffer (pH 
7.0) and 0.5ml of 1% (v/v) H2O2. To this was added 0.1ml of the sample, and the 
change in absorbance was measured at 430 nm at 30-second intervals for 2 minutes. 
The PER activity was calculated using the molar extinction coefficient of oxidized 
pyrogallol (4.5 liters/mol.). 
Superoxide dismutase (SOD) activity in erythrocyte and the brain was determined by 
the method of Misra and Fridovich, (1972). 0.5ml of sample was diluted in 4.5ml of 
distilled water (1:10) dilution factor. An aliquot of 0.2ml of the diluted sample was 
added to 2.5ml of the 0.05 M carbonate buffer (pH 10.2) in a cuvette and left to 
equilibrate. The reaction was started by addition of 0.3ml of freshly prepared 0.3 mM 
epinephrine. The reference cuvette contained 2.5ml of carbonate buffer, 0.3ml of 
substrate (adrenaline) and 0.2ml of distilled water. The increase in absorbance at 480 
nm was monitored and 1 unit of SOD activity was given as the amount of SOD 
necessary to cause 50% inhibition of the oxidation of adrenaline. SOD levels were 
expressed as units/mg protein.  
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The protein concentration was determined by means of the biuret reaction, as 
described by Gornall, et al., (1949). 
Plasma lipid profiles: Plasma concentrations of total cholesterol and triglycerides 
were determined with commercial kits (Spin React S.A., Santa Colona, Sant Esteve 
De Bas, Spain). High density lipoprotein (HDL) cholesterol and triglycerides were 
determined in plasma with the same commercial kits for total cholesterol and 
triglycerides after very low density lipoproteins (VLDL) and low density lipoprotein 
(LDL) were precipitated with heparin–MnCl2 solution, as described by Gidez et al., 
(1982). LDL cholesterol was calculated through VLDL Cholesterol using the method 
of Sandkamp et al., (1990). Total phospholipids in plasma were extracted with a 
chloroform–methanol mixture (2:1, v/v) as described by Folch et al., (1957). The 
phospholipid content was then determined as described by Stewart, (1980). Briefly, an 
aliquot of the phospholipid extract was evaporated to dryness at 60 ◦C. After residue 
had cooled, 2ml of chloroform was added to the dried lipid extract and the mixture 
was vortexed. Ammonium ferrothiocyanate (2ml) was then added and the mixture 
vortexed for 1 min. It was left for 10 min to allow the phases to separate. The 
chloroform layer was taken and its absorbance was read at 488 nm. Phospholipid 
concentrations were then determined using a phospholipid standard as reference.  
Free fatty acids (FFA) in plasma were determined according to the method described 
by Brunk and Swanson, (1981). Briefly, to 100µl of plasma were added 300µl of 
copper reagent and 2ml of chloroform. This was shaken with a vertical shaker for 10 
min and then centrifuged. After centrifugation, the chloroform layer was removed and 
to this were added 1ml of cuprizone and 100µl of ammonia reagent. The contents 
were shaken briefly by hand and the absorbance was read at 620 nm 10 min after 
adding the ammonia reagent. The concentrations of FFA in the plasma samples were 
extrapolated from a palmitic acid standard curve prepared using the same procedure. 
Erythrocyte lipid profile: An improved procedure described by Rose and Oklander, 
(1965) was employed for the extraction of lipids from erythrocytes using chloroform–
isopropanol (7:11, v/v), because the Folch extraction method (Folch, et al., 1957) 
produced lipid extracts that were highly pigmented. For the determination of 
cholesterol, an aliquot of the chloroform–isopropanol extract was evaporated to 
dryness at 60oC. A triton X-100/chloroform mixture (1:1, v/v, 20µl) was added to 
resolve the lipids; again the solvent was evaporated. Then 1ml of a commercially 
available cholesterol kit reagent (Spin React S.A., Santa Colona, Sant Esteve De Bas, 
Spain) was added and the mixture was vortexed. After incubating the mixture in the 
dark at room temperature for 30 min, the cholesterol content was determined by 
colorimetry method (Eder and Kirchgessner, 1994). The determination of total 
phospholipids in the chloroform–isopropanol extract of the erythrocyte followed the 
same procedure as described for the plasma (Stewart, 1980). 
Brain lipid profiles: After washing with 0.05 M KCl solution, aliquots of the 
chloroform–methanol extract were used for the determination of cholesterol, 
triglyceride and phospholipid concentrations. Cholesterol was determined in an 
aliquot of the chloroform–methanol extract of the brain, as described for erythrocytes; 
the determination of phospholipids followed the same procedure as described for 
plasma. Triglyceride concentrations in aliquots of the chloroform–methanol extracts 
of the brain were determined following the procedure described by Kriketos et al., 
(2003). Briefly, an aliquot of the chloroform–methanol extract in an Eppendorf tube 
was evaporated to dryness at 60oC. After cooling, 200µl of ethanol (97%) was added 
to the tube to resuspend the triglyceride. Then 1ml of commercially available 
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triglyceride kit (Spin React S. A., Santa Colona, Sant Esteve De Bas, Spain) was 
added and the mixture vortexed. After incubating the mixture in the dark at room 
temperature for 20 min, the triglyceride content was determined 
spectrophotometrically.  
Statistical evaluation: Results were expressed as mean ± Standard deviation. One-
way analysis of variance (ANOVA) followed by the Duncan Multiple Range Test 
(DMRT) were used to analyze the results, with P < 0.05 considered significant. 

 
RESULTS 

Weight gain: All the Carica papaya seed oil based diets, including the control diet, 
generally increased significantly (P<0.05) the weight of the rat brain (Table 1) when 
compared with that of the baseline rats. Furthermore, there was a significant increase 
(P<0.05) in the brain weight of the rats fed on the 10%  Carica papaya seed oil based 
diets compared with those fed on the Control diet. 
 
Table- 1: Weight gain in rats fed with Carica papaya seed oil based diet. 

• Values within the same column with superscripts (*) are significantly different at P < 0.05.  

 
The effect of Carica papaya seed oil consumption on antioxidant and lipid profiles 
of the brain: The cholesterol levels (Table 2) significantly increased (P<0.05) in the 
brains of rats fed on 3-5% Carica papaya seed diets, or control diet over the 32 days 
period compared to the baseline.  However, increasing concentrations of Carica 
papaya seed oil based diets reduced the cholesterol level in rat brain until the 
reductive effect became significant (P<0.05) in rats fed with 10% Carica papaya seed 
oil based diet when compared to the control diet. 
 
Table- 2: Metabolism of Carica papaya seed oil based diet in rat brain. 

Groundnut oil (5%) Carica Papaya Seed Oil Diet Biochemical 
Parameters Baseline 

diet  
Control 

diet 
3% 5% 7% 10% 

Cholesterol 
(mg/dl) 

32.2± 9.3 101.8± 8.2* 113.8± 5.8 90.1± 8.1 83.2± 3.3 86.9± 3.9* 

Triglycerides 
(mg/dl) 

67.7± 4.5 74.7± 5.8* 83.4± 5.5* 70.6± 8.5* 67.9± 7.9* 68.3± 5.9* 

Phospholipid 
(mg/g) 

183.3± 4.8 236.1± 7.3* 233.7± 4.1 183.5± 2.3 201.0± 10.0 202.4± 4.4* 

Reduced 
glutathione x 10-1 

(µmol/g) 

24.0± 6.2 17.0± 0.4 18.0± 1.0 17.0± 1.0 19.0± 0.2 23.0± 4.0 

TBARS 
(mmol/100g) 

9.6± 1.0 7.2± 5.7 9.1± 1.1 11.0± 1.0 10.7± 0.4 10.2± 1.0 

SOD (U/mg 
protein) 

4.5± 1.0 4.0± 0.4 4.0± 0.1 4.5± 1.4 4.0± 0.1 4.1± 0.1 

PER activity 
(Unit/mg protein) 

8.5± 1.3 7.1± 0.6 9.1± 1.6 6.3± 1.6 5.5± 0.1 6.4± 0.2 

Free fatty acids 
(mg/g) 

77.3± 20.0 73.0± 9.0 74.6± 3.3 79.1± 3.5 70.5± 11.1 75.9± 13.5 

• Values within the same column with superscripts (*) are significantly different at P < 0.05. 

Weight Gain (%) 
Groundnut oil (5%) Carica Papaya Seed Oil Diet 

Biochemical 
Parameters 

Baseline diet Control diet 3% 5% 7% 10% 
Whole body 0 20.6 ± 6.5 19.4± 4.0 13.4± 0.1 7.1± 1.8* 9.9± 2.7* 

Brain 0 19.7± 4.4 24.8 ± 3.3 15.6 ±4.7 25.2 ±3.5 39.9± 4.4* 
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The consumption of control diet or of any of the Carica papaya seed oil diets had no 
significant effect (P>0.05) on reduced glutathione, lipid peroxidation, superoxide 
dismutase, peroxidase, or free fatty acid levels in the rat brain (Table 2) when 
compared with both the baseline, and the control diets. 
The effect of Carica papaya seed oil consumption on antioxidant and lipid profiles 
of blood plasma: Consumption of both the 5% groundnut oil, and the various Carica 
papaya diets compositing significantly increased (P>0.05) plasma cholesterol (Table 
3) compared with the baseline diet. Also, the consumption of the 10% Carica papaya 
diet led to a significantly increased (P>0.05) plasma triglyceride (Table 3) compared 
with the baseline diet. However, consumption of 3-7% Carica papaya diets 
significantly reduced (P>0.05) plasma phospholipid (Table 3) compared with the 
baseline. There were no significant effects (P>0.05) of consuming Carica papaya 
seed oil diets on plasma cholesterol, free fatty acid, triglycerides, phospholipids, 
HDL-cholesterol, HDL-triglycerides, and LDL-cholesterol levels (Table 3) when 
compared with the control diets. 
 
Table- 3: Metabolism of Carica papaya seed oil based diet in rats plasma. 

Groundnut oil (5 %) Carica Papaya Seed Oil Diet Biochemical 
Parameters Baseline 

diet  
Control 

diet 
3% 5% 7% 10% 

Cholesterol 
(mg/dl) 

70.9± 12.5 102.0± 2.1 102.4 ±3.3 108.5± 8.1 104.2± 7.1 84.6± 6.1 

Triglycerides 
(mg/dl) 

93.5± 10.3 101.4± 10.6 85.5± 12.8 91.3± 17.0 109.0± 9.0 121.3± 10.3 

Phospholipid 
(mg/dl) 

437.4± 92.9 250.3± 73.4 151.9± 94.7 284.3± 14.7 205.3± 33.5 412.3± 83.5 

HDL-
Cholesterol 

(mg/dl) 

61.8± 4.3 61.3± 1.2 60.2± 0.3 59.7± 0.9 60.9± 2.6 62.9± 4.5 

LDL- 
cholesterol 

(mg/dl) 

27.9± 8.2 20.5± 5.8 31.3± 5.4 30.5± 5.9 21.5± 6.5 13.3± 2.2 

HDL-
Triglycerides 

(mg/dl) 

109.1± 35.4 97.9± 37.7 148.3± 5.0 132.7± 44.4 116.0± 41.6 116.7 ±31.1 

Free fatty acids 
(mg/ml) 

483.3± 53.6 487.1± 46.1 456.4± 32.4 462.0± 49.9 418.2± 43.3 470.4± 25.2 

• Values within the same column with superscripts (*) are significantly different at P < 0.05 

 
The effect of Carica papaya oil consumption on antioxidant and lipid profiles of 
erythrocyte: The consumption of the control diet significantly lowered (P<0.05) the 
reduced glutathione concentration in rat erythrocyte (Table 4) compared to that of the 
baseline rats. However, the consumption of the 10% the Carica papaya seed oil diet 
significantly increased (P<0.05) the reduced glutathione concentrations in rat 
erythrocytes. Also, thirty two days feeding on the control diet significantly increased 
(P<0.05) the erythrocyte peroxidase activity compared with that of the baseline rats 
(Table 4). On the contrary, all the Carica papaya seed oil diets composition (3-10%) 
significantly reduced (P<0.05) the erythrocyte peroxidase activity when compared 
with the control diet.  

However, the consumption of either the groundnut oil or Carica papaya seed 
oil based diets showed no significant effect (P>0.05) on triglyceride, lipid 
peroxidation, superoxide dismutase, free fatty acid, cholesterol concentration, and 
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phospholipids levels in the rat erythrocyte (Table 4) when compared to those of the 
baseline, and the control diets. 
 
Table -4: Metabolism of Carica papaya seed oil based diet in rat erythrocyte. 

Groundnut oil (5%) Carica Papaya Seed Oil Diet Biochemical 
Parameters Baseline diet Control diet 3% 5% 7% 10% 
Cholesterol 

(mg/dl) 
16.4± 5.1 18.8± 5.7 19.5± 4.2 18.7± 3.1 16.7± 3.4 14.8± 3.2 

Triglycerides 
(mg/dl) 

37.7± 15.6 61.2± 16.0 53.2± 16.9 41.2± 17.4 74.9± 19.2 55.9± 19.7 

Phospholipid 
(mg/dl) 

129.8 ±11.6 127.8± 12.6 122.8±12.3 157.2± 15.4 113.8± 18.4 118.7± 13.6 

Reduced 
glutathione 
(µmol/ml) 

13.2± 2.0 10.0± 0.3* 12.6± 5.0 14.2± 4.0 10.6± 1.0 23.6± 1.0* 

TBARS 
(nmol/ml) 

22.6± 6.4 16.3± 1.2 21.2± 2.7 17.4± 3.1 20.3± 3.8 16.9± 3.0 

SOD 
(Unit/ml) 

52.5± 9.6 67.5± 9.1 60.0± 0.0 65.0± 10.0 60.0± 8.1 52.5± 8.6 

PER x 10-2  
(Unit/ml 
enzyme) 

18.4± 7.8 48.6± 7.3 12.7± 2.9* 23.5± 6.3* 5.7± 0.6* 7.5± 5.4* 

Free fatty 
acids (mg/ml) 

159.5± 5.1 127.5± 5.5 137.8± 9.5 114.0± 8.8 148.9± 7.3 123.6± 9.0 

• Values within the same column with superscripts (*) are significantly different at P < 0.05 

 
DISCUSSION 

The decrease in weight may be due to the rejection of food or water caused by their 
reduced palatability, diet-induced anorexia, or systemic toxicity (Abdulazeez, et al., 
2008). The inhibition of lipoprotein lipase activity, increased energy expenditure, 
inhibition of nutrient absorption from the gastrointestinal tract, and suppression of the 
appetite are some likely reasons for the reductions in body weight upon feeding on the 
7-10% Carica papaya seed oil diets (Dyer, 1994). The weight of the brain remarkably 
increased on feeding the rats with the 10% Carica papaya seed oil diets when 
compared to the control diet. The increase in brain weight of the rats fed with the 10% 
Carica papaya seed oil diet can be attributed to a high proportion (10%) of the oil/ fat 
in the diet compared to the control diet. Consequently, the Carica papaya seed oil 
may contain bioactive constituents that are beneficial to brain development. The 
brain: whole body weight ratio for all the rats fed with Carica papaya oil seed diets 
were generally increased compared to that of the control diet. Increased brain: body 
weight ratio was earlier reported in growing rats (Bernal, et al., 1974). The increased 
ratio observed in this study gives credence to the fact that Carica papaya seed oil 
contains biomolecules beneficial to brain growth. It is evidence that the groundnut oil 
is limited in performing this role.  
The Carica papaya seed oil diet reduced cholesterol levels in the brain at 10% 
composition compared to the control diet. Previous studies indicates that the lipid 
lowering action of natural products may be mediated through the inhibition of hepatic 
cholesterol biosynthesis, increased faucal bile acid excretion, enhanced plasma 
lecithin: cholesterol acyltransferase activity, or reduction of lipid absorption in the 
intestine (Patil, et al., 2004).  The reduction in the brain cholesterol concentration 
could be the result of reduced lipid absorption in the intestine. Beta-sitosterol, a 
phytosterol which is present in Carica papaya seed oil, inhibits cholesterol absorption 
in the intestine (Matsuoka, et al., 2008). This may lead to the reduction of cholesterol 
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at high concentrations of the papaya oil. A reduction of cholesterol levels could also 
be as a result of the inhibition of hydroxylmethylglutaryl (HMG) CoA reductase in 
the liver and brain by a constituent of Carica papaya seed oil. Benzylisothiocyanate, a 
volatile compound present in Carica papaya seed oil, has been found to be a 
genotoxin (Kassie, et al., 1999). Its volatile nature makes it capable of traversing the 
blood-brain barrier with ease and inhibiting HMG-CoA reductase in the brain thus 
stalling in situ cholesterol synthesis. However, further research is necessary to 
determine the effect of benzylisothiocyanate on HMG – CoA reductase.  

Cholesterol is the most abundant organic molecule in the brain and the brain 
contains almost a quarter of the unesterified cholesterol present in the entire body 
(Guyton, 1996). Low concentrations of cholesterol in the brain thus indicate 
abnormalities in brain cholesterol metabolism. Consequently, the consumption of 
Carica papaya seed oil should be limited to concentrations below 10 % in diets. The 
Carica papaya seed oil diets had no effects on cholesterol levels in the plasma and 
erythrocytes compared to that of the commercially consumed groundnut oil diet. 
Thus, Carica papaya seed oil should provide the same biochemical benefits in the 
plasma and erythrocyte as groundnut oil.  

Feeding on Carica papaya seed oil diets also caused a similar increase in 
triglyceride concentration even at a concentration as high as 10 % composition. 
Triglycerides account for approximately 95 % of dietary fat (Denke, 2007). The 
general increase in triglyceride levels in the rat brain resulting from the consumption 
of the control diet or Carica papaya seed oil diet may be due to the mobilization of 
fatty acids in the oils into the brain, which are then esterified with glycerol. Increased 
brain triglyceride levels are beneficial since the brain cannot utilize a fatty acid as an 
energy source (unless it is first converted to a ketone). The glycerol component of 
triglycerides can be converted to glucose (via gluconeogenesis) for brain fuel when it 
is broken down (Denke, 2007). Moreover, feeding on Carica papaya seed oil diets 
resulted in a triglyceride metabolism in rat plasma (Table 3) and in erythrocytes 
(Table 4) that is similar to that of the control diet.  

There was a reduction of phospholipids in the rat brain on consumption of 
high concentrations of Carica papaya seed oil (10 %) for a period of thirty two days. 
However, the effect of consumption of Carica papaya seed oil diets on the 
phospholipid status may be considered normal in the rat plasma and in erythrocytes 
since its effect was similar to the phospholipid status of rats fed with control diet over 
the same feeding period of thirty-two days. Phospholipids are essential molecules 
found in all cellular membranes (Sanchez, et al., 2006). They are important for 
optimal brain health and play several roles in the brain. They determine which 
minerals, nutrients, and drugs go in and out of the cell. They also influence 
communication between brain cells by influencing the shapes of receptors and 
promoting the growth of dendrites (Sanchez, et al., 2006). The two most common 
fatty acids attached to phospholipids in the brain are docosahexaenoic acid (DHA) 
and arachidonic acid, although the fatty acid content of brain phospholipids can be 
altered by the composition of diets. The detrimental decrease in the phospholipid 
concentration in brain tissues due to the consumption of high concentration (10 %) of 
Carica papaya seed oil diet could be the result of increased phospholipase A2 activity. 
Phospholipases A2 (PLA2; EC 3.1.1.4) form an expanding superfamily of esterases 
that specifically cleave the acyl ester bond at the sn-2 position of membrane 
phospholipids to produce a free fatty acid (arachidonic acid) and lysophospholipid 
(Farooqui, et al., 2000).  It can be assumed that Carica papaya seed oil contains 
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compounds that stimulate phospholipase A2 activity in the brain considering the fact 
that the brain has several isoforms of the enzyme (Farooqui, et al., 2000). Increased 
stimulation of PLA2 could lead to detrimental effects in the brain (Sun, et al., 2004). 
The consumption of the control diet resulted in lowered levels of reduced glutathione 
(a natural antioxidant in living organisms) in rat erythrocytes. This effect will increase 
the susceptibility to the deleterious effect of free radicals in rat erythrocytes (Grey, et 
al., 2003). However, the consumption of the 10% Carica papaya seed oil diet 
stimulated the reduced glutathione level in rat erythrocytes, thus enhancing its natural 
ability to minimize or prevent the deleterious effect of free radicals in the 
erythrocytes. This could indicate that higher concentrations of Carica papaya seed oil 
in a diet would positively affect the reduced glutathione levels in rat erythrocyte. The 
Carica papaya seed oil diets were comparable to the control diet with regard to 
reduced glutathione activity in rat brain and plasma. Consequently, the Carica papaya 
seed oil is capable of providing biochemical benefits in the brain and plasma that are 
similar to those of the commonly consumed groundnut oil. 

The consumption of the control diet resulted in an increase in the peroxidase 
activity in rat erythrocytes. However, the consumption of Carica papaya seed oil diets 
(3-10%) produced a decrease in erythrocyte peroxidase activity compared to the 
control diet. Peroxidase is an inducible enzyme which is expressed only under 
conditions which permit its gene expression (Hassan and Fridovich, 1978). It 
catalyzes the breakdown of hydrogen peroxide to water and oxygen, and is induced by 
the presence of its substrate (hydrogen peroxide) which acts as an inducer. The 
decreased peroxidase activities arising from the 32 days feeding on Carica papaya 
seed oil indicates the presence of low levels of hydrogen peroxide (a free radical) in 
the erythrocytes, thus making Carica papaya seed oil a good antioxidant source for 
the depletion of free radicals in erythrocytes. 
Carica papaya seed oil diets were comparable to the control diet with regard to lipid 
peroxidation, superoxide dismutase activity in rat brain, plasma and erythrocytes. This 
indicates that the quality of Carica papaya seed oil is as good as that of groundnut oil 
with respect to lipid peroxidation, and superoxide dismutase activity in rat. The result 
of feeding on Carica papaya seed oil diets are comparable to those arising from the 
control diet with regard to HDL-triglyceride, LDL-cholesterol, and HDL-cholesterol 
metabolism in rat plasma. Also, feeding on Carica papaya seed oil diets is also 
comparable to feeding on control diet with regard to the free fatty acid metabolism in 
rat plasma, erythrocytes and brain. 

 
CONCLUSIONS 

The consumption of Carica papaya seed oil in high amounts increases the reduced 
glutathione concentrations in rat erythrocyte. This makes Carica papaya seed oil a 
good source of antioxidants. The oil is comparable to groundnut oil with regard to the 
metabolism of cholesterol, triglyceride, phospholipids, and free fatty acids in plasma 
and erythrocytes. The oil is also comparable to groundnut oil with respect to the 
metabolism of plasma HDL-cholesterol, LDL-cholesterol, HDL-triglycerides, 
erythrocyte SOD, and lipid peroxidation. It has comparable results with groundnut oil 
with regard to brain antioxidants (i.e. superoxide dismutase (SOD), reduced 
glutathione, peroxidase, and free fatty acids). However, high concentrations of the oil 
decreased brain cholesterol and brain phospholipids, which could signify a 
detrimental effect of the oil on the brain. This oil may therefore be preferably used as 
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a drug and not as a food condiment, since drugs are used under controlled 
administration.  
 
Acknowledgements:  We the authors expressed our appreciation to Professor K.O. Okonjo for his 
critical reading of this manuscript. 

 
REFERENCES 

Abdulazeez, M., Ameh, A., Ibrahim, D., Ayo, S., Joseph, O., Ambali, S.F., (2009): Effect of 
fermented seed extract of Carica papaya on litters of female wistar rats 
(Rattusnorvegicus). African J. Biotech., 8 (5): 854-857. 

Bernal, A., Morales, M., Feria-Velasco, A., Chew, S., Rosado, A., (1974):  Effect of 
intrauterine growth retardation on the biochemical maturation of brain synaptosomes 
in the rat. J. Nutr., 104 (9): 1157-1164. 

Brunk, S.D., Swanson, J.R., (1981): Colorimetric method for free fatty acids in serum 
validated by comparison with gas chromatography. Clin. Chem., 27 (6): 924–926. 

Buege, J.A., Aust, S.D., (1978): Microsomal lipid peroxidation. Methods Enzymol., 52: 302-
305. 

Dawkins, G., Hewitt, H., Wint, Y., Obiefuna, P.C., Wint, B., (2003): Antibacterial effects of 
Carica papaya fruit on common wound organisms. West Indian Med. J, 52 (4): 290-
292. 

 Denke, M.A., (2007): Dietary fats, fatty acids, and their effects on lipoproteins. Curr. 
Atheroscle. reports, 8: 466-471. 

 Dyer, R., (1994): Traditional treatment of obesity: Does it works? Baillieres Clin. 
Endocrinol. Metab., 8: 661 – 688. 

 Eder, K., Kirchgessner, M., (1994): The effect of zinc-deficiency on erythrocyte membrane 
lipids of force-fed rats receiving a diet containing coconut oil or fish oil. J. Trace 
Elem. Electrolytes Health Dis., 8: 63–73. 

Ellman, G.I., (1959): Tissue sulfhydryl groups. Arch. Biochem. Biophys. 82: 70-77. 
Farooqui, A.A., Horrocks, L.A., Farooqui, T., (2000): Deacylation and reacylation of neural 

membrane glycerophospholipids. J. Mol. Neurosci., 14: 123-135. 
 Folch, J., Lees, M., Sloane-Stanley, G.H., (1957): A simple method for the isolation and 

purification of total lipids from animal tissues. J. Biol. Chem., 226: 497–509. 
 Gidez, L.I., Miller, G.J., Burstein, M., Slagle, S., Eder, H.A., (1982): Separation and 

quantitation of subclasses of human plasma high density lipoproteins by a simple 
precipitation procedure. J. Lipid Res., 23: 1206–1223. 

 Gill, L.S., (1992): Carica papaya L. In Ethnomedicinal uses of plants in Nigeria. Benin City: 
UNIBEN Press, ISBN: 978-2027-20-0, 57 - 58. 

 Gornall, A.G., Bardawill, C.J., David, M.M., (1949): Determination of serum protein by 
biuret method. J. Biol. Chem., 117: 751–766. 

 Grey, V., Mohammed, S.R., Smountas, A.A., Bahlool, R., (2003): Improved glutathione 
status in young adult patients with cystic fibrosis supplemented with whey protein. J. 
Cyst. Fibros., 2 (4): 195-198. 

 Guyton, A.C., (1996): Textbook of Medical Physiology, 9th edition, W.B. Saunders, ISBN: 0-
7216-5944-6, 200 – 215. 

 Hassan, M.H., Fridovich, I. (1978): Regulation of the synthesis of catalase and peroxidise in 
E.coli. J. Bio. Chem., 253: 6445-6450. 

 Kassie, F., Pool-Zobel, B., Parzefall, W., Knasmuller, S., (1999): Genotoxic effects of 
bennzylisothiocyanate. Mutagen., 14(6): 595-604. 

 Kriketos, A.D., Furler, S.M., Gan S.K., Poynten A.M., Chisholm, D.J., Campbell, L.V., 
(2003): Multiple indexes of lipid availability are independently related to whole body 
insulin action in healthy humans. J. Clin. Endocrinol. Metab., 88 (2): 793–798.  

 Lohiya, N.K., Manivannan, B., Goyal, S., Ansari, A.S., (2008): Sperm motility inhibitory 
effect of the benzene chromatographic fraction of the chloroform extract of the seeds 



Afolabi I.S., et al., /Journal of Natural Products, Vol. 4(2011): 125-135 

 

Copyright © 2011, Journal of Natural Products, INDIA, Dr. Sudhanshu Tiwari, All rights reserved 
135 

 

of Carica papaya in langur monkey, Presbytis entellus entellus. Asian J Androl, 10: 
298-306. 

 Matsuoka, K., Nakamura, A., Honda, C., Endo, K., Tsukada, M., (2008): Study of 
thermodynamic parameters for solubilisation of plant sterol and stanol in bile salt 
micelles. Chem Phys Lipids, 154: 87-93. 

 Misra, H.P., Fridovich, I., (1972): The role of Superoxide Anion in the Autoxidation of 
Epinephrine and a Simple Assay for Superoxide Dismutase. J. Biol. Chem., 247(10): 
3170- 3175. 

 Oderinde, O., Noronha, C., Oremosu, A., Kusemiju, T., Okanlawon, O.A., (2002): 
Abortifacient properties of aqueous extract of Carica papaya Linn seeds on female 
Sprague- Dawley rats. Niger Postgrad. Med. J., 9: 95-98. 

 Okeniyi, J.A., Ogunlesi, T.A., Oyelami, O.A., Adeyemi, L.A., (2007): Effectiveness of dried 
Carica papaya seeds against human intestinal parasitosis: a pilot study, J. Med. Food, 
10 (1): 194-196. 

 Olagunju, J.A., Adeneye, A.A., Fagbohunka, B.S., Bisuga, N.A., Ketikus, A.O., Benebo, 
A.S., Olufowobi, O.M., Adeoye, A.G., Alimi M.A., Adeleke, A.G., (2009): 
Nephroprotective activities of the aqueous extract of Carica papaya Linn. in 
carbontetrachloride induced renal injured wistar rats: a dose and time dependent 
study. Biol. and Med., 1: 11-19. 

 Patil, U.K., Saraf, S., Dixit, V.K., (2004): Hypolipidemic activity of seeds of Cassia tora 
Linn. J. Ethnopharmacol., 90: 249 – 252. 

 Puangsri, T., Abdulkarim, S.M., Ghazali, H.M. (2005): Properties of Carica papaya L. 
(Papaya) seed oil following extractions using solvent and aqueous enzymatic 
methods. J. Food Lipids, 12: 62-76. 

 Rose, H.G., Oklander, M., (1965): Improved procedure for the extraction of lipids from 
human erythrocytes. J. Lipid Res., 6: 428–431. 

 Sanchez, A.L., Matthews, B.J., Meynard, M.M., Hu, B., Javed, S., Cory, S.C., (2006): BDNF 
increases synapse density in dendrites of developing tectal neurons in vivo. 
Development 133: 2477-2486. DOI:10.1242/dev.02409. 

 Sandkamp, M., Funke, H., Schulter, M., Kahlar, E., Assman, G., (1990): Lipoprotein (a) is an 
independent risk factor for myocardial infarction at a young age. Clin Chem.: 36, 20-
23.  

Stewart, J.C.M., (1980): Colorimetric determination of phospholipids with ammonium 
ferrothiocyanate. Anal. Biochem., 104: 10–14. 

Sun, G.Y., Xu, J.F., Jensen, M.D., Simonyi, A., (2004): Phospholipase A2 in the central 
nervous system: implications for neurodegenerative diseases. J. Lipid Res., 45:205-
213. 

 Udoh, F.V., Udoh, P.B., Umoh, E.E., (2005): Activity of alkaloid extract of Carica papaya 
seeds on reproductive functions in male wistar rats. Pharm. Bio., 43: 563-567. 

Wever, R., Hamers, M., Weening, R., Roos, D., (1980): Characterization of the peroxidase in 
human eosinophils. Eur. J. Biochem., 108: 491-505.  

  


