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Abstract: Previous studies have shown that the red-fleshed Caricapapaya has 
significantly higher p-carotene and lycopene than the yellow-fleshed variety. This 
study with Wistar rats has shown that  irrespective of the colour of the flesh, a 
significant increase of serum vitamin A is shown only if papaya is fed along with a 
standard diet (p<O.OOl).This is not so if the papaya is fed separately. The 
red-fleshed variety shows higher (66.7+ 4.2pgIdL) p-carotene levels in the liver 
compared to the yellow fleshed variety (5.4 5 l.Opg/dL, pc0.001). This is probably 
due to both (a) higher B-carotene levels of the red-fleshedvariety and (b) inhibition of 
15-15l dioxygenase activity by lycopene which is also higher in the red-fleshed variety. 
In  uivo antioxidant activity as judged by thiobarbituric acid reactive substance6 
(TBARS) in the heart n~uscles showed that papaya fed rats had significantly higher 
antioxidant activity than the control. This is probably due to the known high 
antioxidant activity of both lycopene and p-carotene. Both vitamin A and P- 
carotene were determined using RP-HPLC. 
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INTRODUCTION 

Vitamin A deficiency is a national deficiency disorder of public health importance in 
Sri Lanka. A recent national survey revealed that 36% of pre-school children in Sri 
Lanka have vitamin A deficiency (serum retinol < 20 pgldl). In view of its well- 
established association with child morbidity and mortality,'g2 i t  is a cause for 
concern. 

Vitamin A is available from animal sources in the form of rgtinol+, retinal, 
retinoic acid or esters, and from plant sources, particularly fruits and vegetables, in 
the form of pro-vitamin A carotenoids. There are approximately 50 known active 
pro-vitamin A carotenoids, of which 0-carotene makes the largest contribution to 
vitamin A activity in plant foods.3 Recent findings suggest that the bioavailability of 
carotenoids in fruits and vegetables may be much lower than previously e~ t i rna ted .~ ,~  
Research is currently under way to revise these previously established conversion 
factors. 
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In addition to their well-known vitaminA activity, carotenoids with or without 
vitamin A activity art: known to be involved in immuno-enhancement6 and are 
useful in the treatmect and prevention of cancer owing to their antioxidant ~apacity.~ 
The main strategy for prevention of vitamin A deficiency in Sri Lanka has been the 
promotion of the general consumption of pro-vitamin A, especially as carotenoids 
from plant  source^.^ Papaya is one of the main fruits recommended for vitamin A 
deficiency in Sri Lanka. There are different types (red-fleshed and yellow-fleshed) 
of Carica papaya. In a previous study, identification and quantification of pro- 
vitamin A and non-vitamin A carotenoids of the two main types (red and yellow- 
fleshed) of Carica papaya grown in Sri Lanka using MPLC (Medium Pressure Liquid 
Chromatography) and Wlvisible spectrophotometry was rep~r ted .~ , '~  The study 
indicated that the major carotenoids of yellow-fleshed papaya had B-carotene and 
p-cryptoxanthin, which correspond to the 106.3 + 2.8 pg of mean retinol equivalent 
(RE). Red-fleshed papaya contained pro-vitamin A carotenoids B-carotene, 
P-cryptoxanthin and p-carotene e p ~ x i d e , ~ , ~  corresponding to 211.8 f 3.8 pg of mean 
RE. As far as we are aware, there has not been any in vivo bioavailability studies 
on the carotenoids of Caricapapaya found in Sri Lanka. Therefore, the objective of 
this study was to investigate in vivo bioavailability of carotenoids from major types 
of red-and yellow-fleshed papaya when consumed by Wistar rats, either incorporated 
or not incorporated into standard rat chow. Studies carried out recently also showed 
the red-fleshed papaya to be rich in l y c ~ p e n e , ~ ~ ' ~  a potent antioxidant. Lycopene is 
reported to be beneficial in cardiovascular ailments and cancer.11J2 Since many of 
the protective effects and health benefits of lycopene and other carotenoids have 
been hypothesized to occur via protection against oxidative damage13-14*15 the 
antioxidant activity of Carica papaya has been studied by determining the levels 
of heart thiobarbituric acid- reactive substances (TBARS). 

METHODS AND MATERIALS 

Plant materials: Yellow- and red-fleshed papaya (Carica papaya L.) were purchased 
from the market. The yellow fruits selected were of the same skin colour, shape 
(globular), and ripeninglevel (pH =4.5-5.0). Similarly, the red-fleshed fruits selected 
for this study were of the same skin colour, shape (elongated), and ripening level 
(pH=4.5-5.0). 

Chemicals: 0-carotene and retinol were obtained from Sigma Chemical Co (St Louis, 
Mo., USA). All the other chemicals used were of HPLC or analytical grade and were 
purchased from LABO-TECH, Uppsala, Sweden. 

Biological assay: ~ e a l t h ~ ,  2 months old male Wistar rats (weight 205 k 10.8 g) from 
the Medical Research Institute (MRI) were used. They were housed in stainless 
.steel cages under standard conditions. The rats were randomly divided into three 
groups (6 rats each). Two experiments were carried out. In the first study, papaya 
(red-fleshed and yellow-fleshed) was incorporated (10% dry weight) into the standard 
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WHO rat feed.16 In the second study, while being maintained on the standard rat 
feed, papaya was given orally (10 glday) to rats in the morning. All rats given papaya 
consumed the full amount. 

Each day for 4 weeks the two groups received test diets and a control group 
was given only the standard diet. At the end of four weeks, the rats were anaesthe- 
tized and blood was drawn for estimation ofvitamin A. In the first study, hearts and 
livers were excised and stored at -20 OC for estimation of vitamin A and B-carotene 
content in the liver and i n  vivo lipid peroxidation assay in the case of the heart. 

Extraction of serum vitamin A: Serum (100 p1) and ethanol (100 yl) were mixed 
vigorously in a vortex mixer.17 HPLC grade hexane was added and the contents 
mixed a gain in a vortex mixer, until the bottom layer was thoroughly extracted. 
The contents were centrifuged at  2000 rpm for 5 minutes. The upper hexane 
layer was transferred to a small test tube and evaporated under nitrogen. The 
residue was dissolved in 50 yl of 95% methanol and analysed using RP-HPLC. 

Extraction of liver vitamin A: The liver tissues were first chopped and minced. 
Liver (1 g) was placed in a mortar.ls The tissue was ground to a powder with 
anhydrous sodium sulfate. After the addition of 2 volumes (vlw) of 2-propanol/ 

' dichloromethane (1:1), the mixture was ground further with a pestle and then 
allowed to stand for 2 to 3 minutes. The extract was filtered, and the residue was 
extracted with dichloromethane 3 to 4 times, as described. The pooled extract, 
after being filtered, was divided into two portions and evaporated to dryness in a 
rotary evaporator. One portion was dissolved in 95% methanol for analysis of 
vitamin A and the other dissolved in methanol: acetonitrile: trifluroacetic acid (58: 
35: 7) for analysis of p-carotene. An aliquot (50 pL) was analysed by RP-HPLC. 

RP-HPLC for vitamin A analysis: For reverse-phase HPLC, Waters Associates 
(Milford, MA) pumps (model 5151, Shimpak Column, CLC-ODs (M) C,,, 25 cm x 
4.6 mm, rheodyne injection valve, SCL-6A system controller and CR-6A recorder 
were used. Serum extracted solution of 50 pl was injected onto the RP-HPLC column 
and vitamin A levels were analysed using 95% methanol as mobile phase and 
detected at 325nm.17 Plasma retinol concentration was calculated using a standard 
curve. For quantification, a standard curve was utilized (r2=0. 992). In order to 
correct for recovery a parallel HPLC run was conducted using a known amount of 
vitamin A mixed into each test. 

RP-HPLC for pcarotene analysis: B-carotene was analysed using the above HPLC 
system but the mobile phase was acetonitrile: methanol: triflouroacetic acid (58: 
35: 7).19 Detection was at  450nm. Plasma P-carotene concentrations were calculated 
using a standard curve. For quantification, a standard curve was available (r2= 
0.989). In order to correct for recovery, a parallel HPLC run was conducted using a 
known amount of p-carotene mixed into each sample. 
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112 vivo lipid peroxidation: Measurement of lipid peroxidation was performed 
according to the methods by Munasinghe et. a1.,2O with slight modifications. Each 
heart was homogenized in ice with 20% (wlv) of MDAbuffer (KC1 O.S%w/v, Na,HPO, 
0.033M) followed by incubation for 1 hour at  37 C. These were centrifuged at 2500 
rpm in a Kubota 5100 for 15 minutes. Aliquots (1 ml) were withdrawn from the 
incubation mixture and 0.5 ml each of 40% (w/v) trichloroacetic acid (TCA) and 
0.2% (wlv) thiobarbituric acid (TBA) with 0.02% (wlv) butylated hydroxytoluene 
(BHT) added. The samples were vortexed and boiled for 15 minutes followed by a 5 
minutes cooling period on ice. One ml of 70% TCA was added to each tube, vortexed, 
and albwed to stand for 20 min at  room temperature. Then the samples were 
centrifuged at 3500 rpm for 20 min (Kubota 5100) and the colour developed was 
measured at  532 nm in a Shimadzu UV-1201 V spectrophotometer. 

Statistical analysis: Statistical analysis was carried out in Microsoft Excel. All the 
results are presented as mean k SEM. The significance of the differences between 
the means of the tests and controls were established by student t-test. p-value less 
than 0.001 was considered to be significant. 

RESULTS 

Bioconversion of pro-vitamin A carotenoids to vitamin A 

Table 1 shows serum vitamin A concentrations of rats given papaya, incorporated 
into standard diets and separately, whereas Table 2 shows liver vitamin A and P- 
carotene concentrations of rats given papaya incorporated into the standard diet. 
Results of Table 1 show that in order to increase serum vitamin A, papaya must be 
incorporated into the standard diet. Table 2 shows that red-fleshed papaya markedly 
increases liver b-carotene content. 

R d  *.C" 

Experimental treatment groups 

Figure 1: Effects of Caricapapaya (yellow and red-fleshed) incorporated 
into standard diet on cardiac lipid peroxidation *p=o.o022 compared with control 
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In v ivo lipid peroxidation 

Figure 1 shows the effects of Carica papaya (yellow and red-fleshed) incorporated 
into the standard diet on cardiac lipid peroxidation. Both papaya groups significantly 
reduced TBARS in the heart (36.3% and 41.12% respectively) compared to the control. 
There were no significant differences between the groups fed on yellow -fleshed and 
red-fleshed papaya. 

Table 1: Serum vitamin A in Wistar rats 

Papaya incorporated into standard diet Papaya given separately 
(pgldL) (pgldL) 

Red-fleshed 
Papaya 

Yellow-fleshed 
Papaya 

Control 4.8f 1.4 6.433.2 

* Significantly different from control at  p<0.001 
Values shown are the mean f SEM of six determinations. 

Table 2: Liver vitamin A and 0-carotene in rats given papaya incorporated 
into standard diet 

Vitamin A 0-carotene 

(clglg) (~g lg)  

Red-fleshed 
Papaya 

Yellow-fleshed 
Papaya 

Control 

" Significantly different from control a t  p<0.001 
Values shown are the mean f SEM of six determinations. 

DISCUSSION 

Among the three groups of rats, the serum vitamin A levels were significantly 
(p<0.001) higher for groups given yellow-fleshed and red-fleshed papaya 
incorporated into the standard diet (12.0 k 1.8 pg1dL and 14.3 f 2.8 pg/dL 
respectively), compared to the control (4.8 f 1.4 pg/dL). There was no significant 
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difference.between yellow-fleshed (5.8 f 2.0 pgldL) and red-fleshed papaya (6.2 + 
1.6 pg/dL) given separately and the control fed on only standard diet (6.4 k 1.2 pgl 
dL). These results show that bioavailability of pro-vitaminA is greater when papaya 
is incorporated into the standard diet, than when the two are given separately. This 
may be due to fats and oils in the diet, which enhance bioavailability of pro-vitamin 
A carotenoids. This would tend to suggest that in humans, papaya taken as a dessert 
soon after a main meal is more likely to increase vitamin A bioavailability than 
when taken separately (e.g. as breakfast). Previous carotenoid analysis studiesgJO 
showed that red-fleshed papaya had a higher retinol equivalent compared to the 
yellow-fleshed papaya. However, the in vivo bioavailability studies show that there 
is no significant difference in the vitaminA content ofrats fed on red-fleshed papaya 
and yellow-fleshed papaya. It is likely that lycopene, a known inhibitor of 15-15' 
dioxygenase enzyme,21 which is present in high levels in the red-fleshed varietygJO 
affects the bioconversion of pro-vitamin Acarotenoids to vitamin A. This is supported 
by significantly higher levels of p-carotene in the liver of rats fed on red-fleshed 
type. This is evidence of the inhibitory effect of lycopene present in red-fleshed 
papaya.5sVurther studies are needed to confirm the molecular mechanism of the 
action of lycopene. 

Papaya significantly reduced TBARS in the heart of the rats fed on red-and 
yellow-fleshed papaya compared to the control (p=0.0022 for red-fleshed and 
p= 0.0129 for yellow fleshed). The differences in TBARS on feeding of rats with the 
two types of papaya were not statistically significant. This can be interpreted as 
being due to carotenoids such as 0-carotene and lycopene of papayag, lo and their 
known antioxidant effects. Therefore, rats fed papaya incorporated into a standard 
diet had significantly higher levels of heart antioxidant activity compared to the 
control. 
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