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ADSTRACT

This study was carried out Lo investigate the importance of Carcia papaya fruit and its leaves as an antidiabetic agent. The

glucose and fructose contents of papaya fruit were determined using HPLC technique. The effect of fruit (10 & 20%) and leaves

(5 & 10%) on food efficiency ratio, body weight gain, liver weight, kidney weight, blood glucose, cholesterol, triglycerides, uric
acid and creatinine levels were determined in alloxan-induced diabetic rats. Fourteen days treatment with Carica papaya showed
considerable lowering in blood glucose level, no significant changes in serum cholesterol and triglycerides, decreasing in uric
acid and creatinine levels in the treated diabetic group under investigation, Fruit and leaves showed phenolic contents and
potential reducing power as indicator for antioxidative activity. These results suggest that Carica papaya fruit and leaves possess
antidiabetic effects in alloxan-induced diabetic rats, while no hypolipidemic effects were observed. The amelioration in the blood
glucose level and other physiological organs may be due in part to the antioxidant activity of Carcia papaya fruits and leaves

INTRODUCTION

Carica papaya is an endogenous plant in West
India, Mexico and Central America, and widely
cultivated in other tropical and subtropical areas. In
Fgypi'", papaya has been planted in total fruitful arca
65 fed, and the production was 437 ton with yield of
672 ton/fed The fruit can be used 1o make drinks,
salads, marmalade and candy Papain, a protease
enzyme, molecular weight 23 kDa, is obtained from
the latex of the unripe but fully grown papaya fruit,
leaves and trunk. 1t has many industrial and consumer
uses Including as a meat tenderiser, clearing agent m
the production of beer, contact lens cleaner, and
feagent in  the biochemical and pharmaceutical
mdustries. Iis edible seeds have a spicy flavor
somewhat reminiscent of black pepper. Unusually
Papava fruit contains butyric or butanoic acid (1.2
mg'kg), which is also found in butter and used in the
Manufacture of plastics™ Recently. papaya is used as
food or medication® in folk medicine.

Papaya fruit is ome of the best sources for
Plovianin A (B-cryproxanthin}® the predommant
“arolenond. Moreover, papaya fruil is a rich source of
foluble dietary fiber and showed health benefis™. Dry
‘omminuted leaves of papava were exhaustively
Mizcted™ with dichioroethane to produce a yellow-

onge residoe fom which six carotencids were
Stpanmated.
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Carica papaya is one of the naturally used products
for treatment of symptoms related to venous and
lymphatic  vessel insufficiency, and for the
prophylaxis™ It suggested also for liver damage
caused by metabolic toxins, in chronic degenerative
liver conditions, for the therapy of digestive disorders,
and to stabilize membranes through antioxidant and
free radical scavenging actions.

Free radicals have been related with aging and
diseases such as cancer, diabetes and especially in
newological  disorders, for example, Parkinson's
disease or Alzheimer's discase. Diet including
verigble antioxidant foods such as papaya or fermented
papaya may therefore help (o prevent these illnesses.
The fermented papaya preparation also increased
superoxide dismutase activity. These results suggested
that the fermented papaya preparation has antioxidant
actions. So that, it may be a prophylactic food against
the age related and neurological diseases associated
with free radicals.

The effects of consumption of guava or papaya
(400 g /day) on total antioxidant status and lipid
profile. A significamt change in plasma glucose level
was found after four weeks of papaya consumption,
and a significam increase of plasma total cholesterol
and wiglycende level™, No significant increase in
plasma HDL-cholestzrol and LDL-cholesterol levels
waus observed Sigmificant increases in serum total
sntioxidamt status, glutathione reductase level were
stated but no significant increase in blood glutathione
peroxidase level The consumptions of guava and
papaya reduce oxidative siress and alter lipid profile
Thus, it could reduce the risk of disease caused by free
radical activities and high cholesterol in blood.

The effect of powdered drinks formutated on a
tasis papaya, green plamam and rice bran has been
lustrted on glycemic index GI'® Papava powder
presented  the best oquilibrium i relation 1o
irsolublesoluble fiber (1 41) when compared with
green plantam and rice braa. The highest wtal dietary
fiber (12.8:16 1 g'100g) cansed the fowest increase in
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glycaemic response. The glycaemic index was smaller
than that of a glucose solution, indicating that they
could be used by people with special diets, such as
diabetic patients. '

This study shed light on the effect of papaya fruit
and its leaves on some biochemical and physiological
changes such as blood glucose, cholesterol, uric acid,
creatinine, liver, kidney weight, fed intake and body
weight gain. The chemical composition of
monosaccharides, phenolic compounds and reducing
power in papaya fruit and its leaves were also studied.

MATERIALS AND METHODS
Materials:

Papaya (Carica papaya L.): Papaya used in this
research was collected from the local market of
Sharkya governorate in May, 2004.

Alloxan: Alloxan used in this research was obtained
from Hoffman La'Roch Company. Diabetes was
induced in mnormal healthy rats by subcutaneous
injection of alloxan (200 mg/kgm weight)"".
Methods :

Preparation of papaya pulp and its leaves: Papaya
(Carica papaya) fresh pulp was cut into small pieces,
dried in an oven at 50°C for 3 days until fully dried
and grounded by using a grinder. The fresh leaves
were cut, washed with water and dried at room
temperature forl0-12 days until fully dried, then
grounded by using a grinder.

HPLC assay of monosaccharides in papaya pulp:
Soluble sugars in papaya pulp were extracted"'?), Ten
grams blended pulp were homogenized with 200 ml
deionized water at 60°C, 3 min. Lead acetate (10 ml,
10%) was added to precipitate non carbohydrate
compounds, and centrifuged at 10.000 xg/15 min. The
supernatant was filtered and kept for analysis using
HPLC. HPLC-HEWLETT-PACKARD  Liquid
Chromatography series 1050, with detector HP 1047 A
and Bio-Rad aminx HPX-87¢ column 300 mm X7.8
mm was used. Deionized degassed water (in degasser
series 1050) was used as a mobile phase with flow rate
0.6 ml/min, temperature 70°C and injection volume 5§

ul. Monosaccharide (MS) percentage in papaya pulp

sample was calculated as equation;
Monosaccharide % =
(peak area of MS X standard Wt, X 100) /
(peak area of standard X sample Wt.)

Phenolic content measurement: The phenolic
compounds concentration was measured™, and
calculated using tannic acid and catechin as standards.
The dried samples in methanolic HCI (0.01 g) were
added to 2 ml 2% WNa,CO;. After 2 min, Folin-
Ciocalteu reagent (0.1 ml) was added to the mixture,
- then it was left for 30 min. Absorbance at 750 nm was
- mieasured using a spectrophotometer, Results are the
mean of three samples, were expressed as prams
percentage of tannic acid or catechin equivalent to 100

g dry.weight. f

Reducing power assessment for papaya pulp ang
leaves: The reducing power activity for extracts -
which relate to the antioxidant activity- was compared
to that of vitamin C (0.01 g/ml) as a standard common
antioxidant and reducing agent. Aqueous extracts (0.0]
g) were mixed with phosphate buffer and potassium
ferricyanide, Then, these mixtures were incubated at
50°C for 20 min, A portion of trichloroacetic acid was
added to the mixture, which was then centrifuged. The
upper layer of solution was mixed with dist'il!cd water
and FeCl;. The absorbance of three replicates was
measured at 700 nm. Increased absorbance of the
reaction mixture indicated increased reducing power.

Experimental animal design: A total of 36 male

healthy rats (weigh between 140-150 g) were divided

into 6 groups. The first group was used as negative

control, and groups (2-6) were subcutaneous mjected

by alloxan (200 mg/kg body weight) to induce

hyperglycemia as follows:

1- Fed on basal diet as a “negative control™

2- Fed on basal diet as diabetic rats without treated
“positive control”

3- Fed on basal diet (diabetic rats) containing 10%
dried papaya pulp.

4- Fed on basal diet (diabetic rats) containing 20%
dried papaya pulp.

5- Fed on basal diet (diabetic rats) containing 5%
dried papaya leaves.

6- Fed on basal diet (diabetic rats) containing 10%
dried papaya leaves.

Preparation of diet: The basal diet contains proteins
(13%), fat (4%), salt mixture (3.5%), vitamin mixture
(1%), choline (0.2%), cellulose (5%)™ and starch.

Blood sampling: After 40 days treatment with papaya,
rats were starved for 12 hr., and sacrificed under ether
anesthesia. Blood samples were collected from the
aortic vein into clean dry centrifuge tubes and stored at
room temperature for 15 minutes, They were cooled at
4°C for 2 hour, and then centrifuged for 10 minutes at
300,0 TPM to separate serum. Serum was carefully
aspirated and transferred into dry clean Wasser —man

tubes- by using a Pasteur pipette and kept frozen at (-
20°C) for analysis.

Analytical methods of blood serum:

I- Determination of serum glucose: Serum glucose
was colorimetrical determined® -

2- Determination of total cholesterol: Serum

cholesterol was determined using the enzymatic

method!'™.

Determination of triglycerides: The lriﬁlyccrides

In serum were colorimetrical determined™. '-

Determination of uric acid: Seram uric acid was

colorimetrical determined”,

Determination of creatinine: Serum creatinine

Wwas measured in alkaline solution and reacted with

picrate 1o form a colored complex®”,

Statistical analysis: The obtained data Wwere
statistically analyzed®", ' s

3.
4-

s-
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'RESULTS AND DISCUSSION
HPLC assay of monosaccharides in papaya fruit
pulp:

HPLC analysis (Table I and figure 3) indicated the
presence of glucose and fructose in papaya fruit pulp
in concentrations 5.196 and 2.379 %, respectively. The
monosaccharide concentrations of C. papaya have
been calculated by comparison with standard glucose
and fructose peak area (figures | and 2), at retention
times 7.480 and 8.68 min., resyectively. Results were
in agreement with that found® fructose (3%), which
may be correlated with the low glycaemic index GI.

During the early papaya fruit development, glucose
was the major sugar™. Cell wall invertase [f-
fructofuranosidase] activity, which was very low in the
young papaya fruit, began to increase 90 day after
flowering and that paralleled sugar accumulation,
Enzyme invertase is hydrolyzing sucrose into glucose
and fructose in nature. Invertase isolated from Carica
popaya fruits is inhibited by fructose®, and not by
glucose. Fructose appears to be an important effector
of this enzyme, and inhibition by fructose is not
_suppresscd by proteins as occurs with other plant
invertases,

Figure (1): HPLC chromatogram for standard glucose.
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Figure( 3): HPLC chromatogram for pap
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aya peels

sacharides (g/100g) measured as glucose and fructose
Table (1): HPLC assay of monosaccharides for

papaya fruit pulp (%).
Glucose |Glucose| Fructose [Fructose
Yo R, % R,
Papaya | 5.196 + 2379+ ‘.
fruit pulp{ 0.112 748 0.093 8.58 i

Glucose, fructose and sucrose in papaya juice were
found in total concentrations of 0.5-0.7 molar'™®. Heat
treatment of the fruit before juice preparation
inactivates the enzyme and lower amount of the simple
sugars. On the other side, sucrose was found in the
predominant sugar (75%) in papaya seeds®”, in
addition to few free monosaccharides. Carbohydrate
content as well ®” was mentioned to be 10%, which
constitute mainly arabinose (48%) and fructose (23%)
in papaya fruit pulp.

Assay of phenolic content:

The phenolic content in papaya pulp and leaves
(figure 4) was measured as tannic acid and catechin.
Papaya pulp has phenolic content 0.64% and 0.28%,
respectively. On the other hand, Papaya leaves have
lower phenolic content 0.58% and 0.21% as tannic
acid and catechin, respectively. Phenols as rutin, and
variety of carotenoids have been also detected in
papaya leaves”. These compounds might be
responsible for the high antioxidant activity, and the
hypoglycemic effect of papaya. Phenolics and
flavonoids are reported to be responsible for

hypoglycemic activity®”,
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Fig (4): Total phenols for paj:ayn peels and leaves
(/100 g) measured as tannic acid and catechin,
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Super-oxide value and 1-diphenyl-2-picrylhydrazyl
radical scavenging activity in guava, mango, banaqa
and papaya are genemllg linked with total phenolic
and ascorbic acid content™

Reducing power assessment in vitro for papaya
pulp and leaves:

Reducing power as indicator for anti-oxidative
activity was measured at 700 nm for the pulp and
leaves aqueous extracts and compared with the
reducing power for the standard antioxidant vitamin C
(Figure 5). The reducing power may be due to the
electron donor activity for the compounds. Reducing
power is due to the ability to react with the free
radicals™” to convert them to more stable products and
terminate radical chain reaction,

Due to high total phenolic content of papaya pulp
(fig 4), it showed higher reducing power activity
(0.775+0.118) than that for the leaves (0.394+0.298).
The activity for pulp was much higher than the activity
for vitamin C (0.478+0.212). Another study showed
that glucose, fructose and sucrose presented in papaya
Juice are responsible for HO' quenching activity'*™. An
imbalance between oxidative stress and antioxidative
defense mechanisms in diabetics can result in cell and
damage the tissue, and accelerate diabetic
complications. It was mentioned that diet including
variable antioxidant foods may help to prevent
ilinesses related to free radicals. Connection between
Lycium barbarum extracts which is rich in antioxidant

components and its hypoglycemic effect has been
detected®"),
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Fig (5): Reducing power activity for papaya pulp and
its leaves comparing to vitamin C activity,

Antioxidative capacity of fruit pulps showed that
Papaya pulp in the 11" order based on scavenging 2,2-
azino-bis-3-ethylbenzthiazoline-6-sulfonic acid (ABTS)
free radical™ and ascorbic acid equivalent antioxidant
capacity.

Biological parameters:

Effect of papaya pulp and its leaves on biological
parameters in  diabetic rats was studied, The
parameters  included food consumption, food
efficiency ratio (FER), weight gain and o
weight ratios (Table 2 and figure 6). It was observed
lhat,. significant decrease in food intake and food
eﬂicxcncy ratio (FER) for diabetic rats fed on basal
d‘lct._ Whilg. a slight increase in food intake and
sngmﬂc_ant increase in (FER) for diabetic rats fed on
basal d|_el with different levels of Papaya and it's leaves
comparing with control group. The significant increase

in (FER) may be due to effect of some important
substances in papaya such as papain enzyme thay
enhance digestibility and absorption.

Table (2): Effect of papaya pulp and' its Iea\{es on
daily food intake (g/day) and food efficiency ratio (%)
(mean + SE)

0 et Pstine| S T R RS
Paramiregy| Control | Control) o | g0 | 5% | 10%
Daily fovd | 12 | 11,03 |12.03[12.18[12.39[12.67] 3.082
intake | 4099 | 40,33 |+0.30|£0.29|+0.37}20.31
(w/day) a b a a a a

Food | 752 | 1.9 | 3.64 | 3.79 | 4.93 | 4.97 |13.123
Efficlency | 4 g2 | 40,47 |+0.42 |+0.24 | £0.53 | £0.45
oA e bl b | b | b

Values with same letters indicate non significant
difference (P<0.05) and vice versa, '
*Significant (P<0.05), NS=non significant
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Figure (6): Effect of Papaya fruits and leaves on daily
food intake (g/day) and food efficiency ratio (%). (1:
negative control, 2: positive control, 3: fruits 10%, 4:
fruits 20%, 5: leaves 5% and 6: leaves 10%).

Aqueous extracts of papaya seeds (5 & 20 mg/kg
body/day oral doses) for 60 days are safe and could
serve as an effective male contraceptive in rodents™
It did not manifest any estrogenic effects in male mice,
and LD30 studies indicated its nontoxic nature. The
body weight or the weights of reproductive organs,
kidney and adrenal were not affected. The serum
S(_?:O_T, SGPT, proteins and cholesterol levels were
within the normal range in the extract treated mice.

Table (3): Effect of papaya pulp and its leaves on
body weight, body weight gain ratio and daily body
Welght gain (g) (mean + SE)

Groups|

. a P Papaya|Papaya
Nepat e|"2Paya|Papaya|Papaya|Papay
c?:'::: :'_.?::I::l fruits | fruits | leaves | leave | Fevalue
Paramef 10% | 20% | 5% | 10%

J—

§oe 14533114917 1475 | 145 [145.83

Initial | 1463
weight @) 42420 £21 14239 142,14 | +1.83 [ £2.39 [0 50INS
a a a a

I,

153.331166.67|166.66(169.17|171 67
Final | 18083 "
weight (g) (42304 tlf? :21.’11 11567 13601 11667 1737

rgans to body .

Body 8 1175 [1833]24.14 [ 2583
weight gain +334.|sloa +1.83 | 42.14 | +1,05 | +2.39 | +2.01 [ 18947
ratio(g) |— e d ed be b
Daily body [~ o 1702 | 0.44 {046 | 0.61 | 065

*
welght gain| o0 140,05 | 40,05 | +0 03 | +0 06 | £0.05 | 1939
& |~ e d | cd | be

b |
Values with same letrers indicate non Sig"iﬁcam
Elifference (P<0.05) and vice versa,

Significant (P<0.05), NS=non significant
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Figure (7): Effect of Papaya fruits and leaves on body
weight (g). body weight gain ratio (%) and daily body
weight gain (%). (1: negative control, 2: positive control, 3:
fruits 10%, 4 fruits 20%, 5: leaves 5% and 6: leaves 10%).

From data tabulated in table (3) and figure (7), it
could be demonstrated that no significant deference
between all groups in initial weight. Regarding to final
weight and body weight gain, the lowest value was
recorded by diabetic rats fed on basal diet (positive
control) (153.33 g and 8 g), respectively. Then it was
increased significantly up heave to diabetic rats fed on
basal diet with different levels of papaya and it's leaves
comparing with negative control that recorded the
highest value of final weight and body weight gain
(180.83 g and 34.50 g), respectively. The treatment
resulted in an improvement in body weight for diabetic
rats, and that might due to its antidiabetic activity.

Table (4): Effect of papaya pulp and its leaves on liver

From data in table (4) and figure (8), it could be

observed slight increasing for liver/body weight and
slight decreasing for kidney / body weight. No
significant difference in liver or kidney / body weight
ratios for all treated diabetic rats with papaya and its
leaves comparing with control group.

Biochemical analysis:

Table (5) and figure (9) indicated the glucose level,
cholesterol and triglycerides levels in controls and
diabetic rats fed with papaya fruits and leaves. The
glucose level showed dramatically increase (317.95
mg/dl) with injected alloxan rats, and this value
significantly decreased with papaya leaves than that
with fruits. High blood glucose for diabetic rats might
result from insufficient release of insulin for the
oxidative damage by the generation of reactive oxygen
species®®. Reduction of serum glucose level may be
due to high level of fiber, phenols and saponins™". In
spit of serum glucose levels were decreased by papaya
leaves or fruits, levels did not reach the normal glucose

level.
Table (5): Effect of papaya pulp and its leaves on
serum glucose, cholesterol and triglycerides levels
mg/dl) (mean + SE)

and kidney to body weight ratio (%) (mean + SE)

Grou . .. |Papaya|Papaya|Papaya|Papaya !
P Negative| Pasitivel " LG i leaves | teave | Foatae
Paramet¢ 10% | 20% 5% 10%
82.69 [317 95/266.24(252 65[197 &1[170 (2
Glucose | +5.69 [+14 28[420 01|+16.89| =8 79 | 8 85 | 38 366*
d a b b c c
5404 [ 6262 599 | 602859455615
Cholesterol | +160 | #2.28 [ +1.49 |+#2 11 [+1.56 [ +1 38| 2907*
c a ab ab ab be
6644 [ 6989 |71.09|7401|67.55]63.16
Triglycerides| +225 | #2.26 (#3 00 | +3.29 | #2 18 | 1 37 [1.755NS
ab ab ab a ab b

Groups| Negative [Positive | Papaya | Papaya | Papaya | Papaya| F-
Control | Control | fruits | fruits | leaves | leave | value
Paramel 10% | 20% | 5% | 10%
Liverody | 271 [3.06 [ 3.13 [3.09 [2.92 [ 2.91 0816
e 0|£020 ] 40,10 |£0 28 |£0.17|£0.11{ £0.13| NS
n a a a a a
"é‘:v;'f 0.756 [0.715 | 0.83 | 0.94 |0.895]0.865]0 636
weiphe L. | £0.04 [£0.014[20 01 [ £0.02[0.02|£021| NS
2ht ragio a " b
% a 8a | 7a a

;aﬁiues with same letters indicate non significant
g erence (P<0.05) and vice versa.
2ignificant (P<0.05), NS=non significant

. T—— e e b i )
[ -
1 e
A - .
' T ="
E 54 — " =
e —+— Liver/Body weight u
s o T
— —i— Kidney{Body welght | _
L : _ ratio (%) i
& _‘—-"‘““_'_T‘-————‘-
i 05 ,__:?.—-—-—-f-"’ —a
| D — —
1
I“:‘ﬁw\ 2 3 4 5 3
‘Igure g, T—
'“dr_lcy <t of Papaya fruits and leaves on liver and

experiment showed

Values with same letters indicate non significant
difference (P<0.05) and vice versa.
'Signiﬁcant {P<0.05), NS=non significant

BT T T T T T Conslestendl mgid) |
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l':ignre——(;)rﬁt’fect of papaya fruits and leaves on
serum glucose, triglycerides and cholesterol levels
(mg/dl). (1: negative control, 2: positive control, 3:

fruits 10%, 4: fruits 20%, 5: leaves 5% and 6: leaves

10%). X ‘f'
ult did not show obvious changes for -
e I.es::md triglycerides for alloxan-diabetic rats -
fruits and leaves. While, another
a significant change of plasma -

cholesteral
fed with papaya
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tal
glucose level, significant increase of fPlﬂS:‘::d:: of
cholesterol and uigle'ceride level after four Cher and
papaya consumption"”. Fruit rich in vitamins, lowering
antioxidants may affect through exerting 2 s
effect on plasma total homocysteine t':qnce.ntra; l]u;
Papaya might enhance glucose utilization for
significant decrease of blood glucose level.

Table (6): Effect of papaya pulp and its leaves on

serum uric acid and creatinine levels (mg/dl) (mean +
SE)

1 Papaya| o
X et i s e v
Parameteeg] “0 [Controll oo | dow | 5% | 0%
141 260 | 242 | 218 | 199 | 183 .
Uric acid | +0.15 +034 14028 | +024 | +0.08 +0.16 |3.554
c a ab ab abc | bc
076 | 128 | 093 | 098 | 0.9 091
Creatinine | +0.034 | +0.17 |+0.089| +0.09 |+0.03 |+0.035[3.566*
b a b b b b

Values with same letters indicate mon significant
difference (P<0.05) and vice versa.

Significant (P<0,05), NS=non significant

Serum uric acid results from uric acid production
through endogenous and dietary sources, and is
eliminated by the kidney and intestine®, Creatinine as
well excreted from the healthy kidney into the urine,
and with dysfunction of kidney, creatinine goes into
blood™. For the metabolic disturbance in diabetes,
high activities of xanthine oxidase, lipid peroxidation,
increases of trigl cerides, cholesterol and uric acid
might be detected””. Elevation of the serum uric acid
(2.60 mg/dl) and creatinine (1.28 mg/dl), as significant
markers, are related to re

nal dysfunction in diabetic
hyperglycemia  (Table ¢

and  figure 10),

Hyperglycemia in diabetes is considered a critical
factor in the development of renal disease'”,
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Figure (10): Effect of papaya fruits and leaves on
serum uric acid and creatinine levels (mgfdl). (1.
negative control, 2: positive control, 3: fruits 10%, 4:
fruits 20%, 5: leaves 5% and 6: leaves 10%).

From the chemical and biological studies, it may be
concluded that Carica papaya fruit and leaves haye
beneficial effects on blood glucose level against
alloxan induced-diabetic rats. That n}ight be related to
their phenolic content and antioxidative effect. Further

pharmacological and biochemical investigations need -

to elucidate the mechanism of the antidiabetic effect of
Carica papaya fruits. '
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