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Abstract

Background: Traditional plant treatment for diabetes has shown a surging interest in the last few decades.
Therefore, the purpose of this study was to assess the hypoglycemic effect of the aqueous extract of C. papaya
leaves in diabetic rats. Several studies have reported that some parts of the C. papaya plant exert hypoglycemic
effects in both animals and humans.

Methods: Diabetes was induced in rats by intraperitoneal administration of 60 mg/kg of streptozotocin (STZ). The
aqueous extract of C. papaya was administered in three different doses (0.75, 1.5 and 3 g/100 mL) as drinking water
to both diabetic and non-diabetic animals during 4 weeks.

Results: The aqueous extract of Carica papaya (0.75 g and 1.5 g/100 mL) significantly decreased blood glucose
levels (p<0.05) in diabetic rats. It also decreased cholesterol, triacylglycerol and amino-transferases blood levels. Low
plasma insulin levels did not change after treatment in diabetic rats, but they significantly increased in non-diabetic

function of both liver and pancreas.
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animals. Pancreatic islet cells were normal in non-diabetic treated animals, whereas in diabetic treated rats, C.
papaya could help islet regeneration manifested as preservation of cell size. In the liver of diabetic treated rats, C.
papaya prevented hepatocyte disruption, as well as accumulation of glycogen and lipids. Finally, an antioxidant
effect of C. papaya extract was also detected in diabetic rats.

Conclusions: This study showed that the aqueous extract of C. papaya exerted a hypoglycemic and antioxidant
effect; it also improved the lipid profile in diabetic rats. In addition, the leaf extract positively affected integrity and

Background

There are large randomized controlled trials that show
the benefit of a tight blood glucose control which
reduces microvascular and macrovascular complications,
but despite this, many diabetics do not keep control of
their blood glucose levels or this control is poorly done
[1,2]. Poor and inadequate glycemic control constitutes a
major public health problem and thus research on new
substances with hypoglycemic properties is required.
Medicinal plants are gradually gaining global acceptabil-
ity given their potential as bioactive agents to be used as
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pharmaceuticals. New hypoglycemic agents derived from
plants have shown both hypoglycemic action and the
ability to improve some of the secondary complications
of diabetes such as kidney damage, fatty liver, and oxida-
tive stress. In addition, some tropical herbs offer both
benefits as it has been recently informed in experimental
models [3-5]. In this sense, several authors have reported
an increase in the number of Mexican diabetic patients
who employ medicinal plants to decrease blood glucose.
Several studies have reported the existence of 306 plants
or fruits used as herbal remedies for diabetes [3]. Among
them lies Carica papaya, an herbaceous plant, member
of the small family Caricaceae. This plant is widely culti-
vated for its edible pleasant fruit, which provides good
nutritional value and easy digestion. Native of the
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lowlands of eastern Central America, it can be found
from Mexico to Panama, though it is grown in all trop-
ical and many subtropical regions of the world. Infusions
made from different parts of the plant including leaves
have been used as therapeutic remedies due to their me-
dicinal properties [4]. There is evidence that C. papaya
leaves reduce symptoms of asthma, worming and dysen-
tery [5,6]. Moreover, papaya leaf extracts have long been
used as remedy for cancer and infectious diseases [6].
The leaf aqueous extract accelerates wound healing
[7,8], whereas the leaf methanol extract has exhibited
vasodilating and antioxidant effects, both being asso-
ciated with cardiovascular risk reduction [5].

Besides their hypoglycemic properties [3], different
parts of C. papaya are used in Mexican folk medicine to
treat various diseases such as diarrhea, inflammation
and diabetes [8,9]. The present study was carried out to
evaluate the hypoglycemic effect of the aqueous extract
of C. papaya leaves in streptozotocin-induced diabetic
rats.

Methods

Animals

Experiments were performed on adult male Wistar rats
(body weight range 250-300 g), 10 to 11 weeks of age.
Animals were housed and maintained at 22°C under a
12-h light/12-h dark cycle, with free access to food and
water. Experiments were carried out during the normal
light/dark cycle, always starting at the same hour
(10:00 AM). Efforts were made to minimize animal suf-
fering and to reduce the number of animals used. All
experiments complied with the Guidelines on Ethical
Standards for the investigation in animals; the study was
approved by the local Internal Committee for the care
and use of laboratory animals (001-10/CICUAL/DACS)
Divisién Académica de Ciencias de la Salud, (DACS),
Universidad Judrez Auténoma de Tabasco, (UJAT).

Chemical and plant products

Streptozotocin was purchased from Sigma (St Louis,
MO, USA). All other chemicals of analytical grade were
obtained from Merck. Kits for different enzyme assays
were purchased from Biosystems S.A., Mexico. The
leaves from Carica papaya were collected during June
to September 2010 from Cintalapa, in the state of
Chiapas, Mexico. The plant was authenticated at the
Division Académica de Ciencias Bioldgicas (DACB)
UJAT as Carica papaya and a voucher specimen is kept
in its herbarium (No. 32307) at the DACB-UJAT in
Tabasco, México.

Induction of diabetes
Experimental diabetes [10] was induced following an
overnight fast, by a single intraperitoneal injection of
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60 mg/kg STZ freshly dissolved in distilled water. Con-
trol animals received 0.9% sterile saline. Hyperglycemia
was confirmed 4 days after injection by measuring the
tail vein blood glucose level with an Accu-Check Sensor
Comfort glucometer (Roche, Mexico City). Only the ani-
mals with fasting blood glucose levels > 250 mg/dL were
selected for the study in accordance with the report by
Gupta et al. [11]. This procedure induced hyperglycemia
in 80% of the animals 4 days after they were injected;
only 2 rats had to be discarded in this lot.

Carica papaya leaf processing

C. papaya leaves were first washed in 1% iodine aqueous
solution, followed by a distilled water wash and dried
afterwards. Three leaf portions were used, weighing 3.5,
7.5 and 15 g. These were homogenized in water and fil-
tered through a No.41 filter paper with 20-25 pm reten-
tion (Whatman) to mimic the traditional procedure used
by people from southeast Mexico. Each extract contain-
ing 0.75, 1.5 or 3 g/100 mL. These doses were chosen in
accordance with a preliminary pilot study that included
from 15 to 60 g of leaves in 500 mL of water, mimicking
the amounts used by C. papaya users. Animals of the
diabetic and non-diabetic control groups received only
drinking water. All animals were kept under the above
mentioned experimental conditions for a 30-day period.

Study design

In order to determine the hypoglycemic effect of C. pa-
paya leaves in diabetic rats, oral doses of C. papaya
aqueous extract (0.75, 1.5 y 3.0 g/100 mL) were adminis-
tered as drinking water. Experimental non-diabetic rats
also received similar doses of C. papaya leaf extract as
drinking water. A total of 42 Wistar rats were used (24
diabetic and 18 non-diabetic). Diabetic rat groups
included control, 0.75, 1.5 and 3.0 g/100 mL and non-
diabetic rats included control, 0.75 and 1.5 g/100 mL.
For each group of six rats (n=6), the necessary biochem-
ical determinations were carried out to identify the
pharmacological effects of C. papaya leaves. For all ani-
mal groups, water intake was determined daily and data
are presented as the area under the curve in the water
consumption graph along the 30 days of the experiment.
Body weight was measured at baseline and every week.
After the 4-week treatment and after a 12-h food with-
drawal, rats were sacrificed by decapitation.

Biochemical parameters

Blood was collected and serum was immediately frozen
and stored at -70°C until the biochemical determina-
tions were performed. Serum levels of glucose, choles-
terol, triglycerides, high-density lipoprotein-cholesterol
(HDL-C), aspartate aminotransferase (AST), alanine
aminotransferase (ALT) and alkaline phosphatase (ALP),
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as well as total bilirubin and direct bilirubin were ana-
lyzed using a Clinical Chemistry System from Random
Access Diagnostics. Plasma insulin concentrations were
determined by an enzymatic immunoassay method
(ELISA ALPACO insulin rat).

NO (nitrate+nitrite) concentration

NO production was assessed by measuring the nitrate
and nitrite concentrations according to the commercial
kit from Cayman Chemicals, based on the nitrate con-
version to nitrite using nitrate reductase followed by the
Griess reaction. The final products of nitric oxide in vivo
are nitrate and nitrite, hence the best index of total NO
production is the sum of both compounds.

Measurement of triglyceride and cholesterol levels in the

liver

Liver lipids were extracted according to the method by
Folch et al. [12], whereas triglyceride and cholesterol
concentrations were measured using enzymatic colori-
metric determinations according to diagnostic kits from
Lakeside Laboratories.

Pancreas and liver histopathological examination

The histopathologic analysis was performed by light mi-
croscopy. Liver and pancreas tissue sections were fixed
in 10% buffered formalin. After fixation, the sample was
washed with running water and processed to obtain
5 pm thick paraffin sections. Pancreas sections were
stained with hematoxilin and eosin (HE), whereas liver
sections were stained with both HE and Periodic Acid
Schiff’s (PAS) methods. The pancreas histopathological
analysis consisted in measuring the number and diam-
eter of the islets of Langerhans.

Statistics analysis

All data are expressed as mean + S.E.M. One- or two-
way analysis of variance (ANOVA) was performed
followed by Tukey’s test to compare the differences
between treatments. Differences were considered sta-
tistically significant for p< 0.05.
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Results

Effect of the aqueous extract of C. papaya leaves on body
weight and water ingestion of STZ-induced diabetic rats
Body weight was recorded every week and the final data
are shown in Table 1. There was a significant decrease
in body weight in diabetic rats (240+4.17 g) with respect
to non-diabetic animals (290+2.88 g) (p< 0.001). The
aqueous extract of C. papaya (0.75, 1.5 g/100 mL)
caused a slight reduction in weight in diabetic rats
(p<0.05) (Table 1). In contrast, non-diabetic rats showed
an increase in body weight after treatment with re-
spect to control non-diabetic rats (p< 0.05) (Table 1).
Water consumption was higher in diabetic rats (1008+
29.26 mL) than in non-diabetic animals (197+9.34 mL)
(p< 0.001). In addition, the treatment of diabetic rats
with 0.75 and 1.5 g/100 mL of C. papaya leaf extract
significantly reduced water consumption (p < 0.05)
(Table 1).

Effect of the aqueous extract of C. papaya leaves on
blood glucose levels

Streptozotocin-induced diabetes resulted in a signific-
ant increase in serum glucose levels (434+7.49 mg/dL)
in comparison to the control group (99.5+6.4 mg/dL)
(p< 0.001). After the administration of the different
doses of the aqueous extract of C. papaya (0.75, 1.5
and 3 g/100 mL) to diabetic rats during 30 days a sig-
nificant decrease in blood glucose levels (305.4+9.68;
306.4£8.8 and 250+ 10.2 vs. 434+7.49 mg/dL, respect-
ively) (p< 0.001) was observed (Table 2).

Effect of the aqueous extract of C. papaya leaves on
serum cholesterol and triglycerides

Serum cholesterol levels in diabetic rats showed a sig-
nificant rise in comparison to the values in non-diabetic
control rats (75.62+2.9 vs. 63.61+2.24 mg/dL) (p< 0.05)
(Table 2). Serum triacylglycerol levels were also elevated
in diabetic rats compared to non-diabetic animals (232.1+
17.3 and 86.14+11.4 mg/dL, respectively) (p< 0.001)
(Table 2). On the other hand, non-diabetic animals
receiving 0.75 and 1.5 g/100 mL of the C. papaya leaf ex-
tract showed a significant increase in serum cholesterol
(81.545.5, 73.23+3.3 vs. 63.6+2.24 mg/dL) (p< 0.001)
and triglycerides (208+12, 135+12.6 vs. 86.14+11.14)

Table 1 Effect of aqueous extract of C. papaya leaf on body weight and water consumption in diabetic and non-

diabetic rats

C. papaya Diabetic Non-diabetic

9/100 mL Control 0.75 1.5 3 Control 0.75 1.5
Weight (g) 240+4.17° 252423 2532444 214.5+189° 290+2.88 373.14£28.55° 311.4+2067¢
Water Consumption (mL) 1008+29.26 437.1415.13° 333.9+1961° 8285+89.62° 197.0+9.34 165.1+7.88° 296.6£12.81°

Data are expressed as mean + S.E.M; n=6. ANOVA followed by Tukey’s test (p< 0.05). °statistically different from non-diabetic rats; bstatistically different from

diabetic control and Sstatistically different from non-diabetic control.
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Table 2 Effect of aqueous extract of C. papaya leaf on biochemical parameters in diabetic and non-diabetic rats

C. papaya Glucose Chol TAG HDL-Chol Insulin NOx
(g/100 mL) (mg/dL) (mg/dL) (mg/dL) (mg/dL) (ng/mL) (NO3+NO,uM)
Diabetic

Control 43447 49° 7562 +2.9° 232.1417.3° 34.25+2.09 042+0,02° 18.29+3.75°
0.75 3054+9.68° 70324327 146.5+8.9° 37.12+3.23 0.43+0.05° 26.24+347°
1.5 306.5+8.8° 88.11+4.56 1445+11.6° 4332+2.23 0.38+0.2° 35.68+3.74°
3 250+10.2° 5737+2.9° 93.71+17.2° 27.241.09° 043+001° 27.96+3.2°
Non-diabetic

Control 995464 63614224 86.14+114 31.18+1.31 097+0.1 36014523
0.75 102.8+9.54 81.5+5.5° 208.2+12° 30.69+1.35 1.06+0.06 31.68+4.9
1.5 89.19+1.9 73.23+33° 135.8+12.6° 30.14+1.69 1.29+0.17° 31.19+3.75

Data are expressed as mean + S.E.M; n=6. ANOVA followed by Tukey’s test (p< 0.05). *statistically different from non-diabetic rats; Pstatistically different from

diabetic control and Sstatistically different from non-diabetic control.

(p< 0.001) levels when compared to non-diabetic control
rats (Table 2). After a 4-week administration of 3 g/100 mL
of C. papaya leaf extract to diabetic rats a significant
decrease in serum cholesterol levels was observed in com-
parison to untreated diabetic rats (57.37+2.9 vs. 75.62+
2.9 mg/dL) (p< 0.001). Serum triacylglycerol levels were
also decreased in a dose-dependent manner in C. papaya
treated rats compared to diabetic controls (146.5+8.9,
144.5+11.6, 93.7£17.2 mg/dL vs. 232.1+17.3 mg/dL,
respectively) (p< 0.001). High-density lipoprotein choles-
terol levels were significantly increased with 1.5 g/100 mL
of C. papaya leaf extract in diabetic rats in comparison to
diabetic control (43.32+2.23 mg/dL vs. 34.25+2.09 mg/dL)
(p< 0.05) (Table 2) and non-diabetic control rats.

Determination of basal plasma insulin

Blood insulin levels were dramatically reduced in all
groups of STZ-treated rats with or without C. papaya
leaf extracts in the drinking water (0.42+0.2 ng/mL),
when compared to non-diabetic control rats (0.97+
0.1 ng/mL) (p< 0.001). Conversely, blood insulin levels
were significantly increased in non-diabetic rats receiv-
ing 0.75 or 1.5 g/100 mL of C. papaya leaf extracts
(1.06+0.06 and 1.29+0.17 ng/mL, respectively vs. 0.97+
0.1 ng/mL) (p< 0.05) (Table 2).

Nitric oxide (nitrate+nitrite) concentration

Nitric oxide (NO) production measured through the evalu-
ation of its stable metabolites nitrate and nitrite was signifi-
cantly low in diabetic rats (18.29+3.75 uM) when compared
to non-diabetic animals (36.01£5.23 uM) (p< 0.001). On
the other hand, the administration of 0.75 to 3 g/100 mL
of C. papaya leaf extracts to diabetic rats significantly
enhanced the amount of nitrite-nitrate in comparison
to the untreated diabetic group (p<0.05) (Table 2).

Biochemical parameters

Serum activities of ALT, AST and ALP, biomarkers of
liver toxicity, were elevated in SZT-induced diabetic rats
(276+16.6, 345+£10.4, 798.4+14.7 U/L, respectively) when
compared to non-diabetic controls (88.6+2.02, 285.3+
7.9, 243.649.13 U/L, respectively) (p< 0.001) (Table 3).
Treatment of diabetic rats with 0.75 and 1.5 g/100 mL
of C. papaya leaf extract significantly reduced the ac-
tivity of these biomarkers with respect to control dia-
betic rats (p< 0.001, p<0.001 and p< 0.001; respectively
for both doses), but treatment with 3 g/100 mL did
not reduce the activity of these serum enzymes in dia-
betic rats (Table 3). Similarly, the administration of
0.75 and 1.5 g/100 mL of C. papaya leaf extract
significantly reduced the activities of AST and ALP
(p <0.05) in non-diabetic rats compared to non-diabetic
controls (Table 3).

Effect of the aqueous extract of C. papaya leaves on
hepatic cholesterol and triglycerides

Liver weight was lower in diabetic rats (8.37+0.69 g)
than in non-diabetic animals (10.45+1.65 g) (p< 0.05).
In the groups drinking the aqueous extract of C. pa-
paya leaves, an increase in liver weight in diabetic
rats was detected when compared to liver weight in
untreated diabetic animals; however, statistical signifi-
cance was only reached for the 0.75 g/100 mL dose
(p<0.05). Liver triglycerides concentration was signi-
ficantly increased in diabetic rats (69.71+5.00 mg/g
tissue) in comparison to non-diabetic rats (60.39+
3.5 mg/g tissue) (p< 0.05). C. papaya leaf-treated
diabetic rats exhibited a decrease in liver triacylgly-
ceride concentrations for the three extract doses (55.40+
4.64, 59.07+6.48 and 56.47+2.43 mg/g tissue, respectively)
(p<0.05), but no changes were observed in liver chol-
esterol concentrations in all groups (Table 4).
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Table 3 Effect of aqueous extract of C. papaya leaf on the hepatic profile in diabetic and non-diabetic rats

C. papaya ALT AST ALP TB DB
(g/100 mL) (U/L) (U/L) (U/L) (mg/dL) (mg/dL)
Diabetic

Control 276+16.6° 3455+104° 7984+14.7% 0.69+0.11° 0.53+0.09°
0.75 61.16+2.9° 169.5+4.8° 441+106° 035+0.03° 031£002°
1.5 81.85+14.6° 187.9+14.1° 437.7+£108° 0.63£0.07 0.52+0.08
3 3149+13.7° 416.7+16° 642.6+11.6° 045+0.05° 044+0.08
Non-diabetic

Control 88.6+2.02 2853+7.9 2436+9.13 0.35+0.03 0.25+0.02
0.75 66.4+63¢ 26044186 136.143.7° 0.39+001 0.25+001
1.5 86.5+4.6 25374965 109.6:+5.5° 0.55+0.06° 0.38+0.04

Data are expressed as mean + S.E.M; n=6. ANOVA followed by Tukey’s test (p <0.05). *statistically different from non-diabetic rats’ Pstatistically different from

diabetic control and Sstatistically different from non-diabetic control.

Liver and pancreas histopathological examination

The histology of pancreatic islet cells presented normal
morphology in non-diabetic and C. papaya-treated non-
diabetic rats. Langerhans’ islets present in the pancreatic
tissue featured circular shapes with healthy cell lining.
The exocrine acini portions were well organized and
with normal morphology (Figure 1a). The islet diameter
in non-diabetic rats was 134.3£15.13 pm, whereas for
treated non-diabetic animals for treated in non-diabetic
rats were 163+19.36, 45.25+23.07 um (0.75 and 1.5 g/
100 mL, doses, respectively) (p< 0.05) (Figure 1b). In
diabetic rats without treatment, the pancreatic tissue
showed shrunken Langerhans’ islets (Figure 1c). The
pancreatic tissue of C. papaya-treated diabetic rats
exhibited an increased number of Langerhans’ islets in
comparison to non-treated diabetic rats, suggesting a
protective effect on the islets (p<0.05). Islet diameters in
untreated diabetic rats were smaller in comparison to
0.75 and 1.5 g/100 mL C. papaya-treated diabetic rats

Table 4 Effect of aqueous extract of C. papaya leaf on the
hepatic lipids in diabetic and non-diabetic rats

C. papaya LW Chol TAG
(9/100 mL) (9) (mg/g tissue) (mg/g tissue)
Diabetic

Control 837+0.69° 10.78+1.06 69.71£5.00
0.75 9.88+0.89" 11.23+1.04° 55.40+4.64°
15 8.52+1.28 10.54+1.11° 59.07+6.48
3 9.15+1.12 9.49+0.82° 56.47+243°
Non-diabetic

Control 10.45+1.65 9.66+1.11 60.39+3.5
0.75 10.88+1.8 10.25.1+7.88° 57.55+0.72
15 10.63+1.65 10.29+1.44° 56.4+3.86

Data are expressed as meanz+ S.E.M; n=6. ANOVA followed by Tukey’s test (p
<0.05). ?statistically different from non-diabetic rats; Pstatistically different from
diabetic control and Sstatistically different from non-diabetic control.

(93.25+23.07, 89+13.07 vs. 61.88+12.86. pm; respect-
ively) (Figure 1c, d and e) (p< 0.05).

Hepatocytes in non-diabetic rats showed normal cell
structure with well-preserved cytoplasm (Figure 2a),
with small fat vesicles and glycogen granules in the cyto-
plasm (Figure 2b). The liver morphology of non-diabetic
rats treated with C. papaya was similar to the control
group (Figure 2c to f). On the other hand, the liver of
diabetic rats showed differences: sinusoids were not
clearly observed, abundant fat vesicles and glycogen
granules especially around the central veins were present
(Figure 3d and f). The liver morphology of diabetic
rats treated with C. papaya (0.75 g/100 mL and
1.5 g/100 mL; Figure 3d and f, respectively) exhibited
smooth changes compared to the untreated group,
which entailed diminished disruption of hepatocytes
(Figure 3c to f), smaller glycogen granules and fat
vesicles content.

Discussion

Our results show that the intraperitoneal administration
of STZ to rats significantly increased glucose blood
levels four days after injection, as well as decreased body
weight. In addition, other diabetes-related signs were
observed. These results agree with previous observations
that have employed this model and that also report loss
of body weight [13,14].

Several reports suggest that this model of type 1 dia-
betes induced by STZ is adequate to evaluate the prop-
erties of leaves or fruits from different plants [15-17]. In
the present study, the aqueous extract of C. papaya
maintained the body weight of diabetic rats during treat-
ment. Weight loss is a main sign of diabetes but its
mechanism is not clear. It could be due to many factors
such as loss of appetite, increased muscle waste and loss
of tissue proteins [15,18,19]. In addition, the administra-
tion of the aqueous extract of C. papaya decreased water
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Figure 1 Effect of aqueous extract of C. papaya leaves on the histological of rat pancreas evaluated by hematoxylin and eosin (H&E)
staining (50X). a) Shows the Normal aspect of a Langerhans islet. b) Pancreas of non-diabetic rat treated with 1.5 g/100 mL showing a reduced
Langerhans islet with smaller size with respect to a). ¢) Diabetic rat pancreas without treatment showing a small Langerhans’ islet due to
streptozotocin injury. In contrast, diabetic rats treated with C. papaya leaf extract showed larger Langerhans' islets for all doses: (d) 0.75 g/100 mL

Diabetic

consumption. Other natural products also produce a de-
crease in both water intake and urine volume excretion,
indicating that these products can regulate water balance
and which is known to depend on the kidney function
[18,20]. In this study, however, kidney function biomar-
kers were not determined.

This study showed that the C. papaya leaf aqueous ex-
tract significantly diminished blood glucose levels (p<0.05)
in diabetic rats. This hypoglycemic effect is similar to the
one reported for other plants [17,18,21,22]. Such effect
may be explained in part by either a decrease in the rate
of intestinal glucose absorption [23-25] or an increase in
peripheral glucose utilization [24,25]. In this line, some
authors have ascertained increased catabolism of glucose
due to GLUT4 translocation to the plasma membrane
in muscle and brown adipose cells [19,20], with up-
regulation of the uncoupling protein-1 in brown adi-
pose tissue and hepatic gluconeogenesis [25,26], causing
as a result hyperinsulinemia or enhancement of peripheral

glucose utilization [19,27,28]. Moreover, a possible stimu-
latory mechanism on the few surviving B-cells has
been considered, which could allow the release of
more insulin [29-32]. Our results suggest that the aqueous
C. papaya leaf extract may act by stimulating the few
remaining P-cells with the subsequent release of more
insulin, instead of pointing to the regeneration of B-cells
of the islets as responsible for the insulin increase
(Figure 1e).

Different reports have shown that the islets appear to
be preferentially affected in diabetes by destruction of
insulin-secreting [-cells [29,31,33]. In this respect, the
damage to islets in diabetic rats treated with C. papaya
extract was reduced. There are reports suggesting that
in diabetic rats, the administration of plant extracts can
be effective in cell regeneration and restoration of islet
size, even producing cell hyperplasia [29,32,33]. B-cells
have shown a remarkable potential for regeneration at
the pre-clinical stage of diabetes which is a key question
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and PAS (b, d, f) staining, 200X.

Figure 2 Liver tissue slices from non-diabetic rats without treatment (a, b) and with C. papaya aqueous extract treatments: 1.5 g/
100 mL (c, d) or 0.75 g/100 mL (e, f). All liver sections showed normal structure; however, rat livers treated with 1.5 g/100 mL of C. papaya
extract exhibited slight univesicular steatosis near the central veins. Glycogen content in all cases was insignificant. Hematoxylin-eosin (a, ¢, €)
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when addressing type 1 diabetes [29,30]. In addition,
some authors using a pancreatic islet cell line have
reported that plant extracts play a role in stimulating in-
sulin secretion in P cells [20,22,32,33]; however, this does
not seem to be the case for insulin-producing B-cells
deteriorated by STZ.

We also found that insulin levels were diminished in
diabetic rats compared to non-diabetic animals. This
result is consistent with reports from other authors
using STZ to induce type 1 diabetes in which they
observed that STZ depletes insulin production by pan-
creatic B-cells [33,34]. Several authors suggest that the
hypoglycemic or antidiabetic effect of some natural
extracts can be attributed to their insulin-trophic effect
that enables the reduction of blood glucose levels, liver
glycogen content, and serum lipids through the control
of serum insulin [20,30]. Interestingly, our results show

that C. papaya extract increased insulin production,
with no significant hypoglycemic effect on non-diabetic
rats.

Our results demonstrated that triacylglycerol levels
decreased in diabetic rats with the administration of C.
papaya extract. The hyperlipidemia associated with dia-
betes may result from an accelerated hepatic triglyceride
biosynthesis and the release of VLDL without an in-
crease in its rate of clearance from the blood by lipopro-
tein lipase, which is dependent on the insulin/glucagon
ratio [27,30]. Furthermore, the increase in lipid profile
may be a consequence of increased lipids breakdown
and mobilization of free fatty acids from peripheral
deposits [30,32]. This biochemical evidence for the
hypotriacylglycerolemic and hypoglycemic actions of C.
papaya extract is supported by the improvement in the
histological features of fat (Figure 3a) and glycogen
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Diabetic w/T

Diabetic
0.75g/100 mL

Diabetic
1.5g/100 mL

Diabetic
3 g/100 mL

Figure 3 Liver slices from diabetic rats without treatment (a, b) and with C. papaya aqueous extract treatments: 0.75 g/100 mL (c, d),
1.5 g/100 mL (e, f) or 3 g/100 mL (g, h). It is noteworthy that in (d) and (f) the glycogen content in hepatocytes was reduced as compared
with (b). h) Similar tissue aspect than in (b). Hematoxilin-eosin (a, ¢, e, g) and PAS (b, d, f, h) staining, 200X.

.

(Figure 3b) content in hepatocytes of diabetic rats. The
C. papaya extract decreased liver glycogen content in
diabetic rats (Figure 3d,f). This diminution was not due
to the action mediated by insulin because insulin levels
were not increased in diabetic rats treated with C. pa-
paya. It is known that in diabetes the activation of the
gluconeogenic enzymes may also be due to the state of
insulin deficiency given under that condition; insulin

functions as a suppressor of gluconeogenic enzymes
[33,35]. The inhibition of glucose intestinal absorption
could have caused the significant reduction in liver
glycogen. However, a direct effect of C. papaya extract
on the activities of hepatic gluconeogenic enzymes can-
not be ignored and need further investigation. Addition-
ally, the consumption of herb extracts in diabetic rats
reduced blood glucose levels and increased glucose



Judrez-Rojop et al. BMC Complementary and Alternative Medicine 2012, 12:236

http://www.biomedcentral.com/1472-6882/12/236

tolerance not only by promoting insulin sensitivity, but
also by reversed activity of hepatic enzymes in diabetic
rats near to normal levels, through mechanisms that in-
volve gluconeogenesis [35-37]. Several studies have
revealed that increased total lipid, triglycerides and total
cholesterol levels in the serum of diabetic rats are also
found in liver and kidney [27,37]. Previous studies have
reported that some phytocomponents, particularly sapo-
nins and steroids, elicit antihyperlipidemic action by
inhibiting intestinal lipid absorption via resin-like action
and inhibition of lipase activity [23,27,30]. On the other
hand, the elevation of serum biomarker enzymes such as
ALT, AST and ALP has been observed in diabetic rats
indicating impaired liver function that may be due to
hepatic damage induced by hyperglycemia [32-35]. In
the present study, our results showed that C. papaya
treatment produced a decrease in serum aminotran-
ferases in diabetic rats. Liver damage in diabetic rats
(Figure 3a and b) was confirmed, as well as improve-
ment in hepatocyte morphology after the C. papaya
treatment (Figure 3c to f). Moreover, reduced levels of
total and direct bilirubin concentrations were observed
in diabetic rats treated with C. papaya. Besides, bio-
chemical evidence indicates that the increment in biliru-
bin concentration is generated by an enhanced liver
function and muscle wasting. Furthermore, diabetes it-
self can induce injury to the bile ducts and cause muscle
damage [22,23]. Similar results have been reported after
the administration of Croton cajura extract in diabetic
rats showing a decrease in other biochemical markers
(transaminases, nitrogen and antioxidant enzymes in
serum). This reduction led to a recovery in the metabol-
ism of the diabetic rats and prevented the development
of diabetic complications [27,32,37]. Our results suggest
that the aqueous extract of C. papaya at low doses (0.75
and 1.5 g/100 mL) regulates bile transit and hepatic
function in diabetic rats, but at high doses it can be hep-
atotoxic (3 g/100 mL). In this respect, there are reports
of liver damage due to natural and drug treatments for-
cing discontinuation of treatment and the urgency of re-
evaluating the pharmacokinetics and pharmacodynamics
of these compounds [35-37].

In our study, there is evidence of a reduction in NO
metabolites in diabetic rats [38,39]. In addition, the ad-
ministration of the aqueous extract of C. papaya to dia-
betic rats increased NO levels. As it is well known,
diabetes is characterized by hyperglycemia and hyperlip-
idemia, two biochemical features associated with inhib-
ition of endothelial nitric oxide synthase (eNOS), leading
to diminished NO production, increased formation of
reactive oxygen species (ROS), impaired endothelium-
dependent relaxation, increased formation of free radi-
cals and lower efficacy of antioxidant systems, which
lead to an imbalance between free-radical formation and
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the protection against them [32,38-40]. However, the
presence of antioxidant molecules regulating NO pro-
duction generates a diminution in oxidative stress
[38-40]. Several studies have reported that medicinal
plant extracts have flavonoids, saponines and polyphe-
nols that increase the activity of antioxidative systems
[40,41]. This antioxidant effect of plant extracts
decreases the oxidative stress generated by diabetes,
resulting in a reduced or delayed progression of the
endothelial degeneration, nephropathy and neuropathy
[38-41]. In this sense, the antidiabetic effect of C. pa-
paya extract can be due to its content of chemical con-
stituents responsible for antioxidant actions.

Data are preliminary on the hypoglycemic effect of
Carica papaya leaves in streptozotocin-induced diabetic
rats. This study have some limitations: a sample size
with six animals in every group, a short period of study,
the diabetes model correspond more to a type 1 diabetes
than to type 2 diabetes, moreover the active metabolite
in the C. papaya leaves was not identified. Further stud-
ies administering the extract for longer periods of time
are necessary.

Taken altogether, these results show that the adminis-
tration of the extract of C. papaya leaf induced a signifi-
cant reduction in glucose and triacylglycerol plasma
concentrations (0.75 and 1.5 g/100 mL). In addition, this
extract exhibited an antioxidant action and was not hep-
atotoxic at low doses (0.75 and 1.5 g/100 mL). The sug-
gested mechanism for C. papaya could be similar to that
reported for some sterols which decrease the activity of
lipid- and carbohydrate-hydrolyzing enzymes in the
small intestine, thus reducing the conversion of disac-
charides and triglycerides into absorbable monosacchar-
ides and free fatty acids [23,31]. Currently, there are few
reports on the effect of papaya leaves in experimental
diabetes. In recent years, the use of therapeutic phyto-
products has been consistent; however, multicenter,
large-scale clinical trials are needed to evaluate their
safety and efficacy, as well as their interaction with con-
ventional drugs when administered simultaneously.

Conclusions

This preliminary study confirms the hypoglycemic effect
of C. papaya leaves together with other beneficial effects
in diabetic rats. These results suggest that the aqueous
extract of C. papaya may improve the metabolic disrup-
tion produced by diabetes. However, further research is
needed to gain a better understanding of its potential
therapeutic action, the implicated phytochemical consti-
tuents and the exact mechanism of action.
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