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Abstract
Dengue disease is characterized by a marked decrease in platelet count, which is life threatening. In the present study, we 
investigated the antiviral activity of an aqueous extract of Carica papaya leaves (PLE) against dengue virus (DENV) and its 
effect on platelet augmentation. The anti-dengue activity of PLE in DENV-infected THP-1 cells was examined by immuno-
blotting and flow cytometry. The effect of PLE on erythrocyte damage was investigated using hemolytic and anti-hemolytic 
assays. Virus-infected THP-1 cells were assayed for IFN-α secretion. The effect of PLE on platelet augmentation in rats with 
cyclophosphamide-induced thrombocytopenia was also investigated. The platelet count of blood from the retro-orbital plexus 
of rats was determined on the  1st,  4th,  7th,  11th and  14th day of study. On the  14th day, the rats were sacrificed for histopatho-
logical examination of the liver, kidney and spleen. Plasma of thrombocytopenic rats was tested for thrombopoietin (TPO) 
and IL-6 secretion. The data suggest that PLE significantly decreases the expression of the envelope and NS1 proteins in 
DENV-infected THP-1 cells. A marked decrease in intracellular viral load upon PLE treatment confirmed its antiviral activ-
ity. This also resulted in a significant decrease in erythrocyte damage and hydrogen-peroxide-induced lipid peroxidation. A 
significant increase in the number of platelets was found in thrombocytopenic rats treated with PLE, along with an increase 
in IL-6 and TPO levels. These findings suggest that PLE can potentially be used as an antiviral agent, as it helps in platelet 
augmentation and exhibits antiviral activity against DENV.

Abbreviations
DENV  Dengue virus
PLE  Papaya leaf extract
DHF  Dengue hemorrhagic fever
DSS  Dengue shock syndrome
WHO  World Health Organization
FBS  Fetal bovine serum
UPLC  Ultra performance liquid chromatography
LC-MS  Liquid chromatography mass spectrometry
hPBMCs  Human peripheral blood mononuclear cells
IFN-α  Interferon alpha

MTT  3-(4,5-Dimethyl-2-thiazolyl)-2,5-diphe-
nyltetrazoliumbromide

HE  Hematoxylin and eosin
TPO  Thrombopoietin

Introduction

Dengue is an arboviral disease caused by dengue virus (DENV), 
a member of the family Flaviviridae. It is endemic throughout 
tropical and subtropical regions of the world, causing around 
390 million new infections annually [7]. It is asymptomatic in 
the majority of people but can cause non-severe dengue with 
or without warning signs in some cases, but if untreated, it can 
lead to severe dengue, with the hallmark symptom of thrombo-
cytopenia [13, 15, 34]. Studies suggest that a low platelet count 
is one of the major causes of bleeding in dengue patients. The 
platelet count drops below the normal level (150,000–450,000 
platelets/μL or  mm3) and may reach as low as < 40,000 plate-
lets/mm3 during the critical phase (day 3–7) of fever in many 
patients. Thrombocytopenia has always been one of the most 
decisive criteria used by the World Health Organization 
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(WHO) guidelines as a potential indicator of clinical sever-
ity [33]. According to WHO guidelines, thrombocytopenia is 
defined as a rapid decline in platelet count or a platelet count 
less than 150,000 per microliter of blood [34]. There are sev-
eral potential reasons for thrombocytopenia in dengue disease, 
including bone marrow suppression, increased platelet destruc-
tion, platelet dysfunction, and imbalance between coagulation, 
fibrinolysis and anti-coagulant pathways, [5, 17, 19]. Recently, 
Ojha et al. reported that platelet activation determines the sever-
ity of thrombocytopenia in dengue infection [26]. There is no 
approved anti-dengue drug or vaccine available on the market, 
although the Dengvaxia vaccine produced by Sanofi Pasteur has 
shown promising results in clinical trials but is still not consid-
ered safe for children [11]. Recent studies have shown that it is 
also not safe for use in dengue-seronegative individuals [2, 14]

Natural products have been the main source of test mate-
rials in the development of antiviral drugs based on tradi-
tional medical practices [18]. These products are considered 
to be effective and non-toxic. Currently, not a single natu-
ral product has actually been approved as an antiviral drug 
against DENV, although a few have been reported to have 
antiviral activity [21, 24, 29, 36].

Carica papaya, commonly known as papaya, is a tree-
like herbaceous plant belonging to the family Caricaceae. 
It is cultivated globally, mainly for its fruit [30], but other 
parts of the plant are used for various purposes, and some 
have anti-bacterial properties [10]. Papaya leaves have been 
reported to reduce symptoms of asthma, worm infestations 
and dysentery [27] and to have anti-cancer properties [25].

Carica papaya leaf extracts are prescribed as a tonic for 
the heart and also for the treatment of fever, pyrexia, diabe-
tes, gonorrhea, syphilis, and inflammation and for dressing 
infected wounds [3, 16, 23]. Previous phytochemical analy-
sis [6] has shown the presence of flavonoids, alkaloids, car-
bohydrates, saponins, glycosides, phytosterols, phenolics, 
terpenoids and tannins in the leaves of Carica papaya. A 
few studies have reported an increase in platelet count after 
administration of PLE to dengue patients [31, 35], but the 
effect of PLE on dengue virus infection in vitro has not 
been studied so far. Therefore, the objective of the present 
study was to investigate the possible anti-dengue effects 
of papaya leaf extract and its role in platelet augmenta-
tion. The present study provides scientific support for the 
potential use of PLE as a therapeutic drug against dengue 
virus infection.

Materials and methods

Plant material

Fresh middle-stage-age Carica papaya leaves were pur-
chased from a nursery in Delhi, India. Leaves were 

thoroughly washed with running tap water and then dried in 
the shade. They were then finely powdered using a grinder. 
Seventeen grams of papaya leaf powder was mixed in 100 ml 
of autoclaved Milli-Q water, and this mixture was then kept 
on a rotary shaker for three days to ensure mixing. After 
three days, the mixture was centrifuged and filtered using a 
0.2-µm Whatman filter. It was found that 3.6 gm of papaya 
leaf powder is soluble in 80 ml of Milli-Q water. A 45 mg/
ml stock solution of PLE was stored in a sterile glass bottle 
at 4 °C for use in further experiments.

Cells

The cell line THP-1, maintained in Rosewell Park Memorial 
Institute (RPMI) medium (Sigma) was used as an infection 
model for DENV, and the cell line C6/36, maintained in min-
imum essential medium (MEM) (Sigma) was used to propa-
gate DENV. RPMI was supplemented with 10% fetal bovine 
serum (FBS) (Sigma) and 100 U of penicillin (Sigma), and 
100 µg of streptomycin (Sigma), per ml at 37 °C in a 5%  CO2 
atmosphere in an incubator (Sanyo, Japan).

Animals

Male Sprague Dawley (SD) rats weighing about 180-200 g 
and aged 8-9 weeks were used for a cyclophosphamide-
induced thrombocytopenia study. Two experimental trials 
were done using 18 animal in the first study and 30 in the 
second. The first experiment was a pilot study to standard-
ize the cyclophosphamide dose, its duration, and minimum 
effective dose of papaya. The second experiment provided 
the results presented here. Animals were housed under 
standard conditions of temperature and light in the animal 
house of DIPAS, DRDO. Ethical approval was received 
from the animal ethical review committee of DIPAS, DRDO 
Delhi (IAEC/DIPAS/2015-25, 18/10/2015). The animals 
were given standard rat foods and allowed to drink water. 
Proper cleaning measures were taken regularly.

Development of a virus infection model

The DENV serotype 2 New Guinea C strain was propagated 
in C6/36 cells to produce virus stock for infection of THP-1 
cells. The titer of the virus stock was determined by plaque 
assay to be  109 plaque-forming units (PFU) per ml. THP-1 
cells were infected with DENV as described previously 
[29]. Briefly, 2 × 106 THP-1 cells per ml were infected with 
DENV serotype 2 at a multiplicity of infection (MOI) of 3 
in a serum-free medium at 37 °C for 2 h. Cell culture plates 
were gently agitated for optimum virus and cell contact, and 
unadsorbed virus was removed by washing with incomplete 
medium. The mock-infected and DENV-infected cells were 
then provided with fresh RPMI medium containing 2% 
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fetal bovine serum (FBS) and incubated for 48 h at 37 °C. 
After infection, the cells were harvested, and the cell-free 
supernatant was stored at – 80 °C until assayed for cytokine 
profiling.

LC‑MS analysis

The PLE extract was dried under a gentle stream of nitrogen 
and reconstituted in methanol. The compounds present in 
the extract were analyzed by liquid chromatography mass 
spectrometry (LC-MS/MS). An ultra performance liquid 
chromatography (UPLC) system was coupled to a hybrid 
quadrupole, orthogonal time-of-flight (Q-TOF) tandem 
mass spectrometer (SYNAPT G2 HDMS, Waters, Man-
chester, U.K.) equipped with ESI. Chromatographic separa-
tion was performed on an Acquity UPLC BEH C18 column 
(3.0 mm × 150 mm, 1.7 μm, waters, Ireland) at a temperature 
of 40 °C. The mobile phases consisted of eluent A (0.1% 
formic acid in water, v/v) and eluent B (0.1% formic acid 
in acetonitrile, v/v). These eluents were delivered at a flow 
rate of 0.4 mL/min with a linear gradient program as fol-
lows: 20–80% B from 0 to 15 min, 80–95% B from 15.0 
to 15.5 min, hold at 95% B from 15.5 to 18.0 min, 95-20% 
B from 18.0 to 19.0 min, and hold at 25% B from 19.0 to 
20.0 min. The operating parameters were as follows: cap-
illary voltage, 3 kV (ESI+); sample cone voltage, 35 V; 
extraction cone voltage, 4 V; source temperature, 100 °C; 
desolvation temperature, 300 °C; cone gas flow, 50 L/h; des-
olvation gas flow, 800 L/h. In  MSE mode, the trap collision 
energy for the low-energy function was set at 5 eV, while 
the ramp trap collision energy for the high-energy function 
was set at 20–50 eV. Argon was used as the collision gas 
for collision-induced dissociation (CID) in  MSE mode. To 
ensure mass accuracy and reproducibility, the mass spec-
trometer was calibrated over a range of 50–1500 Da using a 
solution of sodium formate.

Cell viability assay

The cytotoxicity of papaya in THP-1 cells was determined 
by MTT assay. THP-1 cells were treated with PLE at 50, 
75, 100, 200 and 300 µg/ml for 24 h, 48 h and 72 h. The 
cytotoxicity of PLE in THP-1 cells was determined using 
3-(4, 5-dimethyl-2-thiazolyl)-2,5-diphenyltetrazoliumbro-
mide (MTT) (Sigma-Aldrich, USA) dye . Ten µl of MTT 
stock was added to the cells, which were incubated for 4 h 
at 37 °C. MTT, a yellow tetrazole, was reduced to form pur-
ple formazan crystals by the NADPH-dependent enzyme 
oxidoreductase present in viable THP-1 cells. The crystals 
were dissolved by addition of DMSO and the optical density 
was measured at 570 nm using a spectrophotometer (Biotek 
Instruments, USA). All experiments were repeated three 
times in triplicate at 24 h, 48 h and 72 h.

Assessment of antiviral activity of PLE

Mock-infected and virus-infected THP-1 cells were treated 
with or without PLE at a dose of 100 µg/ml or 200 µg/ml, 
and after two hours of virus infection, the cells were incu-
bated for 48 h and a whole-cell lysate was prepared. The 
concentration of protein present in whole-cell lysate was 
estimated by the Bradford method, and 40 µg of protein of 
each sample was loaded on a 10% sodium dodecyl sulfate 
(SDS) polyacrylamide gel and separated by electrophore-
sis. The proteins were then transferred to a polyvinylidene 
difluoride (PVDF) membrane. Nonspecific binding of anti-
bodies was blocked using 3% bovine serum albumin (BSA) 
in TBS buffer (0.1 M Tris-HCl, pH 7.4, 0.15 M NaCl), fol-
lowed by washing with  TBST20 (0.1% Tween-20 in TBS). 
The membrane was then incubated with a primary rab-
bit antibody against the DENV envelope protein (cat. no. 
PA5-32246, Thermo Scientific USA) and the NS1 protein 
(cat. no. SAB2700022 SIGMA). The membrane was again 
washed three times with  TBST20 and incubated with bioti-
nylated goat anti-rabbit immunoglobulin (IgG) (cat. no. 
B8895 Sigma) and streptavidin peroxidase (cat. no. S2438 
Sigma). The proteins were detected by chemiluminescence.

Intracellular staining of DENV

DENV-infected THP-1 cells at a concentration of 
2 × 106 cells/ml were treated with 100 or 200 µg of PLE per 
ml and incubated for 48 h. Cells were harvested and then 
washed twice with 0.01 M PBS, fixed, and permeabilised 
with cytofix/cytoperm buffer (BD Biosciences, USA) for 
20 min, followed by incubation with anti-DENV FITC-con-
jugated polyclonal IgG antibody (cat. no. orb15512, Biorbyt, 
UK) at a 1:200 dilution for 60 min. Unbound antibodies 
were removed by washing again with PBS. The cells were 
then suspended in 0.5 ml PBS (0.01 M) and analyzed using 
a flow cytometer (BD FACSCalibur) with Cell Quest Pro 
software.

Measurement of IFN‑α by ELISA

DENV-infected THP-1 cells were treated with PLE and 
incubated for 48 h in IRPMI medium supplemented with 
2% FBS. The supernatant was collected and kept at – 80 °C. 
IFN-α was detected using a human IFN-α ELISA kit (cat. 
no. 201-12-0077, Sunred Biological Technology, China).

Haemolytic activity

Seven ml of fresh venous blood was collected from three 
healthy human volunteers in 15-ml Falcon tubes contain-
ing heparin and washed three times with sterile pyrogen-
free saline solution (0.15 M NaCl) by centrifugation at 
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1500 rpm for 5 min. The pellet was resuspended in 0.5% 
saline solution. A volume of 0.5 ml of the cell suspension 
was mixed with 0.5 ml of saline solution containing (40, 20, 
10, 5, or 2.5 mg of PLE per ml). The mixtures were incu-
bated at 37 °C for 30 min and centrifuged at 2000 rpm for 
10 min. The free haemoglobin content in the supernatants 
was measured spectrophotometrically at 540 nm. Saline and 
distilled water were used as negative and positive haemolytic 
controls.

Anti‑haemolytic activity

Human red blood cells (RBCs) were diluted in PBS buffer 
to obtain a 4% suspension. The plant extracts were prepared 
in PBS buffer at five concentrations: 40, 20, 10, 5, and 
2.5 mg mL−1. To 2 mL of RBC suspension, we added 1 mL 
of plant extract (in the above-mentioned concentrations) and 
2 mL of PBS (0.01 M) to reach the final volume of 5 mL. 
After 5 min of incubation at room temperature, 0.5 mL of 
0.1 M  H2O2 was added to induce oxidative degradation of 
membrane lipids, and the mixture was shaken at 37 °C for 
240 min. The samples were then centrifuged at 1500 g for 
10 min, and the resulting supernatant was removed and used 
to measure haemolysis using a spectrophotometer (UV–Vis-
ible EZ201, Perkin Elmer, Norwalk, CA, USA) at an absorb-
ance wavelength of 540 nm. The amount of RBC lysis in 
the presence of  H2O2 and the absence of a plant extract was 
considered 100% haemolytic activity. Haemolysis in the 
presence of extracts was calculated relative to this control. 
Haemolysis inhibition was calculated as follows:

where Ao is the absorbance of the control  (H2O2 + RBC, 
without extract) and A1 is the absorbance in the presence of 
the extract or vitamin C as the reference antioxidant, used in 
the same concentrations as the extracts (2.5-40 mg mL−1). 
Each set of experiments was performed in triplicate, and the 
inhibitory activity was expressed as a percentage.

Establishment of thrombocytopenia in a rat model

Thrombocytopenia was established in SD rats using cyclo-
phosphamide (cat. no. PHR 1404, Sigma Aldrich). A cyclo-
phosphamide working solution was prepared fresh at the 
time of injection of animals (0.4 M using saline). Animals 
were divided into five groups of six animals each: group 
1 was a control in which rats were given saline orally for 
fourteen days. Group 2 was the cyclophosphamide-treated 
group in which rats were given cyclophosphamide (50 mg/
kg body weight or 100 µl of 0.4 M cyclophosphamide) 
subcutaneously for two consecutive days. Group 3 was the 
PLE-treated group, in which rats were given PLE (200 mg/
kg body weight or 40 mg/ml PLE for a rat weighing 200 g) 

%Anti - haemolysis = (Ao − A1)∕Ao × 100

orally from day one to day six. Group 4 consisted of cyclo-
phosphamide-treated rats and PLE was given prophylacti-
cally for six days. In group 5, cyclophosphamide-treated rats 
were given PLE therapeutically, i.e., after establishment of 
thrombocytopenia on day seven, for six days. (Fig. 1).

Blood collection

Blood was collected from each of the rats from the retro-
orbital plexus of the eye on the 1st, 4th, 7th 11th and 14th 
day of study. Blood was collected from each animal of each 
group before any treatment with cyclophosphamide or PLE 
on day 1, and cyclophosphamide treatment was then given 
to second, fourth, and fifth group of rats on day 1 after blood 
collection. Similarly, PLE treatment was given to the third 
and fourth group of rats after blood collection on day 1 and 
then for six consecutive days. Analysis of haematological 
parameters of rat blood was done using a haematological 
analyzer.

Histopathological analysis

Histopathologic analysis was performed by light microscopy. 
Liver, kidney and spleen tissue sections were fixed in 10% 
buffered formalin. After fixation, the sample were washed 
with running water and processed to obtain 5-μm-thick par-
affin sections. All sections were stained with hematoxylin 
and eosin (HE).

Estimation of TPO and IL‑6 in rat plasma 
of thrombocytopenic rats by ELISA

Blood plasma from thrombocytopenic rats was collected at 
the same time points, i.e., the first, fourth, seventh, eleventh 
and fourteenth days. It was stored at – 80 °C for cytokine 
analysis. TPO and IL-6 levels were determined by ELISA 
(My Biosource, MBS262061 and eBioscience) as per the 
manufacturer’s protocol.

Statistical analysis

Data were analyzed using a commercially available statistics 
software package (SPSS for Windows, version 14.0, Chi-
cago, USA). One-way analysis of variance (ANOVA) was 
performed. Data are presented as the mean ± standard error 
(S.E.M), p-values less than 0.05 were regarded as statisti-
cally significant.
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Results

LC‑MS analysis

A papaya leaf aqueous extract (PLE) was prepared, and 
LC-MS analysis followed by integrated library research 
showed that it contained 14 constituents in high abundance. 
Carpaine, with a molecular mass of 479.384 was found to 
be the major constituent of the PLE (Fig. 2). In addition 
to carpaine, many other phytoconstituents were also found, 
including amino acids, organic acids, vitamins, flavanoids, 
alkaloids, phenolic compounds (Table 1).

Cell viability assay

The cytotoxicity of PLE in THP-1 cells was tested by MTT 
assay. Treatment of cells with PLE at concentrations of 
50, 75, 100 and 200 µg/ml did not result in any cytotoxic-
ity in THP-1 cells, even after 72 h of incubation. Lower 
doses of PLE up to 75 µg/ml, in fact, caused slight cell 

proliferation. Cell viability at 300 µg/ml decreased slightly 
to 94.22 ± 0.57% at 72  h of incubation in THP-1 cells 
(Fig. 3). Therefore, PLE concentrations of 100 and 200 µg/
ml were chosen to determine their antiviral activity.

Determination of antiviral activity of PLE

The effect of PLE on DENV infection was determined by 
measuring DENV envelope protein expression by west-
ern blotting. DENV-infected and PLE (100 µg/ml)-treated 
THP-1 cells showed a marked decrease of more than four-
fold in envelope protein expression in comparison to the 
DENV-infected cells without PLE (Fig. 4A and B) (***, 
p < 0.001). PLE at a concentration of 200 µg/ml completely 
inhibited envelope protein expression. Similarly, NS1 pro-
tein expression in DENV infected cells was also decreased 
by more than fourfold by treatment with 100 µg PLE per ml 
(Fig. 4C and D) (***, p < 0.001), demonstrating the antiviral 
activity of PLE.

Fig. 1  Establishment of the thrombocytopenia rat model and treatment regimen of the rats
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Fig. 2  Analysis of the chemical constituents of aqueous papaya leaf 
extract (PLE). (A) Chromatogram of PLE diluted in methanol con-
taining 0.1% formic acid. Diluted extract was directly infused into the 
electrospray source and mass analyzer at a flow rate of 10 ml/min. (B) 
The area of spectrum peaks 2 and 3 from m/z 100 to 1400: peak 2, 

m/z 479.3883; fragment ions, m/z 240.1902, m/z 222.1968; peak 3, 
m/z 479.3883, fragment ions, m/z 240.1902, m/z 222.1968. The main 
component, carpaine, has a theoretical monoisotopic mass [M+H]+ 
of 479.3848 and known MS/MS fragments ions [M+H]+ of 222 and 
240. (C) Structure of the carpaine molecule

Table 1  Major compounds found in aqueous extract of papaya leaves

Compound Molecular mass

L-Serine 105.0426
L-Proline 115.0633
L-Cysteine 121.02
L-Glutamic acid 147.053
Caffeic acid 180.0422
L-Tyrosine 181.074
7-Hydroxyflavanone 240.079
Catechin 290.0790
Quercetin 302.0426
Hesperitin 302.0790
Myricetin 318.0375
Dicoumarol 336.9172
Tocopherol 430.3730
Carpaine 479.3848 Fig. 3  Cytotoxicity of papaya leaf extract (PLE) to THP-1 cells. 

Readings at 24 h, 48 h and 72 h time points were taken in triplicate
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Determination of the intracellular viral load

The intracellular viral load in DENV-infected and PLE-
treated THP-1 cells was determined by FACS analysis. PLE 
at 100 µg/ml decreased the mean fluorescence intensity 
(MFI) of FITC-labelled DENV-2-specific antibody by 1.5-
fold from 76.6 ± 10.5 to 49.15 ± 9.3 and a 200 µg/ml dose 
decreased it to 47.25 ± 6.7 (Fig. 5A and B) in PLE-treated 
THP-1 cells in comparison to virus-infected cells, thus con-
firming the antiviral activity of PLE against DENV.

Measurement of IFN‑α by ELISA

Changes in the expression of IFN-α cytokines during DENV 
infection and PLE treatment were investigated by ELISA. 
The expression of IFN-α was found to be almost 1.6-fold 
higher in DENV-infected THP-1-cells treated with PLE 
(200 µg/ml) than in the control, increasing significantly from 

213.57 ± 28.98 pg/ml to 343.341 ± 12.35 pg/ml (Fig. 6) (*, 
p < 0.05).

Haemolytic activity

The haemolytic activity of PLE at different concentrations 
was measured in human blood. Distilled water was used as a 
positive control, and 0.5% saline was used as a negative con-
trol. PLE extract did not exhibit haemolytic activity at any 
of the doses tested (40 mg/ml, 20 mg/ml, 10 mg/ml, 5 mg/
ml and 2.5 mg/ml) in comparison to distilled-water-treated 
cells (Fig. 7A) (***, p < 0.001).

Anti‑haemolytic activity

Reactive oxygen species are a major cause of oxidative dam-
age and hemolysis of RBCs. We determined the effect of 
PLE on hydrogen peroxide  (H2O2)-induced oxidation of 

Fig. 4  Effect of PLE on dengue virus infected THP-1 cells. (A) 
Immunoblot of the DENV envelope protein and beta actin in PLE-
treated (100 µg/ml and 200 µg/ml) and DENV-infected THP-1 cells 
(B) Bar graph showing the density ratio of the envelope protein ver-
sus beta actin. ***, p < 0.001 vs. virus. (C) Immunoblot of dengue 

NS1 protein and beta actin in PLE-treated (100 µg/ml and 200 µg/ml) 
and DENV-infected THP-1 cells. (D) Bar graph showing the density 
ratio of the NS1 protein versus beta actin. ***, p < 0.001 vs. virus. 
The data shown are representative of three independent experiments



1102 N. Sharma et al.

1 3

RBCs by anti-hemolytic assay. PLE treatment resulted in 
significantly higher anti-haemolytic activity in compari-
son to the negative control  (H2O2) at 40 mg/ml, 20 mg/ml, 
10 mg/ml, 5 mg/ml and 2.5 mg/ml. PLE showed significantly 
higher anti-haemolytic activity than ascorbic acid (positive 
control) when tested at 40 mg/ml, 20 mg/ml and 10 mg/ml 
(***, p < 0.001 vs. negative control) (Fig. 7B).

Platelet augmentation activity of PLE

The platelet augmentation effect of PLE was investigated 
in a two-phase experiment. In the first phase, the doses of 
cyclophosphamide and PLE were standardized to ensure 
survival of the rats. Cyclophosphamide was given subcu-
taneously (s/c) at 50 mg/kg body weight (100 µl of 0.4 M 
cyclophosphamide) for two consecutive days starting from 
day 1 after retro-orbital bleeding, and PLE extract was 
administered orally at 200 mg/kg body weight of rats. The 
average platelet counts of the control, cyclophosphamide-
treated, PLE-only, prophylactic, and therapeutic groups 
were 595.33 ± 15.9 × 103/mm3, 623.833 ± 55.6 × 103/mm3, 
572 ± 25.61 × 103/mm3, 559.333 ± 31.3 × 103/mm3, and 
576.333 ± 24.09 × 103/mm3, respectively, on the first day of 
the experiment before any treatment. Platelet counts within 
the cyclophosphamide and therapeutic group started to fall 
after day 3 (239.5 ± 40.63 × 103/mm3 in the cyclophospha-
mide group and 252.33 ± 20.36 × 103/mm3 in the therapeutic 
group) and considerable thrombocytopenia developed after 
7 days (200.5 ± 31.26 × 103/mm3 and ± 172.66 ± 14.1 × 103/
mm3 in the therapeutic group) (***, p < 0.001). PLE 
was given from day one until day 6 in the prophylactic 
group after cyclophosphamide treatment on day 1. Inter-
estingly PLE treatment did not result in a reduction in 

Fig. 5  Intracellular viral load in DENV-infected and PLE-treated 
THP-1 cells. (A) Histogram showing the intracellular viral load in 
DENV-infected and PLE-treated THP-1 cells (B). Bar graph showing 

the mean fluorescence intensity of DENV-infected and PLE-treated 
(100 µg/ml and 200 µg/ml) THP-1 cells. The data shown are repre-
sentative of three independent experiments

Fig. 6  Cytokine analysis of IFN-α in DENV-infected and PLE-treated 
(100 µg/ml and 200 µg/ml) THP-1 cells. PLE treatment significantly 
increased IFN-α secretion in virus-infected and PLE-treated THP-1 
cells. *, p < 0.05 in comparison to control THP-1 cells
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platelet count in this group (415 ± 13.2 × 103/µl) on day 4 
and (466.83 ± 41.07 × 103/mm3) on day 7, and it was found 
to be significantly increased in comparison to the cyclophos-
phamide-only-treated group on day 7 (###, p < 0.001). In the 
therapeutic group, PLE was given from day 7 after cyclo-
phosphamide treatment, and platelet counts were observed 
to increase on day 11 (389 ± 47.3 × 103/mm3) and reach a 

normal level at day 14 (578.33 ± 57 × 103/mm3) (##, p < 0.01 
in comparison to the cyclophosphamide-only-treated group 
on day 7) (Fig. 8A). The platelet count was also found to be 
significantly increased in the PLE group only in comparison 
to the control on day 7 (690 ± 101.7 × 103/mm3) (*, p < 0.05).

PLE treatment increases the WBC count in rats 
with cyclophosphamide‑induced thrombocytopenia

The white blood cell (WBC) count was also found to 
increase in PLE-treated thrombocytopenic rats. The aver-
age WBC count in control, cyclophosphamide-only-
treated, PLE-only treated, prophylactic PLE and therapeu-
tic PLE rats was 7.10 ± 0.98 × 103/mm3, 7.23 ± 0.75 × 103/
mm3, 6.35 ± 0.84 × 103/mm3, 7.55 ± 0.82 × 103/mm3, 
6.88 ± 0.64 × 103/mm3, respectively, on day 1 of the 
experiment. The WBC count significantly decreased to 
5.13 ± 1.09 × 103/mm3 on day 4 (*, p < 0.05 in comparison 
to the control on day 1) and 2.67 ± 0.42 × 103/mm3 on day 7 
(**, p < 0.01 in comparison to the control on day 1) in cyclo-
phosphamide-only-treated rats. Similarly it also decreased 
in therapeutically PLE-treated rats to 2.07 ± 0.31 × 103/mm3 
on day 4 (***, p < 0.001 in comparison to the control on 
day 1) and 2.73 ± 0.44 × 103/mm3 on day 7 (**, p < 0.01 in 
comparison to the control on day 1), while it increased to 
5.05 ± 0.43 × 103/mm3 on day 14 after PLE treatment. PLE 
treatment was also found to increase the WBC count in pro-
phylactically-treated rats, as the WBC count first decreased 
to 3.69 ± 0.84 × 103/mm3 (***, p < 0.001 in comparison to 
the control on day 1) on day 4 due to cyclophosphamide 
treatment, but it gradually increased to 4.08 ± 0.45 × 103/
mm3 on day 7, 5.28 ± 0.86 × 103/mm3 on day 11, and 
6.83 ± 1.32 × 103/mm3 on day 14 (Fig. 8B).

PLE treatment increases the RBC count in rats 
with cyclophosphamide‑induced thrombocytopenia

The RBC count was also found to increase in PLE-treated 
thrombocytopenic rats (Fig. 8C). Cyclophosphamide treat-
ment significantly decreased the RBC count in cyclo-
phosphamide-only-treated rats from 7.23 ± 0.22 × 106/
mm3 on day 1 to 5.65 ± 0.22 × 106/mm3 on day 7 (***, 
p < 0.001 in comparison to the control rats on day 1). It also 
decreased the RBC count in therapeutically treated rats from 
7.86 ± 0.40 × 106/mm3 on day 1 to 4.84 ± 0.24 × 106/mm3 on 
day 7 (***, p < 0.001 in comparison to control rats on day 1). 
PLE treatment increased the RBC count in the prophylactic 
group of rats to 7.03 ± 0.21 × 106/mm3 on day 7 (##, p < 0.01 
in comparison to the cyclophosphamide-only group on day 
7) and to 6.64 ± 0.21 × 106/mm3 on day 14 in the therapeutic 
group.
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Fig. 7  Haemolytic and anti-haemolytic activity of PLE. (A) Haemo-
lytic activity of different concentrations of PLE (2.5-40 mg/ml) was 
measured in human blood samples (n = 3). The graph represents the 
mean values of optical density ± SE. Saline and double-distilled water 
were used as negative and positive controls, respectively. The optical 
density of PLE-treated hPBMCs was significantly lower than that of 
distilled-water-treated hPBMCs. ***, p < 0.001 vs. positive control. 
(B) Anti-haemolytic activity of PLE. The anti-haemolytic activity 
of different concentrations of PLE (2.5-40 mg/ml) was measured in 
human blood samples (n = 3). The graph represents the mean val-
ues ± SE.  H2O2 and ascorbic acid were used as negative and positive 
controls, respectively. Different concentrations of PLE-treated hPB-
MCs showed significantly higher anti-hemolytic activity in compari-
son to  H2O2-treated cells. ***, p < 0.001 vs. negative control
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Histopathological analysis of rat liver, kidney 
and spleen

The histology of the liver, spleen and kidney showed nor-
mal morphology in the control, PLE-only, prophylactic and 
therapeutic groups of rats. Hepatocytes in control rats, which 
received saline orally for fourteen days, showed normal cell 
morphology with well-preserved cytoplasm and nucleus. In 
contrast, cyclophosphamide-treated rats showed altered stain-
ing of the nucleii. The liver morphology of rats treated with 
PLE only, the prophylactically treated group, and the thera-
peutic group was similar to that of the control group (Fig. 9A). 
Renal tubules in control rats showed normal cell structure 
lined by columnar epithelium, while cyclophosphamide-
treated cells showed renal tubules with edematous changes 
in the epithelial cell lining. The PLE-only, prophylactically 
treated and therapeutically treated rats shows normal renal 
tubules (Fig. 9B). The histopathology of the spleen showed 
that neither cyclophosphamide nor PLE treatment in rats with 
cyclophosphamide-induced thrombocytopenia caused signifi-
cant changes in splenocyte morphology (Fig. 9C).

Estimation of IL‑6 and TPO in rat plasma 
of thrombocytopenic rats by ELISA

The cytokine IL-6 has been reported to stimulate throm-
bopoiesis through thrombopoietin (TPO). We evaluated 

the expression of IL-6 and TPO in plasma of rats with 
cyclophosphamide-induced thrombocytopenia. It was 
found that the IL-6 level increased significantly in the 
PLE-treated group in comparison to the control group from 
291.462 ± 10.11 pg/ml to 523.17 ± 25.7 pg/ml on day 14 
(***, p < 0.001). Similarly, it was found to increase sig-
nificantly in the therapeutic group to 465.81 ± 70.07 on 
day 14 (*, p < 0.05) (Fig. 10A). The TPO level was found 
to increase significantly in the PLE-only-treated group on 
day14 (218.52 ± 11.7 pg/ml) in comparison to the control 
group (46.371 ± 11.4 pg/ml) (*, p < 0.01) (Fig. 10B)

Discussion

Plant-derived antivirals could be a potential source for drug 
development. Working on this aspect, we have found that 
papaya leaf extract has potential anti-dengue properties. A 
few reports have suggested that PLE has anti-thrombocyto-
penic activity in mice and humans [28, 31]. Recently, Zunjar 
et al. reported that carpaine, found in alkaloidal fraction of 
PLE, is responsible for anti-thrombocytopenic activity of 
PLE [37], but the anti-dengue activity of PLE has not been 
investigated. The present study was designed to investigate 
the immunomodulatory aspects of PLE and its role in anti-
dengue activity and platelet augmentation.

PLE was prepared from shade-dried young leaves of 
papaya plants, as shade drying of leaves limits the biochem-
ical changes in the leaves by reducing moisture content. 
LC-MS analysis of PLE showed the presence of various phy-
tochemicals, including amino acids, carbohydrates, vitamins 
phenolic compounds, alkaloids, and flavonoids. PLE has 
been used in the cosmetic industry for its anti-ageing effect 
due to the presence of a large variety and number of amino 
acids and vitamins such as vitamins C and E for keeping skin 
and hair healthy. PLE is a rich source of flavonoids such as 
myricetin, quercetin, hesperitin, and 7-hydroxy flavanone, 
which are responsible for its anti-oxidant activity. PLE also 
contains phenolic compounds such as caffeic acid and cat-
echin, which play an important role in its various immune 
functions. Carpaine, an alkaloid that is the most abundant 
component of PLE, has been reported by Zunjar et al. [37] 
to be responsible for the platelet augmentation activity of 
papaya leaves.

The antiviral properties of PLE were investigated in 
vitro in THP-1 cells. When DENV-infected THP-1 cells 
were treated with PLE, DENV envelope protein expression 
decreased significantly. As the envelope protein is primar-
ily responsible for receptor binding, haemagglutination of 
erythrocytes, and induction of neutralizing antibodies in 
dengue disease [12], a significant reduction in envelope pro-
tein expression indicates that PLE has anti-dengue activity. 
Besides playing a pivotal role in dengue replication, NS1 

Fig. 8  Effect of PLE on hematological parameters in cyclophos-
phamide-treated rats (A) Effect of PLE on platelet count in a cyclo-
phosphamide-treated rat. Cyclophosphamide treatment resulted in 
thrombocytopenia in rats on day 7, so the platelet count decreased 
significantly in the cyclophosphamide-only, and therapeutically 
treated rats in comparison to control rats on day 1 (***, < 0.001). PLE 
treatment in the prophylactic group prevented the platelet count from 
falling sharply and in fact increased the platelet count significantly in 
the prophylactically treated group on day 7 (###, p < 0.001) in com-
parison to the cyclophosphamide-only-treated group on day 7. Simi-
larly, PLE treatment increased the platelet count in blood plasma of 
thrombocytopenic rats in the therapeutic group on day 14 in compari-
son to the cyclophosphamide-only-treated group of rats of day 7 (##, 
p < 0.001). Similarly, PLE treatment also increased the platelet count 
in the PLE-only-treated group on day 7 in comparison to control 
rats on day 1 (*, p < 0.5). (B) Effect of PLE on WBC count in cyclo-
phosphamide-treated rats, determined using a haematology analyzer. 
Cyclophosphamide treatment significantly decreased the WBC count 
in the cyclophosphamide-only and therapeutically treated rats on day 
7 in comparison to control rats on day l (**, p < 0.01). PLE treatment 
increased the WBC count in both the prophylactic and therapeu-
tic groups. (C) Effect of PLE on RBC count in cyclophosphamide-
treated rats. Cyclophosphamide treatment significantly decreased the 
RBC count in cyclophosphamide-only and therapeutically treated rats 
on day 7 (***, p < 0.001) in comparison to control rats on day 1. PLE 
treatment was found to increase the RBC count in prophylactic rats 
significantly (##, p < 0.01) in comparison to cyclophosphamide-only-
treated rats on day 7. It also increased the RBC count in therapeuti-
cally treated rats on day 14 in comparison to cyclophosphamide-only-
treated rats on day 7
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has been reported to be released into the plasma, where it is 
highly immunogenic. Virions released from infected cells 
might also directly damage endothelial cells, and uptake of 
the non-structural protein NS1 by hepatocytes might pro-
mote viral infection of the liver [1]. Sun et al. has reported 
that NS1 elicits platelet-bound antibodies, leading to accel-
erated clearance by phagocytes, complement-mediated lysis, 
and the activation of platelets, which in turn leads to the 
development of thrombocytopenia in mice [32]. Patients 
with dengue fever with an elevated level of NS1 antigen have 
a higher risk of developing thrombocytopenia and, conse-
quently, severe dengue [22]. PLE was found to significantly 
decrease DENV NS1 protein expression, confirming the 
anti-dengue activity of PLE. It was also found to decrease 
the intracellular viral load in DENV-infected THP-1 cells, 
again confirming its anti-dengue activity.

Interferons play an important role in virus inhibition dur-
ing the early stages of infection. Type I interferons inhibit 
dengue virus infection by preventing the accumulation of 
negative-strand RNA [9]. PLE was found to increase the 
expression of IFN-α in dengue-infected and PLE-treated 
THP-1 cells, which strengthens our hypothesis.

The erythrocyte membrane is a model system that is 
used for many in vitro investigations of drug and membrane 

Fig. 9  A. Effect of PLE on the histology of hepatocytes in the liver 
of thrombocytopenic rats, examined by hematoxylin and eosin stain-
ing. Photomicrographs of (a) hepatocytes of a control rat showing 
normal cell morphology with well-preserved cytoplasm and nucleus, 
(b) hepatocytes of a cyclophosphamide-treated thrombocytopenic rat 
showing altered staining characteristic of nuclei, (c) hepatocytes of a 
rat showing normal cell morphology that received PLE extract only, 
(d) hepatocytes of cyclophosphamide-treated thrombocytopenic rats 
treated prophylactically with PLE, also showing normal morphol-
ogy of hepatocytes, and (e) hepatocytes of cyclophosphamide-treated 
rats treated therapeutically with PLE, showing normal cell morphol-
ogy. B. Effect of PLE on histology of renal tubules of the kidney in 
thrombocytopenic rats. Photomicrographs of (a) renal tubules of con-
trol rats showing normal cell structure lined by columnar epithelium, 
(b) renal tubules of cyclophosphamide-treated thrombocytopenic 
rats, showing edematous changes in the epithelial cell lining of the 
renal tubules, (c) renal tubule of PLE-only-treated rats, showing nor-
mal morphology, (d) normal morphology of renal tubules of kidney 
of thrombocytopenic rats prophylactically treated with PLE, and (e) 
renal tubules of thrombocytopenic rats treated therapeutically with 
PLE. C. Effect of PLE on the histology of splenocytes in the spleen 
of a cyclophosphamide-treated rat. Photomicrographs of splenocytes 
of (a) control rats, (b) cyclophosphamide-only-treated rats, (c) PLE-
only-treated rats, (d) thrombocytopenic rats treated prophylactically 
with PLE, and (e) thrombocytopenic rats treated therapeutically with 
PLE, showing normal morphology of splenocytes

Fig. 9  (continued)
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interactions [4]. PLE did not show haemolytic activity, even 
a dose of up to 40 mg/ml. In fact, it showed significant anti-
haemolytic activity in hydrogen-peroxide-treated RBCs. 
It exhibited even higher anti-haemolytic activity than the 
positive control ascorbic acid at concentrations of 40, 20 
and 10 mg/ml. These results show that PLE has membrane-
stabilizing effects on RBCs. Any compound or drug that 
stabilizes the plasma membrane may effectively enhance the 
survival of platelets and thereby reduce the morbidity and 
mortality of patients with DENV infections.

The currently available mouse model (AG129) has the 
limitations of low viral load and a short period of viraemia 

and therefore cannot be used to mimic the platelet count 
decrease observed in severe dengue. Instead, we induced 
thrombocytopenia chemically in rats, using cyclophos-
phamide, which is a well-established model to study 
thrombocytopenia.

PLE was found to exhibit a significant increase in platelet 
count at both the prophylactic level and the therapeutic level. 
Interestingly, PLE, if given prophylactically, prevents the 
platelet count from decreasing to dangerous levels, even in 
thrombocytopenic rats, and thereby prevents bleeding mani-
festations. It also increases the platelet count therapeutically 
and restores it to a normal level by day 14 after six doses. 

Fig. 10  A. Effect of PLE on 
IL-6 secretion in a cyclo-
phosphamide-treated rat. PLE 
treatment significantly increased 
IL-6 secretion in the PLE-only 
treated group of rats on day 
14 in comparison to control 
rats on day 1 (***, p < 0.001). 
Similarly, PLE treatment 
was found to significantly 
increase IL-6 secretion in 
the therapeutic group also in 
comparison to control rats on 
day 14 (*, p < 0.05). B. Effect 
of PLE on TPO secretion in 
cyclophosphamide-treated rats. 
PLE treatment significantly 
increased TPO secretion in 
PLE-only-treated rats on day 14 
in comparison to control rats on 
day 1 (***, p < 0.001)
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It was also found to significantly increase the platelet count 
in control animals in a dose-dependent manner. It should 
be noted that an increase in platelet count above the normal 
level is also dangerous, so it is not advised for PLE to be 
taken in large doses by an individual with a normal platelet 
count.

Severe dengue virus infection is also associated with liver 
failure, especially in children [20]. The histopathology of 
thrombocytopenic rats showed liver damage, which was not 
found in the PLE-only, prophylactic or therapeutic group, 
indicating that PLE also prevents liver damage. However, 
the dose of cyclophosphamide used in this study was low, so 
this liver damage was not as severe as is observed in clinical 
patients. The same was the case with histopathological sec-
tions of kidney. The cyclophosphamide group showed edem-
atous changes in the epithelial cell lining of renal tubules, 
but PLE prevented these changes in the other three groups, 
showing its role in prevention of kidney damage.

TPO is a cytokine that specifically regulates megakaryo-
cytopoiesis and platelet production by activating the TPO 
receptor, c-mpl [8]. PLE was found to increase TPO and 
IL-6 cytokine levels in plasma of thrombocytopenic rats. 
This suggests that Carica papaya leaf juice has platelet 
increasing effect and can enhance haemopoiesis and throm-
bopoiesis in animals.

In summary, our data show that PLE is an excellent anti-
viral drug, as it decreases the intracellular DENV load and 
prevents thrombocytopenia. Our results thus give scientific 
support to the possibility of developing PLE as an antiviral 
compound against DENV, which could be considered for the 
development of an effective therapeutic drug against DENV 
infection.
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