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Abstract
Background The pawpaw tree has several beneficial effects. However, no studies have been conducted to address the 
mechanisms underlying the cytotoxic effects of pawpaw extracts against cancer cells, and no study has investigated the anti-
inflammatory effects. Hence, in this study, the growth-inhibitory effects of pawpaw (Asimina triloba [L.] Dunal) extracts 
against gastric (AGS) and cervical (HeLa) cancer cells and the inhibitory effects of pawpaw extracts against inflammatory 
factors (NO, TNF-α, IL-6, iNOS, and COX-2) were investigated.
Methods and results The viability of AGS and HeLa cells, the analysis of cell cycle, and the expression of apoptosis marker 
protein were determined using MTT assay, FACS, western blotting, and TUNEL assays. The inflammatory factors were 
determined using Griess method, ELISA assay kit, and RAW 264.7 cells. The  IC50 values of twig and unripe fruit extracts 
for AGS cells were 82.01 and 100.61 µg/mL, respectively. For HeLa cells, pawpaw twig extracts exhibited the strongest abil-
ity to inhibit cervical cancer cell growth  (IC50 = 97.73 µg/mL). Analysis of the cell cycle phase distribution and expression 
of the apoptosis regulatory proteins BCL-2, BAX, caspase-3, and PARP showed that pawpaw twig, root, and unripe fruit 
extracts induced Sub G1 cell cycle arrest and apoptosis of AGS and HeLa cells. In addition, the twig, root, and unripe fruit 
extracts of pawpaw effectively inhibited the inflammatory makers NO, TNF-α, IL-6, and iNOS. Particularly, the twig, root, 
and unripe fruit extracts at concentrations of 50 µg/mL exhibited > 50% inhibition of TNF-α.
Conclusions These findings indicate that pawpaw extracts are natural therapeutic agents that may be used for the preven-
tion and treatment of gastric and cervical cancers, and encourage further studies on the anti-inflammatory potential of the 
pawpaw tree.
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Introduction

Cancer is the second leading cause of mortality world-
wide, with 8.8 million deaths being reported in 2015 [1]. 
Breast, colon, lung, cervical, and gastric cancers are the 

most common types of cancer in women, whereas lung, 
prostate, colon, gastric, and liver cancers are the most 
common in men [2]. Incidentally, gastric cancer was the 
second most common malignancy in both women and men, 
followed by malignant tumor of the thyroid gland, in 2011, 
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and mortality due to gastric cancer was the highest, at 
19.6% [3]. Moreover, cervical cancer is the most common 
cancer of the reproductive organs in women worldwide, 
and, with early detection, it can be treated; however, it is 
becoming a serious social problem, as the age of onset is 
gradually decreasing from the 40 s to the 30 s and 20 s [4]. 
The World Health Organization reported that the increase 
in mortality from cancer is attributable to a number of 
causes, of which 30% are related to diet. Accordingly, 
there is a growing interest in, and demand for, functional 
health foods and various medicines exhibiting anticancer 
effects, and numerous attempts have been made to develop 
new anticancer agents from natural products by conduct-
ing research into the various physiological activities 
and antioxidant/anticancer mechanisms of natural prod-
ucts. Important anticancer effects include the inhibition 
of cancer cell division and proliferation through various 
mechanisms, and the selective removal of cancer cells [5], 
whereas the induction of apoptosis by these specific drug 
treatments is recognized as crucial for the development of 
anticancer agents [6, 7].

Inflammatory responses are caused by inflammatory 
mediators, including nitric oxide (NO), tumor necrosis 
factor-α (TNF-α), and interleukin-6 (IL-6), and enzymes 
associated with immune cells, such as inducible nitric oxide 
synthase (iNOS) and cyclooxygenase-2 (COX-2). NO reacts 
readily with superoxide anions and causes inflammation-
related tissue damage, including arthritis, whereas TNF-α 
meditates inflammation by regulating immune cells. IL-6 
is a cytokine produced by macrophages, and its expression 
is closely associated with immunological abnormalities, 
inflammatory disease, and lymphoid tumors. Increased 
iNOS accelerates the formation of NO which induces the 
inflammatory reaction, and COX-2 is a prostaglandin-pro-
ducing enzyme that causes pain and inflammation [8–10]. 
Therefore, inhibition of inflammatory factors, such as NO, 
TNF-α, IL-6, iNOS, and COX-2, is very important for the 
prevention and treatment of inflammatory diseases.

Pawpaw (Asimina triloba [L.] Dunal) is one of nine spe-
cies belonging to the genus Asimina, which is the only tem-
perate climate member of the Annonaceae family to inhabit 
the tropics [11]. Pawpaw is extensively cultivated in 26 
states of the USA, including California, Maryland, Michi-
gan, Missouri, North Carolina, Kentucky, West Virginia, and 
Ohio; in addition, these trees are widely distributed in Asia, 
including in Korea, China, and Japan [12, 13]. Recently, 
since the pawpaw tree was highlighted as a functional mate-
rial likely to increase the income of farm households over an 
approximately 10-year period in Korea, some farms began 
to cultivate pawpaw trees, leading to a gradual increase in 
its range distribution and areas of cultivation. Many stud-
ies have shown that the extracts from pawpaw roots, twigs, 
leaves, fruit, and seeds have beneficial antioxidant and 

anticancer effects [13–18]. In addition, the bioactive poly-
phenols and acetogenins isolated from several pawpaw tis-
sues have growth inhibitory effects on various cancer cells 
[19–21]. However, to the best of our knowledge, few studies 
have been conducted to address the mechanisms underlying 
the cytotoxic effects of pawpaw tree extracts against cancer 
cells [22], and no study has investigated the anti-inflamma-
tory effects of the pawpaw tree.

In a preliminary experiment, we determined that the paw-
paw tree exhibits increased levels of antiproliferative activity 
against gastric and cervical cancer cells compared to that 
against lung, liver, prostate, colon, and breast cancer cells 
[21]. Therefore, this study was conducted to investigate the 
following hypothesis: extracts from the pawpaw tree inhibit 
the growth of gastric and cervical cancer cells by increasing 
apoptosis and have anti-inflammatory effects.

Materials and methods

Samples and reagents

Leaves, twigs, and roots of pawpaw (A. triloba), obtained 
from Okchon, South Korea, were cultivated under the fol-
lowing conditions: average annual temperature, 13.0 °C; 
relative humidity, 66.7%; wind velocity, 1.9 m/s; total annual 
rainfall, 1458.7 mm. Pawpaw fruit, purchased from Cheong-
yang, South Korea, were grown under the following condi-
tions: average annual temperature, 11.9 °C; relative humid-
ity, 83.1%; wind velocity, 1.3 m/s; total annual rainfall, 
861.5 mm. Leaves, twigs, and roots were removed from 150 
2 year-old pawpaw trees (height, 1–2 m; diameter, 1–2 cm), 
and unripe fruits (length, 12–14 cm; weight, 120–130 g; 
diameter, 4–5 cm; °brix, 8.0–10.0) were gathered from 30 
pawpaw trees that were 8–10 years old. A voucher specimen 
of A. triloba was authenticated by Dr. Otto Jahn (United 
States Department of Agriculture/Agricultural Research 
Service) and was deposited in the herbarium by the U.S. 
National Plant Germplasm System. Samples were immedi-
ately washed with water, and fruits were peeled, pipped, and 
chopped, and then lyophilized using a freeze-dryer (LP100, 
Ilshin Lab Co. Ltd., Daejeon, Korea). Samples were ground 
using a food mixer (Blixer®, Robot Coupe USA, Inc., Jack-
son, MS, USA), sieved through a 40 mesh to generate fine 
powder, and then stored at -70 °C for use in subsequent 
experiments.

DMEM, RPMI, FBS, trypsin–EDTA were acquired from 
Welgene (Gyeongsan, Korea). PBS, MTT, DMSO, PI, BCA, 
β-actin, and LPS were obtained from Sigma-Aldrich (Sch-
nelldorf, Germany). Primary antibodies including BAX, 
BCL-2, PARP, cleaved PARP, and cleaved caspase-3 were 
obtained from Santa Cruz Biotechnologies (Santa Cruz, 
CA, USA), and secondary antibodies were purchased from 
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Bio-Rad (Hemel, Hempstead, UK). A Griess reagent kit 
was purchased from Promega (Madison, WI, USA), and an 
ELISA kit, to determine the levels of TNF-α, was acquired 
from BioVision Research Products (Mountain View, CA, 
USA). IL-6 was supplied by Cloud-Clone Corp. (Wuhan, 
Hubei, China). BSA, skim milk, and COX-2 were purchased 
from BD Biosciences (San Jose, CA, USA), and iNOS was 
obtained from Aviva systems biology (La Jolla, CA, USA). 
A TUNEL assay kit was acquired from Roche Molecular 
Biochemicals (Basel, Switzerland), and DAPI was obtained 
from Vector Laboratories (Burlingame, CA, USA).

Preparation of sample extracts

Our preliminary results indicated that 80% methanol extracts 
from leaves, twigs, and roots and 95% ethanol extracts from 
unripe fruits exhibited higher levels of antiproliferative 
activity against gastric and cervical cancer cells than other 
sample extracts. Therefore, leaf, twig, and root powders were 
extracted with 80% methanol, and unripe fruit powder was 
extracted with 95% ethanol. Briefly, samples were added to 
80% methanol or 95% ethanol at a ratio of 10:1 (v/w), fol-
lowed by incubation in a shaking water bath (BS-21, Jeio 
Tech., Daejeon, Korea) at 25 °C for 24 h. Collected extracts 
were centrifuged at 11,000 × g for 30 min at 4 °C, and the 
supernatants were combined. The supernatants were concen-
trated in a rotary evaporator (R-210, Buchi, Flawil, Switzer-
land), lyophilized using a freeze dryer (FD5512, Ilshin Lab 
Co. Ltd., Daejeon, Korea), and stored at − 70 °C in a Forma 
900 Series deep freezer (Thermo Fisher Scientific Inc., 
Waltham, MA, USA) prior to use. A. Triloba extract con-
tains the ‘polyphenolic compounds’ catechins, chlorogenic 
acid, caffeic acid, p-coumaric acid, ferulic acid, rutin [13].

Cell lines and cell culture

The cancer cell lines AGS (human gastric cancer; KCLB No. 
21739), HeLa (human cervical cancer; KCLB No. 10002), 
and RAW 264.7 (murine macrophage; KCLB No. 40071) 
were purchased from the Korean Cell Line Bank (Seoul, 
Korea). The cells were cultured in complete DMEM or 
RPMI supplemented with 10% FBS (v/v) and 1% penicil-
lin/streptomycin (v/v) in a 5%  CO2 incubator atmosphere at 
37 °C (BB15, Thermo Fisher Scientific Inc., Langenselbold, 
Germany). The cells were transferred to a new plate once 
every 1–2 days, and subjected to no more than 20 passages.

Determination of cell viability

The MTT assay was used as a relative measure of cell viabil-
ity. For MTT assays, cells were seeded in 96-well plates 
at a density of 1 ×  104 cells/well and allowed to adhere 
for 24 h. Subsequently, the medium was removed, and the 

cells washed with PBS, and treated with pawpaw extracts 
(0–200 μg/mL) dissolved in DMSO for 24 h at 37 °C. Next, 
20 μL of MTT solution (1 mg/mL in PBS) was added to 
each well, and the plates incubated at 37 °C for 3 h. After 
incubation, media were aspirated, and 100 µL of DMSO was 
added. Absorbance was then determined at 570 nm, using a 
microplate spectrophotometer (Tecan Infinite M200, Tecan 
Group Ltd., Männedorf, Switzerland). Viability was calcu-
lated, with the control cells considered to be 100% viable.

Cell cycle analysis

Cancer cell lines were seeded in 6-well plates at a final den-
sity of 4 ×  105 cells/well, and incubated at 37 °C in a 5%  CO2 
incubator (Thermo Fisher Scientific Inc.). After 24 h stabi-
lization, pawpaw extracts were added, and the cells were 
maintained at 37 °C in a 5%  CO2 incubator (Thermo Fisher 
Scientific Inc.) for 24 h. The cells were harvested and fixed 
using 70% ethanol, washed with PBS, and then treated with 
1 mg/mL RNase at 37 °C for 1 h. Next, the cells were stained 
with PI, filtered using a cell strainer, and apoptotic cells 
were measured based on deoxyribonucleic acid (DNA) frag-
mentation using a fluorescence activated cell sorter (FACS) 
Calibur flow cytometer (Becton–Dickinson, Mountain View, 
CA, USA).

Western blotting

Cancer cell lines were seeded in 6-well plates at a final 
density of 4 ×  105 cells/well, and incubated at 37 °C in a 
5%  CO2 incubator (Thermo Fisher Scientific Inc.) for 24 h. 
Subsequently, pawpaw extracts were added, and the cells 
were maintained at 37 °C in a 5%  CO2 incubator (Thermo 
Fisher Scientific Inc.) for 24 h. The cells were harvested 
using trypsin–EDTA solution, washed with PBS, and cen-
trifuged at 135 × g for 3 min (Union 32R Plus, Hanil Sci-
ence Industrial Co. Ltd., Seoul, Korea). Supernatants were 
removed, and 40 µL of lysis buffer was added to the pellets 
to extract proteins.

The protein content of sample lysates was measured using 
the BCA method. Briefly, 20 μL of lysates and 160 μL of 
BCA reagent (bicinchoninic acid solution: copper (II) sulfate 
pentahydrate 4% solution = 50:1, v/v) were mixed, and then 
reacted at 37 °C for 30 min. The absorbance of the reacted 
mixtures was measured using a microplate spectrophotom-
eter (Tecan Group Ltd.) at 560 nm.

Protein extracts were separated by sodium dodecyl sulfate 
polyacrylamide gel electrophoresis (SDS-PAGE), accord-
ing to protein size, and electro-transferred onto a nitrocel-
lulose membranes (Bio-Rad, Hemel, Hempstead, UK). The 
membranes were blocked with 5% skim milk for 1 h, and 
then probed with primary antibodies against BAX, BCL-2, 
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PARP, cleaved PARP, cleaved caspase-3, and β-actin over-
night at 4 °C. Subsequently, the membranes were probed 
with secondary antibodies at 25 °C for 1 h. Specific proteins 
was detected by western blotting using an x-ray film in an 
automated developer (SRX 101A, Konica Minolta, Tokyo, 
Japan).

TUNEL (Terminal deoxynucleotidyl 
transferase‑mediated dUTP nick end labeling) assay

TUNEL assays were performed to determine the effect of 
pawpaw extracts on apoptosis using a kit. The cells were 
grown in 8-well plates (2 ×  104 cells/well) and treated with 
pawpaw extracts for 24 h, washed twice with PBS, and fixed 
by addition of 3.5% paraformaldehyde for 20 min at 4 °C. 
Next, the cells were washed twice with PBS, and permea-
bilized with 0.1% Triton X-100 solution in 0.1% sodium 
citrate for 5 min on ice. The cells were then incubated with 
TUNEL assay kit mixture for 60 min and treated with DAPI 
mounting solution. TUNEL-stained cells were visualized by 
confocal microscopy (Olympus, Tokyo, Japan).

Determination of nitrite production

A Griess reagent system kit was used to evaluate nitrite 
accumulation. Briefly, RAW 264.7 cells were seeded into 
6-well plates at a density of 1 ×  106 cells/well. After incuba-
tion for 24 h, medium was removed and cells washed with 
PBS. Cells were exposed to pawpaw extracts (25 and 50 μg/
mL) and LPS (1 μg/mL) including medium, then incubated 
at 37 °C for 24 h. Supernatants (100 μL) were mixed with 
an equal volume of Griess reagent and incubated at 25 °C 
for 10 min. Then absorbance at 540 nm was measured in an 
ELISA plate reader (Tecan Group Ltd.) and the amount of 
nitrite was calculated using a nitrite standard curve.

Determination of IL‑6 and TNF‑α expression

The expression levels of IL-6 and TNF-α were determined 
using an ELISA assay kit, according to the manufacturer’s 
instructions. Specifically, RAW 264.7 cells were plated at a 
density of 1 ×  106 cells/well in 6-well plates and incubated 
at 37 °C in 5%  CO2 for 24 h. Medium was removed from 
plates and fresh media containing different concentrations of 
pawpaw extracts added to the plate. After 24 h incubation, 
100 μL aliquots of supernatants were used for assays.

Determination of iNOS and COX‑2 expression

RAW 264.7 cells (1 ×  106 cells/well), plated in 6-well plates, 
were harvested by gentle scraping, and washed with PBS. 
Extraction of protein, determination of protein content, 
loading, and electrotransfer to membranes were performed 

according to the methods described in above. Membranes 
were blocked in 5% skim milk, and primary antibodies, 
including against iNOS and COX-2, were added at the man-
ufacturer’s recommended dilutions and incubated at 4 °C for 
24 h. After incubation, membranes were washed and second-
ary antibodies added at the manufacturer’s recommended 
dilutions. After incubation for 1 h at 25 °C, membranes 
were washed three times for 10 min each, and protein bands 
detected using western blotting detection and x-ray film in 
an automated developer (Konica Minolta).

Statistical analyses

Statistical analyses were performed using the statistical 
package for social sciences (SPSS; Version 10.0, SPSS 
Inc, Chicago, IL, USA). The results are presented as 
means ± standard deviation. Statistical differences between 
two groups were evaluated by unpaired t-test (p < 0.05).

Results

The inhibitory effects of pawpaw on human cancer 
cells

The effects of pawpaw leaf, twig, root, and unripe fruit 
extracts on the growth of AGS (gastric) and HeLa (cervical) 
cell lines were investigated; the concentrations of pawpaw 
required for 50% cell growth inhibition  (IC50) are presented 
(Table 1). The  IC50 values of twig and unripe fruit extracts 
for AGS cells were 82.01 and 100.61 µg/mL, respectively, 
whereas those of leaf and root extracts were > 200 µg/mL. 
For HeLa cells, the potency  (IC50) of pawpaw extracts 
ranged from 97.73 to 181.55 µg/mL, with pawpaw twig 
extracts exhibiting the strongest ability to inhibit cervical 
cancer cell growth.

Table 1  Inhibitory effects of pawpaw extracts on human cancer cells 
(AGS and HeLa)

PLM, 80% methanol extract from pawpaw leaves; PTM, 80% meth-
anol extract from pawpaw twigs; PRM, 80% methanol extract from 
pawpaw roots; URFE, 95% ethanol extract from unripe fruit; AGS, 
human gastric cancer cell line; HeLa, human cervical cancer cell line
Results are presented as extract concentrations (μg/mL) required to 
inhibit 50% cell viability. Data are means ± standard deviation of trip-
licate experiments

Sample Cell viability inhibition  (IC50, μg/mL)

AGS HeLa

PLM  > 200 181.55 ± 13.49
PTM 82.01 ± 5.39 97.73 ± 0.98
PRM  > 200 152.82 ± 7.58
URFE 100.61 ± 6.15 120.22 ± 5.17
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The effects of pawpaw on cell cycle arrest 
and apoptosis induction

For AGS cells, pawpaw root (200 µg/mL) and unripe fruit 
(100 µg/mL) extracts remarkably increased the Sub G1 
cell population, and there was a corresponding significant 
decrease in the percentage of cells in the G1/G2 phase 
(data not shown). Treatment with leaf extract (200 µg/mL) 
significantly elevated the Sub G1 cell population to 4.00% 
(p < 0.05); however, it did not have any statistically sig-
nificant effect on the percentage of G1/S/G2 phase cells 
(data not shown). Similar results were observed in HeLa 
cells; pawpaw root (200 µg/mL) and unripe fruit (100 µg/
mL) extracts caused a considerable increase in the Sub 
G1 cell population, whereas the population of cells in the 
G1/G2 phase decreased significantly compared to that of 
control cells (p < 0.05); however, the leaf and twig extracts 
did not significantly influence HeLa cell cycle progression 
(data not shown).

Accordingly, we analyzed the cell cycle arrest caused 
by twig, root, and unripe fruit pawpaw extracts, according 
to the concentration, to further understand the character-
istics of apoptosis caused by these substances. The results 
presented in Fig. 1A and Fig. 1B demonstrate that twig, 

root, and unripe fruit extracts of pawpaw not only signifi-
cantly increased the proportion of the AGS cell population 
in the Sub G1 in a dose-dependent manner, but also exhib-
ited a remarkable concentration-dependent increase in the 
percentages of HeLa cells in the same cell cycle phase.

The effects of pawpaw extracts on apoptosis 
regulatory proteins

The expression of apoptosis regulatory proteins was deter-
mined by immunoblotting (Fig. 2). Exposure of AGS cells 
to twig, root, and unripe fruit pawpaw extracts led to down-
regulation of BCL-2 and PARP and induced BAX, cleaved 
caspase-3, and cleaved PARP, in a dose-dependent man-
ner (Fig. 2A). Twig, root, and unripe fruit extracts also 
decreased the expression of BCL-2, and increased that of 
BAX, cleaved caspase-3, and cleaved PARP in HeLa cells 
in a dose-dependent manner (Fig. 2B). However, none of 
the extracts had a substantial impact on PARP expression.

Analysis of apoptosis using TUNEL assays

After incubation with twig (200 µg/mL), root (200 µg/mL), 
and unripe fruit (100 µg/mL) extracts for 24 h, TUNEL 
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Fig. 1  Cell cycle distribution of AGS (A) and HeLa (B) cells treated 
with different doses of pawpaw extracts. PTM, 80% methanol extract 
from pawpaw twigs; PRM, 80% methanol extract from pawpaw 
roots; URFE, 95% ethanol extract from unripe fruit. Results are pre-
sented as representative distribution charts of DNA content in cells 
incubated without or with different concentrations of PTM (100 and 

200 µg/mL), PRM (100 and 200 µg/mL), and URFE (50 and 100 µg/
mL), and as percentages of cell populations in sub G1, G1, S, and 
G2 phases. Data are presented as means ± standard deviation of tripli-
cate experiments. Significant differences between control and extract-
treated samples are indicated by *p < 0.05, **p < 0.01, and ***p < 0.001
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assays were performed to visualize apoptosis in AGS 
(Fig. 3A) and HeLa cells (Fig. 3B). Control AGS cells did 
not produce a positive TUNEL reaction, while cell treated 
with twig, root, and unripe fruit extracts contained labeled 
and stained DNA nucleotide fragments. Likewise, control 
HeLa cells did not generate a positive TUNEL reaction, 
while treatment with pawpaw twig, root, and unripe fruit 
extracts resulted in positive TUNEL reactions.

The anti‑inflammatory activities of pawpaw extracts

The effects of pawpaw extracts on NO production in LPS-
stimulated RAW 264.7 macrophages are presented in 
Fig. 4A. LPS considerably stimulated the production of 
NO in RAW 264.7 cells at a concentration of 32.07 µM. 
Treatment with LPS-stimulated RAW 264.7 cells with paw-
paw leaf, twig, root, and unripe fruit extracts led to a dose-
dependent decrease in the production of NO. In particular, 
pawpaw root extract exhibited the strongest inhibition of 
NO production. In addition, LPS (59.71 pg/mL) remark-
ably induced the production of TNF-α by macrophages, 
while pawpaw extracts reduced TNF-α production in a 
dose-dependent manner, with similar effects to those on 

NO production (Fig. 4B). Twig extract (50 µg/mL) inhib-
ited TNF-α production by > 50%, while 25 µg/mL root and 
unripe fruit extracts inhibited its production by > 60%. Simi-
larly, IL-6 was significantly inhibited by pawpaw extracts 
(p < 0.05), except those from leaves, with 50 µg/mL twig 
extract inducing an approximately 50% decrease in IL-6 
cytokine production (Fig. 4C). The leaf, twig, root, and 
unripe fruit extracts of pawpaw considerably reduced iNOS 
expression compared to the positive control cells (Fig. 4D). 
However, it did not affect the levels of COX-2.

Discussion

In previously study, the viabilities of AGS and HeLa cells 
treated with 500 µg/mL mango (flesh) ethanol extract were 
approximately 80% and 100%, respectively [23]; hence, our 
data indicate that pawpaw has superior anticancer properties 
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Fig. 2  Effects of pawpaw extract on apoptosis regulatory proteins in 
AGS (A) and HeLa (B) cells. PTM, 80% methanol extract from paw-
paw twigs; PRM, 80% methanol extract from pawpaw roots; URFE, 
95% ethanol extract from unripe fruit. AGS and HeLa cells were 
treated with different concentrations of PTM (100 and 200  µg/mL), 
PRM (100 and 200 µg/mL), and URFE (50 and 100 µg/mL) for 24 h. 
Levels of the apoptosis regulatory proteins, BCL-2, BAX, cleaved 
caspase-3 (C-Cas3), PARP, and cleaved PARP (C-PARP), were deter-
mined by immunoblotting. β-actin was used as a loading control
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Fig. 3  TUNEL nuclear staining of AGS (A) and HeLa (B) cells 
treated with pawpaw extracts. PTM, 80% methanol extract from 
pawpaw twigs; PRM, 80% methanol extract from pawpaw roots; 
URFE, 95% ethanol extract from unripe fruit. AGS and HeLa cells 
were treated with PTM (200 µg/mL), PRM (200 µg/mL), and URFE 
(100 µg/mL) for 24 h. Cells were washed with PBS, fixed, permeabi-
lized, subjected to TUNEL nuclear staining, and visualized by confo-
cal microscopy
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compared to that of mango. In addition, the  IC50 values of 
leaf methanol extracts from Gnaphalium luteoalbum and 
Lannea coromandelica for AGS cells were 980 and 670 µg/
mL, respectively [24], whereas the stem, root, leaf, unripe 
fruit, and ripe fruit methanol extracts from Cudrania tri-
cuspidata had had minimal effects on AGS and HeLa cell 
growth [25]. Another study showed that the  IC50 values 
of Pistacia atlantica extract for AGS and HeLa cells were 
382.3 and 332.3 µg/mL [26]. These results are considerably 
different from those of the present study, and our data dem-
onstrate that pawpaw tree extracts exhibit superior cytotoxic-
ity against AGS and HeLa cells.

The results of cell cycle analysis demonstrated that twig, 
root, and unripe fruit pawpaw extracts can cause the Sub 
G1 cell cycle arrest, thereby obstructing the growth of AGS 
and HeLa cells. In addition, pawpaw induced the activa-
tion of BAX, cleaved caspase-3, and cleaved PARP, which 
contribute to apoptosis. These results confirm that twig, 
root, and unripe fruit pawpaw extracts can clearly induce 
apoptosis of AGS and HeLa cells. However, the proteins 
expression of extracts in AGS and HeLa cells were showed 
a relatively small difference. Briefly, the effect of PTM and 
PRM on the protein expression of BAX is not clear and 
the same thing with cleaved caspase-3 for URFE extract in 
AGS cells while a clear effect of BAX in HeLa cells was 

noticed. These findings are thought to the pawpaw extracts 
were induce apoptosis via the other apoptosis pathway in 
AGS and HeLa cells. Actually, Saralamma et al. [27] dem-
onstrated that Poncirin a form of flavonoid induced apop-
tosis though an extrinsic pathway in AGS cells, which is 
independent of mitochondrial-related apoptotic pathways. 
On the other hand, Mane et al. [28] proved that ascorbyl 
searate formed from ascorbic acid and stearic acid induces 
apoptosis though an extrinsic as well as intrinsic pathways in 
HeLa cancer cells. This implies that the apoptosis pathway 
varies depending on the substance and cell line, and pawpaw 
also suggests that the apoptosis pathway may vary depend-
ing on the cell line.

González-Montoya et  al. [29] reported that peptides 
derived from soy bean protein inhibited NO production by 
45% at a concentration of 10 mg/mL. In addition, Xu et al. 
[30] demonstrated that ethanol extracts of pomegranate 
flower reduce TNF-α and IL-6 production by 50% at concen-
trations of 62.5 and 48.7 µg/mL, respectively. Furthermore, 
TNF-α and IL-6 were inhibited by buckwheat sprout extract 
(100 µg/mL); however, the rate of inhibition was < 50% [31]. 
Overall, even at low concentrations, pawpaw extracts had 
stronger inhibitory effects on inflammatory markers than 
those reported for other plant extracts in previous studies. 
NO is a free radical that is very unstable, and it is involved 
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Fig. 4  Effect of pawpaw on NO production (A), and TNF-α (B), IL-6 
(C), iNOS and COX-2 (D) expression in LPS-stimulated RAW 264.7 
cells. PLM, 80% methanol extract from pawpaw leaves; PTM, 80% 
methanol extract from pawpaw twigs; PRM, 80% methanol extract 
from pawpaw roots; URFE, 95% ethanol extract from unripe fruit. 

RAW 264.7 cells were treated with PLM, PTM, PRM, and URFE (25 
and 50 µg/mL) for 24 h. Data are presented as means ± standard devi-
ation of triplicate experiments. Differences were evaluated by com-
parisons with the LPS-treatment group (##). *p < 0.05. β-actin was 
used as a loading cont
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in lipid oxidation reactions thereby affecting on inflamma-
tory reactions in tissue [32]. These findings suggest that the 
leaves, twigs, roots, and unripe fruit of pawpaw have enor-
mous potential as natural agents exhibiting antioxidant and 
anti-inflammatory activity. On the other hand, Liu et al. [33] 
reported that the alkaloids reduced the production of NO 
though down-regulation of iNOS protein expression, how-
ever, have no effect on the expression of COX-2. Therefore, 
our results are also anticipated that the anti-inflammatory 
effect of pawpaw was caused via down-regulation of iNOS 
protein expression irrelevant to COX-2 pathway.

Phenolic compound extracted from natural substance are 
potent bioactive materials, which possess anticancer and 
anti-inflammatory activities. They inhibits the development 
and progression of cancer by inducing cell cycle arrest and 
apoptosis, and have potential to inhibit the inflammatory 
response by modulating various inflammatory factors such 
as NO, IL-6, iNOS, and COX-2 [34, 35]. These phenolic 
compound is widely known to be rich in the various tissue 
of pawpaw. In particular, the roots and twigs extract from 
pawpaw were contained a lot of phenolic compound and 
there was variety of phenolic compound, than other tissue 
of pawpaw [13]. Therefore, we are anticipated that the anti-
cancer and anti-inflammatory activities of pawpaw are due 
to various phenolic compounds extracted from pawpaw.

Inflammation is induce before a malignant occurs in 
some cancers. In addition, an oncogenic change present an 
inflammatory environment that accelerate the development 
of tumors [36]. Briefly, there is close correlation between 
inflammation and cancer. Accordingly, many studies on 
molecular pathways of cancer-related inflammation are 
now being performed, these results helps to identify the 
new target molecules lead to better diagnosis and treatment 
of cancer [36]. In this regard, this study on anticancer and 
anti-inflammatory activities of pawpaw is expected that is 
encourage further studies on molecular pathways of cancer-
related inflammation.

Conclusion

In conclusion, our data confirm our initial hypothesis that 
extracts from the pawpaw tree both inhibit the growth of 
gastric and cervical cancer cells by increasing their apop-
tosis and have anti-inflammatory effects. Extracts from the 
twigs, roots, and unripe fruits of pawpaw, but not those from 
leaves, induced Sub G1 cell cycle arrest. Our data clearly 
demonstrate that pawpaw extracts are inducers of AGS and 
HeLa cell apoptosis, and possess increased levels of anti-
tumor activity on human gastric and cervical cancer cells. 
Furthermore, this is the first study to investigate the anti-
inflammatory activity of pawpaw extracts, and the results 

prove that extracts from this plant have great potential as 
anti-inflammatory agents. These results highlight the pre-
ventive and therapeutic effects of pawpaw against gastric 
and cervical cancer and encourage further studies on the 
anti-inflammatory effects of the pawpaw tree.
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