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Abstract

Background: Pancreatic cancer is studied as one of the most lethal cancers with currently no control of its lethality,
mainly due to its late diagnosis and lack of foolproof treatment processes. Despite continuous efforts being made
in looking for therapies to deal with cancer, it keeps on being a labyrinth for the researchers. Efforts like discovering
new treatment options, repurposing existing drugs, are continuously made to deal with this cancer.

Main body: With the urge to get answers and the fact that nature has all roots of therapeutics, efforts are made in
the direction of finding those answers for providing ministrations for pancreatic cancer from plant products. Plant
products are used as treatment options either directly in the form of extracts or an alternative to them is individual
phytochemicals that are either isolated from the plants or are commercially synthesized for various purposes. In this
review, we put forward such pharmacognostic initiatives made in combating pancreatic cancer, focusing mainly on
plant extracts and various phytochemicals; along with the mechanisms which they triggered to fulfill the need for
cytotoxicity to pancreatic cancer cells (in vitro and in vivo).

Conclusion: This study will thus provide insights into new combination therapy that can be used and also give a
clue on which plant product and phytoconstituent can be used in dealing with pancreatic cancer.

Keywords: Pharmacognostic, Pancreatic cancer, Plant extract, Phytochemicals
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Background
Pancreatic cancer (PC) is currently progressing to the
second place in the list of deaths due to cancer and has
a very low 5-year survival rate [1]. According to GLO-
BOCAN estimations for cancer incidence and mortality
worldwide, around 185 countries PC have an incidence
of cases as high as 45900 and deaths are almost the same

as incidence, i.e., 432000 in both men and women [2].
PC is basically divided into two types; above 90% of the
PC occurs in its exocrine portion and is termed as
pancreatic ductal adenocarcinoma (PDAC) [3]. The
other type of PC that occurs rarely is in the endocrine
parts and called as pancreatic neuroendocrine tumors
(pNETs); pNETs may be functional or non-functional,
and to the surprise, 60–90% of them are non-functional
and thus do not bother the patient as they remain
mostly asymptomatic [4]. Of the different types of PC,
PDAC is the most common as well as the most aggres-
sive form [5]. PDAC has a dire prognosis process mainly
contributed due to lack of diagnosis process and tools,
screening of the disease, and also the major contributor
is the restricted options available for treatment [6].
Patients with PDAC seldom reveal symptoms until it has
reached its late stages; moreover, even in this stage, the
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symptoms develop slowly and not specifically indicating
cancer including weight loss, exhaustion, jaundice, abdo-
men pain, and light-colored stools [7]. Owing to the late
detection and metastasis of the disease surgical removal
along with the chemotherapy or chemoradiotherapy is
the best possible way of dealing the disease [8]. But due
to the complexity and aggressive nature of PDAC, only
10–20% of patients at the time of diagnosis are suitable
for undergoing surgery, and the remaining above 80%
cannot receive the surgical treatment [9]. Despite sur-
gery chemotherapy is a regimen consistently given in the
treatment of PDAC, few chemotherapy drugs are used
either alone or in combinations which include gemcita-
bine, nab-paclitaxel, 5-fluorouracil, oxaliplatin, irinote-
can, and some others but those are even inefficient [10].
The above complications and no foolproof treatment
options make the search for new therapies against PDAC
a hotspot in research for scientists.
The search for reliable therapy agents against PDAC

leads to a path of exploring innumerable compounds
which could show the anticancer property; one such
group of therapeutic agents which is well explored for
other cancers and also that has proved itself effective are
natural products especially the plant products [11]. The
footsteps of the cures derived from plant products can
be traced back to the base of all sorts of diseases [12, 13].
Medication or therapy processes involving plant products
are utilized by the majority of people all over the world as
initial management of several forms of diseases [14]. Plant
nutraceutical has obtained a crucial position in therapy
due to the innumerable benefits that it provides to the
well-being of a human [15]. The gift of therapeutic prop-
erties to plant products is attributed to the presence of
biologically active compounds in them known as second-
ary metabolites [16, 17]. These bioactive compounds pro-
vide the potential to the plant products to treat diseases
like cancer by inhibiting tumor cytogenesis, by modifying
the epigenetic processes, by suppressing or progressing
gene initiation, by inhibiting cell proliferation, and a lot
more [18–20].
Plant products used as drugs are less costly, highly

efficient, non-toxic, obtained easily, and rarely cause any
side effects [21, 22]. Also the medicinal plants are used
to formulate the now used modern drugs that are effect-
ive against aggressive diseases [19, 23]. Some examples
of anti-cancer drugs that are derived from plants include
docetaxel, paclitaxel, vinblastine, camptothecin, vincris-
tine, and homoharringtonine which are applied in the
treatment of cancers like breast cancer, stomach cancer,
prostate cancer, ovarian cancer, lung cancer, Hodgkin’s
lymphoma, non-Hodgkin’s lymphoma, brain cancer,
testicular cancer, bladder cancer, melanoma, leukemia,
thyroid cancer, neuroblastoma, multiple myeloma,
chronic myeloid leukemia, and many more [24]. Of these

drugs, paclitaxel is used in the treatment of PDAC.
Many of the other drugs nearly about 60% that are used
as chemotherapeutics against PDAC are also plant-
derived [25]. Moreover, plant products and their derived
phytochemicals have proved to increase drug sensitivity
in case of the resistance that occurs while the treatment
process [26, 27]. Hence, these facts gave rise to more
and more interest in searching for PDAC treatment in
plant products and its phytochemicals. Therefore, this
review emphasizes the plant products and phytochemi-
cals used in the fight against PDAC in the hope of find-
ing a sustainable solution to the persistent problem.
In the available literature, one could find studies de-

scribing the role of individual or specific phytochemicals
or the phytochemicals of plants belonging to a specific
family against pancreatic cancer and some reports focus
on the effect of phytochemicals on stellate cells only; but
none describe a group of phytochemicals as a whole. But
this study one by one discusses about the different plants
which were converted to crude extracts for application
in treatment of PDAC. Further, the article moves on to
the brief description of phytochemicals and also shows a
short classification of those phytoconstituents. Later, the
article gives a detailed explanation of the mechanistic
changes that occur in the PDAC cells by the individual
phytochemicals that are applied against them which
leads to the cancer cell death and thus the reduction in
tumor. In a section, we also show certain phytochemicals
that are proved to show the effect on PDAC cells but
their mechanistic details are not described in the differ-
ent reports from where they are picked; giving an oppor-
tunity for the interested groups to identify certain
phytochemicals whose mechanistic can be still explored,
thus elaborately discussing the role of pharmacognostic
studies against dealing with the deadly cancer PDAC.
And showing the possibility of generating new therapeu-
tics with lower toxicity and reduced side effects.

Methodology
The authors searched the National Center for Biotech-
nology Information (NCBI) PubMed database and
Google Scholar. Different combinations of keywords
such as plant extract(s), anticancer, pancreatic cancer,
pancreatic ductal adenocarcinoma, phytoconstituent(s),
and phytochemical(s) were used to find relevant re-
search reports on the topic. Further, some more articles
related to the review study were selected by analyzing
the references of the articles found on PubMed and
Google Scholar. Papers describing the use of plants in
crude form or phytochemicals either isolated from
plants or commercially purchased and used in the treat-
ment of PDAC were picked up. All the relevant articles
were thoroughly read and understood to get to the
conclusions mentioned in the review.
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Main text
Plant products in the treatment of pancreatic cancer
Certain drugs used in the treatment of PDAC are plant-
derived which include docetaxel, paclitaxel, irinotecan,
minnelide, and triptolide [28]. But these drugs were not
developed specifically keeping in mind the behavior of
PDAC and are used in various cancers; thus, these drugs
can be seen to be highly toxic and less effective for
PDAC patients [29]. Thus, giving way to the need of
finding new drugs that are specifically designed to keep
the PDAC tumor in view. For PDAC treatment, certain
plant products have been displayed to minimize the che-
moresistance of the tumor to modern drugs in their
presence or pre-treatment, also some of them have been
efficient in creating toxicity for the tumor and causing
its death [30]. These useful effects of plant products
further encourage researchers to find therapy options in
natural products; Table 1 briefs certain plant extracts
that were tested as treatments upon PDAC, and their
mechanism of action and IC50 values is also shown.
Looking at the past decade of research on PDAC using

plant extract, we see that a group of scientists from the
USA screened different leaf extracts from various medi-
cinal plants against PDAC cell line PANC-1, Capan-1,
and Mia Paca-2; the plants belonged to families like
Meliaceae, Burseraceae, Amaranthaceae, Rutaceae, Sola-
naceae, Euphorbiaceae, and Combretaceae. Interestingly,
some extracts belonging to the same family were found
to be acting differently on the cell lines which give a clue
that the difference might be due to dissimilar ways of
extraction which lead to the presence of different
compounds in the extract. The extracts that were con-
cluded to be most effective in their study were all
methanol extracts or fractions of methanol extract which
give a strong clue that compounds in methanol extracts
have higher anticancer potential than compounds in
other extracts [56]. Similarly, supporting the efficacy of
methanol extract another group of scientists from the
USA and India worked on another plant Achyranthes
aspera, they proved that methanol extract of leaves of
this plant showed high toxicity to PDAC cell lines and
extremely low cytotoxicity to normal cell lines. More-
over, they separated fractions from the crude extract and
concluded after testes that the fraction containing a
higher amount of polar molecules that dissolve in
moderately polar chemical like methanol are responsible
for cytotoxic behavior they also found that these com-
pounds are insoluble in polar solvents like water and
non-polar solvents like chloroform [57]. The same group
of scientists carried their work forward and showed the
effects of the extract on athymic hairless mice and
proved it to be reducing pancreatic tumor in them via
apoptosis, giving a lead candidate to be developed into a
drug against cancer [58].

Opposite to the abovementioned findings, some other
scientists showed that aqueous root extract of dandelion
induced death in PDAC cell lines; they confirmed their
findings by initial screening of cell viability by WST-1
assay and further showed it to be death induced by
apoptosis. The apoptotic death was examined by
Hoechst staining and Annexin-V binding assay that
showed both the pathways of apoptosis, i.e., intrinsic and
extrinsic were activated causing destabilization of mito-
chondrial membrane shown by mitochondrial mem-
brane potential assay, destabilization ultimately leads to
death of mitochondria. This mitochondrial death acti-
vated autophagy in the cells due to stress conditions
build up because of the damage; in the presence of the
extract, the stress conditions were prolonged and this
caused the cells to enter death due to autophagy which
was revealed by conversion of LC3-I to LC3-II after
treatment. But at the same time, it was seen that the
extract concentration, i.e., 5 mg/ml that showed 50% cell
in PDAC cell lines in 48 h did not show any changes in
normal cell lines even up to 96 h which verified that the
extract kills cancer cells and not normal cells [59]. This
study had a drawback that it did not identify the individ-
ual component present in the extract responsible for the
PDAC death, leaving possibilities indicating that not
only components of methanol extract but also aqueous
extract can show cytotoxic effects, which all depends on
the type of phytoconstituents present in the plant tested
and the fact that in which type of extract those compo-
nents are isolated to equip the extract with anticancer
properties.
Another research aiding the fact of the aqueous extract

being cytotoxic to PDAC cells was conducted by a group
of scientists from Israel; they worked on 3 different
PDAC cell lines that are Panc-1, COLO-357, and p34
and tested the efficacy of well-known hub of therapeu-
tics, i.e., the aqueous leaf extract of Moringa oleifera
against these cell lines by XTT cell survival assay; also
they confirmed the effect of treatment on cell cycle by
flow cytometry analysis and protein evaluations by
immunoblotting confirmed the pathway by which the
extract was inducing death. Their study concluded that
this extract induced apoptosis among the cell lines via
downregulation of NF-κB signaling. Even though they
did not isolate individual compounds from the extract
but from the literature, they picked certain compounds
present in the extract that may be responsible for the
anticancer property, and those compounds include
flavonoid pigments, glycosides, isothiocyanates, gluco-
sinolates, glycerol-1-(9-octadecanoate), beta-sitosterol,
beta-sitosterol-3-O-beta-D-glucopyranoside and 3-O-
(6′-O-oleoyl-beta-D-glucopyranosyl); further, they also
showed that this extract has synergistic effects when
used along with cisplatin against Panc-1 cells and thus
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enhances the efficiency of chemotherapy used for
treating PC [60]. Some more scientists from the USA
performed an experiment using aqueous fruit juice of
Momordica charantia as a treatment for PDAC cell
lines BxPC-3, Mia-Paca-2, AsPC-1, and Capan-2; the
effect of the juice on the cell survival was evaluated by
MTT assay which showed it to be effective in killing
the cancerous cells. Further, the DNA fragmentation
assay gave a hint that the death was caused by
activation of apoptosis which was then confirmed by
annexin V/propidium iodide staining; from immuno-
blotting assay carried to check the release of
cytochrome-c from mitochondria to cytosol, it was
found that there was a release of cytochrome-c to
cytosol showing that intrinsic apoptotic pathway was
activated which also caused mitochondrial damage.
Next, to show the other pathways affected tests were
done to analyze AMPK pathway because it is a path-
way activated due to damage of mitochondria that
leads to a reduction in levels of ATP/AMP ratio and
from tests, it was proved that AMPK pathway was ac-
tivated due to the presence of the juice, which shows a
connected role of apoptosis and AMPK pathway in
cytotoxicity against PDAC. Similar effects were seen
in vivo in nude mice due to the presence of the juice
suggesting it to be effective in the reduction of PDAC
and increase in survival. These scientists also found
the presence of cucurbitane triterpenoids in the juice
which are known for their anticancer potential, four
different types of triterpenes, i.e., momordicine I,
momordicine II, kuguaglycoside G, and cucurbitacin I
were analyzed by them which could be possibly the
agents responsible for the cytotoxic effect of juice on
PDAC cells; moreover, these cucurbitane triterpenoids
were earlier reported to be inducing apoptosis and
also activating AMPK pathway which was in accord-
ance with the findings of the study [61], thus giving a
lead of triterpenes be the responsible agents of treat-
ment of PDAC.
Further, some more scientists conducted their research

using aqueous extract, ethanolic extract, and essential oil
of Ocimum sanctum against PDAC cells. Their studies
suggested that ethanolic extract proved best in the invi-
tro experiments by causing cytotoxicity, inducing apop-
tosis, and reducing invasion and migration in PDAC cell
lines; at the same time, the aqueous extract was not so
effective in the in vitro experiments and was 20–40 folds
less effective as compared to the ethanolic extract, and
in case of essential oil, they found it was effectively caus-
ing cytotoxicity and inducing apoptosis but was unable
to reduce invasion and migration of the cells rather it in-
creased them; these findings suggested them to use etha-
nolic extracts for the in vivo tests. But to their surprise,
they found the ethanolic extract to be intoxicating the

mice in the doses required for the treatment, hence they
switched to aqueous extracts which is reported for other
cancer treatment in vivo and found that the aqueous ex-
tract in vivo increase pro-apoptotic genes and reduced
genes that supported proliferation and migration of
PDAC [30]. These variations in the results suggested
that each extract acts differently in vitro and in vivo de-
pending on their bioactive compounds and the environ-
ment that they are subjected to for their action, which
gives direction to the importance of isolation of bioactive
substances from the crude extracts and testing of their
anticancer potential. To check on the difference between
methanolic and aqueous extract, a team of scientists
compared methanolic and aqueous extract of the whole
plant of Euphorbia tirucalli for its phytochemical
content; they found that the total phenolic content of
the methanolic extract was higher and almost double the
amount present in aqueous extract, but on individual
component analysis, they found flavonoids to be higher
in aqueous extract than methanolic extract and the
proanthocyanidins were present in almost equal
amounts which clearly showed the difference in the phy-
toconstituents of the two extracts. To their surprise
when they checked both the extracts on PDAC cell line
Mia-Paca-2 they found both of them killing ~50% of
cells at 50μg/ml which lead to a thought that there are
certain other components present in the extracts that
give them the cytotoxicity potential which needs to be
evaluated and understood [62]. A different type of mech-
anism of death, i.e., autosis was seen to be triggered in
PDAC cell lines due to ethanolic ginger extracts. Upon
treatment of PDAC cells initially, it was found that the
treatment caused an arrest in G0/G1 cell cycle phase and
later cell death stages, it was found to cause plasma
membrane rupture and nuclear shrinkage but such be-
havior of nucleus was rarely seen during apoptosis, fur-
ther tests including the annexin V/propidium iodide
staining and mitochondrial membrane potential sug-
gested apoptosis but the absence of nuclei fragmentation
process and no increase in subG1 fraction did not allow
complete confirmation of apoptosis. Moreover, on
checking factors involved in mitochondrial independent
cell death and necrosis, it was concluded that the treat-
ment is causing neither death by the mitochondrial inde-
pendent path and nor by necrosis. Further investigations
diverted the chances of death to be due to autophagy
due to the increase of LC3 II/ LC3 I ratio and other
autophagy-activated pathways, but to a surprise, upon
testing with autophagy inhibitors, the death was inhib-
ited partially. Finally, with the help of TEM analysis, it
was seen that mitochondria were electron-dense, focal
perinuclear swelling was seen, and vacuoles were empty;
these findings which suggested caspase-independent but
autophagy-like death lead to conclusions that the death
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was due to autosis. Further when tested in vivo on mice,
the extract showed tumor suppression along with the in-
crease in survival with no serious side effects and abnor-
malities due to extract treatment [63].
Another interesting and not commonly used extract is

a supercritical carbon-dioxide extract. A team of differ-
ent scientists from the USA used such an extract of Ner-
ium oleander leaves against PDAC; this supercritical
carbon-dioxide extract is named PBI-05204 and has
proved its efficacy against PC at the clinical phase-I level
of trails. In 2015, the scientists have put forward the ef-
fects of PBI-05204 in an orthotopic mouse model. They
showed that this extract not only reduces the tumor in
the models but also has the capacity to completely eradi-
cate it at higher doses. They found that PBI-05204 is ef-
fective even as a monotherapy and prevents tumor
growth by affecting the PI3k/mTOR pathway and that
too without showing any cardiac toxicity. These data
from the orthotopic models added to the potential of
PBI-05204 to act well in combating PC and safe for
moving to the phase-II trials [64]. This study was defin-
itely a leap forward as the phase-II trails were con-
ducted. This phase-II study enrolled 42 patients out of
which 38 were analyzed, and the primary endpoint of
the trial was overall survival which was unfortunately
not reached but fruitfully showed signs of improvement
in the pre-treated patients. In addition, the scientists
claimed that the trial was not conducted for monother-
apy by PBI-05204, and therefore, further trials are to be
carried to completely understanding the mode of action
of PBI-05204 [35].
Even when certain candidates reached the human tri-

als to get their efficiencies checked for PDAC, the search
for more potent and beneficial compounds did not stop
or got hampered. Moreover, even if the extracts that
reached the trials were not commonly used extracts, the
search for efficient therapeutics in the common type of
extracts continued. A team of scientists checked three
different extracts of Olea europaea leaves, i.e., water,
50% methanol, and 50% ethanol extract. The scientists
suspected phenolic compounds especially oleuropein
present in plenty in the plant to be effective against the
PDAC as the compound is proven to act against several
other cancers. When they checked the phytochemical
content of the three extracts, they found oleuropein to
be present in higher amounts in 50% methanol and 50%
ethanol extracts as compared to the aqueous extract, but
the total phenolic content of all the three extracts was
similar. Upon testing for the anticancer potential against
the PDAC cell line Mia-Paca-2, they found water ex-
tracts to be most effective, which made them conclude
that other compounds present in the extract along with
oleuropein might be responsible for the anticancer activ-
ity and thus increased the need to check the individual

compound so as to get to a better conclusion of the
compound causing the death of PDAC cells [65]. To add
to the search of anticancer compounds against PDAC,
scientists from Vietnam and Australia reported activity
of methanolic root extract of Paramignya trimera
against different types of cancers including PDAC. They
initially performed phytochemical analysis on the crude
extract and then using HPLC separated four major com-
ponents in different fractions out of the crude extract.
When they checked these crude extracts and their frac-
tions, they found them to exert good antioxidant activity
and cytotoxicity on all cancer cell lines especially on
PDAC cell lines. But to their surprise, they found the
crude extract to be more effective than the isolated frac-
tions indicating that not the major components but may
be certain minor components present in the crude ex-
tract are responsible for the high cytotoxicity of the
crude extract which gave a direction to check not only
the major components of an extract but also the minor
components which could be more advantageous [66].
The same group of scientists also checked for metha-

nolic leaf extract of Paramignya trimera against various
cancers and found it to be most effective against PDAC;
further, they included more number of different PDAC
cell lines to cross confirm their findings. And they found
the extract to be very efficient against all types of cells,
thus can act as a potential drug. They also found the
extract to be rich in saponins which could have contrib-
uted to its anticancer effect, but it required the separ-
ation of those saponins to experimentally prove the
hypothesis put forward [28]. The same scientists tested
another plant for its effect on cancer cells including
PDAC cells Mia-Paca-2. They made aqueous and metha-
nolic extracts of Phyllanthus amarus whole plant to
compare both the type of extracts for their activity.
Upon phytochemical analysis, they tested that the
methanol extract has higher amounts of saponins, flavo-
noids, proanthocyanidins, and phenols than the aqueous
extract. Moreover, they isolated fractions of major
phytoconstituents detected in HPLC analysis. Upon
cytotoxicity analysis, it was seen that methanol extract at
100μg/ml exerted 48 ± 3% growth inhibition in PDAC
cells while at the same concentration aqueous extract
showed 38 ± 5% growth inhibition indicating methanol
extract to be more toxic, but as in their previous study
in this study, they found the crude extract to be more
potent than the isolated fractions of the major compo-
nents giving support to their previous findings of minor
components being responsible for cytotoxicity; however,
the minor components were not isolated for confirm-
ation and conclusion of the hypothesis [67].
The next approach was a combination treatment

against nitrosamine-induced PDAC in the rats, but inter-
estingly, the combination was not set up using a synthetic
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or modern drug, rather it was of an aqueous leaf extract
from two medicinal plants, i.e., Momordica charantia and
Ocimum basilicum. During the experiment, the rats were
administered various doses of the extract to the stomach,
i.e., intragastrically along with a fixed dose of nitrosamine
and the effects of it on the tumor were examined; as a
result, the scientists found that the extract had capacity to
fight against-induced PDAC. The mechanistic analysis
showed that the extracts decreased the damage caused to
Kras gene due to the administration of nitrosamine which
resulted in the reduction of tumor. The qualitative phyto-
chemical analysis of the extract revealed the presence of
flavonoids, saponins, tannins, alkaloids, and glycosides;
among which tannins were considered to be showing the
anticancer activity against PDAC, but this consideration
still lacks experimental proofs [68]. But experimental
proofs were given for high anticancer potential of
saponin-enriched butanol fraction of crude leaf and stem
extract of Helicteres hirsuta as compared to the crude ex-
tract itself and its aqueous fraction. Both the leaf and stem
saponin-enriched butanol fractions were seen to be very
potent causing death in vitro in different PDAC cell lines
with an IC50 value in the range of 1.80–6.43 μg/ml,
whereas for aqueous fractions, it was above 200 μg/ml and
for crude extract, it was 18 ± 1.5 μg/ml of stem extract
and 47.61 ± 2.3 μg/ml of leaf extract. From these results
obtained by MTT and CCK-8 assays, it is very clear that
the saponins are involved in the anticancer activity of
Helicteres hirsuta which further requires molecular ana-
lysis to know its mechanism [69].
When attempts are made in searching therapeutics for

PDAC treatment, some researchers also picked plants
that have not been yet checked for their cytotoxic effects
on any type of cancer cells but are well known for their
therapeutic effect in Indian traditional medicine. These
researchers made an ethanol extract of Pterospermum
acerifolium bark and tested its effect on PDAC cell line
by MTT assay which showed that the extract had an
IC50 value of 74.22 μg/ml on Panc-1 cells. Further, they
found the extract to reduce the migration ability of the
cancer cells by scratch assay and showed using DAPI
staining assay that the treatment caused nuclear conden-
sation and damage, and with acridine orange/ethidium
bromide staining process, they confirmed apoptosis
being the cause of death. When reasons for apoptosis
induction were checked, it was concluded that the treat-
ment caused mitochondrial membrane damage that
leads to high levels of ROS generation that resulted in
triggering of apoptosis and ultimately death of the can-
cer cells [48]. While experiments were conducted to ex-
plore all unknown compounds, some scientists choose
to check the well-known anticancer compounds present
in plenty amount in particular extracts. The plant used
is a well-known medicinal herb Inula helenium and

compounds are sesquiterpene lactones. For the extrac-
tion of these compounds, the roots of the plant were
subjected to ethanol and ethyl acetate to ultimately pro-
duce ethyl acetate extract rich in sesquiterpene lactones
which contain three main components alantolactone,
isoalantolactone, and alloalantolactone confirmed by
NMR studies. When checked against PDAC cell line
CFPAC-1, it was found that the ethyl acetate extract of
Inula helenium was able to cause cytotoxicity in the cells
with IC50 value 4.3 ± 1.1 μg/ml; at the low concentra-
tions, the extract induced cell cycle arrest at G0/G1 stage
as showed by propidium iodide staining and flow cytom-
etry analysis. But when subjected to higher doses of ex-
tract, the cells were seen to die due to mitochondria-
dependent apoptosis. For further exploration of involved
mechanisms, the team took up the fact that CFPAC-1
cells carry allelic deletion of SMAD4 gene, and thus,
inactivation of SMAD4 protein which affects further
phosphorylation mechanisms of different pathways that
provides chemoresistance to the cells. One such pathway
altered in CFPAC-1 is STAT3/AKT pathway, upon
treatment with the extract it was seen that the downreg-
ulation of phosphorylation of STAT3 and AKT occurred
which causes a reduction in migration or invasion and
could be the reason for effect on mitochondria leading
to apoptosis but requires further investigation [42].
Yet, another experiment was conducted that showed

regulation of STAT proteins in the treatment processes
of PDAC. Aqueous extract of allergen removed Rhus
verniciflua was used for treating invasive and metastatic
PDAC. The initial experiments of migration and inva-
sion proved that the extract was capable of reducing the
invasion and migration processes. It is known that one
of the reasons for the invasive and metastatic nature of
PDAC is activation and upregulation of STAT1 via
interferon γ, and the extract reduced this invasive
nature, thus giving a clue that it possibly in some way af-
fects this pathway. The analysis of MMP9 levels after
treatment with the extract gave support to this hypoth-
esis and put forward the inhibition of STAT1 to be the
reason behind the inhibition of invasion and metastasis.
When the involvement of STAT1 was confirmed, an-
other protein that came into the picture was MUC4
which is regulated by STAT1 and STAT3 that in turn
adds on to the mobility and invasive nature and also
promotes chemoresistance in PDAC via providing resist-
ance to apoptosis process. Upon checking for MUC4
protein, it was demonstrated that the MUC4 expression
was reduced along with the reduction in expression of
anti-apoptotic genes and upregulation of pro-apoptotic
genes. Moreover, treatment with this extract also
showed a reduction in phosphorylation of FAK gene that
is involved along with STAT1 and is associated with cell
adhesion and spreading. Thus, overall, it was seen that
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the Rhus verniciflua extract reduced the aggressive
PDAC via MUC4 downregulation involving STAT1 and
FAK which could be a lead to develop a treatment
against chemoresistance in PDAC [33]. Even though the
mechanism of action of the extract was described in this
study, the individual component of the extract causing
these changes was still to be identified as the crude
extract can show variability in results when subjected to
in vivo models.
Supporting the fact that there is a presence of another

pathway that reduced PDAC growth some researchers
gave a treatment of aqueous extract of Paeonia suffruticosa
to different PDAC cell lines. By conducting various experi-
ments including MTT assay, western blotting, immuno-
fluorescence assays, colorimetric assays, fluorescence-
activated cell sorting assay, trans-well migration assay, and
xenograft model study the team showed that the treatment
of extract caused accumulation of ROS in PDAC cells
causing endoplasmic reticulum stress that triggered au-
tophagy/mitophagy due to imbalance in mitochondrial
membrane potential. This autophagy/mitophagy induced
apoptosis via intrinsic and extrinsic pathways in PDAC
cells. Also the extract was seen to reduce the cell cycle
progression by downregulation of CDK and decreased
mobility of PDAC cells via alternations in the actin cyto-
skeleton dynamics. Moreover, in the PDAC xenograft
mouse models the extracts when administered orally, with
or without a combination of gemcitabine, it was seen to re-
duce the tumor growth while having no effect on the
weight of the mouse and with no adverse side-effects.
Conversely, while the crude extract showed such beneficial
results against PDAC some of the isolated compounds
when tested did not show such good effects indicating the
necessity of checking the individual components of the ex-
tracts thoroughly to get to know exactly which compo-
nents give such good effects against PDAC [52].
An attempt was done by Mouhid et al. by putting

forward a comparative analysis between the effect of a
leaf extract from 4 plants belonging to 2 different fam-
ilies and taking 2 different types of extract for each
plant. The plants were Melissa officinalis and Origanum
majorana of family Lamiaceae and Achillea millefolium
and Calendula officinalis from the family Asteraceae ex-
tracts prepared were supercritical carbon-dioxide extract
and ultrasonic-assisted extraction. These extracts were
checked on PDAC cell lines Mia Paca-2 and Panc-1.
Initially, all plants were checked on Mia Paca-2 and the
results showed that the extracts from plants of Astera-
ceae were more effective and that of Lamiaceae did not
induce death of cancer cells. Further, when evaluated on
Panc-1 cell lines, it was found that only the supercritical
carbon dioxide extract was able to kill cells and not the
ultrasonic-assisted extract. This clearly indicated the dif-
ference in bioactive compounds to be responsible for the

difference in the activity. Further experimentation
revealed that the cytotoxicity was occurring due to the
induction of apoptosis via cleavage if caspase 3/7; more-
over, the extracts interfered with the process of colony
formation in the 3D sphere models and also showed syn-
ergistic effect along with the chemotherapy drug 5-
fluorouracil which showed a way to create a plant-based
treatment along with the modern chemotherapy to con-
trol the growth and threat of PDAC [39].
Carrying the work forward, these scientists performed

microarray gene expression analysis on the Achillea
millefolium extract-treated PDAC cell lines to identify
the direct targets of the extract. They found Sterol Regu-
latory Element Binding Transcription Factor1 (SREBF1)
to be directly targeted by the extract in both the tested
cell lines. SREBF1 is highly expressed in PDAC cells but
not in normal pancreatic cells; the high expression of
SREBF1 factor causes the poorest prognosis of PDAC
and also this factor provides an ability of high invasion
and metastasis. SREBF1 being the direct target of the ex-
tract and the presence of this factor in cancer cells and
not in normal cells gives an explanation for the effect of
the extract only on cancer cells and not normal cells.
SREBF1 has been proved to increase the oncogenic
nature by lipogenesis caused due to increase in Fatty
Acid Synthase (FASN) and Stearoyl-CoA Desaturase
(SCD), and in this study, the scientists found that after
treatment with the extract, the levels of FASN and SCD
were decreased. Due to the decrease in FASN and SCD
at both transcriptional and post-transcriptional levels,
there were effects in the PDAC cells, and due to the
downregulation of FASN, the PDAC cells become more
sensitive to chemotherapy drugs and due to the SCD
downregulation, the cell proliferation and survival of
PDAC cells are also reduced, thus giving strong evidence
that crude extracts can have multiple targets and differ-
ent ways to accomplish their target of PDAC reduction.
Also in the xenograft models, the tumor growth was
seen to be reduced due to the treatment with the extract
and the reduction was facilitated partially due to down-
regulation of SREBF1, thus suggesting further investiga-
tion on the mechanisms that reduce the PDAC growth
in vivo [40].
As seen in the abovementioned, study plant extracts

can reduce chemoresistance by targeting factors that
support the resistance. One such study showed that
ethanol extract of Avena sativa bran can affect the sur-
vival of gemcitabine-resistant PDAC cells. Upon initial
treatment of PDAC cells with the extract, it was noted
that the extract can reduce cell viability and also reduce
the colony formation in the cancer cells but did not
affect the normal cells. Further experiments on cell cycle
progression revealed that the treatment with extract
caused cell cycle arrest at G0/G1 phase, thus reducing
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cell proliferation and analysis using TUNEL assay and
annexin V/propidium iodide staining, and apoptotic
death due to treatment was confirmed. Mechanistic
study of apoptosis showed induction of apoptosis oc-
curred due to cleavage of caspase-3 and PARP and sim-
ultaneous reduction in Bcl-2 expression. As it was seen
that treatment reduced cell proliferation and apoptosis,
it was hypothesized from the literature that AMPK and
JNK pathways are involved; thus, this pathway was
checked and results showed increased phosphorylation
of AMPK and decreased phosphorylation of JNK which
confirmed that cell death was because of AMPK/JNK fa-
cilitated apoptosis. AMPK is also known for its effects
on activation of autophagy, but when autophagy markers
were tested, it came out that autophagy was not induced,
rather only apoptosis was occurring. The main objective
of the study was to check the effect of the extract on
drug-resistant PDAC cells, and when it was checked on
the gemcitabine resistant Mia-Paca-2 cells, they found
that the extract treatment significantly reduced levels of
RRM1 and RRM2 both of which are enzymes present in
PDAC patients and help in the repair of DNA damage
caused due to gemcitabine in PDAC cells, thus making
them resistant to gemcitabine treatment. Thus, due to
this effect when the extract was given in combination of
gemcitabine, it showed a synergistic effect in killing the
PDAC cells. Even though the individual component of
the extract causing reduction in PDAC growth was not
isolated, the literature showed avenacoside A to be a
component to kill other cancers by inducing apoptosis
and reducing cell proliferation and in the ethanol extract
avenacoside A was present, hence increasing the need to
test the isolated compound for its effect on PDAC treat-
ment [26].
Many times, it is considered that autophagy and

apoptosis are interrelated and act synergistically, but it is
not entirely correct, at times autophagy and apoptosis
act in an antagonist manner. One such proof of this
phenomenon was given by some researchers who made
a total flavonoid aglycones extract of Scutellaria baica-
lensis using ethyl acetate. They checked this extract on
PDAC cell lines and found it to be cytotoxic at IC50

value of 41.7 and 47.4 μg/ml for BxPC3 and Panc1, re-
spectively. They found the extract to induce apoptosis in
the cells via activation of caspase signaling pathway, also
the extract induced autophagy by inhibition of PI3K/
Akt/mTOR pathway. But when they checked for the link
between the autophagy and apoptosis pathways, they
concluded that inhibition of autophagy intensely in-
creased the apoptosis percentage demonstrating that au-
tophagy in this case acts as tumor protective mechanism
against treatment-induced apoptosis. When checked
in vivo in the xenograft mice model, it was seen that due
to treatment tumor growth was suppressed but as seen

in in vitro models, both apoptosis and autophagy were
activated, thus giving a clue that in such cases of antag-
onist autophagy and apoptosis use of autophagy inhibi-
tor along with the treatment can further improve the
treatment processes, and because of such occurrences, it
becomes important to clearly know the role of each
mechanism in the treatment process [45]. The aqueous
leaf extract of Moringa oleifera was again checked by
some scientists for its activity against PDAC; the differ-
ence in their studies was the previous one highlighted
the effect of extract and in combination with the chemo-
therapy drug, while in this study, the researchers bring
into light the effect of the presence of extract when
given in combination with radiotherapy; moreover, in
the later study, the researchers gave a chemical analysis
of the aqueous extract using gas chromatography tech-
nique which could help identify individual compounds.
Radiotherapy was brought into light because even being
a widely used technique in various cancers, this tech-
nique is not established in case of PDAC treatment and
still requires improvements. From their results, the ex-
tract was effective alone, and in combination, the inhib-
ition of cancer growth and development both in vitro
and in vivo was achieved to a greater extent, thus giving
an evidence that the radioresistance in PDAC can be re-
duced by using an aqueous extract of Moringa oleifera,
and opening new ways for studying the individual com-
ponents of the extract for the defined activities, it
showed in combating PDAC [49].
As PDAC possesses very peculiar and unlike charac-

teristics when compared to other cancers, some scien-
tists hypothesized and put forward the use of a plant
Oxalis obtriangulata which is well known for its thera-
peutics in other types of diseases but is not much known
for its anti-cancer potential. They prepared methanol ex-
tracts of the plant and tested against PDAC cells for
their cytotoxic effect by MTT and antiproliferation effect
by colony formation assay, in both cases after treatment,
it was seen that the extract caused cytotoxicity and also
reduced cell proliferation. Upon validation of cell prolif-
eration reduction, the phase at which the proliferation
ceased was checked by flow cytometry assay that showed
cell cycle arrest at G2/M phase, and further, by FACS, it
was proved that the treatment caused apoptosis. The oc-
currence of apoptosis, cell cycle arrest, and reduced cell
proliferation indicated the involvement of STAT3 as this
signaling molecule is involved in all the mentioned pro-
cesses of cancer cells. And on western blotting analysis,
it was found that treatment with the extract caused in-
hibition in the expression of phosphorylated Src, phos-
phorylated ERK, and phosphorylated STAT3 along with
reduced nuclear translocation of STAT3 and thus also
affected other downstream genes that helped in the
survival of the PDAC tumor. Thus, these results showed
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that plants which are not established for anti-cancer
activities can also show an effect in reduction of PDAC
and can act as a therapeutic, but it requires further de-
tailed investigation on its mode of action and compo-
nents involved [51].
Another such less explored fruit was experimented for

its response on PDAC cells, i.e., fruit of Elaeocarpus reti-
culatus, a 50% acetone extract of the fruit was prepared
for the experiments. Additionally along with the crude
extract, fractions of the extract were also prepared using
HPLC and those were also checked on PDAC cells; one
major component was cucurbitacin I which was also
experimented separately. In the experimentation, it was
found that the crude extract caused a reduction in cell
viability of PDAC cell line BxPC3 at an IC50 value of
22.14 μg/ml, but it did not significantly reduced the via-
bility of CFPAC-1 cells, thus showing a selective effect
also the extract did not affect the normal pancreatic cells
and showed an IC50 of 67.98μg/ml for HPDE cells.
Further analysis showed that the treatment with extract
caused apoptosis in a caspase-dependent manner but did
not induce cell cycle arrest. However, the fractions from
the extract were not effective in reducing the cell

viability of the PDAC cells and hence showing no anti-
cancer effect, while cucurbitacin I decreased PDAC via-
bility even in low concentrations and also did not show
selectivity as shown by the crude extract. These results
suggest that there are compounds in the extract that act
very differently on the PDAC cells that need extensive
studies to be understood clearly [25].
From the above papers, we came across plants whose

crude extracts were effective against PDAC, but still
need further investigation to be approved for being used
as treatment. The plants belonged to different families
and different processes of extraction were used; the dif-
ferent families of the above plants are shown in Fig. 1.
Out of the various extraction processes, methanol and
aqueous extracts were seen to be widely used and most
effective against PDAC but also the beneficial effects of
other extracts cannot be neglected, thus indicating
towards the necessity of the individual study of com-
pounds found in these extracts which can be potentiated
candidates for the drug development for the treatment
of PDAC either as monotherapy or in combination. Also
in some studies, we come across the findings that the
fractions were not as efficient as the crude extracts and

Fig. 1 Figure shows the different families of plants and the examples of the plants in that family that are being used in targeting PDAC
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also the major components did not behave likewise as
the crude extract which increases the possibilities that
the components present are working in an interrelated
manner where the presence or absence of one com-
pound affects the activity of the other compound, and
another conclusion that can be drawn is not always the
major components present in an extract are responsible
for its entire activity and potentiality. Even when many
extracts are tested to find a cure for PDAC, there are
many plants whose extracts are used for the treatment
of different cancers, and thus, they can be checked on
PDAC cells to know their effect on them. Some of such
examples include Acacia saligna, Lawsonia inermis,
Parthenium hysterophorus, Lagerstroemia speciosa, Byrso-
carpus coccineus, Mangifera indica, Annona atemoya,
Centella asiatica, Abrus precatorius, Boswellia serrata,
Plumbago zeylanica, Catharanthus roseus, Solanum acu-
leastrum, Tinospora cordifolia, and Tecoma stans.

Phytochemicals in cancer
Phytochemicals have proved to be helpful in the reduc-
tion of cancer risk, and a cancer prevention strategy can
also be made keeping phytochemicals as the key compo-
nents [70]. Even there are case study reports that show if
phytochemicals are consumed in higher amounts in the
diet, they reduce the incidence of various types of
cancers, PDAC being one of them [71]. These phytocon-
stituents are recommended for having anti-cancer po-
tential and have importance due to their low toxicity
and greater diversity [72]. Phytochemicals show diverse
ways in which they deal with the cancer cells and cause
their death, thus fulfilling the need for treatment options
[73]. Phytochemicals have also shown to increase the ef-
fect of classical drugs and reduce their toxicity and also
make the cancer cells sensitive to the drugs for which
they have developed resistance [74]. Various types of
phytochemicals are being tested on PDAC (Fig. 2); some
of which also have a good effect in combination therapy.
Table 2 shows certain phytochemicals tested against
PDAC and also shows their IC50 values and the types of
models on which they were tested.

Pathways triggered by phytochemicals in pancreatic cancer
(in vitro and in vivo studies)

Sonic Hedgehog (Shh) pathway Shh pathway is one of
the crucial pathways that has a role in the embryo devel-
opment in various organisms; moreover, it is vital for
the organogenesis process of nearly all organs and also
helps in regeneration and maintaining homeostasis [95].
Shh signaling is abnormally activated in different human
cancers mainly due to genetic alterations that lead to in-
vasion, survival, proliferation, and self-renewability of
the cancer stem cells allowing the rapid progress of

cancer [96]. Also interestingly in diverse cancers, this
signaling is activated at different stages of cancer pro-
gression and in PDAC, and it is activated in the early
stages itself [97]. This Shh signaling that is highly acti-
vated in different cancers might be due to overexpres-
sion of the components involved in the pathway that
occurs because of certain mutations or due to cross-
activation due to other pathways [98]. As the Shh path-
way showed immense involvement in the increase and
survival of cancers, it was significant to target various
components involved in this pathway in order to inhibit
it and reduce tumor development [99].
In case of PDAC, Shh pathway is seen to be involved

in the desmoplasia process that causes a dense stroma
around the solid tumors making them resistant to thera-
peutics [100]. A key feature of PDAC is mutated KRAS
oncogene which results in the expression of the Shh
ligand in the very early stage of cancer [101]. Further,
this Shh pathway after initiation of PDAC helps in the
maintenance of the tumor and its progression and also
causes resistance to all forms of therapeutics [102].
Thus, inhibition of Shh pathway by various drugs and
therapeutics is widely studied in order to deal with the
growing threat against PDAC; in this context, some phy-
tochemicals are also reported to inhibit Shh pathway.
Crocetinic acid a carotenoid showed anti-PDAC activ-

ity by targeting the proteins of Shh pathway and indu-
cing apoptosis along with inhibition of phosphorylation
of Akt and sphere formation; epidermal growth factor
receptor (EGFR) was also inhibited and the marker of
cancer stem cells (CSCs), i.e., doublecortin calcium/cal-
modulin-dependent kinase 1 (DCLK-1) was downregu-
lated showing that crocetinic acid also targeted CSCs
[103]. A steroid, withaferin A inhibited Hedgehog/GLI1-
mediated transcriptional activity and showed inhibition
of GLI1-DNA complex formation [104]. A biphenolic
lignan honokiol decreased the sonic hedgehog pathway
along with the decrease of CXCR4 which are responsible
for crosstalk between solid tumor and stroma, and it
showed suppression in migration and invasion along
with the reduction in plating efficiency and anchorage-
independent growth of the cancer cells [105].

Epithelial-mesenchymal transition (EMT) EMT is a
process by which the epithelial cells undergo phenotypic
changes like loss of cellular adhesion and apical-basal
polarity which results in acquiring of mesenchymal char-
acteristics that provide the stationary epithelial cells with
migratory properties [106]. During the developmental
processes, EMT is necessary for processes like organ de-
velopment and gastrulation, while in adult organisms, it
is important to tissue conservation, restoration of
homeostasis, and reconstruction which also involves the
reverse process of mesenchymal to epithelial transition
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[107]. Also during gastrulation, EMT is responsible to
give rise to mesoderm and primary mesenchyme from
the primitive streak and the neural crest cells [108].
Moreover, this process is seen to occur in case of inflam-
mation, wound healing, fibrosis, and cancer progression
[109]. The involvement of EMT in cancer progression is
extensively studied in the last two decades where reports

have shown activation of EMT in tumor progression
causing the invasive nature to be highly activated and
caused local invasion, intravasation into the blood
stream, and translocation through circulation, extravasa-
tion to the parenchyma of distant tissues, and survival
[110]. The early steps of metastasis are initiated by EMT
due to loss of or reduction in E-cadherin that facilitates

Fig. 2 Figure shows the different classification of phytochemicals that are being tested on PDAC
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the mobility of tumor cells to distant organs [111]. EMT
is also involved in drug resistance which includes mech-
anisms that are similar to drug resistance by cancer stem
cells [112].
EMT in PDAC is found to be playing key roles relating

to protein concentrating and drug transporting that pro-
vides PDAC the characteristics of being highly chemore-
sistant [113]. The presence of EMT along with PDAC
cells that have stem cell-like properties helps the PDAC
escape the present therapeutics given [114]. Even EMT
is capable of helping in PDAC survival without compul-
sorily activating the oncogenes which makes it even
more dangerous [115]. Thus, inhibiting EMT could help
in dealing with PDAC and also help in reducing its che-
moresistance. Certain phytochemicals showed to be inhi-
biting EMT and thus could be checked for being
possible leads that could deal with the EMT in PDAC.
A steroid, withanolide D caused increased expression

of E-cadherin causing an inversion of EMT and deacti-
vated Akt, caused apoptosis and cell cycle arrest at G2/
M phase [116]. Proanthocyanidins from grape seed when
used for treatment caused the increase of E-cadherin
while fibronectin, N cadherin, and vimentin were
decreased which showed a reversal of EMT, and also it
was seen that NFκB was inactivated along with de-
creased phosphorylation of ERK1/2 and cell migration
was inhibited [117]. A phenol hydroxychavicol inhibited
EMT and proliferation and caused DNA damage leading
to mitotic catastrophe and apoptosis that is JNK and
caspase-dependent, and it inhibits migration and inva-
sion due to inhibited EMT [118]. Resveratrol (a polyphe-
nol) and quercetin (a flavonoid) were used for treatment
as monotherapy; quercetin caused a decrease in ACTA-
2, IL-1β, and N-cadherin and increase of TNFα and
vimentin whereas resveratrol showed a decrease of N-
cadherin and TNFα; these results showed that quercetin
was more effective in preventing EMT as compared to
resveratrol [119].

Cell cycle arrest Cell cycle is a process responsible for
the division, growth, and proliferation of the cells, devel-
opment in an organism, and DNA damage repair; the
cell cycle is divided into different stages like G1, S, G2,
and M phase [120]. During the developmental processes,
the cell cycle goes on at a higher rate as compared to
adult organisms, the cell cycle initiation and progression
are controlled by a number of genes including cyclin-
dependent kinases which are crucial for stopping the cell
cycle when not needed and also maintaining the cell
cycle arrest in the differentiated cells [121]. If this con-
trol on the cell cycle is lost due to any conditions, it
causes issues in tissue homeostasis and leads to diseases
like cancer [122].

Different mutations in PDAC like KRAS2, p16/
CDKN2A, TP53, and SMAD4/DPC4 are responsible for
facilitating the deregulation of the cell cycle leading to
uncontrolled cell division [123]. Also the cyclin-
dependent kinases that could stop unwanted cell division
are deregulated in PDAC [124]. Thus, the inhibition of
the cell cycle process at different stages has served as a
target for reducing tumors and certain phytochemicals
are also reported to show an effect on the cell cycle.
A triterpene lupeol showed to inhibit the cell cycle at

G0/G1 phase via the increase in p21 and p27 and
decrease in cyclin D1; also it induced apoptosis and
reduced phosphorylation of ERK and Akt which could
be reversed by addition of PI3K/Akt activator [125]. A
sesquiterpene, elemene, showed cell cycle arrest at S
phase and caused the increase in p53 and decrease in
Bcl2 [89]. Steroidal saponins, timosaponin A3, induced
cell cycle arrest at sub-G1 and G2/M phase and inhib-
ition of genes like antiapoptotic (Bcl2, Bcl XL); prolifera-
tive (cyclin D1); metastatic (MMP-9) and angiogenesis
(VEGF-1); and proteins like STAT3 and ERK1/2 [126].
A triterpene, cucurbitacin B, that showed cytotoxicity to
PDAC via various ways also showed inhibition of cell
cycle arrest at G2/M phase along with induction of
apoptosis activation of JAK, STAT3, and STAT5; also it
showed increase in p21waf1 even when the cells had a
non-functional p53 and it even showed an activation in
the caspase cascade [127].
A phenolic compound-rich extract of Eucalyptus

microcorys caused cell cycle arrest at G2/M phase along
with induction of mitochondrial apoptosis and activation
of caspase cascade [128]. A triterpene, cucurbitacin B
showed cell cycle arrest at G2/M phase along with in-
duction of apoptosis via cas3 activation and overexpres-
sion of p53 and p21 and downregulation of Bcl2 and
survivin, inhibition of STAT3 phosphorylation, and cell
growth was also seen [129].

NFκB signaling NFκB is a regulator mechanism of in-
flammatory responses, and it is activated by proinflam-
matory cytokines like the tumor necrosis factor α and
interleukin 1 and results in activation of expression of
other genes including those of chemokines, cytokines,
and adhesion molecules [130]. Along with maintaining
the inflammatory responses, this mechanism is involved
in adaptive and innate immunity, cellular proliferation,
survival, and differentiation in many organisms [131].
The NFκB signaling is activated by two different
methods that are classical and alternative pathways
which are also known as the canonical and non-
canonical pathways [132]. In diseases like cancer, both
of these pathways are in the activated form which often
results in a bad tumor prognosis as the activated NFκB
signaling supports the tumor microenvironment, apart
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from these two pathways, mutation of the upstream
molecules also results in activation of NFκB [133].
In PDAC, both classical and alternate forms of NFκB

signaling are activated and NFκB involving pathways are
critical in PDAC survival and progression, and not
surprisingly, activation of NFκB is also contributed by the
KRAS mutation that is very prominent in the PDAC tu-
mors [134]. The hypoxia environment of PDAC makes
angiogenesis, drug resistance, and metastasis very favor-
able to occur, and NFκB is responsible for maintaining
factors required for the same like EMT, HIF-1α, and
VEGF; as reduction of all these is required to control the
progression of PDAC, NFκB becomes an appealing target
in PDAC tumors [135]. In this context, some phytochemi-
cals also have the capability to inhibit NFκB signaling.
Phytochemicals like [6]-gingerol that is a phenol sup-

press NFκB signaling that is mediated via extracellular
signal-regulated kinase (ERK) pathway and leads to sup-
pression of invasion and regulates the tight junctions of
the tumor cells [136]. A quinoid plumbagin inhibits the
phosphorylation and DNA binding activities of NFκB
along with its downstream target genes; simultaneously,
it shows inhibition of DNA binding of STAT3 and its
physical interaction with EGFR and induces apoptosis
[137]. A flavonoid apigenin inhibited the upstream
glycogen synthase kinase 3β/NFκB signaling pathway
along with inhibition of the cell cycle at G2/M phase and
induced mitochondrial apoptosis [138]. Activation of
NFκB via inhibition of TNFα along with inhibition of
IκBα kinase activation and phosphorylation leads to its
degradation and prevention of nuclear translocation of
NFκB. Interestingly, this study also showed the inhib-
ition of NFκB leading to activation of JNK [139].
A prenylflavonoid and isothiocyanate xanthahumol

and phenethyl isothiocyanate, respectively, caused re-
duced binding of NFκB p65 subunit to DNA along with
reduction in expression of p65 and activated the expres-
sion of Nrf2 leading to an increase in expression of
GSTP, NQO1, and SOD [140].

PI3K/Akt/mTOR pathway PI3K/Akt/mTOR pathway is
involved in maintaining different types of cellular meta-
bolic mechanisms that are required for cellular prolifera-
tion and glucose metabolism [141]. Along with cellular
metabolism, PI3K/Akt/mTOR pathway has roles in signal
transduction, apoptosis, environmental adaptation, and
angiogenesis [142]. Also interestingly, PI3K/Akt/mTOR
pathway is the most commonly mutated in case of cancer
and causes over growth [143]. In cancer conditions, PI3K/
Akt/mTOR pathway contributes towards the stimulation
of survival, proliferation, invasion, metastasis, metabolic
reprogramming and reduction of autophagy and death
[144]. Additionally, PI3K/Akt/mTOR pathway has been
reported in maintaining the cancer stem cells that are

necessary for the survival and several other properties like
colony formation of the cancer cells [145]. And being a
complex and interrelated signaling process, the inhibitors
of PI3K/Akt/mTOR pathway act differently on it and
regulate the process of reduction of tumor survival [146].
In PDAC, again KRAS mutation is being evidenced to

be related to triggering the PI3K/Akt/mTOR pathway,
and inhibition of this pathway can prove to be a good
therapeutic approach, but due to its complexity and in-
terrelated signaling, it is difficult to be targeted [147].
Also this mechanism is seen to be playing a pivotal role
in PDAC dysplasia and hence needs to be targeted [148].
Some phytochemicals have shown that they could act as
potential leads to target the PI3K/Akt/mTOR pathway at
various points and thus help in dealing with PDAC.
Embelin a benzoquinone showed inhibition of the Akt

pathway along with inhibition of cell proliferation,
angiogenesis, EMT, and metastasis; it also induced apop-
tosis and cell cycle arrest [149]. An amaryllidaceae alkal-
oid, N-methylhemeanthidine chloride caused inhibition
of Akt pathway along with induction of apoptosis in
order to cause PDAC cell death [150]. A sesquiterpene
alcohol, α-bisabolol showed suppression of Akt activa-
tion and increase in early growth response 1 and apop-
tosis [151]. A coumarin, bergamottin, inhibited survival
proteins of Akt/mTOR pathway along with causing cell
shrinkage, membrane bleeding, and disintegration of cell
organelles and also inhibited cell migration and colony
formation [152]. A triterpene, cucurbitacin B, showed in-
hibition of PI3K/Akt/mTOR pathway and STAT3 pathway
due to inhibition of expression and activity of EGFR, and
it also showed cell cycle arrest at G2/M phase but it
showed activation of ERK by AMPK activation [153].
Proanthocyanidins from grape showed a decrease in

PI3K and phosphorylation of Akt at Ser473, it also
showed cell cycle arrest and induction of apoptosis along
with reduced cell viability and cell cycle arrest, and levels
of Bcl2 and Bcl XL were decreased with an increase in
Bax and activated Cas3 [154]. A pectin LRP3-S1 showed
downregulation of phosphorylated FAK, Akt, GSK-3β,
and p38 protein expression and attenuated invasion and
inhibited growth [155]. Kaempferol a flavonoid inhibited
EGFR-related ERK1/2 and Akt pathway and caused in-
hibition of migration and induction of apoptosis [156]. A
steroid, withaferin A, showed inactivation of PI3K/Akt
pathway and mitochondrial dysfunction along with en-
hanced growth suppression and induction of apoptosis
and accumulation of ROS [157].

c-Jun NH2 terminal kinase (JNK) pathway The JNK
pathway is one of the sub-groups belonging to the mito-
gen-activated protein kinase family of signaling proteins
and is activated under stress conditions by cytokines
[158]. JNK in almost all the eukaryotic cells is
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responsible for showing responses against various biotic
and abiotic stress, and also it has roles in embryo devel-
opment, neuronal functions, dynamics of cytoskeleton
proteins, and cell survival or death; even though this
mechanism has so many functions, it remains one of
the under studied cellular pathway [159]. Because of
being less studied, the role of JNK in cancer remains
controversial as it has a variety of upstream and down-
stream signaling that function in a varied manner from
one another, and thus, JNK which was initially proved
to be involved in cell death processes is now debated
for being responsible for cancer cell survival [160]. JNK
has been reported to be playing a significant role in
apoptosis and also increasing the expression of proa-
poptotic genes [161, 162].
Even in PDAC JNK pathway is not studied robustly

and needs more evidence for clear understanding and
better dealing as a drug target. However, it is seen that
the phosphorylation of JNK supports apoptotic cell
death, and in this support, certain phytochemicals have
proofed their roles.
A flavonoid isoquercetin promoted the phosphoryl-

ation process of JNK and inhibited phosphorylation of
ERK along with inhibition of δ opioid receptors and no
effect on μ and κ opioid receptors; it also induced
apoptosis and cell cycle arrest along with activation of
caspase cascade leading to loss of mitochondrial mem-
brane potential [163]. A phytochemical S-propargyl-L-
cysteine of a different group, i.e., an organosulfur was
also reported to cause phosphorylation of JNK and re-
duced polyubiquitination-mediated degradation of JNK
causing tumor cell death; along with these processes, it
also showed increased apoptosis, cell cycle arrest in the
G2/M phase, and reduction of cell proliferation, viability,
and colony formation [164]. Eriocalyx a diterpene
showed induction of phosphorylation of JNK with the
reduction of PDK1 and Akt phosphorylation and in-
creased caspase cascade causing apoptosis and antiprolif-
erative effect [165].

Mitochondria-dependent apoptosis Apoptosis is
defined as a programmed cell death process that is
controlled by a number of proteins and specific cellular
signaling [166]. It occurs in processes like aging, devel-
opment, and maintenance of homeostasis and also it
occurs in case of immune responses, defense mecha-
nisms, and cells are in a condition of cell damage by
disease and other foreign agents [167]. Apoptosis might
be mitochondrial-dependent or independent, and the
majority of the times, it is mitochondria-dependent and
involves the breakdown of mitochondrial membrane po-
tential [168]. Deregulation of the apoptotic cell death is
the signature hallmark of cancer, and the difference in
the normal apoptotic signaling helps in tumor

progression, development, and also drug resistance;
hence, this mechanism is targeted for inducing cancer
cell death [169]. Therefore, it is not surprising that tar-
geting this mitochondrial-dependent apoptosis is now
gaining importance for the treatment of cancer [170].
In PDAC, tumor resistance to various chemotherapies

and radiotherapies is attributed due to the dysfunction
of the apoptotic cell death process [171]. Mitochondria-
dependent apoptosis or intrinsic apoptotic pathway is
greatly defected in PDAC and plays key roles in several
processes of tumor progression and disrupted cellular
homeostasis [172]. As this intrinsic apoptotic method
was identified as a central pathway related to many other
pathways in PDAC tumor, it was exploited for being the
drug target [173]. And many phytochemicals have also
shown to trigger apoptotic cancer cell death via intrinsic
pathway and been helpful in dealing with the threats of
the tumor.
Examples include grape seed proanthocyanidins that

induce apoptosis along with inhibition of cell migration
and downregulation of MiR-27a and upregulation of
FOXO1 [174]. Another study done using proanthocyani-
dins also showed induction of apoptosis along with a
decrease in proliferation and migration rates and an
increase in expression of Let 7a [175]. A prenylated
chalcone, xanthohumol, was tested and found to show
induction of apoptosis by inhibition of phosphorylation
of STAT3 and expression of cyclin D1, survivin, and
Bcl-XL that also lead to cell cycle arrest [176]. A phenol,
gallic acid, caused mitochondrial-dependent apoptosis
by activating the caspase 3, caspase 9, and reactive
oxygen species (ROS) along with an increase in Bax
expression and reduction of mitochondrial membrane
potential [177]. A flavonoid, quercetin, showed apoptosis
when given in monotherapy, and when given in combin-
ation with gemcitabine, it did not show any synergistic
effect [178]. Another flavonoid, baicalein, induced apoptosis
and increased proapoptotic genes and reduced antiapopto-
tic proteins [179]. Two falcarinols, 1,2-dihydrofalcarinol
and 3-acetoxyfalcarinol, showed modulation in the genes
that are related to pro- and anti-apoptosis process and also
affected cell cycle and stress-related death receptors [180].
A combination of a polyphenol ellagic acid and a

benzoquinone embelin caused apoptosis also in mono-
therapy, and they were seen to cause apoptosis, but in
case of monotherapy, treatment for ellagic acid decrease
in NFκB was also seen, and in case of embelin, decreased
phosphorylation of STAT3 along with downregulation
of downstream protein survivin was seen [181]. Phenol,
gallic acid, depolarized mitochondrial membrane poten-
tial and induced apoptosis and reduced Bcl2 expression
and ROS generation and also inhibited cell proliferation
[182]. A poly isoprenylated benzophenone, garcinol, in-
duced apoptosis along with inhibiting cell proliferation
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and modulated PARP, VEGF, MMPs, ILs, caspases, and
NFκB [183]. Procyanidins from grape seed showed in-
duction of mitochondrial apoptosis and cell cycle arrest
at G1 phase along with inhibition of cell proliferation
and adhesion and invasion potential due to suppression
of matrix metalloproteases 9 or 2 [184]. Two polymethoxy-
lated xanthones, i.e., 1,6,8-trihydroxy-2,3,4,5-tetramethoxyx-
anthone and 1,6-dihydroxy-2,3,4,5,8-pentamethoxyxanthone,
showed to cause apoptosis-mediated cell death [185].
2′-4′Dihydroxy-6′ methoxy-3′,5′-dimethylchalcone, a

chalcone, has shown to induce apoptosis via activation
of caspase 3 and caspase 9, and it degraded cas3
substrate protein including PARP and augmented the
Bak protein levels and attenuated the level of Bcl2 pro-
tein [186]. A phenylpropanoid, cordifoliketone A induces
apoptosis, suppresses migration and invasion, and causes
inhibition of proliferation [187].

Autophagy Autophagy is a process by which carries on
functions like housekeeping for the cells, it helps in the
removal of unwanted substances from the cell-like dam-
aged organelles and aggregated or misfolded proteins, it
helps the cell by acting as a defense mechanism during
pathogen attack and nutritional starvation [188]. The
key component in the mechanism is the formation of
autophagosome which is a double membrane organelle;
this autophagosome further combines with a lysosome
to form autophagolysosome or autolysosome and then
degrades the material carried in it [189]. In case of dis-
eases like cancer, autophagy plays a non-defined role,
and in that, it is seen to show tumor-suppressive nature
in the early stages of tumor development, but in the late
stage of development, it serves the purpose of protecting
the tumor cells from the immune system [190]. Basically,
as autophagy is involved in cleaning, degrading, and re-
supplying of materials to the cells when they are in
nutrient-deprived or starvation condition, when the
cancer cells are progressing towards the late stages, the
autophagy process provides them with the required
nutrients for tumor growth [191]. As autophagy has both
cancer-promoting and suppressing roles, hence both the
inhibition and activation of autophagy are considered as
targets for cancer therapies [192].
Autophagy in PDAC has a conflicting role that still re-

mains a topic of debate, and many in vivo and in vitro
studies have shown that autophagy has roles in PDAC
survival and growth but those same studies also pointed
towards the fact that autophagy has both pro- and anti-
roles in case of PDAC tumor progression, and thus, the
role of autophagy in case of PDAC still remains unclear
[193]. Supporting the same context, certain phytochemi-
cals have shown to inhibit and rest has shown to induce
autophagy to cause PDAC cell death.

A sesquiterpene, α-cadinol, showed cytotoxicity in
PDAC tumor cells in nutrient-deprived media by the
hyperactivation of autophagy along with inhibition of
the activation process of Akt/mTOR pathway [194].
Callistrilone L a meroterpenoid showed activation of au-
tophagy along with inhibition of Akt/mTOR pathway
and also inhibited cell migration and colony formation;
all these effects were seen in nutrient-deprived media
[195]. A xanthone mangiferin showed to induce autoph-
agy and caused LC3 II and Beclin 1 expression to
increase; also it showed cell cycle arrest and apoptosis
along with ROS generation and suppressed migration
and invasion [196]. Withaferin A, a steroid, showed that
it can cause an increase in autophagososme formation
but blocks the degradation of those autophagic cargoes
via inhibition of SNARE-mediated fusion of autophagosome
and lysosome, and also it causes proteasome inhibition
and accumulation of ubiquitinated protein resulting in
endoplasmic reticulum stress and apoptosis; due to
endoplasmic reticulum stress, autophagy was induced
in the early stage [197].

Other mechanisms Certain phytochemicals show varied
mechanisms that are rare. For example, ginkgolic acid
caused inhibition of de novo lipogenesis through indu-
cing activation of AMP-activated protein kinase (AMPK)
signaling and downregulation of key enzymes like acetyl
CoA carboxylase [ACC] and fatty acid synthase [FASN].
Along with this inhibition, it shows induction of apop-
tosis and impaired migration, invasion, and colony for-
mation [198]. A diterpene oridonin showed differential
expression of 105 different miRNAs that caused PDAC
cell death [199]. Abeitane diterpenes showed inhibition
of topoisomerase I along with the effect on cell cycle
progression and caused cell cycle arrest at G1/G0 and S
phase and generated ROS [200]. An acetogenin, annonacin,
inhibited sodium/potassium ATPase pumps and Sarcoplas-
mic reticulum ATPase pumps [201]. A terpenoid, ferutinin,
caused cell shrinkage and inhibited colony formation in
nutrient-deprived media [202]. A flavonoid, apigenin, that
showed inhibition by NFκB was reported to induce PDAC
cell death by other mechanism, and also it was seen that
apigenin was able to inhibit the cell proliferation, FAK, and
ERK that was induced by a carcinogen 4-(methylnitrosa-
mino)-1-(3-pyridyl)-1-butanone (NNK) and also prevented
the gap closure that was caused by NNK [203].
Two triterpens, dehydropachymic acid and polyporenic

acid, reduced the expression of CDC20 and suppressed
migration [204]. A chalcone, fragranone A, suppresses cell
migration in nutrient-deprived media [205]. Two polyphe-
nols, resveratrol and apocynin, showed inactivation of
Akt/GSK3β and ERK1/2 signaling due to decreased phos-
phorylation of GSK3β and ERK1/2 and inhibition of cell
cycle at G1 phase [206]. A triterpene, cucurbitacin B, that
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induces PDAC cell death by well-known mechanisms also
showed certain rare mechanism in which it showed to in-
hibit expression of actin-filament-associated protein 1
antisense RNA 1 (AFAP-1 AS1) which caused cell cycle
arrest; also it was seen that the expression of miR-146b-5p
was increased [207]. Cucurbitacin B was also checked
in vivo in combination with gemcitabine, and it was seen
to cause tumor growth inhibition, activation of the caspase
cascade, and inhibition of Bcl-XL, Bcl2, and c-myc [208].
Also when PDAC cells were knockout for NAD(P)H:
quinone oxidoreductase 1 (NQO1), cucurbitacin B was
capable of re-establishing NQO1 expression, stabilizing
p53, and increasing their interaction which resulted in a
longer half-life of p53 [209]. A glycoside, sennoside A,
caused an increase in cofilin phosphorylation that caused
impaired actin dynamics which may or may not be linked
with EGFR stimulation and reduced the motility and inva-
siveness which in all showed sennoside A as a slingshot
inhibitor [210].
A steroid ixocarpalactone A showed inhibition of 3-

phosphoglycerate dehydrogenase (PHGDH) by directly
binding to it and inhibited proliferation, and also it showed
proapoptotic activities [211]. A benzofuran, licocoumarone,
inhibited dual-specificity tyrosine phosphorylation-
regulated kinase 1A (DYRK1A) and reduced cMET protein
and suppressed proliferation by induction of apoptosis
[212]. Epigallocatechin gallate a polyphenol caused reduced
lactate production, anaerobic glycolysis, glucose consump-
tion, and glycolytic rate and causes a change in intracellular
glucose carbon-re-distribution among the major glucose
utilizing macromolecule biosynthesis that leads to disrup-
tion of the balance flux throughout the cellular metabolic
network [213]. A glycoglycerolipid, monogalactosyl diacyl-
glycerol, reduces colony formation and when combined
with radiation and it causes an increase in apoptosis associ-
ated with increased mitochondrial and DNA damage [214].
Icariin, a flavonoid, inhibits polarization of RAW 264.7 cells
into M2 macrophages by inhibiting the expression of
ARG1 and MRC1 and downregulating IL4-STAT6 pathway
along with inhibition of migration and proliferation and in-
duction of apoptosis [215].
A steroid withaferin A along with a diterpene carnosol

shows that they can target the pancreatic CSCs, and they
show reduced HGF-mediated proliferation in cMET+

cells along with increased apoptosis and altered cell
cycle; also they induce a reduction in migration with
suppression of cMET phosphorylation and diminished
sphere and colony formation that was proved by a re-
duction in pluripotent genes Oct4 and nanog [216]. The
same steroid was seen to show a different mechanism to
inhibit the growth of cancer cells. It caused inhibition of
cell proliferation and induction of cas3 activity and dir-
ectly binded to Hsp90 and caused its aggregation, thus
inhibiting its activity and causing degradation of its

client proteins like Akt and Cdk4 via a proteasome-
dependent pathway. It also disrupted the Hsp90-Cdc37
complex, and the structure-activity relation studies
showed that C-5(6)-epoxy functional group facilitates
the binding of withaferin A to Hsp90 and the hydroxyl
group at the c-4 in ring A enhances the inhibition of
Hsp90 and disruption of Hsp90-cdc37 [217]. Also in an-
other study, it showed to inhibit Hsp90 chaperone activ-
ity and induced the degradation of its client proteins like
Akt, Cdk4, and glucocorticoid receptor; all these were
reversed by proteasomal inhibitor MG132, and the study
showed that withaferin binds the c terminal of Hsp90 to
cause disruption of Hsp90-Cdc37 [218].
Epigallocatechin-3-gallate, a polyphenol, induced ROS

and affected glycolysis by suppressing extracellular acid-
ification rates through reduction of activity and levels of
glycolytic enzymes like pyruvate kinase and phospho-
fructokinase [219]. A flavonoid quercetin that shows
varied mechanisms to kill PDAC tumor also showed
upregulation of miR let 7C which leads to inhibition of
colony formation, wound healing, and progression
markers and also caused notch inhibition [220]. Another
polyphenol β-pentagalloyl-glucose inhibited insulin re-
ceptor/insulin-like growth factor-1 receptor activity that
decreased the glycolytic enzymes, and it was shown that
this compound combats PDAC and also cures cancer
cachexia [221].

No mechanism defined There are certain phytochemi-
cals that have shown inhibitory effects on PDAC tumor
but their mechanism of action is not explored yet and
requires further investigation. Some of them are
cleistanthane diterpenes from Caesalpinia sappan in
nutrient-deprived media [222]; a methoxyflavonol, chry-
soplenetin from Vitex negundo [223]. A sesquiterpene,
vulgaric acid, showed moderate toxicity and a flavonoid
apigenin showed strong toxicity [224]. A triterpenoid,
mangiferolate B, caused cell death in nutrient-deprived
condition [225]; Tannin, ellagitannins from Cistaceae
aqueous extract [226]. A flavonoid and a secondary me-
tabolite nicolaioidesin C and isopanduratin A1, respect-
ively, from rhizomes of Boesenbergia pandurata caused
PDAC cell death in nutrient-deprived media [227].
Diterpenoids from Caesalpinia decapetala were seen

to cause cytotoxicity [228]. Uvaridacol L a cyclohexene
from the leaves of Uvaria dac showed cancer cell death
in nutrient-deprived media [229]. A lignan 9’ methoxypi-
noresinol shows inhibition of colony formation in the
PDAC tumor [230]. A phenylpropanoid from leaves of
Piper betle [231].

Conclusions
In conclusion, we would like to highlight the fact that
plants and their phytoconstituents play a key role in
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combating PDAC tumors. They could be used as mono-
therapy or combination therapy along with the existing
drugs. The phytoconstituents have shown to be very
effective in reducing the resistance that is occurred in
PDAC to classical chemotherapeutics. They have paved
ways to deal with the issues hindering the treatment of
cancer and increase of survival of the patient. Interest-
ingly, plants and phytoconstituents have shown to acts
robustly on the tumor and also have the plus points of
not showing toxicity Fig. 3.
In the above discussions, it is very clear that not all

plants belonging to the same family have the same ef-
fect and not all phytochemicals going to one group
have the same mechanism of action. Even it should
be noticed that the same plant may have different ac-
tivities and one particular phytoconstituent has several
mechanisms. This brings into light that still many
plants that are not explored have the possibility to be
showing efficient results and the phytochemicals that
are not checked could show more efficiency. This
brings a hope that a combination of the plants and
phytoconstituents with the classical or synthetic drugs
could induce and reduce multiple mechanisms simul-
taneously that will all lead to the death of PDAC
tumor. There are billions of plant species and even
more phytoconstituents, and each of which could be
a key to open solutions to the questions still persist-
ent in case of treating PDAC.
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