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Abstract: Pancreatic cancer is a serious and aggressive type of cancer that affects the digestive system and has
a low chance of survival. Although traditional treatment methods have achieved some efficacy, the survival
rate of patients remains low. Therefore, exploring novel treatment strategies is important. This article looks at
the research done on bioactive compounds and plant extracts for treating pancreatic cancer. Bioactive
compounds, such as naringenin and ziyuglycoside II, have significant anticancer activity and exert anti-
pancreatic-cancer effects by inducing cell apoptosis, inhibiting the cell cycle, and blocking signaling pathways.
Plant extracts, such as epigallocatechin-3-gallate and resveratrol, also demonstrate good anti-pancreatic cancer
activity and inhibit tumor growth and metastasis. Additionally, the combined application of bioactive
compounds and plant extracts may result in improved therapeutic effects. This article aims to provide a
theoretical basis for the application of bioactive compounds and plant extracts in the treatment of pancreatic
cancer and to help guide future medical research and practice.
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1. Introduction

Pancreatic cancer is a very aggressive and harmful tumor. that often presents significant
challenges during clinical treatment [1]. Common treatments like chemotherapy, radiation therapy,
and surgery, do not yield satisfactory results for the care for pancreatic cancer. The chance of
surviving for 5 years after being diagnosed with pancreatic cancer is just 10%. This shows that we
really need to find new ways to treat this disease. [2,3]. Bioactive compounds and plant extracts have
received a lot of attention because of their natural sources, fewer toxic side effects, and diverse
biological activities, and thus, they show great potential to become a new choice for treating
pancreatic cancer [4,5].

Recently, researchers have made a series of major advances in pancreatic cancer treatment.
Bioactive compounds and plant extracts have attracted considerable attention [6]. These natural
products are rich in various cytokines, enzymes, antioxidants, and anti-tumor active ingredients, and
show multiple biological activities, such as inhibiting tumor growth, promoting apoptosis, and
regulating immune responses [7-11]. Some substances like caffeine, resveratrol, and baicalein have
been found to be effective in slowing down pancreatic cancer cells. This gives new ideas for treating
pancreatic cancer [12-14].

Overall, the importance of bioactive compounds and plant extracts for pancreatic cancer
treatment cannot be underestimated [15]. Their unique mechanisms and diverse biological activities
provide new strategies and ideas for treating pancreatic cancer, making them potentially significant
components of the future treatment regimes. Therefore, further research on how bioactive
compounds and plant extracts work in pancreatic cancer may bring new vitality to conventional
treatment methods, offering patients more hope and opportunities [16-19].
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2. Bioactive Compounds and Plant Extracts
2.1. Definition and Classification of Bioactive Compounds and Plant Extracts

Biologically active compounds and plant extracts are collective terms for various Natural
substances that can be sorted by their chemical makeup and where they come from in nature. The
most common types of compounds studied in tumors include polyphenols (among which flavonoids,
phenolic acids, and lignans are the most common subclasses), saponins, alkaloids, quinones,
terpenes, and polysaccharides [20-22]. These compounds have different effects on the body, like
reducing inflammation, fighting damage from free radicals, and helping to prevent cancer, playing
various physiological and pharmacological roles in organisms [23,24]. They can be taken from plants,
animals, and tiny living things, and are used in medicine, food, and beauty products [25,26].

Polyphenols are a class of polymers with multiple hydroxyl groups. They are mostly found in
the fruits, leaves, and seeds of plants and have benefits like fighting against oxidation, reducing
inflammation, and killing bacteria [27]. Flavonoids are a type of chemical found in many fruits,
vegetables, and Chinese herbal medicines. They have several hydroxyl (OH) groups and are known
for their health benefits, such as reducing inflammation, fighting free radicals, and helping to prevent
cancer[28,29]. Phenolic acid compounds are widely present in the leaves, fruits, and seeds of plants,
especially citrus fruits, tea leaves, olive oil, and certain herbs. Phenolic acids help reduce
inflammation, fight germs, and protect against cancer. They can be used to help prevent and treat
heart diseases, cancer, and diabetes [30,31]. Lignan compounds mainly exist in the woody tissues of
plants, especially in conifers, such as pine and spruce. Lignans have anti-inflammatory, antibacterial,
antiviral, and anticancer effects and can be used to treat different illnesses, like heart diseases, cancers,
and viral infections [32-34]. Saponins mainly exist in the roots, stems, and fruits of plants, especially
in Chinese medicinal herbs, such as ginseng, licorice, and astragalus. Saponins have anti-
inflammatory, antibacterial, anticancer, immunomodulatory, and liver-protective effects and can be
used to treat various diseases, such as cardiovascular diseases, cancers, and hepatitis [35-37].
Alkaloids are organic compounds with nitrogen atom skeletons, mainly found in the roots, stems,
and flowers of plants. They have antibacterial, anti-inflammatory, and anticancer activities [38—40].
Quinone compounds are mainly present in the leaves, roots, and fruits of plants, particularly tea
leaves, Chinese herbal medicines, and other natural plant products. In medicine, quinone compounds
have antioxidant, anti-inflammatory, antibacterial, and antiviral effects and can help treat different
illnesses like heart problems, cancers, and diabetes [41-43]. Terpene compounds are a class of
heterocyclic compounds with multiple isoprene units that are mostly found in the roots, stems, and
leaves of plants. They show biological activities, like reducing inflammation, easing pain, and fighting
cancer[44—46]. Polysaccharides are big molecules made up of many smaller sugar units linked
together by special bonds. Natural polysaccharides are commonly found in plants, animals, and
microorganisms, and have activities such as antiviral, anticancer, antioxidant, immunomodulatory,
blood-glucose-lowering activities [47—49].

Biologically active compounds and plant extracts play various physiological and
pharmacological roles in the human body. For example, they can alleviate inflammation by inhibiting
the release of inflammatory factors, prevent oxidative stress by scavenging free radicals, and help
fight cancer by stopping tumor cells from growing and spreading [50-52]. Therefore, research and
utilization of these compounds are of great significance for human health and disease treatment.

2.2. Mechanisms of Action of Bioactive Compounds and Plant Extracts in the Treatment of Pancreatic Cancer

This article explains how these natural compounds and plant extracts work to help treat
pancreatic cancer, including slowing down tumor growth, encouraging cell death in tumors,
preventing the formation of new blood vessels in tumors, and controlling the immune system's
reactions. In addition, we analyze the specific effects and research progress of various compounds in
pancreatic cancer treatment.

2.2.1. Polyphenols
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Polyphenolic bioactive compounds and plant extracts have been very effective in fighting
pancreatic cancer, and they work in several ways. First, polyphenolic compounds can help fight
tumors by stopping tumor cells from growing through their natural actions [53]. They can regulate
the behavior of the tumor microenvironment, indirectly slow down the growth and spread of tumor
cells, and lower the multiplication rate of cancer cells, thereby slowing the growth and spread of
tumors [54].

Second, polyphenolic compounds also have an important part in promoting apoptosis [55,56].
By regulating multiple apoptosis-related genes or pathways, these compounds can cause the
apoptosis of cancer cells, leading to the self-destruction of cancer cells, thereby stopping tumors from
growing and spreading [57-59]. This mechanism of promoting apoptosis helps eliminate abnormal
cells and maintain the balance of normal cell ecology [60-63].

Furthermore, polyphenolic compounds also have the ability to inhibit tumor angiogenesis [64].
They can interfere with the process of tumor angiogenesis, limit blood supply to tumors, and block
the source of nutrients for tumors, thereby inhibiting tumor development [65]. Inhibiting tumor
angiogenesis is an important therapeutic strategy that helps control tumor growth and spread [66-
68].

Polyphenolic compounds also affect tumor development by regulating immune responses
[69,70]. Activating immune cells against tumor cells enhances the body’s immune surveillance of
tumors, inhibiting their growth and spread [71]. This mechanism of regulating immune responses is
crucial for enhancing the ability of the body to fight tumors. They can also enhance the immune
response [72-74].

2.2.1.1. Polyphenolic compounds and pancreatic cancer

Researchers are quickly looking for polyphenolic compounds to help treat pancreatic cancer.
Some compounds, like catechins and resveratrol, can help prevent pancreatic cancer cells from
growing and are considered important in cancer research [75-78]. Future research will further explore
how polyphenols work to help treat pancreatic cancer, seek more potential anti-tumor candidates,
and give better treatment choices for people with pancreatic cancer [79-81]. Some specific examples
of recent research on polyphenolic compounds and pancreatic cancer are as follows.

PGG (a natural compound made from sugar and found in plants) works against a protein called
UBE2T. When used together with a drug called gemcitabine, it greatly slows down the growth of
humanized pancreatic cancer organoids and xenograft model tumors and prolongs the long-term
survival of mice spontaneous pancreatic cancer. A recent study targeted UBE2T to counteract
gemcitabine resistance in pancreatic cancer, providing a promising treatment strategy [82].

Resveratrol is a special compound that can help slow down the growth of pancreatic cancer stem
cells. It does this by blocking certain proteins (Bcl-2 and XIAP) and activating others (caspase-3 and
caspase-7). This process leads to a decrease in important genes that help keep cancer cells alive, which
triggers cell death (apoptosis). Resveratrol treatment stops cancer stem cells (CSCs) from moving and
spreading. It also lowers the levels of certain proteins involved in a process called epithelial-
mesenchymal transition (EMT), specifically Zeb-1, Slug, and Snail. Additionally, it greatly reduces
the expression of a gene called ATP-binding cassette subfamily G member 2 in human pancreatic
CSCs. Tests done on live mice have shown that resveratrol can reduce the size and weight of
pancreatic tumors [83].

Epigallocatechin-3-gallate (EGCQG) is the main healthy part of green tea. EGCG stops Akt from
being activated in different ways, such as preventing the making of its instructions, stopping the
creation of the protein, and stopping the breakdown of the protein. EGCG, by itself or with
gemcitabine, stops the "cadherin switch" and lowers the levels of TCF8/ZEB1, vimentin, and f3-
catenin. This helps reduce the features of mesenchymal cells. When used together with gemcitabine,
it helps slow down the movement and spread of pancreatic cancer cells by blocking a certain pathway
in the cells [76].

2.2.1.2. Flavonoid compounds and pancreatic cancer
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Considerable research is being done on how flavonoid compounds can help treat pancreatic
cancer. Some flavonoids, like soy isoflavones and anthocyanins, can help block pancreatic cancer cells
[84-86]. Additionally, some flavonoid compounds, when used in combination with CBD and GEM,
greatly extend the life of mice with pancreatic cancer [87]. Genistein, used on its own or with other
cancer-fighting medications (such as cisplatin and gemcitabine), has been shown in various
experiments to slow down the spread of pancreatic cancer cells and stop tumors from growing
[88,89]. Flavonoid compounds are being studied a lot for their potential to fight tumors. Future
studies should further look into how flavonoid compounds work to help treat pancreatic cancer,
search for more potential anti-tumor candidates, and give better treatment choices for people with
pancreatic cancer. Below are specific examples of recent studies on flavonoid compounds in
pancreatic cancer.

A study from Dalian University of Technology and Conde Biotech in 2022 found that a flavonoid
drug called wogonin can make pancreatic cancer cells more responsive to the treatment gemcitabine.
A study discovered that wogonin helps to kill PANC-1 cells by blocking the AKt pathway. Using
wogonin along with gemcitabine works better to stop pancreatic cancer cells than using gemcitabine
by itself [90].

Recent studies using a system that analyzes cells in real-time have shown that a natural
compound called fisetin can stop the growth of PANC-1 cells. The cancer-fighting effects of fisetin
were tested and confirmed in a special type of mouse with pancreatic cancer. After treatment with
fisetin, the AMPK/mTOR signaling pathway was stronger. However, when compound C was added,
autophagy did not go down, which means there is likely another way that regulates autophagy. RNA
sequencing showed an increase in the unfolded protein response pathway, which is triggered by
stress in the endoplasmic reticulum (ER). Researchers discovered that after treating PANC-1 cells
with fisetin, the amount of a protein called p8 went up. They also found that shutting down p8
stopped the process of autophagy that was started by fisetin. Researchers discovered that p8-
dependent autophagy does not rely on AMPK. Instead, p8 controls ATF6, ATF4, and PERK using a
signaling pathway that involves p53 and PKC-a when there is stress in the endoplasmic reticulum
(ER). Also, problems with mitochondria are linked to Parkin and PINKI1. Interestingly, the levels of
ATF4 and ATF6 went up in cells that were treated with fisetin and compound C. [91].

Naringenin slows down tumor growth in several ways. It helps to trigger cell death, stops cells
from growing and dividing, disrupts the formation of new blood vessels, and changes some
important signaling pathways in the body, like Wnt/B-catenin, PI3K/Akt, NF-kB, and TGF-f [92].

In a study conducted in 2024, tiliroside (TIL), a glycosidic flavonoid, was discovered to
successfully attach to and block the activity in CAPN2. TIL also significantly stops the production of
p-AKT in PANC-1 cells, thereby impeding AKT activation and the build-up of reactive oxygen species
(ROS), a process called autophagy, and a type of cell death known as ferroptosis. Therefore, the
abundant presence of TIL in plant sources provides effective inhibition of CAPN2 [93].

2.2.1.3. Phenolic acid compounds and pancreatic cancer

Certain compounds called phenolic acids, like caffeic acid(CFA) and chlorogenic acid(CA), have
been found to help fight pancreatic cancer. Different phenolic acid compounds may exhibit unique
effects via different mechanisms [94-96]. Phenolic acid bioactive compounds and plant extracts play
important roles in treating pancreatic cancer, and their different ways of working give us new ideas
and approaches, offering hope for treating pancreatic cancer. More detailed studies are needed to
help use these compounds for treating pancreatic cancer, understand how phenolic acid compounds
work in this treatment, and make it easier to use them in medical practice. Here are some recent
studies about phenolic acid compounds and pancreatic cancer.

CFA is a natural phenolic acid found in green tea, new olives, coffee, olive oil, vegetables, white
wine and fruits. The cytotoxic effects of the CFA on Cells from pancreatic ductal
adenocarcinoma(PDAC) have been evaluated in vitro. Additionally, CFA has been utilized as a pre-
sensitizer of PDAC cells, rendering PDAC cell lines sensitive to doxorubicin treatment. Therefore,
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CFA can be used as a treatment for PDAC on its own or before chemotherapy, but not together with
other treatments[97].

CA is a natural acid found in plants. CA slows down the growth of PANC-28 and PANC-1 cells,
and the effect depends on how much CA is used and how long it's applied. It also prevents the
growth, movement, and spreading of PANC-28 and PANC-1 cells, and it causes the cells to die. More
studies have found that CA reduces the levels of AKT, p-AKT(Thr308), p-GSK-3f (Ser9), 3-catenin,
N-cadherin, and vimentin in PANC-28 and PANC-1 cells. At the same time, it increases the levels of
cleaved caspase-3 and cleaved caspase-7 [96].

Coumaric acid has been found to decrease the amount of 3H-glutamine that Aspc-1 cells take
in.. Different phenolic acids have different effects on how Aspc-1 cells take in glucose and glutamine.
Gallic acid significantly inhibits the absorption of glucose in Aspc-1 pancreatic cancer cells by
affecting a protein called GLUTI, providing a theoretical basis for developing novel research
strategies targeting pancreatic cancer and potentially bringing about new breakthroughs in
pancreatic cancer treatment [98].

2.2.1.4. Lignan compounds and pancreatic cancer

Although studies of lignan compounds in pancreatic cancer treatment are relatively limited,
some research has found that compounds such as Arctigenin might help fight pancreatic cancer by
stopping the growth of cancer cells [99]. Future research should explore how lignan compounds work
for treating pancreatic cancer, investigate how they specifically act, and create better treatment
methods. Specific examples of recent studies on lignhan compounds in pancreatic cancer are discussed
in this section.

A dibenzylbutyrolactone lignan called Matairesinol is comes from Forsythia fruits and a type of
sea grass called Halophila stipulacea [100,101]. It has been confirmed that Matairesinol helps cells grow
and slows down the growth of certain human pancreatic cancer cells, such as the MIA, PaCa-2, and
PANC-1 types. Matairesinol also leads to cell death and harms the mitochondria, which are the
energy centers of the cell. This is shown by changes in the mitochondrial membrane, problems with
calcium levels, stopping cell movement, and affecting important signaling processes inside the cell.
In the end, metairesinol works well with 5-fluorouracil (5-FU), which is a common cancer treatment
for pancreatic ductal adenocarcinoma (PDAC). These results show that metairesinol could be useful
for treating PDAC [102].

Honokalin (HNK) is a low-molecular-weight biphenolic lignan isolated from Magnolia plants
[103]. In previous studies, we observed that HNK showed it can fight pancreatic cancer by stopping
the cancer cells from growing and causing them to die [104]. A recent study found that NF-«B is a
target of HNK, showing that NF-kB plays a part in how HNK helps reduce the levels of CXCR4 and
SHH in pancreatic cancer cells. NF-«B is also believed to mediate the enhanced chemosensitization
effect of HNK. The importance of targeting NF-kB by HNK has been confirmed, and it has been
shown to lead to the downregulation of molecular mediators involved in tumor-stroma crosstalk,
indicating the broader significance of the anti-tumor efficacy of HNK. HNK not as it were essentially
hinders tumor development, but too smothers dangerous phenotypes, potentially being meaningful
for both pancreatic cancer treatment and prevention. HNK reduces the growth of connective tissue
by lowering the production of collagen type I, a protein found in the extracellular matrix, and by
decreasing the presence of myofibroblasts, which are marked by a specific stain called a-SMA.
CXCR4 is a receptor that interacts with a protein called CXCR12, which is also known as stromal-
derived factor 1. HNK helps stop communication between tumor cells and surrounding stromal cells
by controlling the CXCR4/CXCR12 system and reducing a protein called SHH. This, in turn,
influences the relationship between the tumor and the surrounding tissue[105].

2.2.2. Saponins

Saponin-like compounds and plant extracts may play important roles in treating pancreatic
cancer in several ways.


https://doi.org/10.20944/preprints202407.2469.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 30 July 2024 d0i:10.20944/preprints202407.2469.v1

6

Saponin-like compounds can interfere with the proliferation and division processes of
pancreatic cancer cells, stopping tumor cells from growing and thus, inhibiting their spread and
development [106,107]. Some studies have found that saponin-like compounds stop tumor cells from
multiplying by interfering with their growth cycle and regulating cell-proliferation-related signaling
pathways [108].

Saponin-like compounds also play important roles in promoting apoptosis [106]. These
compounds cause cancer cells in the pancreas to die, stop the process that clears out unhealthy cells,
and slow down tumor growth. [109].

In addition, saponin-like compounds have shown the potential to inhibit tumor angiogenesis.
They can lower the amounts of certain substances that help new blood vessels form, which can slow
down the growth of pancreatic tumors by reducing the number of blood vessels [108].

Moreover, saponin-like compounds can modulate and boost the body's defense system to fight
against cancer cells [110]. They can enhance the cytotoxicity of NK cells, strengthen the immune
system, improve the clearance of tumors by the immune system, and help control tumor growth and
spread [111,112].

Increasing research attention is being focused on the possible benefits of saponin-like substances
in treating pancreatic cancer. Some saponin-like compounds, such as Anemarrhena asphodeloides and
ginsenosides, have been shown to have anticancer effects against tumors [113,114]. Future research
should explore how saponin-like compounds work in treating pancreatic cancer, find other possible
treatment targets, and encourage the use of these compounds in hospitals.

In summary, saponin-like substances and plant extracts are important in treating pancreatic
cancer. They help stop tumors from growing, encourage cancer cell death, prevent the formation of
new blood vessels for the tumors, and help control the immune system's response. As research
continues, these compounds are likely to become useful medicines for treating pancreatic cancer,
offering more hope and options for patients. The following are specific examples of recent studies of
saponin-like compounds in pancreatic cancer.

Saikosaponin d (S5d) is the main active part of triterpene saponins. SSd can help stop the death
and spread of pancreatic cancer cells, improve the immune environment, and boost local immune
responses. It does this mainly by reducing the levels of a protein called phosphorylated STAT6 and
affecting a signaling pathway known as PI3BK/AKT/mTOR, thereby reducing the transition of
macrophages to M2 polarization [115].

Panax notoginseng saponins not only stops the growth, movement, and spread of Miapaca 2 and
PANC-1 cells, but also causes pancreatic cancer cells to undergo programmed cell death (apoptosis)
and makes these cancer cells more sensitive to Gem chemotherapy [109]. Importantly, Panax
notoginseng saponins can promote apoptosis and chemical sensitivity to gemcitabine through a
caspase-dependent pathway, and gold nanoparticles derived from the leaves of Panax notoginseng
have been shown to have anti-pancreatic-cancer activity [98,116].

Paraphylaxis Rhizoma, a traditional chinese medicine that contains active components, such as
steroidal saponins (e.g., polyphyllin I, II, VI, and VII), significantly inhibits the proliferation of PDAC
cells and changes their morphology. It also helps to move lactate dehydrogenase from PANC-1 cells
into the space outside the cells. PI staining showed that PPI/CCRIS/PSV made the membranes of
PANC-1 cells more permeable and helped break down PANC-1 cells through the caspase-3/GSDME
pathway. It greatly slows down the growth of skin tumors in mice with weak immune systems by
triggering a type of cell death called GSDME-dependent pyroptosis[117].

Ziyuglycoside II (ZYG II) is an important active part of the Sanguisorba officinalis L plant
extracts. It has a strong effect on PANC-1 pancreatic cancer cells by stopping their growth, causing
stress in the cells, leading them to die in a certain way (mitochondrial apoptosis), and affecting a
specific signaling pathway (EGFR). ZYG II works together with the cancer drug 5-FU to help stop
cancer cells from growing [118].

Polyphyllin D, a monomer of polyphyllin, slows down the growth of PANC-1 cells depending
on how much is used and how long it is applied; blocks cells in the S and G2/M phases in a
concentration-dependent way; significantly reduces the activity of cellular matrix metalloproteinases;
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and induces apoptosis by upregulating Bax, Cyto C, cleaved caspase-3, and cleaved caspase-9 protein
expression levels and downregulating Bcl-2 expression levels. This suggests that polyphyllin D
effectively represses the multiplication of PANC-1 cells by blocking the cell development cycle and
actuating apoptosis through the mitochondrial pathway [119]. Escin is a natural mix of certain
compounds taken from horse chestnut. Escin boosts the ability of gemcitabine to stop the growth and
kill cells in BxPC-3 and PANC-1 cell lines. It also greatly increases gemcitabine's ability to slow down
tumor growth in mice without immune systems. It works by partly blocking the activity of NF-kB. It
also reduces the levels of proteins like C-Myc, COX-2, cyclin D1, survivin, Bcl-2, and Bcl-xL, while
activating caspase-3 [120].

Pulsatilla, a traditional herbal medicine, has yielded active compounds such as Pulsatilla
saponins A and D. Pulsatilla saponin A significantly stops pancreatic cancer cells from growing,
BXPC3 and SW1990 cell lines, and the treated cells exhibit DNA damage, G2 blockade, and apoptosis.
The levels of P53 and cyclin B proteins are greater in cells given anemonin-A than in those given a
control treatment. In contrast, there is less Bcl-2 protein in cells that were treated with Pulsatilla
saponin A compared to the cells that were not treated[121]. Pulsatilla saponin D (SB365) greatly stops
the growth and spread of five types of human pancreatic cancer cells (MIAPaCa-2, BXPC-3, PANC-1,
AsPC-1, and HPAC). The effect of SB365 in causing cell death shows as higher levels of caspase-3, a
loss of mitochondrial energy, lower levels of Bcl-2, and more cells that are dying (identified by
TUNEL staining). SB365 helps stop the growth of new blood vessels by lowering the levels of
important factors that promote this growth, specifically HIF-1a and VEGEF. This effect is also shown
by its ability to prevent the formation of pancreatic cancer tumor clusters. Studies in mice with
xenografts have shown that SB365 inhibits tumor growth by inducing apoptosis and inhibiting
angiogenesis, demonstrating strong anticancer activity. Therefore, SB365 is a hopeful natural
treatment for pancreatic cancer [106].

2.2.3. Alkaloids

Alkaloid bioactive compounds and plant extracts works in special ways to treat pancreatic
cancer. This includes stopping tumors from growing, helping cancer cells die, preventing new blood
vessels from forming in tumors, and managing the immune system's response. The unique structures
of these compounds make them potentially valuable for treating pancreatic cancer.

First, alkaloid compounds exert antitumor effects by inhibiting tumor growth [122]. These
compounds stop cancer cells from growing and changing, and slows down how quickly they
multiply., thereby slowing tumor growth and spread [123]. Moreover, alkaloid compounds can stop
tumors from growing and spreading by causing pancreatic cancer cells to kill themselves [124].

Second, alkaloid compounds play an important role in inhibiting tumor angiogenesis [125]. They
can stop the growth of blood vessels in tumors and lower the blood supply to tumors, which helps to
slow down tumor growth [126].

In addition, alkaloid compounds can affect tumor development by regulating immune
responses. They help immune cells live, change, activate, and move, which makes immunotherapy
work better. This can help get past resistance to treatment and slow down tumor growth by managing
the body's immune response to tumors. They can also show a synergistic anti-tumor immune
response and can inhibit the anti-tumor immune response. [127]

Research on alkaloid compounds for pancreatic cancer is moving forward quickly. Some
alkaloid compounds, such as vinca alkaloids and camptothecin, help to slow down pancreatic cancer
cells [128,129]. The FDA has given FL118, which comes from camptothecin, a special status as an
orphan drug to treat pancreatic cancer. Future studies will look more into how alkaloid compounds
work to treat pancreatic cancer. They will look for new substances that could fight tumors and aim
to find better treatment options for patients with pancreatic cancer[130]. With the continuous increase
in research, these compounds are expected to become important drugs for pancreatic cancer.
Recently, there have been some studies on alkaloid compounds and pancreatic cancer, which are
explained below.
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The alkaloid component, dehydroevodiamine (DeHE), derived from the Chinese medicine
Evodiae fructus, slows down the growth and spread of pancreatic cancer cells in lab tests and in
living organisms.. In particular, it effectively prevents the growth of pancreatic cancer stem cells and
stops tumor cells from acting like stem cells, revealing that its molecular mechanism acts by targeting
intracellular DDIT3 (endoplasmic reticulum stress protein) and regulating the downstream
DDIT3/TRIB3/AKT/mTOR signaling pathway [131].

Professor Suresh Awale from Japan, in collaboration with Professor Gerhard Bringmann from
Germany, studied a substance called ancistrolikokine E3, which was extracted from the vine,
Ancistrocladus likoko, from a rainforest in the Democratic Republic of the Congo. They found that
ancistrolikokine E3 causes “significant changes” in cancer cell morphology, ultimately leading to
massive death. This compound inhibits the AKT/mTOR and autophagy processes in cancer cells,
which would otherwise enable cancer cells to survive in harsh tumor microenvironments.
Furthermore, vine-derived compounds prevented the movement and growth of cancer cells in the
pancreas. This suggests that at certain doses, this compound can prevent metastasis, as it also stops
the production of important proteins needed for a process called autophagy, which includes Atg5,
Atgl2, Beclin-1, LC3-], and LC3-II. These results show that ancistrolikokine E3 is important in the
early stages of autophagy in PANC-1 human pancreatic cancer cells [132].

Tomatidine is a naturally steroidal alkaloid. Tomatidine treatment slows down tumor growth in
pancreatic cancer cells both in the lab and in living organisms. Tomatidine inhibits the nuclear
translocation of ATF4, reduces ATF4 binding to downstream promoters, and enhances chemical
sensitivity to gemcitabine in three-dimensional extracellular matrix hydrogels and in vivo.
Tomatidine treatment leads to a type of cell death that depends on iron. This is shown by higher
levels of lipid damage, increased production of new mitochondria, and lower levels of a protein called
GPX4 in pancreatic cancer cells [133].

2.2.4. Quinones

Quinone bioactive compounds and plant extracts have shown potential in the treatment of
pancreatic cancer, with various mechanisms. Quinone compounds help fight tumors by stopping
tumor cells from multiplying and growing [134]. These compounds can disrupt tumor cells’s
metabolic pathways, control the cell cycle, and inhibit the apoptosis and proliferation of tumor cells,
thus inhibiting tumor growth and spread [135,136].

Quinone compounds can help kill cancer cells. These substances can cause cancer cells to die by
changing the processes that control cell death and by affecting the genes involved in this process.
This helps speed up the death of unhealthy cells and can slow down the growth of tumors [137,138].

In addition, quinone compounds have important roles in the inhibition of tumor angiogenesis.
They can interfere with tumor angiogenesis and prevent tumor cells from receiving a supply of
oxygen and nutrients, thereby limiting tumor growth. These compounds effectively block the
development and metastasis of tumors by inhibiting angiogenesis [139].

Furthermore, quinone compounds can regulate immune responses and enhance the body’s anti-
tumor immune response [140].

Some quinone compounds, such as anthraquinones and anthraquinone alkaloids, have been
shown to help fight pancreatic cancer [141,142]. Overall, quinone bioactive compounds and plant
extracts have shown significant value in pancreatic cancer, and their different ways of working have
provided new treatment strategies and choices. Future studies should keep looking into how quinone
compounds can help treat pancreatic cancer to create better treatment options. Below are specific
examples of recent studies of quinone compounds in pancreatic cancer.

Alizarin, a quinone compound derived from madder root [143], stops TNF-a from activating
NF-xB by blocking the TAK1/TAB1 complex and preventing the IKKa/pB-IxBa-NF-kB signaling
pathway. This also reduces the levels of NF-«kB target genes like Bcl-2, Bel-xL, XIAP, TARF2, cyclin
D, and c-Myec. In a study using mice with pancreatic cancer, a treatment that included alizarin and
gemcitabine greatly slowed down the growth of cancer cells in the mice's pancreas by blocking NF-
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kB activation, without significant liver or kidney damage. This suggests that alizarin may make
pancreatic cancer treatment work better, either by itself or along with chemotherapy [143].

Last year, it was discovered that the simple derivative of plumbagin, 3f, caused changes in the
morphology of PANC-1 cells and cell death compared to the control group, 24 hours after
administration at 1 uM, indicating that compound 3f caused changes in the shape of PANC-1 cells,
which led to cell death. After giving compound 3f at doses of 0. 5, 1, 5, and 10 uM for 3 and 6 hours,
we checked the levels of certain proteins: PI3K (p110ca, p110p), Akt, p-Akt (ser 473), mTOR, and p-
mTOR. We found that compound 3f stopped the activation of the PI3K/Akt/mTOR signaling
pathway, and this effect depended on the time and the amount used. In a mouse model with MIA
PaCa-2 cancer cells, compound 3f showed strong anti-tumor effects at both low and high amounts.
In summary, compound 3f could be a promising treatment for pancreatic cancer and should be
studied more [135].

Thymoquinone, plumbagin, and juglone are naturally occurring quinones that significantly stop
PANC-1 cells from growing and cause ROS-mediated apoptosis, and exhibit anti-migratory effects in
PANC-1 cells, potentially serving as effective anti-metastatic drugs [84].

Dihydrotanshinone I (DHT), a liposoluble compound belonging to the phenanthrene quinone
family, inhibits the EMT, invasion, proliferation, and migration abilities of Patu8988 and PANC-1
cells through the hedgehog/Gli signaling pathway. Additionally, it induces apoptosis via the
caspase/BCL2/BAX signaling pathway. Tumor transplantation experiments in mice demonstrated the
anticancer effects of DHT in vivo [144].

2.2.5. Terpenes

Terpenoid bioactive compounds and plant extracts are important in the treatment of pancreatic
cancer through mechanisms such as slowing down tumor growth, encouraging cell death, blocking
the formation of new blood vessels for tumors, and managing immune system responses [145,146].

Terpenoid compounds help fight tumors by stopping them from growing. [147]. They can trigger
autophagy, a process in cells that helps break down damaged proteins and parts; inhibit tumor
growth; and reduce cancer cell proliferation rates, thereby slowing tumor growth and spread [148].
Terpenoid compounds like paclitaxel and docetaxel are commonly used to treat different types of
cancer, including pancreatic cancer [149,150].

Terpenoids also play crucial roles in promoting apoptosis [148,151]. They can stop tumor cells
from growing, help them die off, and control different signaling pathways, like EMT,
PTEN/PI3K/Akt, NF-kB, and Wnt/beta-catenin pathways [152]. This mechanism of promoting
apoptosis helps eliminate abnormal cells and maintain the balance of normal cell ecology.

Terpenoid compounds are involved in tumor angiogenesis [153]. They can interfere with the
process of tumor angiogenesis, limit tumor blood supply, and block the tumor’s source of nutrients,
thereby inhibiting tumor development. Stopping tumors from forming new blood vessels is an
important way to help keep tumors from growing and spreading [154].

Terpenoid compounds can also affect tumor development by regulating immune responses
[155]. They can enhance the body’s immune response, activate immune cells against tumor cells,
strengthen the body’s immunosurveillance of tumors, and help inhibit tumor growth and spread
[156]. This mechanism of regulating immune responses is crucial for enhancing the ability of the body
to resist tumors [157].

Currently, research progress on terpenoid compounds for pancreatic cancer is progressing
quickly, with findings showing that terpenoid compounds act on various signaling pathways in
pancreatic cancer [158]. Some terpenoid compounds, such as paclitaxel and elemene, have been
shown to slow down pancreatic cancer cells, attracting interest in cancer research [159,160]. Future
research should look more into how terpenoid compounds work in treating pancreatic cancer. The
goal is to find more substances that could help fight tumors and offer better treatment choices for
pancreatic cancer patients. Following are specific examples of recent studies of terpenoid compounds
in pancreatic cancer.

d0i:10.20944/preprints202407.2469.v1
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Xanthatin, a sesquiterpene lactone monomer, may stop the growth of pancreatic cancer cells and
cause them to die using the ROS/RBL1 signaling pathway [161].

Umbelliprenin (UMB) is a type of natural compound found in the plant Artemisia absinthium
L. UMB greatly slows down the growth of pancreatic cancer cells both in the lab and in living
organisms. It can also cause cell death and protect cells by blocking a specific signaling pathway
called Akt. UMB lowers the number of pancreatic cancer stem cells by blocking the Notch1 signaling
pathway. This indicated that UMB combined with 3-MA has great potential as an adjuvant therapy
for pancreatic cancer [162].

Five new sesquiterpenoid compounds and 15 already known analogs were found in the
methanol extracts of the roots and underground stems of Nardostachys jatamansi. The separate
compounds were toxic to human pancreatic cancer cells (CFPAC-1, PANC-1, CAPAN-2, and
SW1990). Preliminary mechanistic studies of nardostachin suggested that It triggers cell death
through a process that depends on the mitochondria and stops SW1900 cells from going past the
G2/M phase[163].

2.2.6. Polysaccharides

Natural polysaccharides help treat pancreatic cancer in various ways, and we can understood
from the following perspectives.

Polysaccharides are recognized as immunomodulators With the potential to reduce the activity
or completely stop several kinds of cancer cells [164,165]. In the treatment of pancreatic cancer, the
tumor creates an immunosuppressive microenvironment, leading to escape from the host anti-tumor
immune responses [166]. Polysaccharides can help the immune system recognize and fight cancer
cells. They can also directly kill cancer cells in lab tests. Most polysaccharides can help prevent tumors
in living organisms by boosting the activity of immune cells like T and B lymphocytes, macrophages,
and natural killer (NK) cells, activating the complement system; promoting cytokine production; and
regulating the immune system [167].

Furthermore, certain polysaccharides may directly slow down the growth and spread of
pancreatic cancer cells [168]. This can be done by activating the mitochondrial and death receptor
pathways; mediating signal transduction pathways; influencing how cancer-causing genes and genes
that help stop cancer work[169]; and influencing their growth, migration, and survival
Polysaccharides induce apoptosis and inhibit autophagy to suppress pancreatic cancer cell growth
[170].

Moreover, these polysaccharides directly inhibit tumor angiogenesis [153]. The process might
include controlling the signals pathways and factors involved in the formation of blood vessels
[171,172].

Additionally, new discoveries and drug development potential have emerged from
polysaccharide synthesis and structural studies. A research team at Peking University identified a 10-
sugar compound with anti-pancreatic cancer activity during the successful synthesis of ginseng
polysaccharides (10.1038/s44160-023-00428-x). This suggests that, through in-depth studies of
structure-activity relationships, specific polysaccharide segments with anti-tumor activity can be
identified. These lead compounds may exert anti-pancreatic cancer effects via the various
mechanisms mentioned above. Compared to the main medicine used now for pancreatic cancer
treatment, gemcitabine, the newly discovered 10-sugar compound has lower cytotoxicity, indicating
that it may have a better therapeutic window and fewer side effects. These results are a hopeful step
toward creating new medicines to fight pancreatic cancer.

It is noteworthy that current research outcomes, such as a study by the team at Fudan University
Affiliated Cancer Hospital on CRIP1, indicate possible mechanisms for the poor efficacy of pancreatic
cancer immunotherapy and explore corresponding treatment methods [173]. Based on the
immunomodulatory and anti-tumor effects of polysaccharide compounds, Future studies should aim
to combine these compounds with personalized medicine to create better treatment plans for people
with pancreatic cancer. As glycobiology keeps improving, we hope to see more studies on similar
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sugar compounds, which might offer new ways to treat pancreatic cancer. Here are some recent
studies that look at how polysaccharide compounds affect pancreatic cancer.

Crude polysaccharide S1 from corn silk shows low toxicity and works well against tumors in lab
tests. In the BxPC-3 model, S1 showed strong effects against pancreatic cancer, similar to gemcitabine.
Corn silk contains natural sugars that can slow down the growth of pancreatic cancer cells both in
living organisms and in lab studies by blocking a specific signaling pathway
(EGFR/PIBK/AKT/CREB). S1 stops the production of a protein called phosphorylated [3-catenin and
another protein called Snail that are involved in the process of cell change related to EMT. Reducing
these EMT-related proteins makes it harder for pancreatic cancer cells to move and spread, which
greatly impacts how the cancer spreads to other parts of the body. S1 reduces the addition of
phosphate groups to a protein called CREB that helps control gene activity in pancreatic cancer cells.
CREB plays a role in many cell activities and reacts to stress signals and growth signals. [174].

IOP-1, a new polysaccharide comes from a black crystal area of a fungus called Inonotus
obliquus. It stops the growth of pancreatic cancer cells (AsPC-1 and SW 1990) in three ways: by
affecting the mitochondria, triggering the death receptor, and altering the ERS pathways. This leads
to a halt in the cell cycle. [175].

A pectin-like polysaccharide RP 02-1, taken out and cleaned from the roots of Polygala tenuifolia
and showed strong effects in stopping the growth of AsPC-1 and BxPC-3 cells, without affecting
human liver cells (L02) or normal human pancreatic cells (HPDE 6-C7). In that study, The authors
looked at the amounts of certain molecules related to cell death, like cleaved caspase-3, Bcl-2, and
Bax, after treating with RP 02-1 for 24 hours. RP 02-1 treatment significantly downregulated the levels
of Bcl-2 at both the mRNA and protein levels, but it did not affect the levels of Bax. The levels of
cleaved caspase-3 were significantly enhanced by increasing concentrations of RP 02-1. Therefore, RP
02-1 may cause the death of pancreatic cancer cells. RP 02-1 significantly inhibits AsPC-1 and BxPC-
3 cell migration and the effect changes depending on how much is given.. After RP 02-1 treatment,
the amounts of mRNA and protein for Id-1 and B-catenin go down, while the phosphorylation of
SMAD 1/5/9 and FAK is impaired, indicating that RP 02-1 inhibits PDAC cell growth by causing cell
death and preventing a process called autophagy [170].

A polysaccharide, RN 1, made from the flowers of Panax notoginseng and has been shown to
greatly stop the growth of PDAC cells in lab tests, in living organisms, and in tests using cancer cells
from patients. RN 1 attaches to the epidermal growth factor receptor (EGFR) and Gal-3. This stops
them from working together and reduces the activity of a protein called ERK and lowers the levels of
a factor called Runx1 that helps control Gal-3. By blocking Runx1 with RN 1, the amount of Gal-3 was
reduced. This caused related signaling pathways, like EGFR/ERK/Runxl, BMP/smad/Id-3, and
integrin/FAK/JNK, to stop working. Also, RN 1 attaches to bone morphogenetic protein receptors
(BMPR1A and BMPR2) and prevents Gal-3 from interacting with these receptors. So, these results
suggest that RN 1 might help treat human PDAC by affecting different targets and signaling
pathways [176].
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2.3. Clinical Applications and Safety of Bioactive Compounds and Plant Extracts.

Triptolide (TPL), a diterpenoid triepoxide found in thunder god vine, has exhibited good anti-
tumor activity against various cancers, including pancreatic cancer, in preclinical studies [177-182].
This plant-derived compound is a water-soluble prodrug also known as minnelide. The mechanism
of action of minnelide involves disrupting the super-enhancers required for maintaining the genetic
stability of pancreatic cancer cells and aiding the formation of cancer-associated fibroblasts in the
tumor microenvironment [183].

A meta-analysis conducted in 2022 on the use of traditional medicine preparations(TMPs) along
with chemotherapy for advanced pancreatic cancer showed that combining TMP with chemotherapy
significantly increased the chances of a good response to treatment (ORR; more than 1. 5 times better;
very strong evidence), the rate of controlling the disease (DCR; about 29% better; very strong
evidence), and the quality of life (based on different types of data) compared to just using
chemotherapy. Additionally, the levels of pancreatic cancer markers CA19-9 and CEA were lower in
the group that received combination therapy. Specifically, CA19-9 had a score of -0. 46 and CEA had
a score of -0. 55, with both results being statistically significant. TMP helps lessen bad reactions during
chemotherapy. It shows that using TMP with APC is both safe and effective, providing a possible
way to improve treatment results and reduce side effects. [184].

In 2018, a cohort study in China looked into the advantages of using complementary and herbal
medicine (CHM) for patients with pancreatic cancer. The study found that patients who used CHM
for more than 90 days had a lower death rate compared to those who did not use CHM [185].

2.4. Research Trends and Challenges in the Development of Bioactive Compounds and Plant Extracts

In the area of treating pancreatic cancer, research on bioactive compounds and plant extracts is
rapidly evolving, involving the screening of novel compounds, studying mechanisms of action, and
optimizing drug formulations. However, these studies face challenges, such as target identification,
issues with bioavailability, and individual differences.

Natural products could be excellent new options for treating cancer, which is why studying
them is very important [186]. Cheminformatics, which utilizes computer-aided methods, high-
throughput virtual screening, network-based approaches, and machine learning technologies,
provides new avenues for identifying lead compounds and active components in natural products
[186]. Researchers have utilized high-throughput screening techniques and computational biology
methods to identify new compounds from natural products with anti-pancreatic cancer activities
[187]. These new compounds may have different mechanisms of action than existing drugs, offering
new therapeutic strategies for pancreatic cancer treatment [188,189].
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Research on how treatments work is very important for treating pancreatic cancer. A clear
understanding of how cells work in the growth and spread of pancreatic cancer provides a theoretical
basis for identifying new targets and developing novel therapeutic approaches, which is of significant
importance [190]. Scientists are studying how bioactive compounds and plant extracts affect
pancreatic cancer cells. They are using different lab techniques to understand how these substances
slow down cancer cell growth, tumor growth, blood vessel formation, spread of cancer,
inflammation, and cell death [133,191]. These studies help reveal the mechanisms underlying
pancreatic cancer occurrence and development, setting the stage for creating better medicine.

Optimization of drug formulations is a crucial aspect of pancreatic cancer treatment. Researchers
utilize nanotechnology and drug delivery systems to optimize the formulation of bioactive
compounds and plant extracts, enhance their stability and bioavailability in the body, reduce side
effects, and improve treatment efficacy [192-196].

However, research on pancreatic cancer treatment faces several challenges. First, the targeted
identification is challenging. Pancreatic cancer is a complicated illness that affects many different
processes and targets in the body, and we have a limited understanding of these mechanisms
[197,198], necessitating further research to identify effective therapeutic targets. Second, the
bioavailability of bioactive compounds poses a challenge. The effectiveness of many bioactive
compounds and plant extracts may be affected by different body processes, like how the body takes
in, spreads, breaks down, stores, and gets rid of substances. Other factors, like the presence of other
antioxidants and minerals, can also influence their healing effects [199]. Finally, the impact of
individual differences cannot be disregarded. Variations in patient genetic backgrounds and disease
states may lead to different responses to the same medication, emphasizing the need for personalized
treatment strategies [200-203].

In conclusion, bioactive compounds and plant extracts have immense potential for treating
pancreatic cancer. However, the research and development processes have encountered numerous
challenges. Future studies are needed to further optimize drug screening and mechanism of action
research methods, address bioavailability and individual differences, and give pancreatic cancer
patients better and safer treatment choices.

2.5. Summary and Outlook

This review summarizes the importance of bioactive compounds and plant extracts in pancreatic
cancer treatment and discusses future research directions and potential applications. Research on
bioactive compounds and plant extracts offers new hope for pancreatic cancer treatment but requires
in-depth exploration of the mechanisms of action, clinical applications, and safety considerations.

The importance of bioactive compounds and plant extracts in treating pancreatic cancer
shouldn't be ignored. Their natural origin, fewer adverse effects, and diverse biological activities
provide new strategies and ideas for pancreatic cancer treatment. These compounds play crucial roles
in inhibiting tumor growth, promoting apoptosis, inhibiting tumor angiogenesis, and regulating
immune responses, and are potentially integral components of future pancreatic cancer treatments.

Future research directions should mainly focus on two aspects: continuing to explore the anti-
pancreatic cancer activity and how new natural substances and plant extracts work in the body to
identify more promising therapeutic targets and optimizing drug formulations to enhance the
bioavailability of bioactive compounds and plant extracts, reduce side effects, and improve treatment
efficacy. More research is needed to understand how personal differences affect tailored treatment.

In terms of clinical applications, with further research progress, these bioactive compounds and
plant extracts could be turned into new medicines for pancreatic cancer that provide patients with
more diverse and effective treatment options. Safety assessments, tolerability, and the evaluation of
side effects are essential to make sure these drugs are safe and work well in medical use.

In summary, research on bioactive compounds and plant extracts will become more important
in treating pancreatic cancer, offering patients more hope and opportunities. Future research should
focus on multiple aspects to achieve widespread applications and potential prospects for treating
pancreatic cancer.
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