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ABSTRACT
Background: Digestive cancer is among the major causes of mortality and morbidity worldwide. 
Rutin, a bioactive secondary metabolite belonging to flavonoids and distributed in many fruits 
and vegetables has shown anti-proliferative, anti-cancer, and neuroprotective activities. In this 
study, the antiproliferative, antioxidant and apoptotic activities of rutin on hepatic and pancreatic 
cancer cell lines were investigated. Materials and Methods: The effect on cellular viability 
was monitored by SRB assay. Increasing activity of caspases (3/7) was used as an indicator of 
apoptosis. Additionally, the anti-inflammatory and antioxidant activities of rutin were evaluated 
after measuring amount of prostaglandin E2 (PGE2) produced and through DPPH free radical 
scavenging assays, respectively. Moreover, the inhibitory effect on both CYP3A4 and GST enzymes 
has also been evaluated. Results: According to the data presented here, rutin has anti-proliferative 
effect and raises the number of caspases 3/7 in investigated cell lines. Conclusion: HepG-2 cells 
showed the highest cellular growth inhibition, followed by BxPC-3, Huh-7, MiaPaCa-2, Suit-2, and 
the normal cell line HPDE. Rutin also inhibited the cyctochrome P450 enzyme (CYP450 3A4) and 
glutatihione-S-transferase activity, with dose-dependent inhibition. Furthermore, suppression 
of PGE2 synthesis in BxPC-3 cells supported rutin's anti-inflammatory action (high COX-2 
expression).
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INTRODUCTION

Major digestive cancers include liver, esophageal, pancreatic, 
gastric, and colorectal cancers, which are among the leading 
causes of cancer mortality and morbidity globally.1 GIT tumors 
account for about one-fifth of cancer cases and one-fourth of 
tumor-related fatalities in the US.2 The most common digestive 
cancers worldwide are those of colorectal and gastric cancers, and 
account for more than 2 million new cases and nearly 1.3 million 
deaths yearly.3 The early detection of colorectal and gastric cancers, 
will be accompanied by 5-year survival about 90% and 63%, 
respectively.3,4 Among digestive cancers, pancreatic cancer is one 
of the most lethal malignancies for humans, with nearly identical 
incidence and mortality rates and a very poor 5-year survival 

rate.5 The above mentioned facts pinpoint that early detection of 
gastrointestinal cancers is vital in reducing the number of deaths, 
and thereby, identification of suitable biomarkers for this purpose 
is an urgent need.4,6

Natural products, particularly dietary sources, and their 
semi-synthetic derivatives have recently received a lot of attention 
for treating a variety of human disorders, including malignancies.7 
Vegetable and fruit consumption has been linked to a lower 
risk of a variety of chronic conditions, including malignancies. 
According to a recent study, several bioactive compounds in 
plants can either activate or suppress numerous antiapoptotic, 
angiogenic, and metastatic pathways in cancer cells by targeting 
small molecules, showing that natural products and derivatives 
may have a large influence.8,9

Rutin is a naturally occurring bioflavonoid polyphenolic 
compound, widely found in fruits (apples, lemons, grapes), and 
vegetables (Potatoes and carrots) and beverages (tea) has shown 
multiple pharmacological activities including anticarcinogenic, 
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antidiabetics, antimicrobial, anti-inflammatory, and 
cardioprotective activities.10-12

Despite the wide range of pharmacological activities of the 
natural compound rutin, its effect on hepatic and pancreatic 
tumors, needs to be investigated. Our results showed that rutin, 
extracted from the dried and powdered leaves and flowers of 
Nicotiana glauca was able to inhibit cell growth and proliferation 
and induce apoptosis in tumor cell lines including Suit-2 (the 
resistant pancreatic cancer cells), through activation of caspases 
3/7 and inhibition of CYP3A4, GST enzymes and PGE2 activities. 
Moreover, rutin showed a powerful antioxidant activity.

MATERIALS AND METHODS

Plant Material
Nicotiana glauca (Figure 1) dried plant was collected from Asir 
region (Abha district 2019). The plant specimen was identified 
by Dr. Hany Gouda Department of Pharmacognosy, College of 
Pharmacy, Najran University, Saudi Arabia.

Extraction and Isolation of Rutin
The dried and powdered leaves and flowers of Nicotiana 
glauca (1000 g) were extracted by maceration for 2 weeks with 
80% ethanol at room temperature followed by filtration and 
evaporation under reduced pressure. The aqueous layer was 
fractionated with saturated n-butanol (500 ml x 3 times). A 
yellow precipitate separated out of the two phases (aqueous and 
n-butanol).

The precipitate was filtrated and washed three times with 
dichloromethan: ethyl acetate (2:1) to give 1000 mg of a yellow 
amorphos powder. Which appear as dark purple spot of 
flavonoidal nature on TLC Silica plates. The resulted compound 
was identified by UV and NMR spectroscopic analysis (1H 
NMR and 13C NMR). The resulted data was compared with the 
previously published data.13

Identification of Rutin by NMR spectroscopy
1H and 13C-NMR data suggest the isolated compound could be 
rutin (Figure 2). It also added further evidence to the assumption 
made from the UV-vis data that the obtained compound could be 
rutin derivatives. The UV-spectra showed bands at 255 and 365 
that corresponded to flavonol moieties Band I and II. Two protons 
at chemical shift 7.55 (dd, J=2.1 Hz, 7,5 Hz), one proton at chem 
shift 6.8 (dd, J=8.7 Hz), and two protons at 6.3 and 6.1 each are 
doublet with J= 2.1 Hz were identified by 1H-NMR (DMSO-d6, 
600 MHz). The presence of two sugar moieties was further 
confirmed by the 1HNMR spectra, with anomeric proton signals 
at H 5.29 (1H, d, J=7.5 Hz, Glc-H-1′′) and H 4.39 (1H, s, Ram-H-
1′′′) corresponding to glucose and rhamnose, respectively (Table 
1). Also, 27 carbon signals detected by C13 NMR (DMSO-d6, 
100 MHz). Nine oxygenated carbon atoms (C76.9–67.5), two 
anomeric carbon signals (C 101.6 and 101.2), and one methyl 
group (C 18.2) of rhamnose were also visible in the spectrum.

Cell lines and culture

The BxPC-3, Suit-2 and MiaPaCa-2 human pancreatic cancer cell 
lines, in addition to the HPDE normal immortalized pancreatic 
cells and the hepatocellular carcinoma HepG-2 and Huh-7 cells 
were used in our study. Cells were grown and treated as reported 
earlier.5,14,15 Cancer cells were maintained in DMEM medium 
and supplemented with antibiotics (penicillin/streptomycin) 
and Fetal Bovine Serum (FCS) (Invitrogen, Carlsbad, CA). 
Mycoplasma detection kits were used to check that (Minerva 
Biolabs, Germany) all cell lines were mycoplasma-free, as 
previously stated.16

Effect of rutin on cell growth and viability

To determine the inhibitory activity of extracted rutin on different 
cancer cell lines, as previously described, SRB colorimetric 
technique (Sulforhodamine B assay) was utilized.17,18 Briefly, cell 
lines were cultured after addition of increasing doses of rutin 

Figure 1: Nicotiana glauca leaves and flowers.
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for 48 hr or DMSO. After removal of the media, cellular fixation 
was done with acetic acid, staining and incubation at room 
temperature for 30 min have been done. After washing steps, 10 
mM tris-base solution was added to dissolve the dyes that had 
remained. Finally, the absorbance of the samples was determined 
using a plate reader (Molecular Devices, CA).

Caspase-Glo 3/7 assay

A caspase 3/7 activity assay was used to investigate the influence 
of rutin on apoptosis induction.14,18,19 Cell lines were treated with 
the flavonol rutin at various concentrations. Various doses of the 
flavonol rutin (2 × IC50; IC50 and ½ × IC50) or DMSO were used 
to treat cell lines (control). After 6 hr of incubation, the caspase 
reagent was added to each well, which was then mixed and 
incubated for 1 hr at room temperature. After that, the amount 
of light produced was measured, and caspase 3/7 activity was 
reported as a percentage of the untreated control.

Quantitative determination of prostaglandin E2

The effect of rutin on production of prostaglandin E2 (PGE2), 
has been tested using the PGE2 Kit (Cayman Chemicals, 
Michigan, USA).5,20 Cell lines were given arachidonic acid then 
drug treatment for twenty-four hours. The levels of prostaglandin 
E2 were then measured using an enzyme immunoassay in 
comparison to the untreated control.

Cytochrome P450 (CYP3A4) assay

The CYP450-GloTM assay (Promega, Germany) was used to 
determine the effect of rutin on recombinant human CYP3A4 
in this study.21 Equal volumes of varied chemical concentrations 
were incubated at room temperature for 10 min with a reaction 
mixture including CYP3A4 substrate (luciferin 6-benzyl ether 
in phosphate buffer) and CYP3A4. After adding a regeneration 
system (NADPH) to citrate buffer, the reaction began. After half 
an hour, 50 liters of luciferin were introduced. The generated 
luminescence was measured using a precise TecanTMSafire II 
reader after twenty minutes. Each experiment was replicated at 
least three times using ketoconazole as a positive control.

Inhibition of Glutathione-S-transferase assay22

The GST enzyme activity assay kit was used to analyze the 
effect of our product rutin on GST (Glutathione-S-transferase 
enzyme). The procedure was followed as before.23 GST substrate 
(1-chloro-2,4-dinitrobenzene (CDNB)) was used. In a nutshell, 
this experiment used untreated and rutin-treated cell lysates 
prepared with a standard assay combination containing CDNB, 
GSH (reduced glutathione), and PBS buffer. At 340 nm, the 
reaction was observed using spectrophotometry.

Antioxidant activity
The diphenylpicrylhydrazyl DPPH assay was used in three 
separate assays to determine rutin's free radical scavenging 
capacity. After mixing equal volumes of various sample solutions 
with a 0.2 mm methanolic DPPH solution, the absorbance was 
measured using a Tecan II Reader after 30 min of incubation at 
room temperature against a blank. As a positive control, Vitamin 
C was used.

RESULTS

Rutin inhibits cellular proliferation and viability of 
hepatic, and pancreatic cancer cell lines
Here we investigated the cellular anti-proliferative effect of rutin 
on different cancer cell types. HepG-2, Huh-7, MiaPaca-2, BxPc-3, 
Suit-2, and HPDE cells were cultured and treated with increasing 
concentrations of rutin for 48hr. After that we measured cellular 
viability and growth using SRB assay. Rutin inhibited growth of 
cell lines in a concentration dependent manner (Table 1). The 
most affected cell line was the human liver cancer cells (HepG-2) 
(IC50 13.95±1.41) while the least affected cancer cell line was 
the pancreatic suit-2 cells (30.50 ± 4.63). Cellular sensitivity to 
rutin were in the following descending order: HepG-2 > Huh-7 
> MiaPaca-2 > BxPc-3 > Suit-2. The normal immortalized HPDE 
cells were the least affected cells (Table 2).

For two days, exponentially developing cells were cultivated and 
treated with rutin. After that, the SRB test was used to determine 
cell viability and proliferation. The results are reported as a mean 
value (M) ± S.E.M.

Apoptotic induction by rutin is dose-dependent
Induction of apoptosis is among main mechanisms of 
chemotherapy-induced cell death.24 Our aim was to show whether 
the antiproliferative effect of rutin was a result of its ability to 
induce the apoptosis; therefore, HepG-2, cells were treated 
with or without rutin or etoposide (apoptotic positive control) 
for 6 hr then the activity of caspases 3/7 was measured using 
the Caspase-Glo assay kit. Results showed that rutin increased 
activation of caspase 3/7 compared to untreated DMSO-treated 
control but the apoptotic effect was less than that of etoposide, 
hence we concluded that rutin induced apoptosis was through 
activation of members in theapoptotic cascade (Figure 3).

Figure 2: Rutin flavonoid isolated from Nicotiana glauca leaves 
and flowers.
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Anti-inflammatory effect of rutin (inhibition of PGE2 
production)

Here, HepG-2, BxPC-3 and Suit-2 cancer cell lines were used 
for PGE2 assay.19 To evaluate the anti-inflammatory effect of 
rutin compared to NS-398 (positive control) through inhibition 
of PGE2 production, the PGE2 levels produced by cancer cells 
after rutin treatment were determined. Our results showed that 
rutin significantly inhibited prostaglandin E2 production in a 
dose-dependent manner as shown in Figure 4.

Effect of rutin on cellular metabolism (CYP3A4 assay)

The CYP450-GloTM assay was used to determine the inhibitory 
effect of rutin on the cytochrome CYP3A4 enzyme (Figure 5). 
Rutin inhibited CYP3A4 in a dose-dependent manner, therefore 
we concluded that rutin-induced cell death was partly due to 
cellular metabolism suppression.

Position 1H-NMR 13C-NMR
Aglycone
2 - 164.5
3 - 133.7
4 - 177.8
5 - 157.0
6 6.2 (1H, d, J = 2.1) 99.14
7 164.5
8 6.4 (1H, d, J = 2.1) 94.05
9 - 161.6
10 - 104.4
1` - 121.05
2' 7.56 (1H, d, J = 2.1) 115.8
3` - 145.21
4` - 148.8
5' 6.86 (1H, d, J = 8.7) 116.1
6' 7.54 (1H, dd, J = 2.1, 8.4) 122.05
Glucose 
moiety
1'' 5.29 (1H, d, J = 7.7) 104.4
2'' 3.49* 72.3
3'' 3.31* 76.3
4'' 3.32* 71.02
5'' 3.43* 76.9
6'' 3.41*

3.70 (1H, m)
67.4

Rhamonse 
moiety
1''' 4.39 (1H, d, J = 1.5) 101.6
2''' 3.39* 70.4
3''' 3.55* 70.48
4''' 3.27* 74.5
5''' 3.46* 68.1
6''' 0.99 (3H, d, J = 6.2) 18.8

Table 1: 1H and 13C NMR data for Rutin (at 600 MHz in DMSO-d6,J in Hz).

Cell line IC50 (µg/mL)
Miapaca-2 cells 25.71± 2.62
Suit-2 cells 30.50 ± 4.63
BxPC-3 cells 15.03 ± 1.61
HepG2 cells 13.95 ± 1.41
Huh-7 cells 16.05 ± 1.86
HPDE cells > 50

Table 2: Rutin inhibits growth of BxPC-3, Suit-2, MiaPaCa-2, HepG-2, 
Huh-7, HepG-2, and Suit-2 cancer cells.

Figure 3: Apoptotic effect of rutin as shown by measuring caspase 3/7 
activatioin.

Cells were treated with increasing concentrations of rutin and caspase 3/7 
assay was carried out. Results are presented as mean value (M) ± S.E.M

Figure 4: Inhibition of prostaglandin E2 after rutin treatment of Bx-PC3, 
HepG-2 and Suit-2 cells, results are represented as mean value (M) ± S.E.M of 

at least three independent experiments.
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Effect of rutin on Glutathione-S-transferase enzyme 
(GST assay)

The GST enzyme activity assay was used to assess the inhibitory 
effect of rutin on GST (Glutathione-S-transferase enzyme). The 
results demonstrated that rutin inhibited the GST enzyme in a 
dose-dependent manner (Figure 6).

Antioxidant activity

Antioxidants and free radical scavengers are used to combat 
reactive oxygen species (ROS), which can cause a variety of 
human malignancies. Here our aim was to investigate the free 

radical scavenging capacity of extracted rutin. As shown in 
Figure 7, the antioxidant effect of rutin was dosage dependent 
and comparable to that of the positive control Vitamin C. Rutin 
decreased the purple-colored DPPH radical to the yellow-colored 
diphenylpicrylhydrazine.

DISCUSSION

There is a serious need for more effective and safer medications 
to overcome the severe side effects of the present clinically 
available anti-cancer agents. Long-term dietary intake of fruits 
and vegetables, with its proven safety, favors their use in cancer 
chemoprevention and can lead to significant variations in the 
risks and occurrences of numerous malignancies. Many scientists 
have backed up the idea of using safe and non-toxic innovative 
plant-derived compounds and tiny molecules to prevent tumors. 
Natural materials and their synthetic or semisynthetic derivatives 
account for a large portion of all approved anticancer medication 
candidates to date. Numerous researches has been carried out to 
investigate natural products for their use as anti-cancers among 
them, rutin is a highly promising candidate. Rutin is one of 
the phenolic compounds that have aroused interest due to the 
beneficial effect in reducing the risk of degenerative diseases.7,25-27

Previous results showed that rutin exhibits wide range of activities, 
including anti-angiogenic, neuroprotective, neurotrophic, and 
antioxidant effects.11 In addition, several reports showed that  
rutin protects against several tumor types, including lung, 
colorectal, cervical, prostate, breast, bladder, and breast cancer.27-34 
Rutin also causes cell cycle arrest, apoptosis, and inhibits 
the growth of human colon cancer cells, according to other 
studies.27,30,32,35-37 Rutin also affects cisplatin's anticancer efficacy 
and genotoxicity in tumor-bearing animals.33 Furthermore, rutin 

Figure 5: Effect of rutin on CYP3A4 enzyme activity.

Rutin inhibits CYP3A4 activity in a dose dependent manner. Results are 
presented as mean value (M) ± S.E.M.

Figure 6: Effect of rutin on GST enzyme activity.

Rutin inhibits GST activity in a dose dependent manner. Results are 
presented as mean value (M) ± S.E.M.

Figure 7: Antioxidant activity of rutin.

Rutin was able to reduce the purple-colored DPPH radical in a dose 
dependent manner. Results are presented as mean value (M) ± S.E.M.
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has been shown to promote autophagy mediated by p53 in human 
hepatoma Hep-G2 cells, while others have shown that rutin 
inhibits Sorafenib-induced Chemoresistance and Autophagy 
in hepatocellular carcinoma through modulating the BANCR/
miRNA-590-5P/OLR1 axis in hepatocellular carcinoma.25,38

In spite of great efforts done, the detailed pharmacological actions 
of rutin on tumor cells is still needs to be further clarified. Here, 
the inhibitory effect of rutin on five cell lines representing two 
different tumor types (hepatic, and pancreatic) were investigated 
in addition to normal pancreatic cell line. Cellular inhibition was 
measured by SRB cell viability assay. Apoptotic induction was 
investigated by measuring the amount of caspases 3/7 produced 
after treatment of cells with rutin. Effect of rutin on metabolic 
enzymes like CYP 3A4 and GST (Cytochrome P450 (3A4) 
and Glutathione-S-transferase) and prostaglandin production 
(PGE2) was also evaluated. Additionally, the antioxidant activity 
of rutin was also evaluated

Rutin decreased cellular growth and proliferation while also 
inducing apoptosis in all examined cell lines, according to our 
findings. The human liver cancer cells (HepG-2) were the most 
affected (IC50 13.951.41), while the pancreatic suit-2 cells (30.50 
4.63), were the least affected. Rutin also inhibited the activity of 
cyctochrome P450 (CYP450 3A4) and glutatihione-S-transferase, 
with a dose-dependent impact. Furthermore, suppression of 
PGE2 synthesis in BxPC-3 cells with strong COX-2 expression 
validated rutin's anti-inflammatory action. Our results showed 
that rutin is able to induce apoptosis in cancer cells, is in complete 
agreement with previous studies in human cancer cells.11

Cytochromes (P450) are group of enzymes that play an 
important role drugs metabolism. It was noted that determining 
a compound's ability to reversibly block cytochrome P450 
enzymes is critical since co-administration of drugs might hinder 
one another's metabolism, affecting plasma levels in vivo and 
potentially causing adverse drug responses or toxicity.39-42

In cancer patients, overdose or underdosing as a result of a 
drug-drug interaction will have unexpected and/or severe clinical 
implications.

Orally delivered natural ingredients may also impact the 
bioavailability of orally co-administered medications. 
Furthermore, numerous plants have the potential to cause 
adverse interactions with targeted drugs.43 The goal of our 
research was to see if rutin had any inhibitory effects on CYP3A4 
(the enzyme involved in the hepatic metabolism of most drugs). 
Our findings revealed that rutin can inhibit the CYP3A4 enzyme 
in a dose-dependent manner, indicating a vital sign and/or alarm 
during the development of rutin-based anticancer methods and/
or combinations.

GSTs are a group of enzymes that catalyze the reaction of 
electrophilic hydrophobic molecules being conjugated to reduced 

Glutathione (GSH). As a result, by removing electrophilic 
endogenous and foreign substances from the body, you can help 
to avoid carcinogenesis.44 These enzymes have previously been 
proven to detoxify and remove many carcinogens and/or their 
metabolites from the body. Furthermore, treatment with GST 
enzyme inhibitors potentiated the cytotoxicity of numerous 
anticancer medicines in vitro, and higher levels of GST enzyme 
activity were related with resistance to chemotherapy in vivo.44-47 
Overexpression of GST (glutathione S-transferases) and efflux 
pumps in tumor cells may impair chemotherapy drugs' anticancer 
efficacy.48-50 Recently, it has become evident that glutathione-S-
transferases are also involved in the control of apoptosis through 
involvement of the JNK signaling pathway.51 Here, we reported 
that rutin was able to inhibit GST in a dose-dependent manner 
indicating a rational for its combination-based therapies and that 
rutin could prevent resistance to chemotherapy in combination 
therapies.

Reactive Oxygen Species (ROS) have been linked to a variety of 
human malignancies in the past. Antioxidants and scavengers 
were also utilized to combat these harmful radicals. We've raised 
a question about the relationship between rutin's cytotoxicity and 
its ability to scavenge free radicals. The DPPH assay was used 
to measure free radical scavenging. Rutin has been shown to 
have potent free radical scavenging properties, making it a good 
candidate for use in tumor combination therapy.

CONCLUSION

The present analysis clearly demonstrated that rutin inhibited 
hepatic and pancreatic cancer cellular growth and proliferation. 
The most affected cell line was the human liver cancer cells 
(HepG-2) (IC50 13.95±1.41) while the least affected cancer cell 
line was the pancreatic suit-2 cells (30.50 ± 4.63). The growth 
inhibitory effect was mainly mediated through activation of 
caspases 3/7, inhibition of PGE2 and antioxidant activities. 
Additionally, we proved that rutin was able to inhibit GST 
enzyme responsible for reducing the antitumor activity of various 
chemotherapeutics agents. Moreover, rutin inhibited CYP3A4 
enzyme involved in cellular metabolism indicating a critical 
alarm during development of combinations–based therapeutics.
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ABBREVIATIONS

CYP450 3A4: Cytochrome P450; HepG-2: Human liver 
cancer cells; GSH: Reduced glutathione; GST: Glutathione 
S-transferases; ROS: Reactive oxygen species; Hep-G2: Human 
hepatoma cells; DPPH: Diphenylpicrylhydrazyl; CDNB: 
1-chloro-2,4-dinitrobenzene; PGE2: Prostaglandin E2; Suit-2: 
The resistant pancreatic cancer cells.

SUMMARY

The bioactive secondary metabolite rutin has been investigated for 
antiproliferative, antioxidant and apoptotic activities on hepatic 
and pancreatic cancer cell lines. The effect on cellular viability 
was monitored by SRB assay. Increasing activity of caspases (3/7) 
was used as an indicator of apoptosis. The anti-inflammatory and 
antioxidant activities of rutin were evaluated after measuring 
the amount of Prostaglandin E2 (PGE2) produced and through 
DPPH free radical scavenging assays, respectively. Moreover, 
the inhibitory effect on both CYP3A4 and GST enzymes has 
also been evaluated. Accordingly rutin has an anti-proliferative 
effect and raises the number of caspases 3/7 in investigated cell 
lines. HepG-2 cells showed the highest cellular growth inhibition, 
followed by BxPC-3, Huh-7, MiaPaCa-2, Suit-2, and the normal 
cell line HPDE. Rutin also inhibited cyctochrome P450 enzyme 
(CYP450 3A4) and glutatihione-S-transferase activity, with 
dose-dependent inhibition. Furthermore, suppression of PGE2 
synthesis in BxPC-3 cells supported rutin's anti-inflammatory 
action (high COX-2 expression).
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