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ABSTRACT

Background: Oral cancer is one of the cancers that pose a great threat to
life globally. Though a number of chemotherapeutic strategies have been
followed to treat oral cancer, a number of adverse effects limit the usage
of chemotherapeutic agents. Purpose: In the current study, we evaluated
the anticancer potential of brucine. Materials and Methods: KB cell line
was treated with various concentrations of brucine (10-100 ug/ml) and the
cytotoxicity and cell viability were measured. Acridine orange/ethidium
bromide (AO/EB) staining was performed to assess apoptosis in
cells. To evaluate the mechanism of brucine-mediated apoptosis,
gene expression studies were carried out (Bax and cMyc).
Results: Brucine caused cytotoxicity and reduced cell viability as
assessed by  3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl  tetrazolium
bromide (MTT) assay and trypan blue exclusion assay, respectively. The
IC,, value of brucine was calculated to be 30 ug/ml. Further experiments
were performed according to the IC,; value. Brucine-treated cells were
rounded up and detached from the surface. AO/EB staining revealed
apoptotic mode of cell death. Further, our experiments revealed elevated
levels of reactive oxygen species (ROS) within the cells, which might
have caused apoptosis. A dose-dependent rise in lipid peroxidation
was evident from thiobarbituric acid reactive substance (TBARS) assay,
which could be due to the oxidative stress caused by brucine. Nitric
oxide levels were impaired by brucine, which correlated well with
apoptosis. On the other hand, catalase activity was decreased by brucine
in a dose-dependent manner, implying the reason for oxidative stress.
Polymerase chain reaction (PCR) analysis revealed increased expression
of Bax and impaired expression of the oncogene cMyc. Conclusion:
Brucine triggers oxidative stress, which leads to lipid peroxidation and
induces the expression of the proapoptotic gene Bax, thereby causing
apoptosis. In parallel, brucine-mediated suppression of cMyc leads to
impairment of metastasis.
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SUMMARY
e Brucine effectively inhibited proliferation of KB cell line
e Apoptosis of KB cell line was induced by brucine through elevation in ROS,

INTRODUCTION

Oral cancer remains one of the major causes of death worldwide.
Various risk factors associated with oral cancer development include
chewing of betel nuts, alcohol consumption, smoking, and infection
by certain viruses."! Chewing of Khat is one of the contributing
factors to oral cancer.”! Khat is chewed for its sympathomimetic and
psychotropic effects. These effects are due to ephedrine-like compounds
present in Khat.®! In addition, Khat contains potent carcinogens
and

such as 4-(N-methyl-N-nitrosamino)-4-(3-pyridyl)-1-butanal

4-(N-methyl-N-nitrosamino)-1-(3-pyridyl)-1-butanone.”’ A wide
variety of therapeutic agents are being prescribed for the treatment of
oral cancer. However, the anticancer agents affect the normal cells also,

limiting their clinical applications.
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reduced glutathione and Lipid peroxidation.

e Further, nitric oxide levels and catalase activity was decreased indicating
oxidative stress.

* Pro apoptotic gene Bax expression was increased and apoptotic gene cMyc
decreased on treatment with brucine in dose dependent manner.

Brucine induces apoptosis in oral cancer cells in vitro through elevating ROS
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Abbreviations used: ROS: Reactive oxygen species; NO: Nitric
oxide; TBARS: Thiobarbituric acid; DMEM: Dulbecco’'s Modified Eagle
Medium; FBS: Fetal bovine serum; MTT: 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide; DMSQO: Dimethyl sulfoxide; NED: N-(1-
Naphthyl)ethylenediamine; SDS: Sodium dodecyl sulphate; DCFH-DA:
Dichloro dihydro fluorescein diacetate; PBS:
Phosphate buffered saline.
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Strychnos nux-vomica L. is found in tropical and subtropical regions.
The seeds of this plant contain a natural alkaloid called brucine. A wide
range of diseases are treated by brucine in traditional Chinese folk
medicine. Brucine has also been found to have anticancer activities
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against a wide range of tumors.*® It has been shown to supress
hepatocellular carcinoma.” Brucine has also been shown to supress
vascular endothelial growth factor (VEGF) during breast cancer
metastasis, which is essential for the development of cancers.®’! In
colorectal cancers, brucine has been shown to impair Wnt/B-catenin
pathway and control the cancer progression and metastasis.””’ Similarly,
brucine has been shown to inhibit hepatic cancer by employing
various pathways that include c-Jun N-terminal kinase (JNK) to cause
apoptosis.["”!

Even though a wide range of antineoplastic agents are currently in use
for treating various types of cancers, the spectrum of adverse drug
reactions limits the clinical application of the drugs. Doxorubicin,
cisplatin, carboplatin, 5-fluorouracil, paclitaxel, docetaxel, hydroxy
urea, and so on have been used for the treatment of oral cancers. With
this background, it is necessary to find effective alternative therapeutic
agents for treating cancer. Therefore, in the current work, we evaluated
the effectiveness of brucine in alleviating oral cancer.

MATERIALS AND METHODS

Source of chemical and reagents
3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyl  tetrazolium  bromide
(MTT) - Cat. No. M6494, Dulbeccos modified Eagle medium
(DMEM) - Cat. No. 11965092, fetal bovine serum (FBS) — Cat. No.
A4736401, nitro blue tetrazolium (NBT) - Cat. No. N6495, potassium
hydroxide (KOH) - Cat. No. R21231, dimethyl sulfoxide (DMSO) - Cat.
No. D12345, KClI - Cat. No. AM9640G, 5,5 -dithiobis-(2-
nitrobenzoic acid) (DTNB) - Cat. No. D8451, Tris HCl - Cat.
No. 15506017, and Nucleospin - Cat. No. K180001 were purchased
from Thermo Fisher Scientific. N-(1-naphthyl)-ethylenediamine
dihydrochloride (NED) - Cat. No. 222488, thiobarbituric acid reactive
substance (TBARS) - Cat. No. T5500, Malondialdehyde (MDA) -Cat.
No. 383538, brucine - Cat. No. 357573, hydrogen peroxide - Cat.
No. 609978, and sulfanilamide - Cat. No. 63741 K180001 were
purchased from Sigma Aldrich Chemicals Pvt Ltd.

MTT assay

Cytotoxic effects of brucine were measured by a modified method
of Sylvester et al.'V! Similar protocol have been adapted in KB cells
(Human epithelial carcinoma cells).!"! The KB cells with a seed density
of 1 x 10° cells were grown in a 96-well plate. The cells were treated
with 10 different concentrations of brucine from 10 to 100 ug/ml.
After incubation for 24 h, 15 ul of MTT at a concentration of 0.5 mg/
ml was added and incubated at 37°C for another 4 h. The supernatant
was discarded, and formazan crystal was dissolved in 0.1 ml of DMSO.
The solubilized crystal was mixed for 10 min, and the absorbance
was measured at 490 and 630 nm. The effect of the compound on KB
cell line and cell control was evaluated based on IC, (half maximal
inhibitory concentration) obtained by 50% inhibition of cells using the
formula:

% of inhibition = (1- [A

A, {treated}/A - A, {control}] x 100)

490 ~ “1630 { 630

Cell viability assay

The viability of KB cell line was tested by the method of Strober et al.!"’!
About 1 x 10° cells/ml of KB cells were seeded in DMEM with 1% FBS
and penicillin-streptomycin at 100 U/ml/100 pg/ml and incubated
for 2 h. Different concentrations (10-100 ug) of brucine were added
to the cells and further incubated again for 24 h. The viable cells were
analyzed by trypan blue using hemocytometer. The viable cell density
was expressed in percentage using the formula

% cell viability = (number of viable cells/total number of cells) x 100.
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Morphological analysis of cells

Morphological changes of cells undergoing apoptosis were analyzed as per
the protocol given in Moongkarndi et al'** with some modifications. Cells
were grown in six-well cell culture plates for 24 h at 37°C in the presence of
5% CO, atmosphere. Different concentrations of brucine (10, 30, 100 pg/
ml) were added to cells and incubated for 24 h. Then, they were observed
for morphological changes under a phase-contrast inverted microscope.

Measurement of apoptosis by acridine
orange/ethidium bromide dual staining

The apoptosis of KB cell line was investigated by incorporating
Mironova et al.'*! and Smith et al.'¥ In this, 5 x 10* cells/well were
seeded and incubated for 24 h at 5% CO,. After treatment with varying
concentrations of brucine, the cells were subjected to centrifugation
and the pellet was washed thrice with phosphate-buffered saline (PBS).
The cells were subjected to dual staining with acridine orange/
ethidium bromide (AO/EB) in a ratio of 1:1 (100 ug/ml), incubated
for 3-5 min, and observed under a fluorescent microscope.

Estimation of reactive oxygen species

NBT assay was performed as presented by Zhang et all'! In this,
1 x 10° cells/well were seeded in 96-well plates and incubated for 24 h.
After confluent monolayer was reached, different concentrations of
brucine were added and again incubated for 24 h. Ten microliters of
0.05 g/ml NBT solution was added with aspirated medium and incubated
for 1 h. This was followed by addition of 60 ul of 2 M KOH with 70 ul of
DMSO to each well, and the absorbance was read using a multiclan plate
reader at 630 nm.

Nitric oxide assay

To estimate the nitric oxide (NO) concentration, the method described
in Wahyuni et al.'® was used. In this, 100 pl (100 pM) of nitrite solution
was added to 96-well cell culture plate to obtain nitrite standard curve
at concentrations of 100, 50, 25, 12.5, 6.25, 3.13, and 1.56 uM. To 50 pl
of supernatant of the treated cells (concentration of 10, 20, 30, 40,
50 pg/ml), equilibrated sulfanilamide solution and NED solution were
added. The reaction was protected from light and 50 ul of 0.1% NED
solution was also added to all wells, and the absorbance was read at 520
and 550 nm within 30 min after color formation.

Lipid peroxidation assay

Lipid peroxidation was assayed by the method of Ohkawa et al.” The
treated cells were homogenized with ice-cold KCI buffer and subjected
to centrifugation at 5000 g for 5 min. One hundred microliters of the
supernatant was mixed with 0.2 ml of 8.1% Sodium dodecyl sulphate
(SDS) and 1.5 ml of 20% acetic acid and incubated for 10 min. To this
reaction mixture, 1.5 ml of 0.8% TBARS buffer was added with 0.7 ml of
distilled water and incubated for 1 h at 95°C. To this, 5 ml of butanol and
pyridine mixture (15:1) was mixed and centrifuged at 5000 g for 15 min,
and the absorbance values were measured at 532 nm. The standard curve
was carried out with MDA with different concentrations and expression
measured as M.

Estimation of reduced glutathione

Glutathione (GSH) was estimated by DTNB reduction assay of Pippenger
et al.,” with some modifications. Forty milligrams of DTNB was dissolved
using 10 ml of DMSO and diluted 100-fold using Tris-HCI (0.1 M; pH 7.5).
Aliquot 950 ul of 0.1 mM DTNB and add 50 pl ofspin medium from cells
treated with different concentrations of brucine (10, 20, 30, 40, 50 ug/
ml) and further vortexed and incubated for 2 min at room temperature.
Absorbance was spectrophotometrically measured at 412 nm.

Pharmacognosy Magazine, Volume 18, Issue 79, July-September 2022



YAHYA H. HOBANI: Anticancer Activity of Brucine on Oral Cancer in vitro

Catalase activity

The activity of catalase was measured by the method of G6th et al.?!I The
cells were treated with five different concentrations of brucine ranging
from 10 to 50 pug/ml. These cells were centrifuged and the supernatant
was separated. To 200 pl of the supernatant, 1 ml of H O, (65 uM) and
1 ml of ammonium molybdate (32.4 mM) were added and observed
for yellow complex formation, and the absorbance was measured at
405 nm. The formula used for determining catalase activity was

A le)— A(blankl
Catalase activity (kU/1) = (samp e) (blank1) X
A (blank2) — A(blank3)

Blank 1 contains 1 ml substrate, 1 ml ammonium molybdate, and 0.2 ml
sample; blank 2 contains 1 ml substrate, 1 ml ammonium molybdate,
and 0.2 ml buffer; and blank 3 contains 1.2 ml buffer and 1 ml molybdate.

Polymerase chain reaction

DNA was extracted using DNA isolation kit (Nucleospin) according to
the manufacturer’s instructions. Polymerase chain reaction (PCR) was
carried out using a gradient thermal cycler machine. In this, 4.5 pl of
template DNA was added to 12.5 ul of 1X PCR Emerald master mixture
with 1 pl each of the specific primers and the remaining volume of 25 ul
was made up with Milli Q water. Standard PCR conditions were followed.
The annealing temperatures were 54°C, 59.6°C, and 54.3°C for genes
[-Actin, cMyc, and Bax, respectively. The DNA obtained from PCR was
analyzed in agarose gel electrophoresis (1% agarose) in 1X Tris-acetate-
EDTA (TAE) buffer at 50 V for 2 h, visualized under ultraviolet (UV)
and photographed.

Statistical analysis

Experiments were carried out in triplicate, and the results were analyzed
by GraphPad Prism 5 software (GraphPad Software Inc., San Diego, CA,
USA). The data obtained was expressed as mean + standard deviation
with one-way analysis of variance (ANOVA) (Tukey’s multiple ¢-test).

RESULTS
Cytotoxicity

Brucine is abundantly found in S. nux-vomica. In the current experiment,
we evaluated the cytotoxicity of brucine on oral cancer cell line
(KB cells). The toxicity of the compound was evaluated on cancer cells
by MTT assay. Brucine was added to KB cells at 10 concentrations from
10 to 100 pg/ml [Figure 1a]. The experiment revealed a dose-dependent
cytotoxicity of brucine. The IC, value of brucine was calculated to be
30 ug/ml in KB cell line.

Cell viability assay

The oral cancer cells’ response to brucine, in terms of viability, was
estimated by trypan blue exclusion assay. Brucine was added to KB cells
at 10 concentrations from 10 to 100 ug/ml and the viability of cells was
observed [Figure 1b]. A dose-dependent decrease in viability of cells
was observed with an increasing concentration of brucine. Beyond the
concentration of 60 ug/ml, there was only 10% cell viability, indicating
the strong anticancer activity of the compound. Microscopic observation
of brucine-treated KB cells under phase-contrast microscope revealed
a dose-dependent decline in cell viability. At 100 ug/ml, there was
a considerable reduction in the number of live cells with visible
morphological aberrations (P < 0.0001) [Figure 2a].

AO/EB dual staining

The AO/EB staining was performed to evaluate if the mode of cellular
death was through apoptosis. Cells undergoing apoptosis display a
variety of changes. The exposure to brucine to KB cells triggered a
number of morphological changes including membrane blebbing and
chromatin condensation [Figure 2b].

Estimation of reactive oxygen species

Reactive oxygen species (ROS) is a contributing factor to apoptosis,
and for this reason, we estimated the level of ROS in KB cells after
treatment with brucine. A dose-dependent elevation in ROS levels was
observed (P < 0.0001) [Figure 3a].

Lipid peroxidation analysis and estimation of NO

Since there was a decline in the number of viable cells with aberrant
morphological changes, cell death could have been caused by elevated
ROS. Therefore, TBARS assay was carried out to quantify the extent of
lipid peroxidation. The KB cells were treated with five concentrations
(10-50 pwg/ml) of brucine. The experiment showed a dose-dependent
elevation in the quantity of malondialdehyde [Figure 3c]. With strong
evidence of the involvement of lipid peroxidation, we further evaluated the
involvement of NO in causing cell death. With increasing concentrations
of brucine, a decline in NO levels could be witnessed [Figure 3b].
A stronger suppression of NP was seen in the KB cells treated with 50 ug/
ml of brucine (P < 0.0001).

GSH assay

GSH is a tripeptide that exists in both oxidized and reduced forms.
Treatment of KB cells with brucine showed a dose-dependent increased
in the amount of GSH [Figure 3d]. Even at a concentration as low as
10 pug/ml, there was a significant increase in the GSH (P < 0.0001).

Cytotoxicity Assay

Inhibition (in %)

0 10 20 30 40 50 60

Concentration pg/ml

70 80

Viability %

Concentration

Figure 1: Effect of brucine on cell proliferation. (a) Cytotoxicity of brucine on KB cell line increased with doses. (b) Trypan blue assay shows decrease in cell

viability with increase in concentration of brucine
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Figure 2: Antiproliferative activity of brucine. (a) Morphometric analysis by phase-contrast microscope shows morphological changes in a dose-dependent
manner. (b) AO/EB dual staining shows apoptosis induction in dose-dependent manner. AO/EB = acridine orange/ethidium bromide
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Figure 3: Effect of brucine on (a) ROS, (b) NO, (c) TBARS, (d) GSH, and (e) catalase in KB cell line. ROS, LPO, and GSH showed significant increase on treatment
with brucine, whereas the NO and catalase levels were reduced. GSH = glutathione, LPO = lipid peroxidation, NO = nitric oxide, ROS = reactive oxygen
species, TBARS = thiobarbituric acid reactive substance

Catalase assay cancer cells, there was an elevated amount of catalase, whereas its
To further evaluate the status of antioxidant enzymes, we activity reduced in a dose-dependent manner on treatment with
estimated the activity of catalase enzyme. It was found that in  brucine (P < 0.0001) [Figure 3e].
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Figure 4: Effect of brucine on the gene expression of Bax and cMyc

Gene expression analysis

cMyc is an oncogene whose role in oral cancer progression has
been well documented. cMyc gene products promote oral cancer
cell migration and proliferation.” The expression pattern of cMyc
gene was assessed by PCR. The expression of cMyc gene declined
in a dose-dependent manner following brucine treatment in KB
cells, implying that the compound has a strong inhibitory activity
on the expression of cMyc gene. To further decipher the molecular
mechanism of brucine-mediated apoptosis, the involvement of the
proapoptotic gene Bax was assessed by PCR [Figure 4]. Brucine
increased the expression of the gene increased in a dose-dependent
manner.

DISCUSSION

The main source of Brucin is the seeds of Strychnos nux-vomica L.
(Loganiaceae). In Chinese medicine, the plant has been widely utilized
for treating a variety of diseases such as neuronal system disorders,
dyspepsia, and chronic rheumatism.®! In liver cancer cells, brucine has
been shown to cause mitochondrial depolarization by affecting calcium
homeostasis and thereby inhibit proliferation of liver cancer cells.””
Brucine is not only effective on liver cancers but also on a variety of other
cancers.?*! In the current work we studied the anti-cancer activity of
brucine against oral cancer in vitro.

Since an effective anti-cancer drug is supposed to induce cell death,
we first evaluated the cytotoxic effect of brucine on KB cells in vitro by
MTT assay. Brucine displayed cytotoxicity with an IC, value of 30 pg/
ml [Figure 1A]. In parallel, we evaluated the viability of cells by tryphan
blue assay and the pattern of viability complemented the cytotoxicity.
At 30 pg/ml there was a stronger decrease in the number of viable cells.
[Figure 1B]. Though there was a stronger cytotoxicity by brucine the
mode of death is a point of concern. To be a better anti-cancer agent it
should induce apoptosis rather than causing necrosis by triggering the
genes which cause apoptosis. Therefore, we recorded the appearance of
KB cells treated with brucine through phase contrast microscope. The
micrographic images are another line of evidence for the elicitation of
cell death in a dose-dependent manner [Figure 2A]. Significant changes
in the shape were observed in KB cells treated with brucine. Microscopic
images revealed that the cells were rounded up and detached from the
surface which are evidences of ongoing apoptosis. It is clear that brucine
has induced morphological changes indicative of apoptosis. Our results
are in agreement with earlier findings that brucine causes arrest of G1
phase in cell cycle and causes apoptosis in LoVo cells.”*!

Acridine orange/ethidium bromide dual staining revealed strong signs
of apoptosis. The cell death caused by apoptosis is triggered because of
the genes associated with a wide range of apoptotic markers. Acridine
orange has the inclination to penetrate only the intact cells and early

Pharmacognosy Magazine, Volume 18, Issue 79, July-September 2022

apoptotic cells. There is a possibility that Brucine might cause apoptosis
by intercalating with the DNA. Upon entering the cells acridine orange
binds with DNA and emits fluorescent green colour. On the other
hand, ethidium bromide shows selective affinity towards damaged cells
and causes oranges red fluorescence upon binding to the DNA.I" The
fluorescence image clearly indicates that brucine induces apoptosis in
KB cell lines in a dose-dependent manner. At lower concentrations of
brucine, early apoptotic cells and intactcells could be visualized. Very
small number of late apoptotic cells wasseen. In the medium dose,
the relative proportion of preliminary and late apoptotic cells seen.
By contrast, higher dose of brucine induced a large number of late
apoptotic cells. In a nutshell, brucine caused apoptosis in KB cells in a
dose-dependent manner.

Lipid peroxidation is one of the side effects of uncontrolled ROS.
Peroxidation of lipid membrane may affect the overall architecture of
the cells. Due to the peroxidation of the lipid membrane the fluidity of
the membrane is lost and ultimately result in loss of cellular integrity.?”!
Extensive lipid peroxidation can also induce apoptosis.®® TBRAS assay
demonstrated a dose dependent increase in lipid peroxidation in
response to increasing dose of brucine. Therefore, it is compelling
evidence that brucine causes lipid peroxidation because of oxidative
stress which subsequently lead to apoptosis. The mechanism could be
that the lipid peroxidation would have caused cytochrome C release
from mitochondria through activation of caspase-3.%%’!

Nitric oxide negatively regulates apoptosis.” Therefore, the extent
of nitric oxide in KB cells in response to brucine was evaluated.
Surprisingly there was a strong suppression of nitric oxide even at very
low concentrations. [Figure 3B] Moreover, suppression of nitric oxide is
required for Bax induction, a pro-apoptotic gene. From our experiments
itis very clear that brucine inducers apoptosis in oral cancer cells through
suppression of nitric oxide. On the other hand, nitric oxide is supposed
to suppress lipid peroxidation.® However, since the nitric oxide level
is decreasing it may well be correlated with elevated lipid peroxidation.

Glutathione protects the cell from oxidative damage.”? The KB cells
treated with brucine caused a dose-dependent decrease in GSH levels.
This correlates well with induction of apoptosis. (Figure 3 D) Further,
we evaluated the anti-oxidant activity of catalase enzyme. There was
a strong decline in the catalase activity in response to treatment with
brucine [Figure 3E].

Catalase activity is impaired by brucine in a dose-dependent manner
and therefore, the oxidative stress was elevated in KB cells. Cancer cells
develop resistance to oxidative stress through increased expression of
catalase.’** Otherwise, elevated amounts of oxidative stress can result
in apoptosis. Suppression of catalase is one of the strategies for inducing
apoptosis in tumor cells.’” ROS can initiate apoptosis in a number of
cells by a variety of mechanisms.®® Therefore, we estimated the oxidative
stress in oral cancer cells after treatment with brucine. A dose-dependent
increase in ROS in response to brucine was witnessed, indicating that
brucine induces oxidative stress. A wide array of evidence suggests that
oxidative stress can strongly induce apoptosis.’”**! Therefore, in the
current experiment, it is convincing that suppression of catalase could be
one of the reasons for the induction of apoptosis of cancer cells.

Triggering of proapoptotic genes occurs through ROS. ROS can
prompt the expression of the gene Bax. Estimation of the expression
of Bax gene in response to brucine was done by PCR. There was a
dose-dependent increase in the expression of the gene Bax, indicating
the role of ROS-mediated apoptosis.* In addition, we also evaluated
the expression of an oncogene cMyc. Brucine strongly suppressed cMyc
expression. cMyc expression is necessary for the expression of genes
involved in cancer cell progression. Brucine suppresses the expression of
the oncogene cMyc and inhibits cancer cell proliferation.*!
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CONCLUSION

Brucine is effective in suppressing the growth of oral cancer (KB) cells
in vitro. Morphologically, the cells treated with brucine underwent
changes such as rounding up and detachment from the surface. AO/EB
staining revealed strong induction of apoptosis. Brucine also induced
ROS in a dose-dependent manner, which potentially could have
triggered apoptosis. In addition, lipid peroxidation was also induced by
brucine, which could be another trigger for apoptosis. In parallel, the
antiapoptotic signal was suppressed by decreased levels of NO. Decline
of GSH concentration is another indication of increased apoptosis.
Further, the antioxidant activity was decreased by impaired catalase
activity, thereby increasing the chances of apoptosis. The molecular
mechanism of brucine-induced apoptosis lies in increased expression
of the gene Bax and suppression of the oncogene cMyc. In short, ROS
induced by brucine induces the expression of Bax gene and causes
apoptosis. However, the study is limited by the fact that the experiment
was only done in vitro. Further, the current study needs to be extended
in vivo to find the efficacy of brucine.

Acknowledgements
I would like to thank Jazan University for the support.

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of interest.

REFERENCES

1. Chen CY, Chiou SH, Huang CY, Jan CI, Lin SC, Hu WY, et al. Tid1 functions as a tumour

suppressor in head and neck squamous cell carcinoma. J Pathol 2009;219:347-55.

N

. Fasanmade A, Kwok E, Newman L. Oral squamous cell carcinoma associated with khat
chewing. Oral Surg Oral Med Oral Pathol Oral Radiol Endod 2007;104:e53-5. doi: 10.1016/j.
tripleo. 2007.01.010.

w

. Kassie F Darroudi F Kundi M, Schulte-Hermann R, Knasmdiller S. Khat (Catha edulis)
consumption causes genotoxic effects in humans. Int J Cancer 2001;92:329-32.

4. Halbach H. Medical aspects of the chewing of khat leaves. Bull World Health Organ
1972:47:21-9.

5. Liu F Wang X, Han X, Tan X, Kang W. Cytotoxicity and DNA interaction of brucine and
strychnine-Two alkaloids of semen strychni. Int J Biol Macromol 2015;77:92-8.

6. Qin JM, Yin PH, Li Q, Sa ZQ, Sheng X, Yang L, et al. Anti-tumor effects of brucine

immuno-nanoparticles on hepatocellular carcinoma. Int J Nanomed 2012;7:369-79.

Shu G, Mi X, Cai J, Zhang X, Yin W, Yang X, et al. Brucine, an alkaloid from seeds of Strychnos

nux-vomica Linn., represses hepatocellular carcinoma cell migration and metastasis: The role

of hypoxia inducible factor 1 pathway. Toxicol Lett 2013;222:91-101.

~

0o

. Li R Zhang M, Ma WJ, Sun X, Jin FP. Effects of brucine on vascular endothelial growth factor
expression and microvessel density in a nude mouse model of bone metastasis due to
breast cancer. Chin J Integr Med 2012;18:605-9.

©

. Shi X, Zhu M, Kang Y, Yang T, Chen X, Zhang Y. Wnt/B-catenin signaling pathway is involved
in regulating the migration by an effective natural compound brucine in LoVo cells.
Phytomedicine 2018;46:85-92.

10. Liang X, Fan G, Ren H, Zhao J, Wei J, Zhang F Brucine-induced apoptosis of human
hepatocellar carcinoma Hep G2 cells via JNK-Fas pathway. Chin Rem Clin 2017;17:1105-8.

11. Sylvester PW. Optimization of the tetrazolium dye (MTT) colorimetric assay for cellular
growth and viability. Methods Mol Biol 2011;716:157-68.

12. Shen S, Tang J. Effects and mechanism of GA-13315 on the proliferation and apoptosis of KB
cells in oral cancer. Oncol Lett 2017;14:1460-3.

13. Strober W. Trypan Blue Exclusion Test of Cell Viability. Curr Protoc Immunol. 2015;111:1-3.
doi:10.1002/0471142735.ima03bs 111.

14. MoongkarndiP KosemN, Kaslungka$S, LuanratanaO, PongpanN, Neungton N. Antiproliferation,

592

17

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37

38.

39.

40.

antioxidation and induction of apoptosis by Garcinia mangostana (mangosteen) on SKBR3

human breast cancer cell line. J Ethnopharmacol 2004;90:161-6.

. Mironova EV, Evstratova AA, Antonov SM. A fluorescence vital assay for the recognition and

quantification of excitotoxic cell death by necrosis and apoptosis using confocal microscopy
on neurons in culture. J Neurosci Methods 2007;163:1-8.

. Smith SM, Ribble D, Goldstein NB, Norris DA, Shellman YG. A simple technique for

quantifying apoptosis in 96-well plates. Methods Cell Biol 2012;112:361-8.

Zhang HJ, Zhao W, Venkataraman S, Robbins MEC, Buettner GR, Kregel KC, et al.
Activation of matrix metalloproteinase-2 by overexpression of manganese superoxide
dismutase in human breast cancer MCF7 cells involves reactive oxygen species.
J Biol Chem 2002;277:20919-26.

. Wahyuni FS, Israf Ali DA, Lajis NH, D D. Anti-inflammatory activity of isolated compounds

from the stem bark of Garcinia cowa Roxb. Pharmacogn J 2016;9:55-7.

. Ohkawa H, Ohishi N, Yagi K. Assay for lipid peroxides in animal tissues by thiobarbituric acid

reaction. Anal Biochem 1979;95:351-8.

Pippenger CE, Browne RW, Armstrong D. Regulatory antioxidant enzymes. Methods Mol
Biol 1998;108:299-313.

Goth L. A simple method for determination of serum catalase activity and revision of
reference range. Clin Chim Acta 1991;196:143-51.

Wang T, Cai B, Ding M, Su Z, Liu Y, Shen L. c-Myc overexpression promotes oral cancer cell
proliferation and migration by enhancing glutaminase and glutamine synthetase activity. Am
J Med Sci 2019;358:235-42.

Guo R, Wang T, Zhou G, Xu M, Yu X, Zhang X, et al. Botany, phytochemistry, pharmacology
and toxicity of Strychnos nux-vomica L.: A review. Am J Chin Med 2018;46:1-23.

Li M, Li B Zhang M, Ma F. Brucine suppresses breast cancer metastasis via inhibiting
epithelial mesenchymal transition and matrix metalloproteinases expressions. Chin J Integr
Med 2018;24:40-6.

Qin J, Yang L, Sheng X, Sa Z, Huang T, Li Q, et al Antitumor effects of brucine
immuno-nanoparticles on hepatocellular carcinoma in vivo. Oncol Lett 2018;15:6137-46.
Zheng L, Wang X, Luo W, Zhan Y, Zhang Y. Brucine, an effective natural compound derived
from nux-vomica, induces G1 phase arrest and apoptosis in LoVo cells. Food Chem Toxicol
2013;58:332-9.

Dix TA, Aikens J. Mechanisms and biological relevance of lipid peroxidation initiation. Chem
Res Toxicol 1993;6:2-18.

Choudhary S, Zhang W, Zhou F, Campbell GA, Chan LL, Thompson EB, et al. Cellular lipid
peroxidation end-products induce apoptosis in human lens epithelial cells. Free Radic Biol
Med 2002;32:360-9.

Ma 'Y, Ogino T, Kawabata T, Li J, Eguchi K, Okada S. Cupric nitrilotriacetate-induced apoptosis
in HL-60 cells association with lipid peroxidation, release of cytochrome ¢ from mitochondria,
and activation of caspase-3. Free Radic Biol Med 1999;27:227-33.

Briine B, von Knethen A, Sandau KB. Nitric oxide and its role in apoptosis. Eur J Pharmacol
1998;351:261-72.

Violi F, Marino R, Milite MT, Loffredo L. Nitric oxide and its role in lipid peroxidation. Diabetes
Metab Res Rev 1999;15:283-8.

Forman HJ, Zhang H, Rinna A. Glutathione: Overview of its protective roles, measurement,
and biosynthesis. Mol Aspects Med 2009;30:1-12.

Bauer G. Tumor cell-protective catalase as a novel target for rational therapeutic approaches
based on specific intercellular ROS signaling. Anticancer Res 2012;32:2599-624.

Bechtel W, Bauer G. Catalase protects tumor cells from apoptosis induction by intercellular
ROS signaling. Anticancer Res 2009;29:4541-57.

Scheit K, Bauer G. Direct and indirect inactivation of tumor cell protective catalase by salicylic
acid and anthocyanidins reactivates intercellular ROS signaling and allows for synergistic
effects. Carcinogenesis 2015;36:400-11.

Redza-Dutordoir M, Averill-Bates DA. Activation of apoptosis signalling pathways by reactive
oxygen species. Biochim Biophys Acta 2016;1863:2977-92.

Simon HU, Haj-Yehia A, Levi-Schaffer F Role of reactive oxygen species (ROS) in apoptosis
induction. Apoptosis 2000;5:415-8.

Hekimi S, Wang Y, Noé A. Mitochondrial ROS and the effectors of the intrinsic apoptotic
pathway in aging cells: The discerning killers! Front Genet 2016;7:161.

Pawlowski J, Kraft AS. Bax-induced apoptotic cell death. Proc Natl Acad Sci U S A
2000;97:529-31.

Miller DM, Thomas SD, Islam A, Muench D, Sedoris K. c-Myc and cancer metabolism. Clin
cancer Res 2012;18:5546-53.

Pharmacognosy Magazine, Volume 18, Issue 79, July-September 2022



