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Abstract

Present investigation evaluates the anti tumor activity of stachydrine by inhibiting histone diacetylase
enzyme in gastric cancer. Gastric cancer was induced by chronic administration of 1-Methyl-3-nitro-1-
nitrosoguanidine (MNNG) for 40 weeks. Thereafter rats were treated with stachydrine (5 and 10 mg/kg,
IP) for 8 week. Antitumor activity was assessed at the end of protocol by estimating lactate
dehydrogenase (LDH) concentration in the serum and Cell cycle, apoptosis ratio, HDAC activity,
expression of acetylated H3&4 proteins, markers of oxidative stress [superoxide dismutase (SOD) &
glutathione peroxidase (GSH-Px)], cytokines and histopathological study of gastrointestinal tissues was
also done in MNNG induced gastric cancerous rats. There were significantly (p<0.01) decreases the
concentration of LDH in serum of stachydrine treated rats compared to MNNG induced gastric
cancerous rats. It was observed that alteration in the cell cycle and apoptosis in the gastrointestinal
tissues with the stachydrine treatment compared to cancerous rats. Moreover, activity of HDAC,
markers of oxidative stress and level of cytokine significantly (p<0.01) decreases in the gastrointestinal
tissues of stachydrine treated rats compared MNNG induced gastric cancerous rats. Histopathology of
gastric tissue suggested that stachydrine treatment reverse the hyperplasia, metaplasia in MNNG
induced gastric cancerous rat. Present study concludes that stachydrine ameliorates the gastric cancer
induced MNNG in rats on the virtue of its HDAC inhibition activity.
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Introduction
Gastric tumor is the cancer develops through epithelial cells of
stomach and it is the 2nd most cause of mortality throughout
the world by malignant diseases [1]. Increased level of
oxidative stress and inflammatory mediators resulted in the
development of cancer and the antioxidant drugs found to
ameliorates the gastric cancer [2]. Histone deacetylase
(HDAC) are the enzymes which control the expression of gene
and functions of different proteins. HDAC inhibitor decreases
the expressions of inflammatory mediators like p53, cytokines
and NFκB [3]. Previous study reported that inhibition of
HDAC enzyme reduces the oxidative stress and thus manages
the chronic disorders [4]. It is reported that expressions of
HDAC increases in all types of cancer cells including gastric
cancer and thus HDAC inhibitors effectively treat the cancer
[5,6]. Drug used in the management of cancer has several side
effects due to which several natural products were investigated
for the management of cancer. Stachydrine is an alkaloid
isolated from Leonurus cardiaca L. (Lamiaceae). Previous

studies reported that stachydrine possesses a strong
hypoglycemic and in cardiovascular diseases [7,8]. Reports
study proves stachydrine’s beneficial effect on endothelial and
it also ceases the synthesis of inflammatory mediators [9]. A
fluorimetric assay identified the HDAC inhibitors from a
herbal extract of Leonurus cardiaca L. by enzymatic assay
[10]. On the basis of this the present study investigates the anti
tumor activity of stachydrine by inhibiting HDAC enzymes in
gastric cancer.

Material and Methods

Animals
Sprague-Dawley rats pregnant were procured from the Avian
Disease Research Center, Sichuan Agricultural University,
China. Animals were kept under controlled condition as per the
guidelines (cycle of 12 hr light/day, pathogen free). All the
experimental procedures on animals were approved by ethical
committee of the institution.
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Induction of gastric cancer
Gastric cancer was induced by MNNG (Sigma, USA) at a
concentration of 100 mg/L in the drinking water of rats for the
period of 40 weeks. All the rats selected for the study were
divided into two groups. Group I was treated with vehicle and
Group II rats were treated with MNNG in drinking water for
40 week. Thereafter Group II rats were separated in to three
groups. Group IIa was treated only with MNNG whereas IIb &
IIc groups were treated with 5 mg/kg and 10 mg/kg of
stachydrine through ip injection for the period of 8 weeks. All
the rats were sacrificed at the end of the study [11]. Blood
sample of all the rats were collected before the scarifying them
for the estimation of lactate dehydrogenase level in the serum.
Whereas, histopathological evaluation, apoptosis analysis and
HDAC expression was estimated in the gastric tissue isolated
from rats.

Estimation of lactate dehydrogenase
Lactate dehydrogenase activity in the rat serum was estimated
by LDH kit. Activity of lactate dehydrogenase was estimated
by measuring the absorbance at 340 nm using UV
spectrophotometer [11].

Figure 1. Effect of stachydrine on serum LDH in MNNG induced
gastric cancerous rats. Values are Mean ± SD (n=8), @p<0.01 vs
Group I, **p<0.01 vs Group IIa.

Evaluation of status of cell cycle and apoptosis
Stomach tissues of all the rats were slices and epithelial surface
of it shaved completely. There after gastric cells were separated
by trisinization and neutralized by adding FBS. Thereafter cells
were collected by filtering through a mesh. Collected cells
were washed with phosphate buffered saline and centrifuged
the cells were fixed for 1 hr in PBS. Later cells were
centrifuged and incubated for 10 min time with RNase. Cells
were stained by using propidium iodide for the period of 15
min and analysis was done by using flow cytometer
(FACScalibur, USA) [11].

Tissue preparation for protein analysis
Gastrointestinal tissues were homogenate with ice cold buffer.
The composition of buffer is 2 mM EDTA and protease
inhibitor (1%) mixed in tris buffer (TBS). The fraction of

nuclear protein was extracted out by centrifuging it at 800 xg
for the period of 10 min and cytosolic protein by centrifuging
at 9200 xg for the period of 15 min. The supernatant was used
for the estimation of protein.

Estimation of HDAC activity
Colorimetric detection was used for the estimation of HDAC
activity by using kit (Upstate, CA). HDAC activity expressed
as % of group I by measuring the absorbance at 405 nm. Effect
of stachydrine on expressions of acetylated H3 and H4 was
estimated by using western blot analysis [12].

Figure 2. Effect of stachydrine on the cell cycle and apoptosis ratio
on MNNG induced gastric cancer in rats. a) Cells in G0-G1 Phase b)
Cells in S Phase c) Cells in G2-M Phase d) Apoptosis/Proliferation
Ratio. Values are Mean ± SD (n=8), @p<0.01 vs Group I, **p<0.01
vs Group IIa.

Estimation of biochemical analysis
The supernatant of tissue homogenate was used for the
estimation of cytokines by specific enzyme-linked
immunosorbent assay (ELISA) kits (Askenazi et al.; Ozdulger
et al.). Activity of SOD & GSH-Px in the gastrointestinal
tissues of MNNG induced gastric cancer in rats was estimated
by spectrophotometer (Shimadzu, Japan) [12].

Histopathological study
Gastric antra of all the rats were deep into 10% formalin
solution. Gastric tissues were dehydrated and then entrenched
in paraffin. Section of gastric tissue was stained by with
Hematoxylin and Eosin (H&E) and histopathological changes
were estimated at 40X [11].
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Result

Estimation of lactate dehydrogenase
Effect of stachydrine on serum LDH in MNNG induced gastric
cancerous rats was shown in Figure 1. There was significant
increase (p<0.01) in the serum LHD level up to 1150 U/L
compared to group I normal rats. Whereas, stachydrine
treatment in group IIb and group IIc with dose of 5 mg/kg &
10 mg/kg respectively decreases increased serum LDH level
compared to group IIa rats.

Figure 3A. Effect of stachydrine on MNNG induced gastric cancer in
rats; HDAC activity. Values are Mean ± SD (n=8), @p<0.01 vs
Group I, **p<0.01 vs Group IIa.

Figure 3B. Effect of stachydrine on MNNG induced gastric cancer in
rats; Acetylated H3 expression. Values are Mean ± SD (n=8),
@p<0.01 vs Group I, **p<0.01 vs Group IIa.

Estimation of cell cycle and apoptosis ration
Effect of stachydrine on the cell cycle and apoptosis ratio on
MNNG induced gastric cancer in rats was shown in Figure 2.
There was increase on G0-G2 phase cells and increase in G2-

M phase & S phase cell in group IIa rats. These alterations in
cell cycle and apoptosis ration found to be altered with
stachydrine treatment.

Effect of stachydrine on HDAC activity
Hypothesis of our study was confirmed by estimating the effect
of stachydrine on HDAC activity in the gastrointestinal tissues
of MNNG induced gastric cancer in rats as shown in Figure 3a.
It was observed that stachydrine decreases the activity of
HDAC enzyme in dose dependent manner in the
gastrointestinal tissues of MNNG induced gastric cancer in
rats. Moreover the effect of stachydrine on the expression of
acetylated H3 and H4 protein in the gastrointestinal tissues of
MNNG induced gastric cancer in rats were determines in this
study (Figures 3b and 3c). There were significant (p<0.01)
increases in the expression of acetylated H3 and 4 proteins
with the stachydrine treatment in the GIT cancerous tissues of
rats compared to group IIa.

Figure 3C. Effect of stachydrine on MNNG induced gastric cancer in
rats; Acetylated H4 expression. Values are Mean ± SD (n=8),
@p<0.01 vs Group I, **p<0.01 vs Group IIa.

Estimation of Cytokines in the gastrointestinal tissues
Figure 4 shows effect of stachydrine on the cytokine level in
gastrointestinal tissues of MNNG induced gastric cancer in
rats. There were significant (p<0.01) increase in the level of
TNFα in the brain tissues which confirms the cancer in MNNG
induced gastric cancer in rats compared to group I. Whereas,
stachydrine ameliorates the cancer of gastrointestinal tract by
significant (p<0.01) reduction in the level of TNFα compared
to group IIa rats (Figure 4a). Moreover the level of IL 10 found
to be increased significantly (p<0.01) in stachydrine treated
group of rats compared to group IIa (Figure 4a). Effect of
satchydrine on the TNFα and IL 10 were found to be in a dose
dependent manner.
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Figure 4. Effect of stachydrine on cytokine in the gastrointestinal
tissues of MNNG induced gastric cancer in rats (a) TNFα level (b) IL
10 level. Values are Mean ± SD (n=8), @p<0.01 vs Group I,
**p<0.01 vs Group IIa.

Table 1. Effect of stachydrine on parameters of oxidative stress in the
gastrointestinal tissues of MNNG induced gastric cancer in rats.

Sr. No. Group
SOD (U/100 mg wet
tissue)

GSH-PX (U/100 mg wet
tissue)

1 Group I 2.67 ± 0.23 192.7 ± 8.3

2 Group IIa 0.79 ± 0.12@ 96.8 ± 5.9@

3 Group IIb 1.73 ± 0.19** 130.6 ± 7.2**

4 Group IIc 2.18 ± 0.20** 169.2 ± 8.1**

Values are Mean ± SD (n=8), @p<0.01 vs Group I, **p<0.01 vs Group Iia

Figure 5. Histopathology of gastrointestinal cells in all the groups of
rats. A. Group I: Normal rats B. Group IIa: MNNG treated rats C.
Group IIb: Stachydrine (5 mg/kg) and MNNG treated rats D.
Stachydrine (10 mg/kg) and MNNG treated rats. (H&E staining,
40X).

Estimation of oxidative stress in gastrointestinal
tissues
Markers of oxidative stress parameters such as SOD and GSH
in the gastrointestinal tissues of MNNG induced gastric cancer
in rats were found to be decreased compared to group I rats. It
was observed that treatment with the stachydrine significantly
increases (p<0.01) in the SOD and GSH-PX level in the

gastrointestinal tissues and thereby it decreases the oxidative
stress in MNNG induced gastric cancer in rats as shown in
Table 1.

Histopathological study
Results of histopathological studies of gastrointestinal cells in
all the groups of rats were shown in Figure 5. It was observed
hyperplasia, metaplasia, dysplasia and adenoma were present
in the tissue section of group IIa rats. Whereas, treatment with
stachydrin reduces the number of hyperplasia and metaplasia
cell in MNNG treated rats and no evidences of adenoma and
dysplasia found in the gastrointestinal tissues of stachydrin
treated MNNG treated rats.

Discussion
Present investigation evaluates the anticancer activity of
stachydrine in MNNG induced gastric cancer by inhibiting the
HDAC activity in the gastrointestinal tissues. Its effect on
expression of acetylated H3 and 4 proteins, markers of
oxidative stress [superoxide dismutase (SOD) & glutathione
peroxidase (GSH-Px)], cytokines was estimated inMNNG
induced gastric cancerous rats. Globally, cancer of
gastrointestinal is one of the major causes of death. Treatment
options available for the management of gastric cancer are
chemotherapy after surgery [13]. Limitations of chemotherapy
emerge in to the development of alternative medicine for the
management of gastric cancer. Acetylation of histone has a
proved role in the development of cancer. Literature suggested
that the expression of HDAC found to be increases in the
cancerous tissue and the drug inhibits the HDAC used in the
treatment of gastric cancer [14]. MNNG is an alkylating agent
used for the induction of gastric cancer in animals. It is known
have higher rate of cancer induction compared to other
carcinogenic agents. Literature suggested that apoptosis ratio
was significantly increased in MNNG induced cancerous
tissues and treatment with stachydrine ameliorates the altered
cell cycle and apoptosis ratio in MNNG induced gastric
cancerous rats [15].

Literature reveals that increased oxidative stress and free
radical generation resulted in cancer [16]. This increased free
radical alters the cytokines expression and resulted in the
development of cancer [17]. Drugs having antioxidant
properties play a role in the prevention and treatment of cancer
[18]. However, stachydrine treatment decreases (p<0.01)
oxidative stress and alters the level of cytokine gastrointestinal
cancerous tissues. It also decreases the HDAC activity and
improves the expression of H3&4 proteins in the
gastrointestinal tissues of MNNG treated rats. Decrease in the
HDAC activity and increase in the expression of H3&4
proteins in gastrointestinal tissues by stachydrine treatment
confirm the possible mechanism of its anti-cancer activity in
gastrointestinal cancer. On the basis of all of the above
property stachydrine attenuate the gastric cancer in MNNG
induced gastric cancerous rats.
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Conclusion
Present study concludes the anti tumor activity of stachydrine
in MNNG induced gastric cancer in rats by virtue of its HDAC
inhibition activity.
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