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Abbreviations: DETAPAC, diethylenetriaminopentaacetic 
acid; CDNB, 1-chloro-2,4-dinitrobenzene; EDTA, 
ethylenediaminetertaacetic acid; DTNB, 5,5-dithiobis(2-nitrobenzoic 
acid); NBT, nitrobluetetrazolium; PMS, phenazine methosulphate; 
TBA, 2-thiobarbituric acid; SDS, sodium dodecyl sulphate; NADH, 
nicotinamide adenine dinucleotide; NADPH, nicotinamide adenine 
dinucleotide phosphate; TNB, 5-thio-(2-nitrobenzoic acid)]

Introduction
The plants and various microbes synthesize various secondary 

metabolites having complex chemical structure. Many of these 
secondary metabolites have formed the basis of numerous 
pharmacological agents.1,2 The screening of plants has provided an 
avenue for new drug discovery and many of the modern drugs have 
been isolated from the natural products.3–5 The modern chemotherapy 
drugs have been very useful in cancer treatment however, their 
constant use leads to acquired drug resistance.6,7 The complementary 
and alternative medicinal systems as treatment modalities is very 
old and they have been followed in various countries.8 The cancer 
patients also use these systems for healthcare in different countries, 
which emphasizes the importance of these system.9–13 This has given 
an impetus to screen natural products for new drug discovery. 

Helicia nilagirica Bedd. or Pasaltakaza in Mizo language (Family: 
Proteaceae) grows in lowlands to montane rain forests, up to an 

altitude of 1000 to 2,000 meters. It is also found along the streams, 
hilltops and ridges.14 H. nilagirica is traditionally used by tribals of 
Mizoram, India to treat indigestion, stomach ailments, peptic ulcers, 
gynaecological disorders, mouth ulcers and urinary tract infections. 
H. nilagirica is also used in the treatment of scabies and some skin 
disorders.15,16 H. nilagirica fruits are used in Sikkim to provide 
relief to cure cough and cold.15,16 There has been a recent report 
regarding the anti-inflammatory activity of H. nilagirica.17 The H. 
nilagirca aqueous extract has been reported to exert antineoplastic 
activity in vitro and in Dalton’s lymphoma ascites cells in tumorized 
mice.15,16 However, the systematic scientific evaluation of antioxidant 
enzymes and lipid peroxidation of H. nilagirica has not been studied. 
Therefore, the present study was performed to obtain an insight into 
the biochemical profile of Dalton’s lymphoma ascites tumour in Swiss 
albino mice treated with aqueous extract of Helicia nilagirica. 

Materials and methods
Chemicals

Glutathione (reduced), diethylenetriaminopentaacetic 
acid (DETAPAC), 1-chloro-2,4-dinitrobenzene (CDNB), 
ethylenediaminetertaacetic acid (EDTA), 5,5-dithiobis(2-
nitrobenzoic acid) (DTNB), nitrobluetetrazolium (NBT), phenazine 
methosulphate (PMS), sodium azide, 2-thiobarbituric acid (TBA), 
sodium dodecyl sulphate (SDS), nicotinamide adenine dinucleotide 
(NADH), nicotinamide adenine dinucleotide phosphate (NADPH), 
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Abstract

The present study was performed to obtain an insight into the biochemical profile of 
Dalton’s lymphoma ascites tumour bearing Swiss albino mice treated with aqueous extract 
of Helicia nilagirica. The mice bearing Dalton’s lymphoma ascites tumor was injected 
with 175mg/kg body weight of aqueous extract of H. nilagirica for nine consecutive days. 
Thereafter, the tumour cells were aspirated at 2, 4, 6, 8, 12 and 24h post drug treatment for 
the estimation of glutathione, glutathione-s-transferase, catalase, superoxide dismutase, and 
lipid peroxidation. The administration of tumorized mice with H. nilagirica aqueous extract 
caused a significant depletion in the glutathione contents and activities of glutathione-s-
transferase, catalase, superoxide dismutase in a time dependent manner up to 24 h post assay 
time, when compared to sterile physiological saline treated group. In contrast, treatment of 
tumorized mice with H. nilagirica aqueous extract resulted in a time dependent rise in 
the lipid peroxidation when compared to sterile physiological saline treated group. Our 
study demonstrates that the cytotoxic effect of H. nilagirica aqueous extract on Dalton’s 
lymphoma ascites tumour cells may be due to increased lipid peroxidation and reduction 
in the glutathione contents, activities of glutathione-s-transferase, catalase, and superoxide 
dismutase. 
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tetraethoxypropane, and 5-thio-(2-nitrobenzoic acid)] (TNB) were 
purchased from Sigma Chemicals Co. St. Louis, USA. Other routine 
chemicals were procured from Merck India, Mumbai. Doxorubicin 
hydrochloride was procured from Getwell Pharmaceuticals, Gurgaon, 
India.

Animal care handling 

The animal care and handling were carried out according to the 
guidelines of the INSA (Indian National Science Academy, New Delhi, 
India) and the World Health Organization, Geneva, Switzerland. 
Swiss albino mice were purchased from Pasteur Institute, Shillong, 
India and were bred before use in a controlled environment of 
temperature (24-25ºC), 50% humidity and 12h each of light and dark 
cycle. Usually 5-6 animals were housed in a sterile polypropylene 
cage containing paddy husk (procured locally) as bedding material. 
Six to eight weeks old female Swiss albino mice weighing 20-30g 
were used for the experimentation. The animals were maintained on 
commercially available food pellets and water ad libitum. All animal 
experiments were carried out according to NIH and Indian National 
Science Academy, New Delhi, India guidelines. The Institutional 
Animal Ethics Committee of Mizoram University, approved the entire 
study vide letter no. MZUIAEC141513, Aizawl, India.

Collection and preparation of the extract

The non-infected stem bark of Helicia nilagirica Bedd. (Family: 
Protaeceae) or Pasaltakaza was collected from Sialsuk, Aizawl 
District of Mizoram, India during the dry season and it was identified 
and authenticated by Botanical Survey of India, Shillong. The dried 
and cleaned stem bark of H. nilagirica was chopped into small pieces, 
and shade dried at room temperature in the dark and ground to powder 
at room temperature using an electrical grinder. The dried stem bark 
powder was weighed and 100 g of bark powder was sequentially 
extracted in petroleum ether, chloroform, ethanol and water in a 
Soxhlet apparatus.15,16 All the extracts were collected and dried by 
evaporating their liquid contents under reduced pressure. The aqueous 
extract was stored at -80°C until further use and will be called as HNA 
hereafter. 

Preparation of drug and mode of administration

The HNA was dissolved in sterile physiological saline (SPS), 
which was used for the present study. The animals were administered 
intraperitoneally with aqueous extract according to their body weight 
for nine consecutive days 1 day after tumor transplantation.16

Tumor model

Dalton’s lymphoma ascites (DLA) tumour was procured from the 
Department of Zoology, North- Eastern Hills University, Shillong 
and was maintained in the 10-12 weeks old female mice by serial 
intraperitoneal transplantation of 1x106 viable tumour cells per animal 
(in 0.25ml PBS, pH 7.4) under aseptic condition. The tumorized mice 
were used for experiments one day after inoculation of DLA cells. 

Experimental 

The effect of HNA on the activities of glutathione-s-transferase 
(GST), catalase (CAT), superoxide dismutase (SOD), glutathione 
(GSH) and lipid peroxidation (LOO) were assessed in the Dalton’s 
lymphoma tumor bearing mice by dividing them into the following 
groups: 

SPS groups: This group of tumorized mice received 0.01ml/kg body 
weight of SPS and served as negative control. 

DOX groups: This group of tumorized animals was injected with 
0.5mg/kg body weight of doxorubicin, a standard anticancer drug and 
served as positive control.

HNA groups: The tumorized animals of this group were injected with 
175mg/kg body weight of the aqueous extract of Helicia nilagirica.16

Biochemical assays
The tumourized animals were euthanized after nine days of 

drug/s treatment at an interval of 2, 4, 6, 8, 12 and 24 h post HNA 
treatment. Both the treated and untreated Dalton’s lymphoma cells 
were aspirated under sterile conditions, washed with ammonium 
chloride and SPS and pelleted. The cell pellets were weighed and 5% 
homogenate was prepared in cold, sterile PBS (pH 7.4), which was 
used for the estimation GSH, GST, CAT, SOD and LOO.17

Total proteins

The estimation of total proteins was carried out as described 
earlier.18

Estimation of glutathione

Glutathione concentration was estimated as described earlier.19 
Glutathione was measured by its reaction with DTNB to give a 
compound that absorbs light at 412 nm. In brief, to 1.8 ml of 0.2 M 
Na2HPO4, 40µl of 10mM DTNB and 160µl of cell homogenate were 
mixed and allowed to stand for 2 minutes. The absorbance was read 
against the blank at 412 nm in a UV-VIS spectrophotometer (SW 
3.5.1.0. Biospectrometer, Eppendorf India Ltd., Chennai).

Estimation of glutathione-S-transferase

Glutathione-s-transferase was determined using standard 
protocol.20 Usually, 0.5 ml of 0.1 M phosphate buffer (pH 6.5), 0.1ml 
of 20mM CDNB, and 8.8 ml distilled water were incubated at 37°C 
for 10 min followed by the addition of 0.5ml of 20mM GSH and 
0.1ml of cell homogenate. The absorbance was read at 340 nm with a 
UV-VIS spectrophotometer at 1 min intervals for 6 minutes. The GST 
activity was estimated using the following formula: 

GST activity = Absorbance of sample – Absorbance of blank× 
1000/9.6 × Sample Volume

Catalase assay

Catalase was assayed according to the technique described by 
Aebi.21 In a 3ml cuvette, 20µl of cell homogenates was mixed with 
1.98ml of 50 mM phosphate buffer (pH 7.0). The reaction (maintained 
at 20ºC) was started by the addition of 1ml of 30mM H2O2. The 
decrease in absorbance was monitored at 240nm for 60 seconds.

Superoxide dismutase assay

The activity of SOD was estimated by the protocol described by 
Fried et al.22 Briefly, 100µl of cell homogenate, 100µl of 186µM 
PMS, 300µl of 3 mM NBT, 200µl of 780µM NADH were mixed 
and incubated for 90 seconds at 30°C. The reaction was terminated 
by adding 1000µl of acetic acid followed by the addition of 4 ml 
n-butanol. The absorbance was recorded at 560nm using UV/
VIS spectrophotometer. The percent inhibition was calculated by 
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measuring the absorbance of blank without SOD enzyme. The SOD 
activity was calculated using the formula:- Blank-Sample/Blank X 
100.

Lipid peroxidation assay

Malondialdehyde (MDA) formed from the breakdown of 
polyunsaturated fatty acids, serve as a convenient index for 
determining the extent of peroxidation reaction of lipids. MDA has 
been identified as the product of LOO that reacts with TBA to give a 
red species absorbing at 535nm. LOO assay was carried out following 
the method of Buege & Aust23 One ml of tissue homogenate was 
added to 2 ml of TCA-TBA-HCl reagent and mixed thoroughly. The 
mixture was heated in a boiling water bath for 15 minutes, cooled 
immediately at room temperature and centrifuged at 1000 rpm for 
10 min. The supernatant was collected and its absorbance was read 
at 535 nm against blank in a UV-VIS spectrophotometer. The blank 
contained all the reagents minus the cell homogenate substituted with 
distilled water. 

Statistical analyses
The statistical analyses were carried out using Origin Pro 8 SRO 

v8.0724 (B724), Northampton, MA, USA. The significance between 
the treatments was analyzed by student’s ‘t’ test and Tukey’s post 
-hoc tests was used for multiple comparisons, wherever necessary. 
The results were confirmed by repetition of the experiments. Test 
of homogeneity was applied to determine any statistical differences 
between the experiments. Since no significant differences were 
observed the data of both experiments were combined and expressed 
as mean ± standard error of the mean (SEM). A p value of < 0.05 was 
considered statistically significant. 

Results
The results are expressed as mean ±Standard error of the mean 

(SEM) in Table 1–5 and Figure 1–5. 

Table 1 Alteration in the glutathione contents of mice bearing Dalton’s lymphoma treated with 175mg/kg body weight aqueous Helicia nilagirica extract (HNA) 
or 0.5mg/kg body weight doxorubicin (DOX).

Post treatment time (h) Glutathione (µm/mg protein) 

Mean ± SEM

SPS HNA DOX

2 5.09±0.15 2.92±0.29* 2.39±0.09*

4 5.18±0.17 3.86±0.37* 2.36±0.18*

6 5.25±0.14 3.67±0.08* 2.74±0.14*

8 5.09±0.07 2.41±0.07* 2.23±0.09*

12 5.66±0.07 2.94±0.08* 2.34±0.05*

24 5.84±0.05 3.33±0.09* 2.58±0.06*

*p<0.05 when treatments are compared with concurrent SPS (sterile physiological saline) control group

No symbol= Non-significant. N=10 

Table 2 Alteration in the glutathione-S-transferase (GST) activity of Mice bearing Dalton’s lymphoma treated with 175mg/kg body weight aqueous Helicia 
nilagirica extract (HNA) or 0.5mg/kg body weight doxorubicin (DOX).

Post treatment time (h) Glutathione-S-transferase activity (U/mg protein) 

Mean ± SEM

SPS HNA DOX

2 0.054±0.001 0.041±005 0.041±011

4 0.076±0.008 0.032±004*♣ 0.033±007*

6 0.070±0.012 0.035±003*♣ 0.033±003*

8 0.058±0.004 0.033±007*♣ 0.023±002*

12 0.072±0.007 0.043±003*♣ 0.035±001*

24 0.065±0.008 0.038±004*♣ 0.027±002*

*p<0.05 when treatments are compared with concurrent SPS (Sterile Physiological Saline) control group
♣p<0.0001 When comparisons are made between different times by One-way ANOVA with Tukey’s post-hoc test.
No symbol= Non-significant. N=10.
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Table 3 Alteration in the catalase activity of mice bearing Dalton’s lymphoma treated with 175mg/kg body weight aqueous Helicia nilagirica extract (HNA) or 
0.5mg/kg body weight doxorubicin (DOX).

Post treatment time (h) Catalase activity (U/mg protein) 

Mean ± SEM

SPS HNA DOX

2 24.49±0.49 19.57±1.12* 15.49±0.31*

4 22.61±1.26 19.05±0.37* 17.09±0.28*

6 23.47±0.40 16.47±0.37* 13.73±1.72*

8 23.51±0.63 14.32±1.65*α 13.81±0.84*

12 23.99±0.56 14.49±0.40*α 11.18±1.28*

24 22.92±1.80 11.74±0.51*α 10.55±0.39*

*p<0.05 When treatments are compared with concurrent SPS (Sterile Physiological Saline) control group
αp<0.01 When comparisons are made between different times by One-way ANOVA with Tukey’s post-hoc test.
No symbol= Non-significant. N=10.

Table 4 Alteration in the superoxide dismutase (SOD) activity in mice bearing Dalton’s lymphoma treated with 175mg/kg body weight aqueous Helicia nilagirica 
extract (HNA) or 0.5mg/kg body weight doxorubicin (DOX).

Post treatment time (h) Superoxide dismutase (SOD) activity (U/mg protein)

Mean ± SEM

SPS HNA DOX

2 1.91±0.006 0.87±0.07* 0.76±0.05*

4 1.93±0.002 1.35±0.03*♣ 0.88±0.04*

6 1.94±0.001 1.50±0.01*♣ 1.18±0.14*

8 1.92±0.009 1.08±0.02*♣ 0.79±0.08*

12 1.93±0.002 1.19±0.04*♣ 1.01±0.05*

24 1.94±0.003 1.11±0.06*♣ 0.58±0.06*

*p<0.05 when treatments are compared with concurrent SPS (Sterile Physiological Saline) control group.
♣p<0.0001 When comparisons are made between different times by One-way ANOVA with Tukey’s post-hoc test.
No symbol= Non-significant. N=10

Table 5 Alterations in the lipid peroxidation level in mice bearing Dalton’s lymphoma treated with 175 mg/kg body weight aqueous Helicia nilagirica extract 
(HNA) or 0.5 mg/kg body weight doxorubicin (DOX).

Post treatment time (h) Lipid peroxidation (MDA) Mean ± SEM, (nmol /mg protein) 

SPS HNA DOX

2 3.87±0.05 4.16±0.01* 5.06±0.02*

4 3.55±0.02 4.23±0.03*♣ 5.53±0.02*

6 3.69±0.08 4.45±0.06*♣ 5.82±0.14*

8 3.99±0.03 4.65±0.02*♣ 6.47±0.62*

12 3.91±0.06 4.97±0.01*♣ 6.51±0.10*

24 3.83±0.06 5.22±0.02*♣ 7.03±0.02*

*p<0.05 when treatments are compared with concurrent SPS (Sterile Physiological Saline) control group
αp<0.01 and ♣p<0.0001 When comparisons are made between different times by One-way ANOVA with Tukey’s post-hoc test.
No symbol= Non-significant. N=10
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Figure 1 Alteration in the glutathione content of mice bearing Dalton’s 
lymphoma ascites tumor treated with 175mg/kg body weight of Helicia 
nilagirica extract and 0.5mg/kg body weight doxorubicin. Black bars: Sterile 
physiological saline; Red bars: Doxorubicin and Blue bars: Helicia nilagirica 
extract. The results are expressed as the Mean ± SEM, N=10. *p<0.05 when 
treatments are compared with concurrent SPS (Sterile Physiological Saline) 
control group.

No symbol= Non-significant.

Figure 2 Alteration in the glutathione –s – transferase content of mice 
bearing Dalton’s lymphoma ascites tumor treated with 175mg/kg body weight 
of Helicia nilagirica extract and 0.5mg/kg body weight doxorubicin. Black 
bars: Sterile physiological saline; Red bars: Doxorubicin and Blue bars: Helicia 
nilagirica extract. The results expressed as the Mean ±SEM, N=10. *p<0.05 
when treatments are compared with concurrent SPS (Sterile Physiological 
Saline) control group. No symbol= Non-significant. 

Figure 3 Alteration in the catalase activity of mice bearing Dalton’s lymphoma 
ascites treated with 175 mg/kg. body weight of Helicia nilagirica extract and 
0.5mg/kg body weight doxorubicin. Black bars: Sterile physiological saline; 
Red bars: Doxorubicin and Blue bars: Helicia nilagirica extract. The results 
expressed as the Mean ±SEM, N=10. *p<0.05 when treatments are compared 
with concurrent SPS (Sterile Physiological Saline) control group. No symbol= 
Non-significant. 

Figure 4 Alteration in the superoxide dismutase activity of mice bearing 
Dalton’s lymphoma ascites tumor treated with 175mg/ kg. body weight of 
Helicia nilagirica extract and 0.5mg /kg body weight doxorubicin. Black bars: 
Sterile physiological saline; Red bars: Doxorubicin and Blue bars: Helicia 
nilagirica extract. The results expressed as the Mean ± SEM, N=10. *p<0.05 
when treatments are compared with concurrent SPS (Sterile Physiological 
Saline) control group. No symbol= Non-significant. 
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Figure 5 Alterations in the lipid peroxidation level in the Dalton’s lymphoma 
ascites bearing mice treated with 175mg/kg. Body weight of Helicia nilagirica 
extract and 0.5mg/kg body weight Doxorubicin. Black bars: Sterile physiological 
saline; Red bars: Doxorubicin and Blue bars: Helicia nilagirica extract. The 
results present the Mean ± SEM, N=10. 
*p<0.05 when treatments are compared with concurrent SPS (Sterile 
Physiological Saline) control group.
No symbol= Non-significant. 
Glutathione 

The DLA mice showed 5.09±0.15μm/mg protein as baseline 
glutathione concentration and it did not alter significantly with different 
assay times (Table 1). The tumour bearing mice treated with 175mg/
kg body weight of HNA and 0.5mg/kg body weight of doxorubicin 
showed a decrease in glutathione contents in a time dependent manner 
up to 24h post drug treatment (Figure 1). The maximum decline was 
found at 8 h posttreatment for both HNA and DOX groups where 
the decreases were 2 folds for HNA and 2.8 folds for DOX group, 
respectively. Thereafter, the GSH concentration stated rising however, 
it did not reach to negative control level even at 24 h post treatment 
(Figure 1). The alleviation of glutathione contents in all the treatment 
groups was significant (p<0.05) when compared with the concurrent 
control group (Table 1).

Glutathione-S–transferase (GST)

The spontaneous activity of GST in DLA cells was estimated as 
0.054±0.001 U/mg protein and it did not show any significant change 
with increase in assay time (Table 2). The administration of HNA or 
DOX resulted in a time dependent decline in the GST activity (Figure 
2) and a maximum decline in the GST activity was recorded at 4h 
post drug treatment for HNA (2.4 fold) and 8 h for DOX (2.5 fold) 
(Table 2). Thereafter a marginal elevation in the GST activity was 
observed however, it did not reach to negative control level (Table 
2). The decline in the GST activity was significant (p< 0.05) at all the 
post treatment times except 2 h when compared with the concurrent 
negative control group (Table 2).

Catalase (CAT) activity

The CAT activity in DLA cells recorded in SPS group has been 
24.49±0.49 U/mg protein at 2h post treatment, which did not change 
significantly with time up to 24h (Table 3). Treatment of tumorized 

mice with HNA or DOX resulted in a significant decline in the CAT 
activity at each assay time when compared to SPS group (Table 3). 
The CAT activity in the HNA and DOX treated groups declined with 
the increasing assay time and the greatest reduction was found at 24h 
post drug treatment (Figure 3). However, a significant decline was 
observed only at 8-24h post assay times (Table 3). This decrease was 
1.95 folds for HNA and 2.2 folds for DOX, respectively (Table 3). 
All the treatment groups showed a significant (p<0.05) decline when 
compared with the negative concurrent control group (Table 3).

Superoxide dismutase (SOD) activity

The spontaneous activity of SOD was measured as 1.91±0.006 
U/mg protein at 2h post-treatment, which did not alter significantly 
with assay time in SPS group (Table 4). The administration of HNA 
(175mg/kg body weight) and DOX (0.5mg/kg body weight) resulted in 
a significant (p<0.05) decline in SOD activity when compared to SPS 
group (Table 4). The greatest reduction in SOD activity was observed 
at 2h for HNA (2.2 fold) and (2.5 fold) for DOX, respectively (Table 
4). Treatment of tumorized mice with HNA led to a significant decline 
(p<0.0001) in the GST activity with time except for 12h where it was 
highest (Figure 4). The SOD activity increased thereafter and a second 
phase of decline (Figure 4) was noticed at 8h post treatment in both 
HNA and DOX groups where it was 1.8 and 2.4 folds, respectively 
(Table 4).

Lipid peroxidation

The SPS group of tumorized mice showed MDA value of 
3.87±0.05, which did not show significant alteration with increasing 
assay time (Table 5). Treatment of DLA mice with HNA or DOX 
resulted in a continuous rise in the lipid peroxidation up to 24h post 
treatment (Figure 5). This increase in LOO was significantly (p<0.05) 
higher in comparison to SPS group (Table 5). The increase in lipid 
peroxidation was 1.36 folds for HNA and 1.83 folds for DOX at 
24h posttreatment time (Table 5). The LOO increased significantly 
with assay time in HNA group when comparisons are made among 
different times (Table 5).

Discussion
The cancer has killed several individuals and the definite cure of 

cancer is not available until now. The modern chemotherapy drugs 
induce treatment relate resistance and tumours stop responding 
to these treatments. The various mechanisms are responsible for 
induction of drug resistance in tumours.24 The over expression of 
antioxidant enzyme is one of them. Therefore, present study was 
undertaken to study the effect of aqueous extract of H. nilagirica on 
the activities of GST, CAT and SOD and also lipid peroxidation in 
the Dalton’s lymphoma ascites tumour cells transplanted into female 
Swiss albino mice.

The reactive oxygen species (ROS) including, superoxide, 
hydroxyl, nitric oxide free radicals and hydrogen peroxide are 
produced during oxidative phosphorylation in the organisms utilizing 
oxygen to produce chemical energy for their daily requirements.25–27 
Despite the fact that ROS play important role in cell signalling, their 
rise is responsible for increased oxidative stress which is indicated 
in pathophysiology of numerous diseases including cancer.28–30 
The glutathione contents have been reported to increase neoplastic 
transformation, drug resistance and cancer treatment failure.31–33 
The glutathione is an important antioxidant molecule synthesized 
by the cells to neutralize or remove toxins. It is also essential in cell 
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proliferation, cell differentiation and removal of damaged cells by 
apoptosis.34–37 High concentration of glutathione has been reported in 
the cancer cells.38 A similar effect has been reported in the present 
study, where DLA cells showed a higher amount of GSH. The DLA 
cells have been previously reported to exhibit higher GSH amount.39 
The attrition of GSH is responsible for increase in oxidative stress 
and kill cells effectively.40–43 The treatment of tumourized mice with 
HNA led to a significant reduction in the GSH contents in DLA cells, 
which may be the reason for its tumour cell killing effect in our earlier 
studies.15,16 A similar effect has been reported earlier in DLA cells 
treated with Colocasia gigentea.39

Glutathione-s-transferase is an important antioxidant phase-
II enzyme, which is involved in protecting cells from the reactive 
electrophilic attack by catalysing the detoxification of many 
exogenous and endogenous substances by the cells.44 The increased 
activity of GST is directly related to resistance to chemotherapy and 
radiotherapy.45–47 The increased GST activity has been reported in 
several rodents and human cancer cells.48 The DLA cells have shown 
higher GST activity and a similar observation has been made earlier 
in these cells.39 The depletion in GST activity in DLA cells treated 
with HNA may have contributed to its cytotoxic effect in our earlier 
study in vivo and in vitro.15,16 A similar effect has been reported in 
DLA cells exposed to ethanol extract of Colocasia gigentea earlier.39 
GST activity has been reported to decline in cholangiocarcinoma cells 
treated with phenethyl isothiocyanate found in various cruciferous 
vegetables.49

Catalase also known as oxidoreductase is a tetrameric enzyme 
containing four polypeptide chains of more than 500 amino acids and 
it converts millions of hydrogen peroxide molecules into molecular 
oxygen and water every second.50,51 Catalase is found in all organisms 
using oxygen for respiration.52 The oxidative stress is higher in the 
tumour cells and as a result the catalase activity is higher in tumour 
cells.52,53 The catalases are involved in the triggering of tumour 
resistance to therapy.54,55 Hence the depletion of catalase activity 
may be an important putative mechanism to treat tumours. The HNA 
administration has led to a significant decline in the catalase activity 
in the DLA tumourized mice, which may be directly correlated to its 
anticancer activity in vivo and in vitro in our earlier investigations.15,16 
The ethanol extract of Colocasia gigentea exerted its anticancer effect 
in DLA tumorized mice earlier by lowering catalase activity.39

Superoxide dismutases are present in the aerobic organisms 
and they are involved in neutralizing the superoxide free radicals 
generated during oxidative phosphorylation in the mitochondria. It 
mainly converts superoxide free radicals into hydrogen peroxide and 
oxygen.56–58 The SODs are reported to be higher in the tumour cells 
and they increase the survival of tumour cells and also make tumours 
resistant to therapeutic intervention.57, 59–61 The DLA tumourized mice 
administered with HNA showed a significantly alleviated estimation 
of SOD activity in tumour cells. A similar effect has been observed 
in DLA cells tumour bearing mice treated with Colocasia gigentea 
earlier.39

Peroxidation of lipids is a common phenomenon in biological 
systems and LOO also serves as a signalling molecule.62,63 Despite the 
fact that LOO is involved in cell signalling it induces cytotoxic effect 
in the cells undergoing peroxidation of lipids.64 LOO induces oxidative 
stress, which may trigger the non-apoptotic form of cell death.64,65 The 
treatment of tumourized mice with HNA raised the LOO in DLA cells 
significantly. This may have caused the cytotoxic effect of HNA in 
the earlier studies.15,16 Earlier Colocasia gigentea has been reported to 
exert cytotoxic effect on DLA cells due to increased LOO.39 Similarly, 

cytotoxicity on Ehrlich’s ascites cells has been reported to be due to 
the increased LOO by Alstonia scholaris in an earlier study.66

The exact mechanism of decline in the antioxidant enzymes 
including GST, CAT and SOD and GSH is not known. The Nrf2 is 
activated due to increase in oxidative stress and this is the reason that 
Nrf2 is overexpressed in tumour cells, which increases the amount of 
GSH, GST, CAT and SOD.67,68 The decrease in the GSH, GST, CAT 
and SOD in the HNA treated mice may be due to the suppression of 
the activation of Nrf2 by HNA in DLA cells.

Conclusion
The administration of 175mg/kg of HNA in tumourized mice with 

DLA cells led to a decline in the GSH concentration and GST, catalase 
and SOD activities followed with a rise in the lipid peroxidation in 
the DLA cells. This would have been due to the reduction in Nrf2 
signalling pathway in the DLA cells. The down modulation of 
Nrf2 elements followed by the rise in LOO and decline in the GSH 
contents and activities of GST, CAT and SOD by HNA may have 
been responsible for its ability to increase tumor free survivors in our 
earlier study. 
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