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Abstract:

We have performed this study to investigate the modulatory effect of bis-1,7-(2-hydroxyphenyl)-hepta-1,6-diene-3,5-dione,

a bisdemethoxy curcumin analog (BDMCA) on circulatory lipid peroxidation (LPO) and antioxidant status during

1,2-dimethylhydrazine (DMH)-induced colon carcinogenesis in male Wistar rats. The effects were compared with that of the

reference drug, curcumin. Increased tumor incidence as well as enhanced LPO in the circulation of tumor bearing rats was

accompanied by a significant decrease in the level of reduced glutathione and activities of glutathione peroxidase (GPx), glutathione

S-transferase (GST), superoxide dismutase (SOD) and catalase (CAT). Intragastric administration of BDMCA or curcumin to

DMH-treated rats significantly decreased colon tumor incidence and the circulatory LPO, with simultaneous enhancement of GSH

content and GPx, GST, SOD and CAT activities. We report that BDMCA exert its chemopreventive effect by decreasing the colon

tumor incidence as well as by modulating circulatory oxidative stress in DMH-treated rats through its influence on LPO and

antioxidant status. The effects of BDMCA were comparable with that of the reference compound curcumin, a well known

anticarcinogen and antioxidant. Thus, it would be suggested that the methoxy group is not responsible for the beneficial effects,

however, the terminal phenolic moieties or the central 7-carbon chain may play a role.
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Introduction

Oxidative stress, an imbalance in oxidant-antioxidant

status is characterized by an increase in lipid peroxi-

dation (LPO) and a decrease in activities of antioxi-

dant enzymes [6, 26]. Oxidative stress is favored by

a high content of unsaturated lipid substrates, aerobic

conditions and presence of metal ions. In red blood

cells (RBCs), the content of unsaturated lipids is high,

oxygen concentration is even more enhanced and

iron, the potent peroxidation catalyst is abundant.

Therefore, RBCs are most affected by oxidative stress

[7, 23]. 1,2-Dimethylhydrazine (DMH), a potent co-

lon carcinogen undergoes oxidative metabolism re-

sulting in the production of electrophilic diazonium
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ion, which is known to elicit oxidative stress in the

RBCs [15, 17]. Circulatory LPO and antioxidant

status could, therefore, be used as markers of chemo-

prevention by natural and synthetic compounds. Stud-

ies from this laboratory [8] and by other researchers

[2, 3, 22, 32] have demonstrated the importance of

circulatory lipid peroxidation and antioxidant changes

in monitoring the chemopreventive and antioxidative

effects of chemopreventive agents.

Recently, we demonstrated the chemopreventive

[10] and antioxidative [9] effects of a synthetic com-

pound, bis-1,7-(2-hydroxyphenyl)-hepta-1,6-diene-3,5-

dione (bisdemethoxy curcumin analog – BDMCA).

We have reported that the synthetic compound

BDMCA is as effective as the natural compound cur-

cumin (bis-1,7-(4-hydroxy-3-methoxyphenyl)-hepta-

1,6-diene-3,5-dione) in 1) reducing the colon tumor

incidence and 2) ameliorating hepatic oxidative stress

in DMH-treated rats. This study was undertaken to

examine whether BDMCA exhibits antioxidant activ-

ity by investigating its effect on DMH-induced circu-

latory oxidative stress during colon carcinogenesis.

Oxidative stress was assessed by measuring lipid per-

oxidation, detoxification enzyme and antioxidant en-

zyme activities.

Materials and Methods

Animals

Male Wistar rats with body weight between 100–120 g

were obtained from the Central Animal House, De-

partment of Experimental Medicine, Annamalai Uni-

versity, Tamil Nadu, India and kept at 30 ± 2°C under

12-h light/12-h dark cycles. Commercial pellet diet

containing 5% fat (Hindustan Lever Ltd., Mumbai,

India) was powdered and mixed with 15% peanut oil,

making a total of 20% fat in the diet. This diet was fed

to the rats throughout the experiment and water was

given ad libitum.

Drugs

DMH (1,2-dimethylhydrazine) and curcumin were

purchased from Sigma Chemical Company, USA.

BDMCA was synthesized by the method of Dinesh

Babu and Rajasekharan and dissolved in DMSO [11].

Experimental protocol

Group Treatment schedule

1. Control –

2. DMH Weekly subcutaneous injection of DMH (dissolved in EDTA)
(20 mg/kg) for 15 weeks

3. BDMCA Daily oral administration of BDMCA
(80 mg/kg) for 30 weeks

4. DMH + BDMCA DMH as in group 2 and BDMCA as in Group 3

5. Curcumin Daily oral administration of curcumin
(80 mg/kg) for 30 weeks

6. DMH + curcumin DMH as in Group 2 and curcumin as in Group 5

The procedures employed in the study was accepted

and approved by Ethical Committee for Animal Research.

Blood sampling

Blood was collected into heparinized tubes and plasma

was separated by centrifugation at 2,000 × g for 10 min.
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Tab. 1a. #�������� �	 ������� ���������

Group Number of rats
examined

Number of rats
with tumor

Number of tumors
per rat (average)

Tumor size
(average, cm)

Tumor incidence
(%)

Control 6 0 0 – 0

DMH 6 6 6 �2 100

BDMCA 6 0 0 – 0

DMH + BDMCA 6 3 1 < 0.5 16.66

Curcumin 6 0 0 – 0

DMH + curcumin 6 1 1 < 0.5 16.66



Preparation of hemolysate

After the separation of plasma, the buffy coat was re-

moved and packed cells (RBCs) were washed thrice

with cold physiological saline. To determine the activ-

ity of RBC antioxidant enzymes, RBC lysate was pre-

pared by lysing a known volume of RBCs with cold

hypotonic phosphate buffer, pH 7.4. The hemolysate

was separated by centrifuging at 3,000 × g for 10 min

at 2°C.

Biochemical investigation

LPO as evidenced by the formation of thiobarbituric

acid reactive substances (TBARS) was measured in

plasma by the method of Yagi [34] and in RBCs (red

blood cells) by the method of Donnan [13]. RBC re-

duced glutathione (GSH) was assessed according to

Ellman’s method [14]. Activity of glutathione peroxi-

dase (GPx) was assayed by the method of Rotruck et

al. [27]. Glutathione S-transferase (GST) activity was

measured by the method of Habig et al. [19]. Super-

oxide dismutase (SOD) was estimated by the method

of Kakkar et al. [21] and catalase (CAT) by the

method of Sinha [28].

Statistical analysis

Data from biochemical investigation were analyzed

using analysis of variance (ANOVA) and the group

means were compared by Duncan’s Multiple Range

Test (DMRT). The results were considered statisti-

cally significant if the “p” value was 0.05 or less.

Results

Incidence of colonic tumor in different groups is

shown in Table 1. The incidence of colonic neoplasms

in DMH-administered group was 100%. However, the

incidence was reduced to 16.66% in DMH + BDMCA

and DMH + curcumin groups (Group 4 and 6). In

BDMCA- and curcumin-treated rats (Group 3 and 5)

no tumor was noticed.

The levels of LPO in plasma and RBCs of control

and experimental groups are given in Table 2. LPO

was significantly the highest in DMH group, but sig-

nificantly lower in DMH + BDMCA and DMH + cur-

cumin group when compared to DMH group. How-

ever, no significant difference was noticed between

BDMCA and curcumin-treated control group.
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Tab. 1b. ������������� �,���������� �	 �����

Observations Control DMH BDMCA DMH + BDMCA Curcumin DMH + curcumin

Mucin – Lumen is dilated and filled with
mucin in which clumps of tumor

cells afloat

– – – –

Submucosa Normal – Normal Dense lymphocyte
infiltration organized as

aggregates

Normal Dense lymphocyte
infiltration organized as

aggregates

Adenocarcinoma – Well differentiated – – – –

Papillary pattern – Large number of papillae – – – –

Dysplasia – Marked – – – –

Cellular
pleomorphism

– Marked – – – –

Tab. 2. /����� �	 �
��,��,��"��� ���� �������� �",������� 0� ����"��
�	 /123 �� ������ ��� ��� ,���� �����

Group Plasma (nmol/ml) Red blood cells
(pmol/mg Hb)

Control 2.72 ± 0.08 2.06 ± 0.03

DMH 4.76 ± 0.13* 3.72 ± 0.25*

BDMCA 2.10 ± 0.06 1.45 ± 0.08

DMH + BDMCA 2.78 ± 0.05� 2.12 ± 0.10�

Curcumin 2.08 ± 0.10 1.33 ± 0.06

DMH + curcumin 2.81 ± 0.11 2.19 ± 0.15

4��"�� ��� �
� ���� 5 %� 	��� � ���� �� ���
 ���"�. 6��7 ���"� ���*
"�� ��		��� �����	������� 	��� ������� ���"� 0� 8  . 93. : ��7 ; 
��(&
���"� ��		��� �����	������� 	��� ��7 ���"� 0� 8  . 93



Table 3 summarizes the GSH content and activities of

GPx, GST, SOD and CAT in RBC lysate of animals in

each group. The level of GSH as well as the activities of

all the four enzymes were significantly lowered in

DMH-treated animals when compared with control ani-

mals, whereas the GSH content and the enzyme activi-

ties were significantly increased to near normal values in

DMH + BDMCA and DMH + curcumin-treated ani-

mals. BDMCA- and curcumin-treated animals showed

no significant difference in any of these parameters.

Discussion

The reduced incidence of colonic neoplasms in DMH

+ BDMCA group (16.66%) and DMH + curcumin

group (16.66%) when compared to DMH group

(100%) shows that: i) BDMCA exhibits anticarcino-

genic activity, ii) BDMCA is as effective as curcumin

in the anticarcinogenic activity. Moreover, 0% tumor

incidence in BDMCA-treated control group suggests

that BDMCA causes no disruption of normal cellular

homeostasis, and hence it is non-toxic.

DMH is a procarcinogen which induces colon tu-

mor formation after undergoing various metabolic

changes in the colon and liver [15–17, 25]. Blocking

agents are chemopreventive agents that prevent tumo-

rigenesis by blocking the carcinogen-DNA adduct

formation [18] (Fig. 2). It has been reported that phe-

nolic compounds like ferulic acid, caffeic acid and cur-

cumin act as blocking agents and prevents carcinogene-

sis [18]. From Figure 1 it is clear that BDMCA also pos-

sesses phenolic group and mimics our reference com-

pound curcumin. Hence, we suggest that anticarcinogenic

action of BDMCA may be due to the terminal phe-

nolic group which could act as a blocking agent.

Anto et al. [1] have reported that the existence of

ortho hydroxyl (o-OH) group in the benzene ring of

BDMCA is critical for the prevention of TPA-induced

skin cancer in mice. Therefore, we could suggest that

the o-OH group of BDMCA may be responsible for

the prevention of DMH-induced colon cancer thereby

leading to a decrease in its incidence.

Our study investigated the 1) levels of LPO, in

terms of thiobarbituric acid reactive substances

(TBARS), 2) activities of detoxifying enzymes and 3)

activities of antioxidant enzymes in the RBCs which

are considered to be more sensitive to oxidative stress

[7, 23]. Enhanced LPO associated with depletion in

detoxifying (GPx and GST) and antioxidant (CAT,

SOD) enzymes in the RBCs were observed in our

study. These are the characteristic findings in malig-

nant transformation [7, 26]. It is evident from these

results that, in DMH-treated rats, the oxidant-

antioxidant homeostasis is disturbed.
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Tab. 3. (���"������ <%7 ������� ��� ���������� �	 <1=� <%�� %2� ��� (&�

Group GSH (mg/dl) GPx (unit�) GST (unit�) SOD (unit�) CAT (unit�)

Control 35.42 ± 3.08 24.44 ± 3.16 3.58 ± 0.30 3.52 ± 0.47 2.79 ± 0.12

DMH 24.76 ± 2.26* 15.31 ± 3.04* 1.10 ± 0.04* 2.14 ± 0.11* 1.23 ± 0.05*

BDMCA 41.25 ± 2.05 32.35 ± 3.33 4.73 ± 0.33 4.62 ± 0.31 3.91 ± 0.09

DMH + BDMCA 32.13 ± 5.42� 21.13 ± 4.07� 3.26 ± 0.31� 3.20 ± 0.30� 2.76 ± 0.09�

Curcumin 41.28 ± 2.22 33.41 ± 3.56 4.52 ± 0.32 4.67 ± 0.29 3.52 ± 0.12

DMH + curcumin 33.09 ± 5.26 21.96 ± 4.33 3.19 ± 035 3.23 ± 0.28 2.75 ± 0.10

4��"�� ��� �
� ���� 5 %� 	��� � ���� �� ���
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��(&
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LPO was found to be increased significantly in the

plasma and RBCs of DMH-treated rats when com-

pared to control rats. DMH, a procarcinogen under-

goes oxidative metabolism in the liver which results

in the production of active carcinogenic electrophile

(diazonium ion) that is released into the circulation

eventually leading to LPO in plasma and RBCs [5].

Further, Szatrowski and Nathan [30] have suggested

that tumor cells produce substantial amount of H2O2 that is

released into the circulation. Thus, the increased suscepti-

bility of plasma and RBCs of DMH-treated rats could be

due to the production of H2O2 by the tumor cells.

The decreased GSH content and a fall in the activi-

ties of GPx and GST were noticed in RBCs of DMH-

treated rats. GSH is a natural thiol that exhibits anti-

carcinogenic and antioxidant properties [22]. There-

fore, the deficiency of GSH in circulation of DMH-

treated rats observed in our study may be due to the

increased utilization of GSH to counteract LPO.

GPx and GST are detoxification/biotransformation

enzymes which are involved in the detoxification of

toxic substances such as xenobiotics, carcinogens,

free radicals and peroxides by conjugating these sub-

stances with GSH [20]. Since the ultimate carcino-

genic form of DMH is a toxic electrophile (methyl

diazonium ion and carbonium ion), GPx and GST take

considerable significance in promoting carcinogen

detoxification [4]. Thus, decrease in GPx and GST ac-

tivities in RBC lysate of tumor-bearing rats may be

due to their utilization in detoxification of carcino-

genic metabolites of DMH.

Administration of BDMCA to DMH-treated rats

decreased LPO and increased the activities of GPx

and GST in the circulation. Previously, Sreejayan and

Rao [29] have also reported that BDMCA is a potent

inducer of detoxification enzymes. Our findings also

correlate with the view of Van Leishout et al. [32] that

inhibitors of carcinogenesis have an enhancing effect

on carcinogen detoxifying enzymes. GPx and GST

enhances the biotransformation of carcinogens [4,

20]. Induction of enzymes that are involved in the

biotransformation of carcinogens may accelerate the

metabolic disposal of carcinogens [3, 8, 20, 30].

Hence, induction of GPx and GST by BDMCA in

DMH + BDMCA-treated rats might lead to metabolic

disposal of DMH and its metabolites, resulting in the

protection of RBCs and simultaneous inhibition of co-

lon tumorigenesis. Our results also obviously suggest

that the detoxifying capacity of BDMCA is compara-

ble with that of our reference compound curcumin.

Curcumin has been reported to act as detoxifying

agent through its �-diketone moiety located in the

central 7-carbon chain (Fig. 1A). BDMCA resembles

curcumin and possesses a �-diketone moiety [12]

(Fig. 1B). It could, therefore, be suggested that the

�-diketone moiety of BDMCA may be responsible for

increasing the GPx and GST activities in the RBCs of

DMH + BDMCA-treated rats.

As mentioned earlier [30], tumor cells produce sub-

stantial amount of H2O2 which is released into the cir-

culation. Accumulation of H2O2 results in formation

of hydroxyl radical (OH•) and/or a highly toxic hypo-

chlorous acid formed as a result of metabolism of H2O2

by circulatory neutrophil-derived myeloperoxidase

[33]. Thus, H2O2 produced by tumor cells elicits an

oxidative stress in RBCs. SOD and CAT are primary

antioxidant enzymes reported to be more sensitive to

oxidative stress [24, 31]. Therefore, the decreased ac-

tivities of SOD and CAT in DMH-treated rats may be

due to this oxidative stress.

Restoration of SOD and CAT activities in the circu-

lation of DMH + BDMCA-administered rats shows

that BDMCA normalizes the circulatory antioxidant

status and ameliorates DMH-induced oxidative stress.

Our findings correlate with the hypothesis that che-

mopreventive agents act as anticarcinogenic com-

pounds by modulating carcinogen-induced circulatory

oxidative stress [2, 3, 8, 10].
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INHIBITORS

SEQUENCE LEADING

TO CANCER

Inhibitors preventing
formation of carcinogens

Precursor compounds

(Procarcinogen)

Blocking agents

Suppressing agents

Carcinogen

Reactions with
cellular targets

Neoplastic manifestation

(DMH)

(Azoxymethane,
methyldiazonium ion)

(Colonocytes)

Carcinogen-DNA adduct
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Conclusion

BDMCA decreases the DMH-induced colon cancer

incidence and normalizes the oxidative stress in the

circulation by raising detoxifying and antioxidant en-

zymes. The effects were comparable with that of the

reference compound, curcumin. Our findings suggest

that the methoxy group is not responsible/essential for

the anticarcinogenic/antioxidant properties, however,

the phenolic group or the �-diketone moiety in the

central 7-carbon chain may be responsible. Finally, it

could be concluded that increasing the activities of

detoxifying and antioxidant enzymes may be one of

the mechanism by which BDMCA nullifies the dele-

terious effects of DMH.
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