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Cinnamaldehyde is an unsaturated aromatic aldehyde that is widely used as a food flavoring agent. The 
effect of cinnamaldehyde at the dose of 73.5 mg/kg body weight~day for 30 days, on male Wistar albino 
rats (80-90 g) was studied for an insight into the cellular antioxidant defense system. The antioxidant 
defense system in the liver of cinnamaldehyde-treated rats was different, as evidenced by the lower levels 
of glutathione and ascorbic acid. The primary antioxidant enzymes, superoxide dismutase and glutathione 
peroxidase activities were higher, whereas the catalase activity was diminished significantly. There was 
no appreciable difference in the activities of glutathione-S-transferase and glutathione reductase. The 
activity of glucose-6-phosphate dehydrogenase was significantly lower. Significantly higher levels of thio- 
barbituric acid reactive substances indicate oxidative damage. Thus, cinnamaldehyde treatment leads" to 
the prooxidant state, which may be conducive for the carcinogenic process. 
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Introduction 

It is well known that chemical carcinogenesis is a mul- 
tistage process. Recently,  substantial evidence has sug- 
gested that free radicals play an important role in the 
complex course of multistep carcinogenesis? Certain 
xenobiotics induce the formation of active oxygen spe- 
cies in the course of their metabolism, leading to the 
prooxidant state. 2 Some xenobiotics are known to alter 
the activity of antioxidants and thereby decrease their 
ability to destroy the active oxygen species, leading to 
the progression of tumors. 

Cinnamaldehyde is an unsaturated aromatic alde- 
hyde, used since the 1940's as an imitation cherry 
flavoring in foods. 3 The food flavor is used at concen- 
trations ranging from 7.7 ppm (ice creams) to 700 ppm 
(sweets). 4 The World Health Organization (WHO) has 
established a temporary acceptable daily intake of 0.7 
mg/kg body weight in 1984. The mutagenic nature of 
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cinnamaldehyde has been shown in several prokaryotic 
and eukaryotic systems, including hamster fibroblast? 
Cinnamaldehyde is also cytotoxic in vitro, its most 
likely mode of action being the suppression of protein 
synthesis. 6 Devaraj  et al. 7 have shown that an increase 
in the hepatic cytochrome P450 level of cinnamalde- 
hyde-treated rats leads to liver nodule formation. In- 
cidentally, phenobarbital, a complete hepatocarcinogen, 
increases the level of cytochrome P4508 and at the 
same time alters the antioxidant defense system. 9 Thus, 
suspicions of the carcinogenic nature of cinnamalde- 
hyde are increased. To substantiate this, an attempt 
has been made to study the antioxidant defense system 
in cinnamaldehyde-treated rats. 

Materials and methods 
Male Wistar albino rats were purchased from the Fredrick 
Institute of Plant Protection and Toxicology, Padappai, Mad- 
ras, India. They were divided into two groups. Each group 
consists of 10 rats, weighing from 80 to 90 g. One group 
served as control and the other as experimental. The exper- 
imental rats were treated orally with food grade cinnamal- 
dehyde purchased from Basil & Company (Madras, India) 
at a dose of 73.5 mg/kg body weight per day for 30 days. 
This dose had been fixed to reach the LD~0 value in 30 days. 
The LDs,, value for cinnamaldehyde is 2.22 g/kg body weight. "' 
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At the end of the experimental period, the animals were 
fasted overnight and killed by cervical dislocation. The liver 
was quickly dissected out into ice-cold saline and connective 
tissues trimmed. Then 10% (wt/vol) liver homogenate was 
prepared in Tris-HC1 buffer, 0.01 M, pH 7.0. by using a high 
speed Teflon homogenizer. 

The following parameters were measured in liver homog- 
enates: reduced glutathione (GSH) was determined by the 
method of Moron et al. '~ based on the reaction with 2,2'- 
dithiobis (2-nitrobenzoic acid) to produce a compound with 
maximum absorption at 412 nm; ascorbic acid was measured 
by the method of Omaye et al.'~" 

The activity of catalase was measured as the amount of 
H20, consumed per minute per mg protein by the method 
of Sinha. '~ Glutathione peroxidase activity was assayed by 
the method of Rotruck et al.'4 The activity is expressed as 
gg GSH utilized per minute per mg protein. The superoxide 
dismutase activity was measured as the degree of inhibition 
of autoxidation of epinephrine at an alkaline pH by the 
method of Misra and Fridovich. ~' 

Glutathione reductase activity was assayed by the method 
of Staal et al. ~6 The activity of glutathione reductase was 
expressed as t~g of NAD + formed per minute per mg protein. 
The rate of formation of NADPH with the help of added 
tissue homogenate was taken as the activity of glucose-6- 
phosphate dehydrogenase.'7 Glutathione-S-transferase activ- 
ity was measured with 1-Chloro-2,4-dinitrobenzene. TM Thio- 
barbituric acid reactive substances were assayed by the method 
of Utley et al, '9 Protein was estimated by the method of 
Lowry et al. 2° 

VaLues were statistically analysed using the student t test 
and compared with controls. 

Results 

Table 1 shows the levels of enzymatic and non-enzy- 
matic antioxidants in the liver of cinnamaldehyde- 
treated rats in comparison with those of the age-matched 
group of untreated rats. The levels of  ascorbic acid (P 
< 0.05) and reduced glutathione (P < 0.001) were 
significantly lower. The activity of catalase (P < 0.001) 
was less than that of the untreated group. Superoxide 
dismutase (P < 0.001) and glutathione peroxidase (P 
< 0.001) activities were higher in the t reated animals. 
Among  the secondary antioxidant enzymes, the glu- 
tathione reductase activity was not altered signifi- 

cantly, but the activity of glucose-6-phosphate 
dehydrogenase (P < 0.05) was less compared  with that 
of untreated rats. The thiobarbituric acid reactive sub- 
stances (P < 0.05) were higher in the cinnamaldehyde- 
t reated rats. 

Discussion 

Cinnamaldehyde,  suspected to be a carcinogen, was 
found to have an effect on the antioxidant status of 
rat liver. Reduced glutathione is involved in the de- 
toxification of xenobiotics by forming conjugates and 
by acting as a free radicals scavenger. 21 Boyland and 
Chasseaud 22 have shown the reduction in the level of 
G S H  in c innamaldehyde-t reated rats. Similarly, our 
study also showed a diminished level of liver GSH.  
This may be due to two reasons: (1) GSH being in- 
volved in the formation of conjugates with cinnamal- 
dehyde-derived byproducts,  which are catalyzed by 
glutathione-S-transferase; (2) GSH acting as an intra- 
cellular electron donor for the activity of glutathione 
peroxidase. 

In our study the glutathione peroxidase activity was 
higher in the treated rats. At  the same time, there was 
no significant alteration in the glutathione-S-transfer- 
ase activity. Therefore ,  we can attribute the observed 
reduction in the level of GSH to the increased activity 
of glutathione peroxidase. 

Ascorbic acid is another  non-enzymatic antioxidant. 
During the free radical scavenging action of ascorbic 
acid, semidehydro ascorbate is formed. G S H  is re- 
quired for the reduction of semidehydro ascorbate back 
to ascorbate.  23'24 When there is a reduction in the level 
of GSH,  this conversion of semidehydro ascorbate is 
affected. Thus, the ascorbate level is lowered. 

Superoxide dismutase, catalase, and glutathione 
peroxidase are the pr imary antioxidant enzymes. The 
activity of superoxide dismutase was found to be higher. 
This may be due to the increased production of reactive 
oxygen species. Prolonged t reatment  of animals with 
xenobiotics leads to the alteration in cytochrome P450 
resulting in autoxidation and leading to lipid peroxi- 
dation. 25 Our  previous study has shown the induction 

Table 1 Effect of cinnamaldehyde on the enzymatic and non-enzymatic antioxidant defense system in the rat liver 

Particulars Control Experimental 

Ascorbic acid (t~g/mg protein) 
Reduced glutathione (l~g/mg protein) 
Catalase (~moles of H2Q consumed/min/mg protein) 
Glutathione peroxidase (Fg of GSH consumed/min/mg protein) 
Superoxide dismutase (unit/rain/rag protein) 
Glutathione reductase (l~g of NAD* formed/min/mg protein) 
Glucose-6-phosphate dehydrogenase (unit/rag protein) 
Glutathione-S-transferase (nmole of CDNB conjugated/min/mg protein) 
TBA reactive substances (nmole/mg protein) 

2.98 _+ 1,28 2.12 _+ 0.45* 
16.06 _+ 1,10 12.09 _+ 2.30? 

207.16 _+ 21.27 127.43 _+ 18.441- 
70.86 _+ 6.29 109.61 _+ 17.991- 

1.48 _+ 0.35 2.58 + 0.42t 
54.22 _+ 12.07 55.92 _+ 8.82 

1.89 _+ 0.84 0.84 +_ 0.03* 
908.54 _+ 86.83 987.34 _+ 65.69 

0.29 _+ 0.03 0.37 _+ 006* 

CDNB, 1-Chloro-2,4-dinitrobenzene. 
Values are mean +_ SD (n = 8-10). 
*P < 0.05. 
1-P < 0.001. 
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of cytochrome P450 levels in the liver microsomal 
fraction by prolonged treatment with cinnamaldehyde5 
Due to enhancement in the activity of superoxide dis- 
mutase, the formation of H202 might be greater. To 
clear the excess H202, which is toxic to the cells, the 
glutathione peroxidase activity was increased. H202 
can also be detoxified by catalase. 26 But the activity of 
catalase was lowered in the cinnamaldehyde-treated 
rats. N A D P H  serves to prevent and partially reverse 
the well-recognized inactivation of catalase by its toxic 
s u b s t r a t e ,  H 2 0 2 .  27 NADPH is supplied by glucose-6- 
phosphate dehydrogenase (G6PDH) of the hexose 
mono phosphate shunt. 2s In the cinnamaldehyde-treated 
rats, the activity of G6PDH was reduced, hence, there 
was less production of NADPH. This may be the 
reason for the inactivation of catalase. 

Glutathione reductase, a secondary antioxidant en- 
zyme, catalyzes the conversion of oxidized glutathione 
(GSSG) to reduced glutathione (GSH) with the help 
of NADPH,  which is supplied by glucose-6-phosphate 
dehydrogenase. 29 In the cinnamaldehyde-treated rats, 
there was no appreciable change in the activity of 
glutathione reductase. Thus, the conversion of GSSG 
to GSH is slow compared with that of GSH to GSSG 
by glutathione peroxidase. This may also be the reason 
for the observed lower level of reduced glutathione in 
the liver of experimental animals. 

An increase in the reactive oxygen species may have 
resulted from the observed variations in the antioxi- 
dant defense system of cinnamaldehyde-treated rats. 
A growing body of data provides compelling evidence 
that the reactive oxygen species produced by radiation 
and some chemicals, including tumor promoters, play 
a role in the process of carcinogenesis in vivo and in 
vitro. This may indicate its potential for carcinogenicity 
mediated through reduction of antioxidant potential of 
liver cells. 
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