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In order to gain insight into the antioxidant effect of cinnanlOn (Cinnamomum verum; Lauraceae) and cardamom (Amomum 
slIbulalum; Zingiberaceae) hepatic and cardiac antioxidant enzymes, glutathione (GSH) content and lipid conjugated dienes 
were studied in rats fed high fat diet along with cinnamon or cardamom. The antioxidant enzyme activities were found to be 
significantly enhanced whereas GSH content was markedly restored in rats fed a fat d iet with spices. In addition, these spices 
partially counteracted increase in lipid conjugated dienes and hydroperoxides, the primary products of lipid perox idation. Thus. 
it appears that these spi ces exert antjoxidant protection through their abili ty to activate the antioxidant enzymes. 

Reactive oxygen metabolites (ROMs) which include 

superoxide anion (02- ), hydrogen peroxide {H20 2) 

and hydroxyl radicals (OHO), have been implicated in 
several degenerative di seases including hypercholes
te ro lemic atherosclerosis, carcinogenesis, cataracto
genesis, insulin-dependent diabetes mellitus and 
ischemia-reperfusion cardiac injur/ ·2 ROMs are 
control led at phys iological concentrations by a 
repertoire of cellular antioxidant defences such as 
superoxide dismutase (SOD), cata lase (CAT), 
glutathione perox idase (GPx), glutathione reductase 
(GR), g lutathione S-transferase (GST) and glucose 6-
phospha.te dehydrogenase (G-6-PDH),,4. 

Spic~s and condiments are widely used in Indian 
recipes as adjuncts to enhance the flavour and taste of 
food. The traditional med ica l literature describes their 
potential role as a source of many vitamins and a 
domestic remedy fo r many of the human disorders5 

Antioxidant effect of both cinnamon (CinnallJomuf/1 
verum J S Pres l syn. Cinnamoll1um zeylanicuf/1 
Blume; Lauraceae; bark) and cardamom (Amol11um 
subulatum; Zingiberaceae; seeds) have been 
reported6

,7 . 

With this bac kground information, the present 
study was undertaken to sc reen two commonly used 
spice principles, cinnamon and cardamom, for their 
ability to decrease levels of ROM s generated in rats 
fed high fat diet. 

Materials and Methods 

Plant lIIateria/- The plant material was procured 
from Ayurvedic Rasashala, Pune. Voucher spec imens 

have been deposited in our laboratory as 
Cinnamomum verum (C-3 /497) and Amomum 
subulatum (A-I /497). 

Animals and treatment regimes-Inbred male 
albino rats of Wistar strain weighing 60-70 g were 
used. Rats were housed in air-cond itioned quarters at 

constant temperature : 22°±2°C, relative humidity : 

50±20% and a 10 hr light: 14 hr dark cyc le was 
maintained throughout experimenta l period. Anima ls 
were divided into 4 groups of 12 rats each and fed as 
follows: 

Group I Normal diet 
Goup II High fat diet (control) 
Group III High fat diet + 10% cll1namon bark 

powder 
Group IV High fat diet + 10% cardamom seed 

powder 
For high fat diet, 20% coconut o il was mixed with 

the normal labo ratory diet (Hindustan Antibiotics 
Diet). Dried c innamon bark was crushed and mixed in 
the diet for group III and powdered cardamom seeds 
were mixed in the diet for group IV. The rats were 
maintained on the respective d iet and water 
ad libitum for a period of 90 days . 

Necrop!>y and tissue homogenization- After 90 
days, all animals were fasted overn ight and killed by 
decapitation. Heart and liver were excised, washed in 
ice-co ld EDTA-sa line and homogenized in 10 
vo lumes of ice-cold 20 mM phosphate buffer 
(PH 7.0). This was incubated with Triton X-IOO at a 
concentration of 0.1 % for I hr at SOC and centrifuged 
in Kontron Centrikon T-324, rotor A 8.24 at 20,000 
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rpm for 20 min at 5°Cs . Glutathione (GSHf and free 
fatty acid (FF A) I 0 were assayed from 10% 
homogenate directly. The supernatant was used for 
assays of various biochemical parameters as follows . 

Biochemical estimations 
Superoxide dismutase (SOD) assay: SOD activity 

was assayed by the method of Kakkar e( al. II wherein 
the inhibition of NADH-dependent chromogen 
formation by SOD was measured. SOD activity was 
expressed as enzyme concentration required to inhibit 
optical density at 560 nm of chromogen production 
by 50% in I min . 

Catalase (CA T) assay: CAT activity was assayed 
in cytosolic fract ions according to the method of 
Cohen et a1. 12

• Values were expressed as nmole H20 2 

reduced/min/mg protein 

Glutathione peroxidase (GPx) assay: GPx activity 
was assayed by the method of Flohe and Gunzler13

. 

The final concentr3tion of tertiary butyl 
hydroperoxide was 95 IlmollL. The assay solut ion 
contained 0.1 mollL potassium phosphate buffer (PH 
7.0), I mmollL EDTA, 1.05 mmollL reduced 
glutathione, 0.118 mmollL NADPH, 4 III of GR (600 
U/ml) and a suitable sample (20 Ilg of protein) of 
enzyme solution. After 5 min of preincubation at 
37°C, the reaction was started with the addition of the 
peroxide. The value for a blank reaction with the 
enzyme source replaced by water was subtracted for 
each assay. The rate of reaction was recorded at 25°C 
by following the decrease in absorbance at 340 nm. 
Specific activity was expressed in nmoles of NADPH 
oxidized/mini fig protein . 

Glutathione S-tramferase (GST) assay: GST 
activity was determined by the method of Warholm et 
al.14

• The assay mixture contained 0.1 mollL 
potassium phosphate buffer, (PH 7.0), ! mmollL 
EDT A, 0.1 mmollL GSH, I mmollL l-chloro-2, 4-
dinitrobenzene and a suitable amount (20 Ilg of 
protein) or enzyme solution. The reference cuvette 
contained the complete assay mixture with the 
enzyme solution replaced by water. Enzymatic assay 
was carried out at 25°C. Specific activity was 
expressed as nmoles of NADPH oxidized/min/mg of 
protein. 

Glutathione reductase (GR) assay: GR activity was 
assayed according to the method of Acedo et al. l s. 

The assay mixture contained 0.1 mollL potassium 
phosphate buffer (PH 7.0), I nmollL EDTA, 3.4 

mmollL oxidized glutathione, 0.01 mmollL NADPH 
and an appropriate amount (20 Ilg of protein) of 
enzyme source. The blank did not contain oxidized 
glutathione. Enzyme activity was determined at 25°C 
by measuring the disappearance of NADPH at 340 
nm and expressed as nmoles of NADPH 
oxidized/min/mg protein . 

Glucose-6 phosphate dehydrogenase (G-6-PDH) 
assay: G-6-PDH activity was assayed according to the 
method of Kornberg and Horecker l 6 wherein the rate 
of reduction of NADP+ in presence of enzyme was 
measured. The enzyme activity was expressed as 
nmoles ofNADP+ reduced/min/mg protein. 

Lipid peroxidation (LP), .conjugated dienes (CD) 
and hydroperoxide (HP) estimation: LP was 
quantitated in tissue homogenates using 2-
thiobarbituric acid (TBA) according to the method of 

Table I-Effect of cinnamon bark and cardamom seeds on the 
levels of malondialdehyde (MDA), hydroperoxides (HP). 

conjugated dienes (CD) and free fatty acids (FFA) 
[Values are mean ± SE of 12 observat ions] 

Liver Heart 

TBARs (nmoles MDAlmg Protein) 

Group I 0.60 ± 0.05 0.59 ± 0.02 
Group II 0.85 ± 0.02* 0.83±0.01* 
Group III 0.85 ± 0.02* 0.55±0.01** 
Group IV 0.85 ± 0.02* 0.60 ± 0.0 1** 

HP (nmole/l 00 g tissue) 

Group I 5.50 ± 0.09 10.2 ± 0.33 
Group II 15 .58±0.16* 47 .50 ± 0.75* 
Group III 12.30 ± 0.30** 35 .20 ± 0.20** 
Group IV 13.40 ± 0.35** 38.00 ± 0.30** 

CD (nmo le/ IOO g ti ssue) 

Group I 35 .50 ± 1.20 3.50±0.10 
Group II 78 .50 ± 1.60* 10.75 ± 0.25* 
Group III 70.50 ± 1. 50*· 8.85 ± 0. 18** 
Group IV 45.40 ± 1.45**' 8.25 ± 0.11** 

FFA (mg/IOO g tissue) 

Group I 648 ± \0 450 ± 9 
Group II 830 ± 15· 527 ± 8* 
Group III 755±11** 450 ± 5** 
Group IV 760± 13** 430 ± 6·* 

*p < 0.01 when compared with group I; **P < 0.05 when 
compared with group II 

Group I : Normal diet : group II : High fat diet; group III : High fal 
diet + 10% ci nnamon bark powder; group IV : High fat diet + 
10% cardamom seed powder 

TBARs = 2-Thiobarbituric ac id reactive substances. 
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Table 2-Amount of glutathione (GSH) and activities of 
glutathione S-transferase (GST), superoxide di smutase (SOD) 

and catalase (CAT) in rats administered cinnamon bark and 
cardamom seeds. 

[Values are mean ± SE of 12 observations] 

Enzyme activities in 
Liver Heart 

GSH (mg x 1O-3/mg protein) 

Group I 7.55 ± 0.5 7.40 ± 0.6 
Group II 2.60 ± 0.2* 2.85 ± 0.2* 
Group III 5.50 ± 0.5** 5.W±0.2** 
Group IV 5.25 ± 0.2** S.15±0.2** 

CAT (Unitss/mg protein) 

Group I 25 .2 ± 2.00 10.5 ± 0.40 
Group II 64 .0 ± 1.00* 25 .7 ± 0.35* 
Group III 88.8 ± 1.20** 45.6 ± 0.70** 
Group IV 78.6 ± 1.30** 37.8 ± 0.60** 

SOD (Units#/mg protei n) 

Group I 6.4±0. 10 6.5 ± 0.20 
Group II 9.4 ± 0. 18* 16.9 ± 0.25* 
Group III 19.4 ± 0.30" 27.8 ± 0.40" 
Group IV 15 .8 ± 0.20** 23 .7 ± 0.35** 

GST (nmoles NADPH ox idized/mi n/mg protein) 

Group I 1.8 ± 0.03 1.7 ± 0.04 
Group II 3.6 ± 0.04* 4.6 ± 0.05* 
Group III 4.5 ± 0.06** 5.5 ± 0.03** 
Group IV 4.7 ± 0.07** 4.8 ± 0.02** 

*P < 0.0 1 when compared with group I; **P < 0.05 when 
compared with group II 
Group I : Normal diet; group II : High fa t diet : group III : High fat 
diet + 10% cinnamon bark powder; group IV : High fa t diet + 
10% cardamom seed powder 

#The amount which causes SO% inhibition of pyrogallol ox idation 
in a reaction vol ume of 3 ml. 

snmoles H20 2 red uced/min . 

Ohkawa et at. 17 Values were reported as TBA
reactive substances and expressed as nmoles/mg 
proteinll5 min. CD and HP were a lso estimated in 
tissue homogenates I 8

.
19

. 

The meth.od of Lowry et at. 20 was employed for the 
determinations of protein concentrations . Bovine 
serum albumin was used as protein standard . 

Statistical analysis 

Statistical analysis was carried us ing Student's t
test. P values < 0.05 were considered statist ical ly 
significant. 

Tab le 3-Acti vity of glutathione reductase (GR), glutathione 
perox idase (G Px) and glucose-6-phosphate dehydrogenase (G-6-

PDH) in the liver of rats admini stered cinnamon bark and 
cardamom seeds 

[Values are mean ±SE of 12 observat ions] 
GR@ GPx# G-6-PDSs 

Group I 20.9±0.50 3.5±0.O2 10.5±0.75 
Group II 15.8±O.25 * 5.8±0.06* 10.9±0.15* 
Grou p III 19.6±0.30** 8.5±0.15** 11 .2±0.20** 
Group IV 20.5±0.32** 8. I±0.08*- 15.6±0.22** 

*p < 0.0 1 when compared with group l; **p < 0.05 when 
compared with group II 

Group I : Normal diet; group II : High fa t diet: group III : High fat 
d iet + 10% ci nnamon bark powder: group IV: High fat diet + 
10% (;ardamom seed powder 

@nmole NAPDH oxidised/min/mg protein 

#nl11ole NAPDH oxidised/l11in/mg protin 

snl110ic of NA DP+ reduced/min/l11g protei n. 

Results 

Body weights-There was a signifi cant gradua l 
increase in mean body weight of group II , III and IV 
as compared to group I. There was no significant 
differences in the mean body we ight between any of 
the treatment groups. No differences in food intake 
were observed in the course of the study and the rate 
of body weight gain was simi lar in a ll o f the different 
treatment groups. Specific heart and liver weigh ts 
(organ wtll 00 g body wt.) were unaffected by any of 
the treatments (data not shown). 

TEA-reactive substances, conjugated dienes and 
hydroperoxides-A significant (4 1% ) and (40%) 
increase in heart and li ver respective ly in TBA 
react ive substances was observed in high fa t diet fed 
anima ls (grou p II ) when compared with normal diet 
fed animals (group I). A s ignificant (34%) and (28% ) 
decrease in heart TBA reactive substances was 
observed in group III and group IV respectively when 
compared with group II . However leve ls of TBA 
react ive substances 111 li ver rema ined a lmost 
una ltered . (Table I) . 

From Tab le I, it is also seen that there was 2-3-
fold increase in hepatic and cardiac conjugated dienes 
and hydroperoxides in high fat diet fed animals. Co
administration of cinnamon and cardamom lowered 

these high leve ls of CD and HP both in heart and liver 
but in genera l va lues of CD and HP remained high 
pers istently . 

Hepatic and cardiac antioxidant systems-Tables 
2 and 3 sllmmarises the effect of co-admi nistration of 
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cinnamon and cardamom TO high fat diet fed animals 
on the antioxidant enzymes in liver and heart. There 
was a significant increase in the activities of all the 
antioxidant enzymes while GSH showed marked 
depletion. Co-administration with spice principles 
resulted in further enhancement of the antioxidant 
enzyme activities both in liver and heart. 

Discussion 
Many plant products are known to exert 

antioxidative effects by quenching various free 
radicals and the singlet form of molecular oxygen21

. 

In the present study, the antioxidant effect of 
cinnamon bark and cardamom seeds was evaluated in 
rats fed with high fat diet. 

LP reflects' the interaction between molecular 
oxygen and polyunsaturated fatty acids and results in 
the oxidative deterioration of the latter22

. The natural 
targets for such reactions are the biological 
membranes, therefore oxidative damage to these 
membranes result in an impairment of cellular and 
subcellular function s. Free radicals disrupt the 
equilibrium of biological systems by damaging their 
constituent molecules, leading eventually to cell 
death. Polyunsaturated fatty acids within cell 
membranes and lipoproteins are particularly 
susceptible to ox idative attack i.e. LPO, often as a 
result of metal ion dependent hydroxyl radical 
formationD

. Following initiation by a single radical , 
if oxygen is present long chains of lipid peroxides 
may be formed by a rapid free radical chain reaction 
causing serious di sruption of cell membranes24

. 

Higher levels of the antioxidant enzymes have been 
correlated with decreased susceptibility to cell 
damage25

. 

The initiating free radicals, such as O2- and H20 2, 

will be scavenged by SOD or CAT and GPx 
respectivel/ 6

. These enzyme activities will thereby 
inhibit the production of secondary, more damaging 
free radicals, such as OH oJ Once ~p has started, 
endogenous antioxidants will interfere with the chain 
propagation , as they are more easily oxidised than 
polyunsaturated fatty acids27

. Finally, lipid 
hydroperoxides already formed will be reduced by the 
GPx . In the present study with the increase in the rate 
of LP as indicated by enhanced TBA reactive 
substances, CD and HP, the activities of SOD, CAT 
and GPx also showed marked enhancement. Co
administration with spice principles lowered CD and 
HP, though these parameters remained persistently 

higher. This increase in CD and HP reflects the 
metabolic conversion of fatty acids to products of 
eicosanoid pathway or other mechanisms such as 
influence on liver microsomal cytochrome P-450 
dependent enzyme system3

. 

Forman and Boveris28 reported that the first step in 
oxygen toxicity was the formation of superoxide 
radical. Marked increased in SOD and CAT activity 
following co-administration of' cinnamon and 
cardamom to high fat diet fed animals showed the 
adaptive nature of the system against damaging 
effects of superoxide radicals in heart and liver as 
brought about by high fat diet. 

The tripeptide, reduced GSH, is essential to 
maintain structural and functional integrity of the 
cells. The maintenance of GSH levels depends on the 
activities of various enzymes-GR, GST and G-6 PDH. 
Co-administration with cardamom and cinnamon 
showed increase in the G-6 PDH activity which helps 
to increase hexose monophosphate shunt, and hence 
the supply of NADPH. This raised NADPH level 
enhances GR activity which in turn helps to keep a 
raised level of GSH. Apart from its direct free radical 
scavenging properties and ability to conjugate with 
several electrophilic intermediates that are capable of 
initiating Lp29

, GSH is the physiological co-substrate 
of the conjugating enzyme system. Furthermore 
glutathione dependent cytosolic and microsomal 
factors were reported which protect against LpJO

.
J1

. 

Thus, LP following high fat diet administration could 
only be seen when hepatic GSH was depleted'2 . 

Although GST activity was marginally increased 
following co-administration of spice principles, the 
activity of the other scavenging enzymes, viz. GPx 
which helps GSH in the formation of stable alcohols 
from toxic lipid peroxides" was subsequently 
increased (more than group I) to counteract and 
protect the cell against free radical mediated 
oxidative assault and also to maintain the GSH : 
GSSG ratio. 

Histopathological studies of livers revea led slight 
cytoplasmic degeneration and fatty changes in group 
fed with high fat diet. No necrosis, bilestasi s, fatty 
changes, degeneration or regeneration and cyto lysis 
in the experimental groups (High fat di et + spices) 
were observed. Supplementation of 10% cinnamon 
bark or cardamom seeds with fat diet may protect the 
various tissues by preventing the formation of 
unwanted free radicals and maintain the tissues in 
their normal arch itecture. 
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The results of our study suggest that the anti
oxidant effects elucidated by cinnamon bark and 
cardamom seeds are possibly due to their ability to 
activate anti-oxidant enzymes that catalyse the 
reduction of oxidants and their daily use may be 
beneficial. 
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