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ABSTRACT PURPOSE: Alcoholic liver disease is a
major medical complication of alcohol abuse and a com-
mon liver disease in western countries. Increasing evi-
dence demonstrates that oxidative stress plays an
important etiologic role in the development of alcoholic
liver disease. Alcohol alone or in combination with high
fat is known to cause oxidative injury. The present study
therefore aims at evaluating the protective role of cur-
cumin, an active principle of turmeric and a synthetic
analog of curcumin (CA) on alcohol and thermally oxi-
dised sunflower oil (A PUFA) induced oxidative stress.
METHODS: Male albino Wistar rats were used for the
experimental study. The liver marker enzymes: v-
glutamyl transferase (GGT), alkaline phosphatase
(ALP), the lipid peroxidative indices: thiobarbituric acid
reactive substances (TBARS) and hydroperoxides (HP)
and antioxidants such as vitamin C, vitamin E, reduced
glutathione (GSH), superoxide dismutase (SOD), cata-
lase (CAT), glutathione peroxidase (GPx) were used as
biomarkers for testing the antioxidant potential of the
drugs. RESULTS: The liver marker enzymes and lipid
peroxidative indices were increased significantly in
alcohol, A PUFA and alcohol + A PUFA groups. Admin-
istration of curcumin and CA abrograted this effect. The
antioxidant status which was decreased in alcohol, A
PUFA and alcohol + A PUFA groups was effectively
modulated by both curcumin and CA treatment. How-
ever, the reduction in oxidative stress was more pro-
nounced in CA treatment groups compared to curcumin.
CONCLUSION: In conclusion, these observations
show that CA exerts its protective effect by decreasing
the lipid peroxidation and improving antioxidant status,
thus proving itself as an effective antioxidant.
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INTRODUCTION

Oxidative stress plays an important role in the devel-
opment of alcohol induced tissue injury (1). Oxidative
stress is generally considered as an imbalance between
pro oxidant/antioxidant (2). Intake of alcohol results
in excessive generation of free radicals (3), which alter
the bio membranes and cause severe damage. Alcohol
alone or in combination with high fat is known to
cause oxidative injury.

Fat is an important dietary component, which affects
both growth and health. It is widely accepted that a
high level of fat in the diet is detrimental to health.
Replacing the traditional cooking fats, considered
atherogenic with refined vegetable oils promoted as
‘heart friendly’ because of their PUFA content, has
resulted in increased prevalence of heart disease in
India (4). Current data on dietary fats indicate that it is
not just the presence of PUFA but the type of PUFA
that is important. A high PUFA n-6 content and a high
n-6/n-3 ratio in dietary fats are considered to be dan-
gerous (4). The newer heart friendly oils like sunflower
oil possess this undesirable PUFA content and thus
excess intake of these vegetable oils is actually detri-
mental to health. Moreover heating of oil is known to
alter its nutritional properties especially when it is rich
in PUFA. During deep fat frying many volatile and
non-volatile products are produced, some of which are
toxic depending on the level of intake (5).

Alcoholics usually after a heavy binge of alcohol, take
fried food items normally made up of PUFA. Our pre-
vious studies have shown that the intake of sunflower
oil along with alcohol aggravates the toxicity, espe-
cially when it is heated (6, 7).

Curcumin (C) and bisdemethoxy curcumin are natural
phenolic curcuminoids present in turmeric (8), a spice
used in Indian food. Curcumin (Figure 1a), the active
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principle of turmeric has been extensively investigated
for its antioxidant potential. In experimental animals,
curcumin has been shown to prevent lipid peroxida-
tion (9).
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Figure 1: (a) Curcumin and (b) Curcumin Analog

A report has shown that an ortho hydroxyl group sub-
stituted analog of curcumin is very effective compared
to all other existing curcuminoids in treating skin
tumours (10). Previous studies from our lab have
shown that this curcuminoid is effective against colon
cancer (11) and diabetes (12). Since little or no work
has been done to evaluate the other therapeutic strat-
egy of this curcuminoid, in the present study, we syn-
thesized an o-hydroxy substituted analog of curcumin
(Figure 1b) and compared its effects with curcumin over
alcohol and PUFA induced oxidative stress.

MATERIALS AND METHODS
Animals

Male Albino rats, Wistar strain of body weight ranging
140-160 g bred in Central Animal House, Rajah Muth-
iah Medical College, Tamil Nadu, India, fed on stan-
dard pellet diet (Agro Corporation Private Limited,
Bangalore, India) were used for the study and water
was given ad libitum. The standard pellet diet com-
prised 21% protein, 5% lipids, 4% crude fibre, 8% ash,

1% calcium, 0.6% phosphorus, 3.4% glucose, 2% vita-
min and 55% nitrogen free extract (carbohydrates). It
provides metabolisable energy of 3600 K Cal.

The animals were housed in plastic cages under con-
trolled conditions of 12 h light/12 h dark
cycle, 50% humidity and at 30° +2°C. The animals used
in the present study were maintained in accordance with the
guidelines of the National Institute of Nutrition, Indian Coun-
cil of Medical Research, Hyderabad, India and approved by
the Animal Ethical Committee, Annamalai University.

Materials used

Ethanol: Absolute ethanol (AR) was obtained from
Hayman limited, England.

Thermally oxidised PUFA (A PUFA): Sunflower oil
(Gold Winner) was subjected to heating at 180° C for 30
minutes, twice (Fatty acid composition given in Table 1)

(©).

Table 1: Fatty Acid Composition of Sunflower Oil
(Percentage of Fatty Acid/g Oil)

5. Mo, Fally Acid Raw Cnl Heated Ol
1 0 3001 0.27=0.02
2 IRy 11 008 13 il
3. 10:0 20H 34 03
4. 10:00 301 0.15=0.01
3. 1140 427 039
6. 1240 574=0.33 2.20=0.18
T 134) 0.76=0.0%

8. 140 111 D6 023 in2
R 15:0) 0.49-0.04 030 = 0,02
10. 160 17.03 1 1.34 1078 1.39
11. 16:1 (.36 = (.03
12, 170 0.67= 0,03
13, 170 eyclo .52 id
14 18:40 9.87=0.85 9.92=0.87
15 18:2 nl.22 1 574 3289 4403
1a. 18:1 2CH 1.82 013
17. [B21] 217=0.19 (.93 = 0.03
18 20:0 061 (.04 150 (08
15 20:1 678 =063

Values are mean £S.D. of six values.

Curcumin: Curcumin was obtained from Central drug
house private limited, Mumbai, India.

275



J Pharm Pharmaceut Sci (www.ualberta.ca/~csps) 7(2):274-283, 2004

Curcumin analog: Curcumin analog was synthesized as
per the method described by Dinesh Babu and Rajaseka-
ran (13). Briefly, the procedure is as follow, Acetyl ace-
tone was mixed with boric acid and dimethyl
formamide (DMF), heated for 15 minutes. To that hot
mixture, salicylaldeyde was added and heating was con-
tinued further for 5min. Few drops of catalyst (2:1
mixture of glacial acetic acid and diethanolamine) was
added, refluxed for 5 to 6 hours and kept overnight.
Few ml of DMF was added, warmed and the flowy
paste was poured to 10% acetic acid slowly with stir-
ring. The drug separates as a yellow solid mass. The
product thus obtained was purified by column chro-
matography packed with silica gel using chloroform as
solvent. Purity was checked by thin layer chromatog-
raphy and the structure was further confirmed by
FTIR and H! NMR.

All other chemicals and reagents used in the present
study were of analytical grade and were obtained from
Sigma Chemical Company, Saint Louis, USA and Hi
media laboratories, Mumbai, India.

Experimental design

The animals were divided into 12 groups of 6 rats each.

Group 1 (Control): Control rats were given glucose
solution isocalorific to ethanol and high fat diet.

Group 2 (Alcohol): Rats given 20% ethanol (7.9 g/kg
body weight) (14) orally, using an intragastric tube.

Group 3 (A PUFA): Rats given high fat diet (15% ther-
mally oxidised sunflower oil) mixed with the diet.

Group 4 (Alcohol + A PUFA): Rats given 20% ethanol +
15% thermally oxidised sunflower oil.

Group 5 (Alcohol + C): Rats given curcumin (80 mg/
kg body weight) dissolved in 20% ethanol.

Group 6 (Alcohol + CA): Rats given curcumin analog
(80 mg/kg body weight) dissolved in 20% ethanol.

Group 7 (A PUFA + C): Rats given 15% thermally oxi-
dised sunflower oil + curcumin (80 mg/kg body weight)
dissolved in distilled water.

Group 8 (A PUFA + CA): Rats given 15% thermally oxi-
dised sunflower oil + curcumin analog (80 mg/kg body
weight) dissolved in distilled water.

Group 9 (Alcohol + A PUFA + C): Rats given curcumin
(80 mg/kg body weight) dissolved in 20% ethanol +
15% thermally oxidised sunflower oil.

Group 10 (Alcohol + A PUFA + CA): Rats given cur-
cumin analog (80 mg/kg body weight) dissolved in 20%
ethanol + 15% thermally oxidised sunflower oil.

Group 11 (Curcumin): Rats given curcumin (80 mg/kg
body weight) dissolved in distilled water orally using
an intragastric tube.

Group 12 (CA): Rats given Curcumin analog (80 mg/
kg body weight) dissolved in distilled water orally
using an intragastric tube.

Rats were maintained in isocalorific diet using glucose
solution. (Total calories per day: 508 K Cal/kg body
weight). At the end of the experimental period of 45
days, the rats were killed by cervical decapitation and
the blood and tissues (liver, heart and kidney) were col-
lected for various biochemical estimations.

Preparation of Plasma: Blood was collected in a heparin-
ised tube and plasma was separated by centrifugation at
1000 g for 15 min for the estimation of GGT and ALP.

Preparation of Tissue Homogenate: Known amount of
tissue was weighed and homogenised in appropriate
buffer for the estimation of lipid peroxidative indices
and enzymic and non-enzymic antioxidants.

BIOCHEMICAL INVESTIGATION
Estimation of liver marker enzymes

Hepatic damage was assessed by estimating the activi-
ties of ALP by King and Armstrong method (15) and
GGT by Orlowski and Meister (16) method. Based on
the method of King and Armstrong, alkaline phos-
phatase activity was assayed using disodium phenyl
phosphate as substrate. After preincubation of buffer
(0.1 M Bicarbonate buffer pH 10) with substrate for 10
minutes, 0.2 ml of serum was added and incubated for
15 min at 37°C. The liberated phenols from substrate,
reacts with Folin - Phenol reagent (1 ml). The suspen-
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sions were centrifuged and supernatant was collected. 2
ml of 10% sodium bicarbonate was added to superna-
tant and the colour developed was read at 680 nm after
10 min.

GGT was analysed by adding 2ml buffer (Tris HCI 120
mm , MgCl, 12mM glycyl glycine 90 mM , pH 7.8) to
0.2ml substrate (L- y-glutamyl p-nitro anilide 48 mm in
150mM HCI ), warmed to 37°C. 0.1 ml serum was
added, mixed and incubated at 37° C. The reaction was
then stopped by adding 2ml of glacial acetic acid and the
absorbance was read at 405nm.

Estimation of lipid peroxidative indices

Lipid peroxidation as evidenced by the formation of
TBARS and HP were measured by the method of Nie-
haus and Samuelsson (17) and Jiang et al. (18) respec-
tively. In brief, 0.1 ml of tissue homogenate (Tris-Hcl
buffer, pH 7.5) was treated with 2 ml of (1:1:1 ratio) TBA-
TCA-HCI reagent (thiobarbituric acid 0.37%, 0.25N HCI
and 15% TCA) and placed in water bath for 15 min, cooled
and centrifuged at room temperature for 10 min at 1,000
rpm. The absorbance of clear supernatant was measured
against reference blank at 535 nm.

For hydroperoxides 0.1 ml of tissue homogenate was
treated with 0.9 ml of Fox reagent (88 mg butylated
hydroxytoluene (BHT), 7.6 mg xylenol orange and 9.8
mg ammonium ion sulphate were added to 90 ml of
methanol and 10 ml 250 mM sulphuric acid) and incu-
bated at 37°C for 30 min. The colour developed was
read at 560 nm colorimetrically.

DETERMINATION OF NON-ENZYMIC ANTIOXIDANT
STATUS

Estimation of Reduced glutathione

Reduced glutathione (GSH) was determined by the
method of Ellman (19). To the homogenate added 10%
TCA, centrifuged. 1.0 ml of supernatant was treated
with 0.5 ml of Ellmans reagent (19.8 mg of 5, 5’-dithio-
bisnitro benzoic acid (DTNB) in 100 ml of 0.1%
sodium nitrate) and 3.0 ml of phosphate buffer (0.2M,
pH 8.0). The absorbance was read at 412 nm.

Estimation of vitamin E

Vitamin E was estimated by Baker and Frank method
(20). Lipid extract was prepared by the method of

Folch et al. To 0.5ml of lipid extract, 1.5ml ethanol,
2.0ml of petroleum ether were added and centrifuged.
The supernatant was evaporated to dryness at 80° C, to
that added 0.2ml of 2-2’ dipyridyl solution (0.2%) and
ferric chloride (0.5%), kept in dark for 5 minutes and
then 4ml of butanol was added. The colour developed
was read at 520nm.

Estimation of ascorbic acid

Vitamin C was estimated by Roe and Kuether method
(21). To 0.5 ml of tissue homogenate, 1.5ml 6% TCA
was added, centrifuged. To the supernatant added, acid
washed norit and filtered. To the filterate, added 0.5ml
of DNPH and incubated at 37° C for 3 hours and then
added 85% H,SO, and incubated for30 min. The colour
developed was read at 540nm.

Determination of superoxide dismutase, catalase and
glutatbione peroxidase

Superoxide dismutase (SOD) was assayed utilizing the
technique of Kakkar ez al. (22). A single unit of enzyme
was expressed as 50% inhibition of NBT (Nitroblue
tetrazolium) reduction/min/mg protein.

Catalase (CAT) was assayed colorimetrically at 620 nm
and expressed as umoles of H,0, consumed/min/mg
protein as described by Sinha (23). The reaction mixture
(1.5ml) contained 1.0 ml of 0.01M pH 7.0 phosphate
buffer, 0.1 ml of tissue homogenate and 0.4 ml of 2M
H,0,. The reaction was stopped by the addition of 2.0
ml of dichromate-acetic acid reagent (5% potassium
dichromate and glacial acetic acid were mixed in 1:3
ratio).

Glutathione peroxidase (GPx) activity was measured by
the method described by Ellman (19). Briefly, reaction
mixture contained 0.2 ml of 0.4M phosphate buffer pH
7.0, 0.1 ml of 10 mM sodium azide, 0.2 ml of tissue
homogenate (homogenised in 0.4M, phosphate buffer
pH 7.0), 0.2 ml glutathione, 0.1 ml of 0.2 mM hydrogen
peroxide. The contents were incubated at 37° C for 10
min. The reaction was arrested by 0.4 ml of 10% TCA,
and centrifuged. Supernatant was assayed for glu-
tathione content by using Ellmans reagent.

The total protein was estimated by total protein and
albumin Kit (No-72111) from Qualigens fine chemi-
cals, Worli, Mumbai.
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Statistical Analysis

Statistical analysis was done by analysis of variance
(ANOVA) followed by Duncan’s Multiple Range Test
(DMRT). Values were considered statistically significant
when P <0.05.

RESULTS

This study analyses the protective role of curcumin and
CA on oxidative stress induced by alcohol and A PUFA.
Our results showed that there was a significant reduction
in oxidative stress in both curcumin and CA treatment.

Figure 2a and 2b show the changes in the activities of
ALP and GGT in plasma.
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Figure 2: (a) Activities of y-glutamyltranseferase in
Plasma. (values are mean * S.D from 6 rats in each
group). Figure 2: (b) Activities of Alkaline Phosphatase
in Plasma. (values are mean * S.D from 6 rats in each

group).

Their activities were increased significantly in alcohol,
A PUFA and alcohol + A PUFA groups, which were
decreased on treatment with curcumin and CA. How-
ever, CA treatment decreased their activity more signifi-
cantly compared to curcumin.

Figure 3 and 4 show the levels of lipid peroxidative
indices in different tissues.
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The levels of TBARS (Figure 3) and HP (Figure 4) were
increased significantly in alcohol, APUFA and alcohol +
APUFA groups, which were decreased significantly on treat-
ment with curcumin and curcumin analog. The decrease was
more significant in CA treated groups compared to curcumin.
The levels of non-enzymic antioxidants: vitamin C, vitamin E
(Figure 5) and GSH (Figure 6) and enzymic antioxidants:
SOD (Figure 7), CAT (Figure 8) and GPx (Figure 9) were
significantly depleted in alcohol, APUFA and alcohol +
APUFA groups which were increased in both curcumin
and CA treatment.
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DISCUSSION

The increase in plasma liver markers is a direct reflec-
tion of oxidative injury of liver. Various pathways play a
role in ethanol induced tissue injury, including changes
in cellular oxidized NAD", NADH (24), production of
acetaldehyde protein adducts (25), induction of CYP2E1
(26), formation of 1-hydroxyethyl free radicals (27), eth-
anol mediated mitochondrial damage (28), endotoxin
derived activation of Kupffer cells and subsequent pro-
duction of tumour necrosis factor o (29). These changes
perturb the biomembranes and cause severe damage and
leakage of liver markers into the circulation. Moreover,
increased intake of PUFA increases the degree of unsat-
uration of the biomembrane and makes them more sus-
ceptible to lipid peroxidation (30). Wide utilization of
fats which are highly susceptible to oxidation during
cooking and frying may alter physiological effects of
their PUFA content and generate lipid peroxides that
cause membrane damage and increase lipid infiltration
and hence make the membrane leaky to liver markers
(31). Thus, the increased activities of GGT and ALP in
our study are suggestive of severe hepatic injury during
alcohol and PUFA ingestion.

The enhanced lipid peroxidation is one of the toxic manifesta-
tions of acute ethanol ingestion. Evidences have indicated that
free radicals or Reactive Oxygen Species (ROS) such as
hydroxy ethyl radical, superoxide radical (0,°"), hydroxy rad-
ical (OH.), peroxy radical and hydrogen peroxide are impli-
cated in ethanol induced lipid peroxidation (32). Ethanol is
extensively metabolised to cytotoxic acetaldehyde by alcohol
dehydrogenase enzyme in the liver and acetaldehyde is oxi-
dised to acetate by aldehyde dehydrogenase or xanthine oxi-
dase giving rise to ROS (33). Moreover, ethanol metabolism
is associated with increase in CYP2EI activity (34). CYP2EI
catalyses the conversion of ethanol to acetaldehyde and at the
same time reduces dioxygen to a variety of ROS, including
0,°" (35). These enhanced O,°" and other ROS increases the
degree of LPO during alcohol ingestion. The excess LPO in
alcohol-ingested group as measured by the formation of
TBARS and HP in our study corroborate these findings.

The changes in the composition of erythrocyte with
increased erythrocyte deformability ex vivo have been
reported with increased intake of PUFA (36). It has
been demonstrated that fatty acid composition of mem-
branes can be affected by dietary variation of saturated
and unsaturated fat. The increase in dietary unsaturated
fat increases the degree of unsaturation of the mem-
branes (37) and unsaturated bonds are more susceptible
to lipid peroxidation. Moreover, heating of oil rich in
PUFA produces various toxic metabolites (38), which
may increase the lipid peroxidative changes. Thus, the
observed increase in lipid peroxidative indices in our
study during A PUFA ingestion is in correlation with
other findings.

Antioxidant defense system protects the aerobic organ-
ism from the deleterious effects of reactive oxygen
metabolites. Vitamin E, a major lipophilic antioxidant
and vitamin C, play a vital role in the defense against
oxidative stress (39). In our study, the levels of vitamin
E and C were decreased significantly during alcohol
and PUFA ingestion. This is in agreement with the
previous reports that chronic alcoholics are deficient in
vitamin C and E (40). The increased oxidative stress
due to alcohol and PUFA ingestion might have
resulted in complete utilization of vitamin C and E
thus depleting their levels.

Glutathione, an important cellular reductant is involved
in protection against free radicals, peroxides and other
toxic components (41). In addition to serving as a sub-
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strate for glutathione related enzymes, GSH acts as a
free radical scavenger, a generator of a a-tocopherol and
plays an important role in the maintenance of protein
sulfhydryl groups (42). Previous studies have shown
that acute ethanol ingestion depletes GSH levels (43). In
the present study, the levels of GSH were decreased sig-
nificantly in alcohol and A PUFA ingestion indicating
the oxidative stress.

GPx has a well-established role in protecting cells
against oxidative injury. GPx is non-specific for H,O,
and lack of this substrate specificity extends a range of
substrates from H,O, to organic hydroperoxides (44).
Therefore, the excess H,O, and lipid peroxides gener-
ated during alcohol and PUFA ingestion are efficiently
scavenged by GPx activity. The depression of this
enzyme activity reflects perturbations in normal oxida-
tive mechanisms during alcohol and PUFA ingestion.
Catalase, which acts as preventative antioxidant plays
an important role in protection against the deleterious
effects of lipid peroxidation (45). The inhibition of
CAT activity is suggestive of enhanced synthesis of
0,°" during the ingestion of alcohol and PUFA since
0,°" is a powerful inhibitor of catalase (46).

SOD catalyses the dismutation of ~2 radical anions to
H,0, and O, (47). Numerous studies have shown the
importance of SOD in protecting cells against oxidative
stress (48). Our study has shown a decrease in SOD
activity in tissues during alcohol and PUFA ingestion.
This decrease could be due to a feed back inhibition or
oxidative inactivation of enzyme protein due to excess
ROS generation (49). The generation of the o-hydroxy
ethyl radical may also lead to inactivation of the
enzyme.

Administration of curcumin and curcumin analog
(CA), decreased the LPO, improved the antioxidant
status and thereby prevented the damage to the liver
and leakage of enzymes GGT and ALP. This is mainly
because of the antioxidant sparing action of curcumin
and CA.

The antioxidant mechanism of curcumin may include
one or more of the following interactions. Scavenging
or neutralizing of free radicals (50), interacting with
oxidative cascade and preventing its outcome (51), oxy-
gen quenching and making it less available for oxida-
tive reaction (50), inhibition of oxidative enzymes like

cytochrome P450 (50) and chelating and disarming oxi-
dative properties of metal ions such as iron (52). Thus
in this work curcumin effectively prevented tissue
damage by decreasing the oxidative stress and restoring
the antioxidant status.

However, the treatment with CA was found to be
more effective compared to curcumin. Among many
classes of compounds, phenolics have been recognized
as a powerful counter measure against LPO (53). Nor-
mally phenolic compounds act by scavenging free radi-
cals and quenching the lipid peroxidative side chain.
Phenolic compounds can act as free radical scavengers
by virtue of their hydrogen donating ability, forming
aryloxyl radicals (54). It has been proposed that
hydroxy and hydroperoxy radicals initiate H* abstrac-
tion from a free phenolic substrate to form phenoxy
radical that can rearrange to quinonemethide radical
intermediate (55) which is excreted via bile.

Moreover the introduction of a hydroxyl group in the
‘O’ and ‘P’ position is known to increase antioxidant
activity in peroxidizing lipid system. Several investiga-
tors have shown that ‘O’ substitution with an e~ donor
group increases the stability of the aryloxyl radical and
thus antioxidant activity (10, 54). The increased efficacy
of this novel curcuminoid may be attributed to the pres-
ence of hydroxyl group at ortho position. The o-
hydroxyl group, because of its resonance property, easily
donates e to free radicals and effectively neutralizes
them. This property makes the CA, a novel compound
for treating oxidative stress.

CONCLUSION

Thus, CA effectively quenches free radicals and LPO,
decreases release of liver markers and positively modu-
lates antioxidant status. Thus by the property of elicit-
ing a significant effect on LPO, this synthetic
curcuminoid may become a promising candidate for
the treatment of oxidative stress. Further, more studies
that are mechanistic are essential to elucidate the exact
mechanism of its modulatory effects.
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