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Changes in the prostaglandin levels in
alcohol toxicity: Effect of curcumin
and N-acetylcysteine
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The present study was undertaken to evaluate the potential role of curcumin, the antioxidant principal from
Curcuma longd.inn., and the sulphur-containing amino acid N-acetylcysteine against ethanol-induced changes

in the levels of prostanoids. Biochemical assessment of liver damage was done by measuring the activities of
serum enzymes (i.e., aspartate transaminase and alkaline phosphatase), which were significantly increased in
rats fed ethanol, whereas the elevated levels of these enzymes were decreased after curcumin and N-acetylcys-
teine treatment to rats fed ethanol. We observed a significant increase in the levels of prostaglanBnskE,,

and D, in liver, kidney, and brain. Administration of curcumin and N-acetylcysteine was shown to decrease the
level of these prostanoids in the tissue studie@. Nutr. Biochem. 11:509-514, 2000)Elsevier Science Inc.

2000. All rights reserved.
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Introduction low because most of this PUFA is esterified in the carbon-2
position of the glycerol moiety of phospholipids in cell
membrane$.

Almost all cells of the body are able to produce prosta-
ids. PGB, PGE,, PGFE,,, and TXA, are mainly formed in

. . liver by nonparenchymal cells such as kupffer cells and
prostagll_and!ns (PGs), thrdoT]nganes (TXs),dIe#kdotrlenes sinusoidal endothelial celf. Prostaglandin endoperoxide
(ITTS)’ Ipoxins (LX.S)' and_fiydroperoxy- and nydroxy- synthase catalyzes the initial reaction in prostanoid biosyn-
eicosatetraenoic acid (HPETEs and' HETEs). Thes‘? are nOtthesis. This microsomal enzyme contains cycloxygenase
stored in the body, but are synthesized when required andand peroxidase activity and requires for its enzymatic
have diverse and potent biological activities. activity molecular oxygen and hemé

. Eicosanoids_play an important_ role in liver fu_nction a_nd Previous study has shown that c&/cloxygenase products
liver pathophysiology.“The liver is a source of eicosanoid ¢ - hidonic acid are present in much higher concentra-
production; a target organ for their actiofisand a major tions in inflamed tissue than in healthy tissi¥eElmer and

frz'[:yfoglstge'grirgﬁ:,?em';Jgacé':t?gﬁzgﬁz’ Igf;n%ndnéls Georgé?® repor_ted that the ph_armacologlcal effects of _et_h-
paranchymal cells within the livér anol may b_e, in part, due to m_creased membra_ne fluidity,
The intracellular concentration. of free arachidonate is resulting in increased ph.osphollpasg(RLAZ) activity anq ;
the subsequent conversion of released arachidonic acid into
pharmacologically relevant eicosanoids. Chronic ethanol
ingestion shows a marked decrease in erythrocytes and
o Desbomen: o BismomiansSonis for icomanen . Piatelets, docasatetraenoic acid, and arachidonic’acid
search, A’nnanF:aIai University, Anname)lllyainagar—GOB 002, Tamil Nadu, Curc_umlr_] and_ N-acet.ylc.ySteme h"“.“.’e many biological
India. properties including antioxidant, anti-inflammatory, and
Received March 1, 2000; accepted July 24, 2000. hypolipidemic propertie$?~1®The objective of the present

Eicosanoids are the oxygenated derivatives of arachidonic
acid (20:4) or similar polyunsaturated fatty acids (PUFA)

precursors. They are derived from PUFA by the cycloxy- no
genase or lipoxygenase pathwayslajor eicosanoids are
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Table 1 Experimental design

Treatment and duration

Group No. of rats 1-30 days 31-60 days Dose administered
1. Control 10 Glucose Glucose 19.356 g kg~ ' body weight
2. Curcumin 10 Curcumin Curcumin 80 mg kg~ ' body weight
3. NAC 10 NAC NAC 150 mg kg™ body weight
4a. Alcohol 10 25% ethanol 25% ethanol 9.678 g kg~ ' body weight
4b. Alcohol+ curcumin 10 25% ethanol 25% ethanol + curcumin 9.678 g kg~ ' body weight
ethanol and 80 mg kg™’
body weight curcumin
4c. Alcohol + NAC 10 25% ethanol 25% ethanol + NAC 9.678 g kg~ ' body weight

ethanol and 150 mg kg™

body weight NAC

NAC-N-acetylcysteine.

study was to know the role, if any, played by curcumin and

After the experimental period (60 days), rats were

N-acetylcysteine on the PG composition in various tissues stunned by a blow at the back of the neck and killed by

in alcohol-fed rats.

Methods
Experimental animals

decapitation.

Sample preparation

Blood for enzyme analysis was collected by sinocular
puncture in ependorf tubes. After centrifugation at 3,600

Adult male Wistar rats (body weights between 150-170 g) g for 15 min, serum was removed for analysis. Aspartate
obtained from Central Animal House (Faculty of Medicine, transaminase (AST) and alkaline phosphatase (ALP) in
Annamalai University, Tamil Nadu, India) were kept at serum was determined by the methods of Reitman and
room temperature (36 2°C) under seminatural light/dark  Frankel® and King and Armstrong® respectively, using a
conditions. All the rats were fed commercial diet (Hindustan diagnostic Kkit.
Lever Ltd., Mumbai, India) and water ad libitum.

Phospholipid and fatty acid analysis

Liver, kidney, and brain for phospholipid and fatty acid

Alcohol was purchased from E. Merck (Daramstadt, Ger- analysis were dried between the folds of filter paper,
many) and N-acetylcysteine and PG standards (PGE weighed, and transferred to 2:1 choloroform/methanol (vol/
PGE, PGFE,, and PGD) were purchased from Sigma vol) for extraction of lipids according to the procedure of
Chemical Company (St. Louis, MO USA). All other re- Folch et aP! Total phospholipids were quantified by
agents used were of high performance liquid chromatogra- phosphorous ass&yand fatty acid composition was per-
phy (HPLC) grade. formed according to the method of Morrison and Sniith.

Fatty acid analysis was performed by using a Tracer 540
gas chromatograph (2 m long 2 mm i.d.) packed with
10% cilar on chromosorb W, 80/100 mesh. Separated fatty
acids were identified by the comparison of retention times
with those obtained by the separation of a mixture of
standard fatty acids. Measurement of peak areas and data
processing were carried out by an electronic integrator.
Individual fatty acids were expressed as a percentage of
total fatty acids per 100 mg tissue.

Materials

Animals and treatment

The rats were divided into the following groups (see
Table ).

Group 1: Control rats (Rats given a laboratory diet and
glucose solution equivalent to calorific value of ethanol
(19.356 g of glucose/kg body weight).

Group 2: Rats given curcumin alone (80 mg/kg body
weight) as an aqueous solution using an intragastric Ylbe.

Group 3: Rats given N-acetylcysteine (150 mg/kg body
weight) as an aqueous solution using an intragastric 1éibe.

Group 4: Rats given 25% ethanol (absolute ethanol PGs from tissues were extracted by the method of Paifell.
diluted to 25%), 5 ml each, (i.e., 9.678 g ethanol/kg body To the tissue samples, a known concentration of the
weight) using an intragastric tube. After a period of 1 standards was added and processed along with the test
month, Group 4 was subdivided into three groups. samples, and the recovery was measured and found to be

Group 4a: Rats given 25% ethanol as dosage mentionedmore than 95%. The minimum detection was found to be at
above. nanogram level. Tissues transferred to ice-cold chloroform/

Group 4b: Rats given 25% ethanol and curcumin (80 methanol (1:1) were homogenized and centrifuged, and the
mg/kg body weight) mixed along with ethanol. supernatant was evaporated using nitrogen gas. Ethanol (1.5

Group 4c: Rats given 25% ethanol and N-acetylcysteine ml) was added and the mixture was allowed to stand for 5
(150 mg/kg body weight) as an aqueous solution using an min. Water (10 ml) was then added and acidified to pH 3.0
intragastric tube. with 1N HCI, and passed through sep-pak containing ODS

Separation of PGs
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Table 2 (Initial weight, final weight, and gain in weight of animals in
different experimental groups

Alcohol and prostaglandins: Rajakrishnan et al.

Table 3 Changes in the activities of serum AST and ALP in different
experimental groups

Initial weight Final weight Weight gain
Groups (¢)}
1. Control 163.7 = 8.36* 291.7 =11.86 127.1 = 12.3p%nt
2. Curcumin  160.2 = 7.38 278.31 = 10.11 118.6 = 11.86°™
3. NAC 158.9 = 856  285.4 = 11.03 126.4 = 8.36%°@
4a. Alcohol  168.7 = 10.11 251.80 = 8.86  83.02 = 11.10
4b. Alcohol + 155.9 + 9.11  265.8 +7.89  108.9 + 7.0999

curcumin

4¢. Alcohol + 160.7 + 8.89  281.3 =8.86 120.63 + 9.91Pcde

NAC

*Values are mean = SD from 6 rats in each group.

TValues not sharing a common superscript letter differ significantly at
P < 0.05 (Duncan’s Multiple Range Test).

NAC-N-acetylcysteine.

Silica (Waters Qg column 10X 10mm) using a 20-ml
syringe. Gg column was pretreated with 20 ml ethanol
followed by 20 ml water before use. The column was eluted
successively with 20 ml ethanol/water (15:85), 20 ml water,

Groups AST (U/L) ALP (U/L)
Control 7.9 = 1.8t 126.8 + 6.02%°
Alcohol 59.7 + 3.9 193.6 = 6.11
A + cur 36.8 * 1.44° 140.6 + 3.1¢
Cur 9.5 + 1.77% 128.7 = 5.9
A + NAC 33.7 = 2.11° 138.6 + 3.02¢
NAC 8.9 + 1.4 127.1 + 3.89°

*Values are mean = SD from 6 rats in each group.

TValues not sharing a common superscript letter differ significantly at P
< 0.05 (Duncan’s Multiple Range Test).

AST-aspartatetransaminase. ALP-alkaline phosphatase. A + cur-al-
cohol + curcumin. Cur—curcumin. A + NAC-alcohol + N-acetylcyste-
ine. NAC—-N-acetylcysteine.

decreased significantly in rats fed curcumin and N-acetyl-
cysteine along with ethanol.

Changes in the concentration of phospholipid and
arachidonic acid in liver, kidney, and brain

20 ml petroleum ether, and 10 ml ethyl acetate. The ethyl The levels of phospholipids and arachidonic acid were
acetate fraction was collected and evaporated under nitro-decreased significantly in the tissues of rats fed ethanol
gen. when compared with that of control rats, whereas the levels
were increased when curcumin and NAC were administered
to rats fed ethanol when compared to the group being given

Separation and detection of PGs by HPLC
ethanol only Tables 4, 5, and 6).

Different types of PGs were separated in HPLC by a
modified method of Rolling et &° The solvent used was
acetonitrile: 0.0174 M orthophosphoric acid (40:60), pH
2.5. Flow rate was adjusted to 1 ml/min. The HPLC system
consisted of SPD-6AV UV-VIS spectrophotometric detec-
tor (LC-6AD liquid chromatopac); the column was SP- was significantly increased in liveféble 9, kidney (Table 5,
HPLC, C18-column (250< 4.6 mm, Nucleosil-0.5um, and brain Table § of rats fed alcohol, whereas the levels
Shimadzu, Japan). The wavelength of the detector was set atvere decreased significantly in rats fed alcohol and cur-
196 nm. Retention time of peaks was compared with those cumin, and alcohol and N-acetylcysteine. The administra-

Changes in the concentration of PGs in liver,
kidney, and brain

Concentration of PGs (i.e., PGEPGE,, PGFE,,, and PGD)

of the standards.

Estimation of total protein in the dry tissue

Total protein in the dry defatted tissue was estimated by
microkjeldahl digestion followed by Nesslerisatith.
Statistical analysis

Statistical analysis was done by analysis of variance fol-
lowed by Duncan’s Multiple Range Test.

Results
Changes in body weight
Ethanol administration produced less weight gdiakle 9

tion of curcumin alone was shown to increase the level of
PGE, PGE, and PED in liver, and PGE,, PGE, and
PGD, in kidney. In brain, the levels of PGEnd PGE were
increased. The administration of N-acetylcysteine alone had
no effect on the levels of PGs in the liver, kidney, and brain.

Discussion

Damage to the liver after ethanol ingestion is a well-known
phenomenon, and the obvious sign of hepatic injury is the
leakage of cellular enzymes into plasffaRaised serum
enzyme activities in alcohol-induced toxicity can be attrib-
uted to enhanced hepatic generation of oxygen-derived
species at various subcellular sites due to the oxidation of
ethanoP® and oxygen-derived species mediate the cell

membrane damage, forming lipid hydroperoxitfeand
ultimately leading to the loss of functional integrity of the
membrane and cell death. Previous reports showed that
: - when hepatocytes were exposed to ethanol, the cellular
Changes in the activities of serum AST and ALP function was perturbed and leakage of AST and lactate
The activities of serum AST and ALP are givenTiable 3 dehydrogenase was increased; ethanol also affects structural
The activities of the serum marker enzymes were increasedand functional changes in the mitochondria and increases
significantly in rats fed alcohol, whereas the activities the membrane permeabilit}thus leading to the leakage of

as indicated by emaciation, even though the eating habits of
animals in various groups were similar.
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Table 4 Changes in the concentrations of phospholipid, arachidonic acid, and prostaglandin in liver in different experimental groups

Phospholipid Arachidonic acid PGP, PGE, PGE, PGD,

Group (mg/100 g tissue) (percentage of AA/100 mg tissue) (rg/g protein

Control 2,155.09 + 107.333"*1 23.73 + 0.746% 0.303 = 0.07%*4  0.112 = 0.015 0.084 + 0.010  0.508 + 0.050°
Alcohol 1,358.47 + 63.10 16.36 = 0.575 1.074 = 0.128 1.096 + 0.113  0.404 = 0.047 3.011 + 0.204
A+cur  1,802.11 = 101.11%° 19.15 + 0.866° 0.826 = 0.075 0.877 £0.080 0.174 =0.013* 1.074 + 0.113*
Cur 1,787.11 + 90.63 21.28 + 0.956° 0.383 = 0.054%*°  0.308 = 0.057% 0.234 £ 0.044 0.979 = 0.083*%
A+ NAC 1,998.13 = 110.66°% 22.85 + 0.651% 0.296 + 0.068°°° 0.483 = 0.051 0.135 + 0.025 0.676 * 0.053
NAC 2,063.89 = 109.87%° 24.87 + 0.966°¢ 0.221 = 0.056°®  0.228 = 0.042% 0.092 + 0.012  0.385 = 0.039°

*Values are mean = SD from 6 rats in each group.
TValues not sharing a common superscript letter differ significantly at P < 0.05 (Duncan’s Multiple Range Test).
AA-arachidonic acid. PG—prostaglandin. A + cur—Alcohol + curcumin. Cur—curcumin. A + NAC-alcohol + N-acetylcysteine. NAC-N-acetylcysteine.

enzymes into circulation. The observed decrease in serumthe acute vascular changes that accompany the process of
AST and ALP activities after curcumin and N-acetylcys- inflammation?'4? Previous reports have shown that cy-
teine administration shows that curcumin and N-acetylcys- cloxygenase products of arachidonic acid are present in
teine preserve, to some extent, the structural integrity of the much higher concentrations in inflamed tissues than in
liver from the toxic effects of alcohol. healthy tissue$?

We reported previously that ethanol administration re-  previous studié$**have also demonstrated that chronic
sulted in both biochemical and histopathological changes in exposure to ethanol leads to a progressive increase in
liver, kidney, and brain, which were reverted back when memprane PLA activity. This increase in PLAactivity
curcumin (80 mg/kg body weight) and N-acetylcysteine jncreases the breakdown of phospholipids to arachidonic
(150 m3g]2/kg body weight) were administered to rats fed 5ciq which is subsequently converted to pharmacologically
ethanof® . . . _ relevant eicosanoids. We also observed decreased levels of

Free radical mechanisms are involved in ethanol-induced o, oo olinids and arachidonic acid in ethanol-treated rats.
damage In various extra hepatic tissues, especially kldney’Further, this decrease may be due to channeling of arachi-
heart, brain, testes, and so forthand we also observed donic acid for the production of PGs. Studies have shown

previously that the level of lipid peroxidation product S , C
thiobarbituric acid-reactive substances increased signifi- thfr".t arachidonic amd_hydroly_zed fro_m phosphc_)llplds IS
utilized for the production of eicosanoid®Curcumin and

cantly in the kidney and brait¥:3? There are also reports N-acetvicvsteine h h t0 inhibit th duct ;
that showed that ethanol increased eicosanoids formation in' ACcey/CySt€iné have shown to inhibit the production o
brai®* and, hence, we studied the levels of PGs and arachidonic acid in the liver, kidney, and brain. Curcumin

arachidonic acid in kidney and brain in addition to liver. ~ &/S0 has an inhibitory effect on PLactivity *® This can
Researchers have shown that alcohol-induced changeg€sult in decreased hydrolysis of phospholipids. We ob-
can cause a significant decrease in the level of arachidonicSérved that after curcumin administration, the level of
acid in human plasma, platelets, erythrocytes, and liver Phospholipids remained near normal.
tissues*>38 Arachidonic acid (20:4) is released from cell Alcohol administration was shown to increase the levels
membrane phospholipids by the action of calcium-depen- of messenger RNA for cycloxygena$eThis enhanced the
dent PLA,.3° There are basically two pathways for arachi- production of PGs. In our study, we observed a significant
donic acid metabolism. One is the cycloxygenase pathway,increase in the level of PGEPGE,, PGF,,, and PGD in
which produces PGs, TXs, and prostacycfii§he other liver, kidney, and brain in alcohol-fed rats. Maternal infu-
pathway results in the production of a variety of biologically sion of ethanol causes an increase in PGE concentrations of
active HETE acids and LTs, which are known mediators of fetal cerebral cortef® Randall et af® reported that in-

Table 5 Changes in the concentrations of phospholipid, arachidonic acid, and prostaglandin in kidney in different experimental groups

Phospholipid Arachidonic acid PGF2. PGE, PGE, PGD,

Group (mg/100 g tissue) (percentage of AA/100 mg tissue) (ng/g protein

Control 2,014.62 = 111.1230=1 13.04 = 0.606° 0.169 * 0.044%° 0.106 = 0.012°°¢ 0.115 + 0.014 0.425 *+ 0.0452
Alcohol 1,567.26 + 94.31 6.34 = 0.621 0.925 + 0.065  0.580 + 0.077 0.315 + 0.094 1.443 = 0.881
A + cur 1,802.11 = 101.11°¢ 8.21 = 0.875 0.528 + 0.076 0.324 = 0.069 0.100 = 0.011 0.893 = 0.071
Cur 1,813.26 + 87.63° 10.42 + 0.912° 0.329 + 0.10° 0.128 + 0.0327*¢ 0.118 + 0.035 0.541 + 0.067
A+ NAC 1,989.34 + 97.36° 10.69 = 0.635° 0.244 = 0.066%° 0.173 = 0.058*¢  0.074 = 0.012 0.361 * 0.063%
NAC 2,063.71 = 101.26%° 12.77 + 0.585% 0.889 + 0.023° 0.097 + 0.020°®  0.073 = 0.014 0.254 + 0.077

*Values are mean = SD from 6 rats in each group.
TValues not sharing a common superscript letter differ significantly at 2 < 0.05 (Duncan’s Multiple Range Test).
AA-arachidonic acid. PG—prostaglandin. A + cur—Alcohol + curcumin. Cur—curcumin. A + NAC-alcohol + N-acetylcysteine. NAC-N-acetylcysteine.
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Table 6 Changes in the concentrations of phospholipid, arachidonic acid, and prostaglandin in brain in different experimental groups

PGF,,

PGE, PGE, PGD,

Phospholipid Arachidonic acid

Group (mg/100 g tissue) (percentage of AA/100 mg tissue) (ng/g protein

Control 1845.46 + 102.469* 1 15.34 = 0.619% 0.421 + 0.044°°9  0.460 = 0.054 1.731 + 0.0992 0.087 + 0.012°°d
Alcohol 2795.08 = 146.26 9.926 + 0.857 3.322 + 0.448 1.068 = 0.097 7.05 +=0.790 0.309 = 0.057
A+cur  2011.49 = 111.26%° 14.09 + 0.673° 1.439 = 0.118 0.663 + 0.063 5.509 = 0.450 0.088 = 0.010%°
Cur 2166.73 += 109.76%° 13.64 + 0.732° 0.585 + 0.057*¢  0.212 = 0.075% 3.176 + 0.530 0.119 + 0.014>
A+ NAC 2111.77 + 100.1°° 15.68 + 0.621%° 0.526 + 0.074%  0.356 = 0.044 1.767 + 0.3812 0.024 + 0.009
NAC 1802.11 + 93.77¢ 16.43 + 0.520° 0.196 + 0.061°  0.197 = 0.050* 1.097 = 0.144 0.082 + 0.011°®

*Values are mean = SD from 6 rats in each group.

TValues not sharing a common superscript letter differ significantly at P < 0.05 (Duncan’s Multiple Range Test).
AA-arachidonic acid. PG—prostaglandin. A + cur—Alcohol + curcumin. Cur—curcumin. A + NAC-alcohol + N-acetylcysteine. NAC-N-acetylcysteine.

creased production of PGs occurs when isolated placentaldonic acid and to the pharmacologically relevant eico-

cotyledons were perfused with ethanol.
Tumor necrosis factax (TNF-«) is a central mediator of

sanoids.
Thus, the present study shows that both curcumin and

inflammatory response involved in the pathogenesis of N-acetylcysteine offer protection to the liver, kidney, and

acute and chronic alcoholic liver diseaSeReports have

brain by decreasing PG synthesis, decreasing phospholipid

shown that PGEand its derivatives have hepatoprotective hydrolysis, and increasing phospholipid synthesis. This

effects from their ability to suppress TN&production in

helps in maintaining the plasma membrane structure, integ-

macrophages and kupffers cells accumulated at the site ofrity, and function.

inflammation®1°2 Thus, the increase of PGBproduction
may be a mechanism to prevent the toxic effect of ethanol.
The administration of curcumin alone to rats increases
PGE, PGE, and PGD in liver, PGE« in kidney, and
PGE and PGD in brain; this may be due to long-term
administration of curcumin. Previous reports showed that
curcumin at higher concentrations depleted cellular gluta-

Acknowledgments

Financial assistance from the Council of Scientific and
Industrial Research is gratefully acknowledged.

thione levels and enhanced leakage of lactate dehydrogeReferences

nase when hepatocytes were treated with curcifiimus, 1
curcumin at the dosage of 80 mg/kg body weight prevents
ethanol-induced damages but can become cytoxic itself at
this dosage when administered alone for a long period.
Curcumin and N-acetylcysteine were shown to decrease
the level of PGs in all the tissues studied in alcohol-fed rats. 3
Curcumin was shown to decrease the PG formation
(PGE, PGFE,, PGD, 6 keto-PGE and TXB,) in
azoxymethane-induced colon carcinogen&siEhe mecha-
nism by which curcumin decreases the production of PGs is
directly due to inhibiting the activities of PLAcycloxyge 5
nase, and lipoxygenaseFurther, in curcumin-fed animals,
the levels of PGs are lower than in alcohol-fed animals. This
decrease in PGs suggests that increased arachidonic acidg
may be utilized for the synthesis of phospholipids, which
can be utilized for plasma membrane synthesis. In the
present study, we administered curcumin after 1 month of 7
ethanol administration. Because ethanol may have resulted
in membrane hydrolysis and dysfunction, curcumin admin- g
istration results in the resynthesis of plasma membrane, as
evident from decreased PG synthesis, increased arachidonic
acid level, and increased phospholipid concentration. Thus, °
curcumin helps in maintaining the membrane structure, 4
integrity, and function. N-acetylcysteine was also shown to
decrease the level of PGs in the liver, kidney, and brain.
Previous studies have shown that N-acetylcysteine, an
amino acid derivative, helps to restore the levels of phos-
pholipids to near normal during ethanol-induced toxi€ky, 1
thus preventing the breakdown of phospholipids to arachi-

11

Alam, S.Q., Bergens, B.M., and Alam, B.S. (1991). Arachidonic
acid, prostaglandin Fand leukotriene levels in gingiva and subman
dibular salivary glands of rats fed diets containing n-3 fatty acids.
Lipids 26, 861-964

Decker, K. (1985). Eicosanoids: Signal molecules of liver cells.
Semin. Liv. Dis5, 175-190

Skouteris, G.G., Ord, M.G., and Stocken, L.A. (1988). Regulation of
the proliferation of primary rat hepatocytes by eicosanoid<Cell
Physiol.135,516-520

Haussinger, D. and Stehle, T. (1988). Hepatocyte heterogenecity in
response to eicosanoids. The perivenous scavenger cell hypothesis.
Eur. J. Biochem175, 395-403

Iwai, M. and Jungermann, K. (1987). Possible involvement of
eicosanoids in the actions of sympathetic hepatic nerves on carbo-
hydrate metabolism and hemodynamics in perfused rat IMEBS

Lett. 221,155-160

Tran-Thi, T.A., Gyufko, K., and Henninger, H. (1987). Studies on
synthesis and degradation of eicosanoids by rat hepatocytes in
primary culture.J. Hepatol.5, 322—331

Erg Eyhorn, S., Schlayer, H.J., and Henninger, H.P. (1988). Rat
hepatic sinusoidal endothelial cells in monolayer culture. Biochem-
ical and ultrastructural characteristics.Hepatol.6, 23—35

Bowers, G.J., Macvittie, T.J., and Hirsch, E.F. (1985). Prostanoid
production by lipopolysaccharide-stimulated kupffer cellsSurg.
Res.38, 501-508

Dennis, E.A. (1987). Regulation of eicosanoid production. Role of
phospholipases and inhibitoBiotechnologys, 1294-1300

Ouwendijk, R.J., Zijlstra, F.J., and Vanden Brock, A.M.W.C. (1988).
Comparison of the production of eicosanoids by human and rat
peritoneal macrophages and rat kupffer ceftsostaglandins35,
437-446

Needleman, P., Turk, J., and Jakschik, B.A. (1986). Arachidonic acid
metabolismAnnu. Rev. Biochens5, 69-102

Goodson, J., Dewhrist, F., and Brunetti, A. (1974). Prostaglandin E
levels and human periodontal diseaBeostaglandinss, 81-85

J. Nutr. Biochem., 2000, vol. 11, October 513



Research Communication

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

Elmer, G.I. and George, F.R. (1996). The role of specific eicosanoids 36
in mediating the acute narcotic effects of ethadoPharmacol. Exp.
Ther.277,308-315

Toda, S., Miyae, T., Arichi, H., Tanizawa, H., and Takino, Y. (1985). 37
Natural antioxidants Ill. Antioxidative components isolated from
rhizome ofCurcuma longal. Chem. Pharm. Bull33, 1725-1728 38
Satoskar, R.R., Shah, S.J., and Shenoy, S.G. (1986). Evaluation of
anti-inflammatory property of curcumin (diferuloylmethane) in pa-
tients with post operative inflammatiomnt. J. Clin. Pharmacol.

Ther. Toxicol.24, 651-654 39
De-Vries, N. and De-Flora, S. (1993). N-acetylcysteidie Cell
Biochem.17,270-277

Soudamini, K., Unnikrishnan, M.C., Soni, K.B., and Kuttan, R.
(1992). Inhibition of lipid peroxidation and cholesterol levels in mice
by curcumin.Indian J. Physiol. PharmacoB65,239-243

Jaya, D.S., Augustine, J., and Menon, V.P. (1994). Protective role of
N-acetylcysteine against alcohol and paracetamol induced toxicity.
Indian J. Clin. Biochem9, 6471

Reitman, S. and Frankel, S. (1957). A colorimetric method for the 42
determination of serum glutamic oxaloacetic acid and glutamic
pyruvic transaminase&m. J. Clin. Pathol28,56—63

King, A.J. and Armstrong, A.R. (1988). Practical Clinical Biochem-
istry. In Calcium, Phosphorous and Phosphatdlse Varley, ed.) p. 43
458, CBS Publishers, New Delhi, India

Folch, J., Lees, M., and Stanley, G.H.S. (1951). A simple method for
the isolation and purification of total lipids from animal tissues. 44
J. Biol. Chem226,497-509

Zilversmith, D.B. and Davis, A.K. (1950). Microdetermination of
plasma phospholipids by trichloroacetic acid precipitatidbnLab. 45
Clin. Invest.35, 155-160

Morrison, W.R. and Smith, L.M. (1964). Preparations of fatty acids, 4g
methyl esters and dimethyl acetals from lipids with boron fluoride
methanol.J. Lipid Res5, 600—-607

Powell, W.S. (1980). Rapid extraction of oxygenated metabolites of
arachidonic acid from biological samples using octadecylsilyl silica.
Prostaglandins20, 947-957

Rolling, M.V., Samuvel, H.K., Greenwold, J.E., Wong, L.K., Liod,

A.H., Alexander, M., and Dormon, N.J. (1980). Complete separation

by high performance liquid chromatography of metabolites of
arachidonic acid from incubation with human and rabbit platelets.
Prostaglandins20, 575-577

Wooten, J.D.P. (1964Microanalysis in Biochemistry 4th edl & A
Churchill Ltd., London, England

Bennet, C.A. and Franklin, N.H. (1967gtatistical Analysis in
Chemistry and Chemical Industryohn Wiley and Sons, New York, 49
NY, USA

Baldi, E., Burra, P., Plebani, M., Salvagnini, M. (1993). Serum
malondialdehyde and mitochondrial aspartate amino transferase 50
activity as marker of chronic alcohol intake and alcoholic liver
diseaseltal. J. Gastroenterol25, 429-432

Nordmann, R., Ribiere, C., and Rouach, H. (1992). Implication of 51
free radical mechanisms in ethanol-induced cellular injuétsee

Rad. Biol. Med.12,219-240

Tasuaki, I., Hiraishi, H., Razandi, M., Torano, A., Harada, T., and
Ivey, K.J. (1992). Role of cellular superoxide dismutase against
reactive oxygen metabolite-induced cell damage in cultured rat
hepatocytesHepatologyl6, 247-254 53
Devi, B.G., Henderson, G.l., Frosto, T.A., and Schenker, S. (1993).
Effect of ethanol on rat fetal hepatocytes: Studies on cell replication,
lipid peroxidation and glutathionédepatologyl8, 648—-659
Rajakrishnan, V., Viswanathan, P., Rajashekaran, K.N., and Menon,
V.P. (1999). Neuroprotective role of curcumin frdurcuma longa

on ethanol-induced brain damagdghytother. Resl3, 571-574
Nordmann, R., Ribiere, C., and Rouach, H. (1990). Ethanol-induced
lipid peroxidation and oxidative stress in extrahepatic tissAkn-

hol and Alcoholisn25, 231-237

Salem, N. and Karanian, J.W. (1989). Polyunsaturated fatty acids
and ethanolJ. Addict. Dis.10, 183-197

Clemens, M.R., Kessler, W., Schied, H.W., Schupmann, A., and 56
Waller, H.D. (1986). Plasma and red cell lipids in alcoholics with
macrocytosisClin. Chim. Acta.156,321-328

40

41

54

514 J. Nutr. Biochem., 2000, vol. 11, October

Neiman, J., Curstedt, T., and Cronholm, T. (1987). Composition of
platelet phosphatidylinositol and phosphatidylcholine after ethanol
withdrawal. Thromb. Res46, 295-301

Horrobin, D.F. (1987). Essential fatty acids, prostaglandins and
alcoholism: An overviewAlcohol Clin. Exp. Resl1, 2-9

Morimoto, M., Hagbjork, A.L., Wan, Y.J.Y., Fu, P.C., Clot, P.,
Albano, E., Ingelman-Sundberg, M.J., and French, S.W. (1995).
Modulation of experimental alcohol-induced liver disease by cyto-
chrome P4502EL1 inhibitorédepatology21, 1610-1617

Chapmon, D. (1975)Cell MembranesHP Publishing Company,
New York, NY, USA

Samuelsson, B. (1982). Leukotrienes: A new group of biologically
active moleculesLipids 2, 1-19

Borgeat, P. and Samuelsson, B. (1979). Transformation of arachi-
donic acid by rabbit polymorphonuclear leukocyte formation of
novel dihydroxyeicosatetraenoic acid. Biol. Chem.264, 2643—
2646

Claesson, H., Lundberg, U., and Malmsten, C. (1981). Serum-coated
zymosan stimulates the B4 in human polymorphonuclear leukocyte.
Inhibition by cyclic AMP. Biochem. Biophys. Res. Comm&9,
1230-1234

Zheng, Z., Barki, A.l., and Hungund, B.L. (1996). Effects of ethanol
on the incorporation of free fatty acids into cerebral membrane
phospholipidsNeuro. Chem. Int28, 551-555

Hugund, B.L., Zheng, Z., Lin, L., and Barkai, A.l. (1994). Gangli-
oside GMI reduces ethanol induced phospholipageaétivity in
synaptosomal preparations from midé&eurochem. Int25, 321-325
Holtzman, M.J. (1991). Arachidonic acid metabolisAm. Rev.
Respir. Dis.143,188-203

Rao, C.V., Rivenson, A., Simi, B., and Reddy, B.S. (1995) Chemo-
prevention of colon carcinogenesis by dietary curcumin, a naturally
occurring plant phenolic compoun@ancer Res55, 259-266

Nanji, A.A., Zakim, D., Rahematulla, A., Daly, T., Miao, L., Zhao,
S., Khcuaja, S., Tahan, S.R., and Dannenberg, A.J. (1997). Dietary
saturated fatty acids down-regulate cycloxygenase-2 and tumor
necrosis factor alfa and reverse fibrosis in alcohol-induced liver
disease in the ratlepatology26, 15381545

Reynolds, J.D., Penning, D.H., Kimura, K.A., Dexter, F., Henderson,
J.L., Atkins, B., Poduska, D., and Brien, J.F. (1997). Ethanol-
induced changes in prostaglandin E concentration in the intact
cerebral cortex of preterm and near-term fetal shéégohol Clin.

Exp. Res21, 997-1004

Randall, C.L., Ekblad, U., White, N.M., and Cook, J.L. (1996).
Increase in vasoactive prostaglandin E production after perfusion in
human placental cotyledonalcohol Clin. Exp. Re20,1321-1328
Thiele, D.L. (1989). Tumor necrosis factor: The acute phase re-
sponse and the pathogenesis of alcoholic liver disétesgatology9,
497-499

Stachura, J., Tarnawski, A., and Ivey, K.J. (1981). Prostaglandin
protection of carbon tetrachloride-induced liver cell necrosis in rats.
Gastroenterology1, 211-217

Kunkel, S.L., Spengler, M., and May, M.A. (1988). Prostaglandin E
regulates macrophage-derived tumor necrosis factor gene expres-
sion. J. Biol. Chem263,5380-5384

Donatus, I.A. and Vermeulen, N.P.E. (1990). Cytotoxic and cyto-
protective activities of curcumirBiochem. Pharmacol39, 1869—
1875

Rao, C.V., Simi, B., and Reddy, B.S. (1993). Inhibition by dietary
curcumin of azoxymethane-induced ornithine decarboxylase, ty-
rosine protein kinase, arachidonic acid metabolism and aberrant
crypt foci formation in the rat colorCarcinogenesid4,2219-2225
Huang, M.T., Lysz, T., Ferraro, T., Abidi, T.F., Laskin, J.D., and
Conney, A.H. (1991). Inhibitory effects of curcumin on in vitro
lipoxygenase and cycloxygenase activities in mouse epidermis.
Cancer Res51, 813-819

Rajakrishnan, V., Viswanathan, P., and Menon, V.P. (1997). Adap-
tation of siblings of female rats given ethanol effect of N-acetyl-
cyteine.Amino Acid12, 323-341



