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Effect of glycine on oxidative stress in rats with alcohol induced liver injury
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We studied the effect of administering glycine on tissue lipid peroxidation and enzymic and non-enzy-
mic antioxidants in experimental hepatotoxic Wistar rats. Hepatotoxicity was induced by administering
ethanol for 30 days by intragastric intubation. Glycine administered at a dose of 0.6 g kg�1 body weight
for 30 days significantly inhibited the severe oxidative stress as evidenced by the decreased levels of
liver and brain thiobarbituric acid reactive substances (TBARS) and hydroperoxides compared to con-
trol. The activities of enzymic and non-enzymic antioxidants such as reduced glutathione (GSH), glu-
tathione peroxidase (GPx), superoxide dismutase (SOD) and catalase (CAT) in the liver and brain
were significantly elevated on glycine supplementation as compared to the untreated alcohol fed rats.
The levels of serum vitamin E and vitamin C were also increased to near normal levels on glycine
treatment. Microscopic examination of alcohol treated rat liver showed inflammatory cell infiltrates and
fatty changes, which were alleviated on treatment with glycine. Alcohol treated rat brain demonstrated
oedma, which was significantly lowered on treatment with glycine. Thus our study shows that adminis-
tering glycine to alcohol supplemented rats, markedly reduced the oxidative stress and elevated the
enzymic and non-enzymic antioxidants in the liver and brain, which a was associated with a reversal
of hepatic steatosis and cerebral oedma.

1. Introduction

Free radicals and associated oxidative stress have been im-
plicated in eliciting pathological changes including athero-
sclerosis (Parathasarathy 1989), chronic alcohol toxicity
(Dicker 1988), muscular dystrophy (Murphy 1989), rheu-
matoid arthritis (Chapmen 1989), ageing (Bunker 1992)
and neurological disorders (Starke-Reed 1989). Alcoholic
liver injury appears to be generated by the metabolism of
ethanol and the toxic effects of acetaldehyde (Ishak 1991).
Ethanol is also known to induce hyperlipidemia leading to
enhanced lipid peroxidation (Baraona 1979). Increased li-
pid peroxidation has long been known to cause functional
degeneration in various tissues (Suja 1997).
Cells have many different ways to protect themselves
against the constant threat of free radicals produced during
the peroxidation of lipids. There are a number of enzymic
and non-enzymic antioxidants that act to minimize the
detrimental effects of free radicals (Yagi 1991). Four
enzymes, which often function in concert, are crucial to
the intracellular detoxification of endogenous free radicals.
Superoxide dismutase (SOD), catalase (CAT), glutathione
peroxidase (GPx) and glutathione reductase (GR) convert
radicals and peroxides to innocuous reduced forms, often
with the concomitant oxidation of reduced glutathione
(GSH) to its oxidized form (Das 1980). Other major non-
enzymic antioxidant compounds that have received consid-
erable attention are vitamin E and vitamin C (Gutteridge
1995).

Glycine is a dietary non-essential amino acid that can be
readily synthesized from common metabolic intermediates
in all organisms. Glycine is involved in many reactions
such as gluconeogenesis, purine, haem and chlorophyll
synthesis and bile acid conjugation (Gehan et al. 1996).
Glycine lowers the rate of gastric emptying of ethanol
resulting in the suppression of its absorption from the
gastrointestinal tract (Akao 1995). In an in vivo study of
ethanol induced liver injury using the Tsukamoto-French
model with a design where alcohol and glycine were
given together, glycine lowered ethanol concentration in
the stomach and minimized liver damage (Iimuro 1996).
Glycine derivatives are also known to decrease consider-
ably the activation of lipid peroxidation in stress, reduce
the duration of the alarm stage of stress, reaction and limit
stress damage to the heart (Malyshev et al. 1996). Glycine
is said to activate chloride channels in Kupffer cells,
which hyperpolarizes the cell membrane and blunts intra-
cellular Ca2þ concentration, similar to its action in the
neurons and also decreases the levels of superoxide ions
from neutrophils via glycine gated chloride channels
(Wheeler et al. 2000). Glycine prevents hepatic cancer and
certain melanomas in vivo by inhibiting endothelial cell
proliferation and angiogenesis (Ikejima 1996). In addition,
glycine given orally to schizophrenic patients to facilitate
glutamatergic transmission at the level of N-methyl-d-as-
partate receptor complex improved their muscle stiffness
and extrapyramidal symptoms (Rosse et al. 1989).
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On the basis of the ever-increasing list of the advanta-
geous role of glycine we planned the present study. Our
aim was to elucidate the antiperoxidative property of gly-
cine on ethanol induced oxidative damage and its efficacy
to inhibit lipid peroxidation in a rat model.

2. Investigations and results

We studied the effect of glycine on tissue lipid peroxida-
tion and enzymic and non-enzymic antioxidant in experi-
mental hepatotoxic Wistar rats. Hepatotoxicity was in-
duced by administering ethanol (7.9 g kg�1 body weight)
for 30 days by intragastric intubation. Simultaneously con-
trol rats were given isocaloric glucose solution. Glycine
was subsequently administered at a dose of 0.6 g kg�1

body weight every day by intragastric intubation to both
control and alcohol fed rats for the next 30 days.
Table 1 shows the concentration of tissue thiobarbituric
acid reactive substances (TBARS) and hydroperoxides of
control and experimental animals. TBARS and hydroper-
oxide levels in the liver and brain of rats receiving alcohol
(group 3) were significantly higher than those of the con-

trol rats (group 1). Treatment with glycine to control rats
(group 2) did not alter the TBARS and hydroperoxide
concentration significantly, whereas TBARS and hydroper-
oxides level were lowered significantly both in the liver
and brain on treatment with glycine to rats on alcohol
supplementation (group 4).
As shown in Table 2 the concentration of GSH and GPx
were significantly lower in liver and brain of rats receiv-
ing alcohol (group 3) than in control rats (group 1). GSH
and GPx values did not alter significantly on treatment
with glycine to control rats (group 2) whereas administra-
tion of glycine to alcohol treated rats (group 4) signifi-
cantly elevated their activities as compared with those that
on alcohol treatment alone.
Table 3 shows the activities of SOD and CAT in the
tissues of control and experimental animals. SOD and
CAT activities in the liver and brain of rats on alcohol
supplementation (group 3) were significantly lower than
the control rats (group 1). Treatment with glycine to con-
trol rats (group 2) did not alter significantly the SOD and
CAT activities as compared to control rats (group 1)
whereas administration of glycine to alcohol treated rats
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Table 2: Effect of glycine on tissue GSH and GPx of the control and experimental animals

Group GSH (mM/mg protein) GPx (mg of GSH utilized /min/mg protein)

Liver Brain Liver Brain

Control 17.48 � 1.46a 36.36 � 1.83a 13.80 � 1.27a 7.80 � 0.53a

Control þ treatment 18.28 � 1.68a 38.84 � 2.87a 14.86 � 1.34a 7.25 � 0.57a

Alcohol 10.86 � 1.43b 13.26 � 1.33b 5.86 � 0.53b 2.84 � 0.24b

Alcohol þ treatment 15.86 � 1.56a 31.18 � 3.18a 12.92 � 0.86a 7.12 � 0.19a

F-ratio 14.24# 39.71# 63.67# 102.08#

Values are mean � SD of ten rats from each group
Values not sharing a common superscript letter differ significantly at p < 0.05 (DMRT)
# p < 0.05 (ANOVA)

Table 1: Effect of glycine on tissue TBARS and hydroperoxides of the control and experimental animals

Group TBARS (mM/100 g tissue) Hydroperoxides (mM/100 g tissue)

Liver Brain Liver Brain

Control 27.58 � 1.15a 26.59 � 1.40a 63.28 � 5.88a 43.26 � 3.18a

Control þ treatment 26.54 � 1.04a 26.72 � 1.02a 62.86 � 4.82a 42.64 � 4.06a

Alcohol 58.92 � 4.76b 67.94 � 6.05b 82.58 � 6.51b 69.12 � 4.62b

Alcohol þ treatment 32.04 � 3.37a 25.96 � 1.00a 58.54 � 2.27a 50.42 � 5.10a

F-ratio 30.44# 249.50# 10.28# 11.34#

Values are mean � SD of ten rats from each group
Values not sharing a common superscript letter differ significantly at p < 0.05 (DMRT)
# p < 0.05 (ANOVA)

Table 3: Effect of glycine on tissue SOD and CAT of the control and experimental animals

Group SOD (Units|) CAT (mM of H2O2 consumed/min/mg protein)

Liver Brain Liver Brain

Control 5.82 � 0.68a 8.24 � 0.20acd 76.18 � 3.70acd 1.91 � 0.43a

Control þ treatment 6.03 � 0.48a 8.82 � 0.33ac 84.38 � 3.84ac 1.98 � 0.14a

Alcohol 1.99 � 0.12b 5.24 � 0.32b 49.12 � 3.68b 1.54 � 0.65b

Alcohol þ treatment 5.90 � 0.23a 7.56 � 0.52ad 73.06 � 4.76ad 1.82 � 0.34a

F-ratio 5.44# 51.38# 36.78# 25.11#

| –– Enzyme concentration required to inhibit optical density at 560 nm of chromogen produced by 50% NBT reduction/min/mg protein
Values are mean � SD of ten rats from each group
Values not sharing a common superscript letter differ significantly at p < 0.05 (DMRT)
# p < 0.05 (ANOVA)



(group 4) significantly elevated their activities as com-
pared with those on alcohol treatment alone.
Vitamin E and vitamin C levels in the serum were signifi-
cantly lower in rats receiving alcohol (group 3) than the
control rats (group 1) as shown in Table 4. Significantly
elevated levels of vitamin E and C were observed on treat-
ment with glycine to rats on alcohol supplementation as
compared with those of the control (group 1) and unsup-
plemented alcohol treated rats (group 2).
In the alcohol treated rat liver, fatty changes of both
macro and microvasicular type and sinusoidal dilation
were observed in all fields (Fig. 1).
The liver of alcohol treated rats which received
0.6 g kg�1 body weight of glycine showed loss of indivi-
dual hepatocytes by degeneration and the space where
the cell had originally been appeared empty, but there
was no evidence of fatty change (Fig. 2). The liver of
control rats, which received 0.6 g kg�1 body weight of
glycine, showed only focal areas of fatty changes. But
not to the extent seen in the liver of rats treated with
alcohol only (Fig. 3). Control liver demonstrated normal
liver morphology (Fig. 4).
The brain tissue in alcohol treated rats showed oedma,
which was not evident in rats treated with glycine
(Figs. 5, 6). Brain tissue of control rats treated with gly-
cine revealed a normal pattern (Figs. 7, 8).

3. Discussion

Increasing experimental evidence suggests that oxygen
derived radicals play a crucial role in ethanol toxicity
(Reitz 1975). One of the consequences of free radical
formation and oxidative stress is the enhancement of lipid
peroxidation, a process leading to the oxidation of polyun-
saturated fatty acids to lipid peroxides. Production of free
radicals and progression of peroxidation are however

inhibited in cells by the presence of antioxidants. Ineffec-
tive scavenging of free radicals due to depletion of antiox-
idants play a crucial role in cell injury (Pryor 1973). In
our study, significantly elevated levels of TBARS and
hydroperoxides in the liver and brain were seen in rats
under alcohol treatment. These results are in agreement
with the observations of previous researchers (Rajakrish-
nan 1996). In our initial studies we have also observed
elevated RBC membrane lipid peroxidation on chronic
alcohol supplementation (Senthilkumar 2003). Nutrients
that neutralize alcohol by-products and protect cells
against the damaging effects of alcohol include vitamin E
and C, cysteine, glycine, glutathione and thiol compounds.
On supplementing glycine to alcohol treated rats we
observed significantly decreased levels of TBARS and
hydroperoxides.
Previous studies show that on chronic alcohol administra-
tion hepatic GSH levels were markedly decreased (Rajak-
rishnan 1996). Our results are in line with the above find-
ings. Glycine supplementation to alcohol treated rats
helped to restore the liver and brain GSH and GPx levels
close to those of the control rats. In this regard, studies
have shown that the carboxy terminal glycine moiety of
GSH is known to protect the molecule against cleavage by
intracellular g-glutamyl cyclotransferase. Thus glycine
intake prevents intracellular degradation of GSH, and if at
all metabolized, it is done so only extracellularly (Ilutter
1997).
Our results also show decreased activities of SOD and
CAT in the liver and brain of alcohol treated rats. Inhibi-
tion of CAT activity by ethanol may cause the accumula-
tion of hydrogen peroxide or products of its decomposi-
tion. Loss of SOD and CAT activities also results in
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Table 4: Effect of glycine on serum vitamin E and vitamin C
levels of the control and experimental animals

Group Vitamin C (mg/dl) Vitamin E (mg/dl)

Control 2.08 � 0.21a 2.87 � 0.26a

Control þ treatment 2.06 � 0.20a 2.82 � 0.20a

Alcohol 1.03 � 0.06b 1.38 � 0.09b

Alcohol þ treatment 1.82 � 0.18a 2.54 � 0.31a

F-ratio 59.90# 21.68#

Values are mean � SD of ten rats from each group
Values not sharing a common superscript letter differ significantly at p < 0.05 (DMRT)
# p < 0.05 (ANOVA)

Fig. 1: Liver of alcoholic rat: Arrow indicates fatty changes of macrovesi-

cular type ( ), microvesicular type ( ) and sinusoidal dila-
tion ( ). H & E� 10

Fig. 2: Liver of alcoholic rat treated with glycine: Arrow indicates hepato-
cyte drop out, ( ) fatty changes were markedly reduced. H &
E� 10

Fig. 3: Liver of control rat treated with glycine: H & E� 10



oxygen intolerance and triggers a number of deleterious
reactions (Fridovich 1989). It is clear that cytotoxicity of
molecular oxygen is determined by the delicate balance
between rates of the partially reduced oxygen species and
the rates of their removal by the different defense mechan-
isms, any shift in this balance can lead to cellular damage
(Paul 1989). The observed restoration of the SOD and
CAT activities on glycine supplementation may be due to
a direct stimulatory effect of glycine on SOD and CAT.
The decrease in the tissue lipid peroxidation on glycine
treatment can also be correlated with the elevated SOD
and CAT activities.
One of the most effective natural, primary antioxidant is
a-tocopherol. This fat-soluble vitamin is important
because the most significant free radical damage to the
body is damage to the cell membrane and to low den-
sity lipoproteins, which are composed of lipids (McCay
1985). Decreased concentration of vitamin E observed
on alcohol supplementation may be due to its increased
utilization in scavenging the oxygen radicals or de-
creased vitamin C concentration because there is a well
established relationship between vitamins E and C
(Sevanian 1985). Vitamin C is a cofactor in many biolo-
gical processes including the conversion of dopamine to
noradrenaline, in the hydroxylation steps, in the synth-
esis of adrenal steroid hormones, in resistance to infec-
tion and in cellular respiration. Vitamin C may act as a
free oxygen radical scavenger. Both vitamin E and C
are highly efficient at mopping up free radicals and
sometimes even mutually co-operate in doing so
(McCay 1985).
In our study, the concentration of vitamin C and vitamin
E in alcohol supplemented animals was significantly lower
than in control animals. In this context, vitamin C levels
are known to be reduced in the brain, liver and kidney of

rats with acute ethanol poisoning (Sevanian 1985).
Glycine feeding to alcohol supplemented animals elevated
the vitamin E and vitamin C levels. The increase in
vitamin E and vitamin C levels on glycine supplementa-
tion may be the cause for the decreased oxidative stress.
We observed no marked changes when glycine was fed
alone.
Significant pathomorphological alterations in the liver and
brain were observed in alcohol treated rats. These changes
can alter the properties of a cell. The microscopic changes
observed in the liver of alcohol treated rats were predomi-
nant in the centrilobular region. Hepatic damage observed
may be partially attributed to cytochrome-P450 generated
metabolic cytochrome-P450 dependant enzyme activities in
liver that tend to be present at their greatest concentration
near the central vein, and lowest near the peripheral sites
(Pieffer 1979). Supplementing glycine to alcohol treated
rats reduced the fatty change and improved the histomor-
phology of the liver.
Microdysplasia and spongioform changes have been
demonstrated in the hypothalamic and thalamic regions of
the brain of alcohol treated rats (Sarker 1995). These are
indicative of local brain development disorders. In the
present study, we observed oedma in the brain of alcohol
treated rats, which was reversed on treatment with gly-
cine.
The findings of the present study show that increased
oxidative stress associated with decreased antioxidant
levels in alcohol fed rats are mitigated by glycine adminis-
tration. The observed data are highly significant which
demonstrates the potential efficacy of glycine in protecting
the tissues from peroxidative damage.
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Fig. 4: Liver of control rat: H & E� 10

Fig. 5: Brain of alcoholic rat: Shows oedma: H & E� 10

Fig. 6: Brain of alcoholic rat treated with glycine: Oedma is markedly re-
duced. H & E� 10

Fig. 7: Brain of control rat: H & E� 10



4. Experimental

Male albino rats weighing 150 to 170 g were procured from the Depart-
ment of Experimental Medicine, Raja Muthiah Medical College and Hospi-
tal, Annamalainagar and were maintained in polypropylene cages in a con-
trolled environment (22–24 �C) under a 12 h light-dark cycle. Standard
pellet diet (Hindustan Lever Ltd., Mumbai, India) and water were provided
ad libitum. All studies were conducted in accordance with the National
Institute of Health Guide for the Care and Use of Laboratory Animals
(National Institute Guide 1985).
1,10,3,30-tetra ethoxy propane, reduced glutathione (GSH), nicotinamide
adenine dinucleotide phosphate (NADP), phenazine metho sulphate (PMS),
nitroblue tetrazolium (NBT) and 5,50 dithio-bis-2-nitro benzoic acid
(DTNB) were purchased from Sigma Chemical Co, St. Louis, MO, USA.
Ethanol was obtained from Nellikuppam, Cuddalore District, South India.
Glycine was purchased from S.D. Fine Chemicals Ltd., Mumbai, India.
Other chemicals used were of analytical grade and were obteined from
Central Drug House, New Delhi, India.
The animals were divided into four groups of ten rats each and all were
fed the standard pellet diet. Groups 1 and 2 received standard pellet diet
and isocaloric glucose from a 40% glucose solution. Liver cell damage
was induced in rats of groups 3 and 4 by giving 20% ethanol, 5 ml each
(2.5 ml in the forenoon and 2.5 ml in the afternoon) i.e., equivalent to
7.9 g kg�1 body weight as an aqueous solution using and intragastric tube
daily for 30 days (Senthilkumar 2002). At the end of this period the ani-
mals were treated as follows for the next 30 days.
Group 1: Control rats continued to receive isocaloric glucose from a 40%
glucose solution daily by intragastric intubation.
Group 2: Rats continued to receive isocaloric glucose from a 40% glucose
solution daily and they also received glycine at a dose of 0.6 g kg�1 body
weight in distilled water by intragastric intubation (Ming et al. 1998).
Group 3: Rats continued to receive 20% ethanol.
Group 4: Rats continued to receive 20% ethanol plus 0.6 g kg�1 body weight
of glycine in distilled water by intragastric intubation (Senthilkumar 2003).
The total duration of the experiment was 60 days, at the end of which the
animals were anaesthetized using light ether and killed by cervical decap-
itation. Blood was collected and processed for the determination of vitamin
E and vitamin C. Liver and brain were cleared of adhering fat weighed
accurately and used for the preparation of homogenates.
Vitamin E and vitamin C was estimated by the method of Baker et al.
(1980) and Roe and Keuther (1943), respectively. The concentration of
TBARS was estimated in the tissues by the method of Okhawa et al.
(1979). Hydroperoxides in tissues were determined by the method of Jiang
et al. (1992). SOD (EC. 1.15.1.1) activity in the tissues was assayed by the
method of Kakkar et al. (1984). CAT (EC. 1.11.1.6) activity was assayed
by the method of Sinha (1972). GSH was determined by the method of
Ellman (1959). GPx (EC. 1.11.1.9) was determined by the method of Ro-
truck et al. (1973). Tissue proteins were estimated by the method of Lowry
et al. (1951).
All the grouped data were evaluated statistically and the significance of
changes caused by the treatment was determined using ANOVA followed
by Duncan’s Multiple Range Test (DMRT) (Duncan 1957). Results are
presented as means � SD of ten rats from each group. The statistical sig-
nificance was set at p < 0.05.

References

Akao T, Kohashi K (1995) Inhibitory effect of glycine on ethanol absorp-
tion from gastrointestinal tract. Biol Pharm Bull 18: 1653–1656.

Baker H, Franko O, DeAngelis B, Feingold S (1980) Plasma tocopherol in
man at various times after ingesting free or acetylated tocopherol. Nutr
Rep Int 21: 531–536.

Baraona E, Lieber CS (1979) Effects of ethanol on lipid metabolism. J
Lipid Res 20: 289–315.

Bunker VW (1992) Free radicals, antioxidants and ageing. Med Lab Sci
49: 299–312.

Chapmen ML, Rubin BR, Gracy RW (1989) Increased carbonyl content of
proteins in synovial fluid from patients with rheumatoid arthritis. J
Rheumatol 16: 15–18.

Das SK, Nair RR (1980) Superoxide dismutase, glutathione peroxidase,
catalase and lipid peroxidation of normal and sickled erythrocytes. Br J
Haematol 44: 87–92.

Dicker E, Cederbaum AI (1988) Increased oxygen radical dependant inac-
tivation of metabolic enzymes by liver microsomes after chronic ethanol
consumption. FASEB J 2: 2901–2906.

Duncan BD (1957) Duncan’s Multiple Range Test for correlated and het-
eroscedastic means. Biometrics 13: 359–364.

Ellman GL (1959) Tissue sulfhydryl groups. Arch Biochem Biophys 82:
70–77.

Fridovich I (1989) Biological effects of superoxide radical. Arch Biochem
Biophys 247: 1–11.

Gehan M, Mabrouk C, Markandeya Jois et al. (1996) Cell signaling and
the hormonal stimulation of the hepatic glycine cleavage enzyme system
by glucagon. Biochem J 330: 759–763.

Gutteridge JM (1995) Lipid peroxidation and antioxidants as biomarkers of
tissue damage. Clin Chem 41: 1819–1828.

Iimuro Y, Bradford BV, Forman DT, Thurman RG (1996) Glycine prevents
alcohol induced liver injury by decreasing alcohol in the stomach. Gas-
troenterology 110: 1536–1542.

Ikejima K, Iimuro Y, Forman DT, Thurman RG (1996) A diet containing
glycine improves survival in endotoxin shock in the rat. Am J Physiol
271: G97–G103.

Ilutter DE, Till BG, Greene JI (1997) Redox state changes in density
dependent regulation of proliferation. Exp Cell Res 232: 435–438.

Ishak KG, Hyman G, Zimmerman HJ (1991) Alcoholic liver disease patho-
logic, pathogenetic and clinical aspects. Alcoholism Clin Exp Res 15:
45–66.

Jiang ZY, Hunt JV, Wolff SP (1992) Detection of lipid hydroperoxides
using the “FOX method”. Anal Biochem 202: 384–389.

Kakkar P, Das B, Viswanath PN (1984) A modified spectrophotometric
assay of SOD. Ind J Biochem Biophys 21: 130–132.

Lowry OH, Roseborough MJ, Farr AL et al. (1951) Protein measurement
with Folin-phenol reagent. J Biol Chem 193: 265–275.

Malyshev VV, Oshchepkova OM, Seminskii IZH et al. (1996) The lim-
itation of lipid hyperperoxidation and the prevention of stressor da-
mage to the heart by glycine derivatives. Eksp Klim Farmakol 59(5):
23–25.

McCay RB (1985) Vitamin E: interaction with free radicals and ascorbate.
Annu Rev Nutr 5: 323–340.

Ming Y, Ikejima K, Gavin E et al. (1998) Glycine accelerates recovery
from alcohol induced liver injury. J Pharmacol Exp Ther 286:
1014–1019.

Murphy ME, Kehrer JP (1989) Oxidation state of tissue thiol groups and
content of protein carboxyl groups in chickens with inherited muscular
dystrophy. Biochem J 260: 359–364.

National Institute of Health: ‘‘Guide for the Care and Use of Laboratory
Animals”, DHEW Publication (NIH), revised (1985), Office of Science
and Health Reports, DRR/NIH, Bethesda, USA.

Okhawa H, Ohishi N, Yagi K (1979) Assay for lipid peroxides in animal
tissues by thiobarbituric acid reaction. Anal Biochem 95: 351–358.

Parthasarathy S, Wieland E, Steinberg D (1989) A role for endothelial
cells lipooxygenase in the oxidative modifications of low-density lipo-
protein. Proc Natl Acad Sci USA 86: 1046–1050.

Paul LA, Furton AM, Heppner GH (1989) Reactive oxygen mediated da-
mage to murine mammary tumor cells. Mutat Res 215: 223–234.

Pieffer J, Majewski F, Fischbach H et al. (1979) Alcohol embryo and feto-
pathy neuropathology of three children and foetuses. J Neurol Sci 41:
125–137.

Pryor WA (1973) Free radical reactions and their importance in biochem-
ical systems. Fed Proc 32: 1862–1869.

Rajakrishnan V, Viswanathan P, Menon VP (1996) Adaptation of siblings
of female rats given ethanol: effect of N-acetyl –L-cysteine. Aminoacids
5: 711–716.

Reitz RC (1975) A possible mechanism for the peroxidation of lipids due
to chronic ethanol ingestion. Biochem Biophys Acta 380: 145–154.

Roe JH, Kuether CA (1943) Detection of ascorbic acid in whole blood and
urine through 2,4 DNPH derivatives of dehydroascorbic acid. J Biol
Chem 147: 399–407.

Rosse RB, Theut SK, Baray-Schwartz M et al. (1989) Glycine adjuvant
therapy to conventional neuroleptic treatment in schizophrenia: An open
label pilot study. Clin Neuro Pharmacol 12: 416–424.

Rotruck JJ, Pope AL, Gauther HE et al. (1973) Selenium: Biochemical
role as a component of GPx. Science 179: 585–590.

Sarker SN, Chattopadhiyay SK, Majmudar AC (1995) Subacute toxicity of
urea herbicide, isoproturon in male rats. Indian J Exp Biol 33: 851–856.

Senthilkumar R, Ponmozhi M, Nalini N (2002) Effect of Cassia auriculata
on lipids in rats with alcoholic liver injury. Asia Pacific J Clin Nutr 11:
157–163.

ORIGINAL ARTICLES

Pharmazie 59 (2004) 1 59

Fig. 8: Brain of control rat treated with glycine: H & E� 10
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