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Glycine prevents hepatic fibrosis by preventing the accumulation of col-
lagen in rats with alcoholic liver injury. R. SENTHILKUMAR, N. NALINI.
Pol. J. Pharmacol., 2004, 56, 121–128.

We studied the effect of administering glycine, a non-essential amino
acid, on liver collagen content and its characteristics in experimental hepato-
toxic Wistar rats. All the rats were fed standard pellet diet. Hepatotoxicity
was induced by orally administering ethanol (7.9 g kg��) for 30 days. Con-
trol rats were given isocaloric glucose solution. Glycine was administered
subsequently at a dose of 0.6 g kg�� po every day, along with alcohol for the
next 30 days. Alcohol administration significantly elevated the levels of liver
hydroxyproline and total collagen content, cross-linked fluorescence, shrink-
age temperature and lipid peroxidation, whereas it significantly decreased
the solubility of liver collagen as compared with the control rats. Simultane-
ous glycine supplementation to alcohol-fed rats significantly reduced the
levels of liver hydroxyproline and total collagen content, cross-linked fluo-
rescence, shrinkage temperature and lipid peroxidation and enhanced the
solubility of liver collagen as compared with the unsupplemented alcohol-
fed rats. In conclusion, administration of glycine had a positive influence
both on the quantitative and qualitative properties of hepatic collagen in al-
coholic liver injury.
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INTRODUCTION

Collagen is the most abundant protein present in

the connective tissue, which plays a major role in

contraction, relaxation and other activities of the or-

gans in general [10]. Excessive production of colla-

gen has been documented in diseases such as liver

cirrhosis, lung fibrosis, scleroderma and tumor

growth. In other clinical conditions, such as tissue

repair and wound healing, overproduction and depo-

sition of collagen are required to heal the damaged

tissues [16]. Alcohol abuse is a major cause of liver

cirrhosis. Liver cirrhosis develops from fibrosis,

which involves excessive deposition of extracellular

matrix, especially collagen by liver cells [8].
Glycine, is a non-essential amino acid, having

multiple roles in many reactions, such as gluconeo-

genesis, purine, heme and chlorophyll synthesis and

bile acid conjugation [11]. Glycine is said to activate

chloride channels in Kupffer cells, which hyperpo-

larizes the cell membrane and blunts intracellular

Ca�! concentration, similarly to its action in the neu-

rons and also decreases the levels of superoxide ions

from neutrophils via glycine-gated chloride channels

[34]. Glycine has been reported to inhibit the activa-

tion of macrophages and tumor necrosis factor-�

(TNF-�) release [13, 37]. Glycine reduces reperfu-

sion injury [40], prevents liver damage after

chronic exposure to alcohol [12], attenuates lipid

peroxidation and glutathione depletion induced by

different hepatotoxins [4], and very recently it has

been reported that when injected iv prior to resusci-

tation, glycine reduces organ injury and mortality

in rats with hemorrhagic shock [39]. Diet supple-

mented with glycine minimizes injury resulting

from endotoxic shock caused by D-galactosamine

[32], or cyclosporine A [38]. Glycine prevents he-

patic cancer and certain melanomas in vivo by in-

hibiting angiogenesis and endothelial cell prolifera-

tion [5].
Based on the ever-increasing list of the benefi-

cial effects of glycine, and the present day need of

an effective, economical and simple strategy for

inducing a reversal of liver injury in chronic alco-

holics we planned the present study. Preliminary

research in our laboratory showed that glycine pre-

vented alcohol-induced lipid peroxidation in rat

erythrocytes [29]. Here we report the effects of gly-

cine on liver collagen content, its solubility, cross-

linking, shrinkage temperature and hepatic lipid

peroxidation in rats with alcohol-induced liver in-
jury.

MATERIALS and METHODS

Citric acid monohydrate, sodium acetate trihydra-
te, chloramine-T, �-methylenediamine benzalde-
hyde, L-hydroxyproline, phenylmethylsulfonyl flu-
oride, N-[2-hydroxyethyl]piperazine-N’-[2-ethane-
sulfonic acid], calcium chloride, collagenase and
benzamidine hydrochloride were purchased from
Sigma Chemical Company, St. Louis, MO, USA.
Disodium hydrogen phosphate, N-ethylmaleimide,
pepsin, perchloric acid, glacial acetic acid and phenol
were purchased from Ranbaxy (P) Ltd., New Delhi,
India. Ethanol was obtained from Nellikuppam, Cud-
dalore District, South India. Glycine was purchased
from S.D. Fine Chemicals Ltd., Mumbai, India. Other
used chemicals were of analytical grade and were ob-
tained from Central Drug House, New Delhi, India.

Male albino (Wistar strain) rats (150–170 g) were
procured from the Department of Experimental
Medicine, Raja Muthiah Medical College and Hospi-
tal, Annamalai University. The animals were main-
tained in polypropylene cages in a controlled environ-
ment (22–24°C) under 12 h light/dark cycle. Standard
pellet diet (Hindustan Lever Ltd., Mumbai, India) and
water were provided ad libitum. The animals were
cared for in compliance with the principles and guide-
lines of the Ethical Committee for Animal Care of
Annamalai University, in accordance with the Indian
National Law on animal care and use (Register Num-
ber: 166/1999/ CPCESA) [21].

The animals were divided into four groups of
ten rats each and all were fed the standard pellet
diet. Rats in groups 1 and 2 received isocaloric glu-
cose from a 40% glucose solution. Animals in
groups 3 and 4 received 20% ethanol (2.5 ml in the
forenoon and 2.5 ml in the afternoon) equivalent to
7.9 g/kg as an aqueous solution orally for 30 days
as described earlier [28]. From the end of this pe-
riod the dietary protocol of group 1 and 3 animals
remained unaltered. But in addition, group 2 ani-
mals received glycine (0.6 g/kg) in distilled water
and group 4 animals received glycine along with
alcohol po every day for the next 30 days. The
study design followed is clearly represented in
Scheme 1.

The total duration of the experiment was 60 days,
at the end of which part of the animals were fasted
overnight, anesthetized with an intramuscular in-
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jection of ketamine hydrochloride (30 mg kg"#) and
sacrificed by decapitation. Liver was cleared of ad-
hering fat, weighed accurately and used for colla-
gen estimation.

Preparation and purification of type I collagen

Collagen was purified by the method described
by Chandrakasan et al. [3]. Briefly, liver tissues
were dissected free and washed extensively in
phosphate-buffered saline (PBS). The entire proce-
dure was carried out at 0–5°C. Liver tissues were
again washed with neutral 1% NaCl and extracted
by stirring overnight in eight volumes (v/v) of
0.5 M acetic acid. The suspension was centrifuged
at 28330 × g for 30 min and the pellet was re-
extracted with acetic acid. The supernatant solu-
tions were combined and solid NaCl was added
slowly with stirring to reach 20% NaCl concentra-
tion (w/v). The obtained precipitate was collected
by centrifugation at 17000 × g for 30 min and the
pellet was washed three times by resuspending in
20% NaCl and recentrifuged. The washed pellet
was then suspended in three volumes of 0.5 M ace-
tic acid, stirred for a few hours and then dialyzed
overnight against several volumes of 0.5 M acetic
acid with at least one change. The solution was
centrifuged at 28330 × g for 3 min. Collagen was
precipitated from the supernatant by slow addition
with stirring of 0.2 volumes of 30% NaCl in 0.5 M
acetic acid with stirring and dialyzed overnight
against several changes of 20 mM Na�HPO$% The pre-
cipitate was collected by centrifugation at 17000 × g
for 30 min, washed once with 20 mM Na�HPO$ and
redissolved in two volumes of 0.5 M acetic acid. The
solution was centrifuged at 28330 × g for 60 min and

dialyzed for 2 days against 0.1 M acetic acid with
three changes. The purified collagen was lyophi-
lized and stored in a freezer in containers sealed
under vacuum.

Estimation of collagen content

Weighed liver tissue was hydrolyzed with 6 M
HCl for 18 h at 110°C. The collagen content was
determined by measuring hydroxyproline, as de-
scribed by Woessner [35].

Solubility pattern of liver collagen

The solubility pattern of liver collagen was de-
termined as described by Miller and Rhodes [18].

Neutral salt-soluble collagen

Liver tissue was thoroughly minced, homoge-
nized in 10 volumes of neutral salt solvent (1 M
NaCl, 50 mM Tris, pH 7.5) containing 20 mM
EDTA and 2.0 mM N-ethylmaleimide and stirred
for 24 h. The suspension was then centrifuged at
35000 × g for 1 h at 4°C and the extraction was re-
peated with the pellet. The supernatants were po-
oled and an aliquot was used for the assay of hy-
droxyproline [35].

Acid soluble collagen

The obtained residue was resuspended in 10
volumes of 0.5 M acetic acid and extracted for 24 h
with constant stirring, after which the contents
were centrifuged. The pellet was re-extracted with
acetic acid. Aliquots of the pooled supernatant
were used for the determination of hydroxyproline.

Pepsin-soluble collagen

The residue obtained after acid extraction was
resuspended in 0.5 M acetic acid containing 100 mg
of pepsin per g of wet tissue. Digestion was carried
out for 24 h, followed by centrifugation and re-
extraction. Aliquots of pooled supernatant were
used for hydroxyproline measurement.

Shrinkage temperature

The shrinkage temperature of liver collagen
was determined as described by Nutting and Bo-
rasky [22]. Small strips of collagen fiber were cut
from the liver and placed on microscope slides
mounted on a holder for viewing under the micro-
scope. An electric bulb for heating was placed un-
der the holder. A thermometer was inserted into the
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hole available in the holder to monitor the tempera-
ture of collagen fibers under the microscope and
the exact shrinkage temperature was recorded dur-
ing the shrinkage process [33].

Collagen-linked fluorescence

Collagen-linked fluorescence was measured by
the method of Monnier et al. [19]. Approximately
3.0 mg of tissue was finely minced in PBS and cen-
trifuged at 3330 × g for 10 min. The pellet was
washed with distilled water and the lipids were ex-
tracted with 5.0 ml of chloroform-methanol mix-
ture (2:1, v/v) overnight. The samples were rehy-
drated by the addition of 2.0 ml of methanol and 0.5
ml of distilled water and centrifuged at 3330 × g for
10 min and the pellet was washed twice with metha-
nol, three times with distilled water and twice with
20 mM N-[2-hydroxyethyl]piperazine-N’-[2-etha-
nesulfonic acid], pH 7.5, containing 0.12 M CaCl�
(buffer H) and stored overnight at 4°C in buffer H.
The buffer was then removed by centrifugation at
3330 × g for 10 min and the pellet was resuspended
in 3.5 ml of buffer H containing 120 units of type
VII collagenase. Four drops of toluene were added
to prevent bacterial growth and the material was di-
gested for 48 h at 37°C. A blank containing colla-
genase in buffer H was included. The digest was
centrifuged at 3330 × g for 30 min and the clear su-
pernatant containing digested collagen was used
for the fluorescence assay. Fluorescence was meas-
ured with a Hitachi Spectroflurometer (Hitachi, To-
kyo, Japan) against distilled water at 440 nm after
excitation at 370 nm and was corrected for the colla-
genase blank.

TBARS and hydroperoxides were estimated by
the method of Okhawa et al. [23] and Jiang et al.
[14].

All the grouped data were evaluated statistically
and the significance of changes caused by the treat-
ment was determined using one-way analysis of
variance (ANOVA) followed by Duncan’s multiple
range test (DMRT) by using SPSS 9.05 for Win-
dows [7]. Results are presented as means ± SD of
ten rats from each group. The statistical signifi-
cance was set at p < 0.05.

RESULTS

Effect of administering glycine and alcohol on
tissue hydroxyproline and total collagen is repre-
sented in Table 1. The hydroxyproline as well as

the total collagen content of liver was significantly
higher in alcohol-treated rats (group 3) (p < 0.05)
as compared with those of the control rats (group
1). Glycine supplementation at a dose of 0.6 g/kg
along with alcohol (group 4) significantly lowered
the liver hydroxyproline and total collagen content
as compared with those of alcohol-treated rats
(group 3). Glycine supplementation to control rats
(group 2) did not produce any significant change in
the hepatic hydroxyproline or total collagen con-
tent.

Table 1. Effect of glycine and alcohol on hydroxyproline and to-
tal collagen content in control and experimental rats

Groups Liver
hydroxyproline

(mg/100 mg protein)

Liver
total collagen

(mg/100 mg protein)

Control 9.68 ± 0.02 70.21 ± 1.18

Control + glycine 9.94 ± 0.05 74.12 ± 6.66

Alcohol 15.58 ± 1.23� 164.66 ±10.46�

Alcohol + glycine 10.34 ± 1.23 77.13 ± 6.73

F-ratio 12.34♣ 5.90♣

Values are means ± SD of 10 rats from each group. �Significant
at p < 0.05 (DMRT). ♣p < 0.05 (ANOVA)

Table 2. Effect of glycine and alcohol on the solubility of liver
collagen in control and experimental rats

Collagen solubility
(�g of hydroxyproline/100 mg of tissue)

Groups Neutral buffer Acetic acid Pepsin

Control 99.49 ± 9.28 68.14 ± 5.44 4.86 ± 0.03

Control
+ glycine

97.48 ± 8.24 66.28 ± 3.42 4.64 ± 0.02

Alcohol 64.42 ± 3.86� 42.44 ± 3.86� 1.86 ± 0.01�

Alcohol
+ glycine

89.14 ± 6.44 59.86 ± 4.96 3.98 ± 0.02

F-ratio 17.14� 12.46� 23.81�

Values are means ± SD of 10 rats from each group. �Significant
at p < 0.05 (DMRT). ♣p < 0.05 (ANOVA)

Effect of administering glycine and alcohol on
solubility pattern of collagen is shown in Table 2.
The solubility of collagen in neutral salt, acid, and
pepsin solution were significantly decreased in
alcohol-treated rats (group 3) (p < 0.05) as com-
pared with those of the control rats (group 1). Gly-
cine supplementation at a dose of 0.6 g/kg along
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with alcohol (group 4) significantly improved the
solubility of liver collagen as compared with those
of untreated alcohol-supplemented rats (group 3).
Glycine supplementation to control rats (group 2)
did not produce any significant change in the solu-
bility of collagen in neutral salt, acid, and pepsin.

Table 4. Effect of glycine and alcohol on liver collagen-linked
fluorescence in control and experimental rats

Groups Liver (AU/�mol of hydroxyproline)

Control 27.74 ± 2.30

Control + glycine 28.84 ± 2.74

Alcohol 52.84 ± 3.02�

Alcohol + glycine 29.84 ± 1.64

F-ratio 9.90�

Values are means ± SD of 10 rats from each group. �Significant
at p < 0.05 (DMRT). �p < 0.05 (ANOVA), AU – arbitrary unit

Effect of administering glycine and alcohol on
shrinkage temperature of liver collagen is repre-
sented in Table 3. The shrinkage temperature of
liver collagen was significantly increased in rats
that received alcohol (group 3) (p < 0.05) as com-
pared with those of the control rats (group 1).
Glycine supplementation at a dose of 0.6 g/kg
along with alcohol (group 4) significantly de-
creased the shrinkage temperature of liver collagen
as compared with those of untreated alcohol-
supplemented rats (group 3). Glycine supplementa-
tion to control rats (group 2) did not produce any
significant change in the shrinkage temperature of
collagen.

Effect of administering glycine and alcohol on
collagen-linked fluorescence of liver collagen is
represented in Table 4. The collagen-linked fluo-

rescence of liver was significantly increased in rats
that received alcohol (group 3) (p < 0.05) as com-
pared with those of the control rats (group 1).
Glycine supplementation at a dose of 0.6 g/kg
along with alcohol (group 4) significantly de-
creased collagen-linked fluorescence of liver as
compared with those of untreated alcohol-sup-
plemented rats (group 3). Glycine supplementation
to control rats (group 2) did not produce any sig-
nificant change in the collagen-linked fluorescence
of liver.

Table 5. Effect of glycine and alcohol on TBARS of liver in
control and experimental rats

Groups Liver (mg of glucose/100 g
of protein)

Control 27.58 ± 1.15

Control + glycine 26.54 ± 1.02

Alcohol 58.92 ± 4.94�

Alcohol + glycine 32.04 ± 3.37

F-ratio 30.44♣

Values are means ± SD of 10 rats from each group. �Significant
at p < 0.05 (DMRT). ♣p < 0.05 (ANOVA)

Effect of administering glycine and alcohol on
liver TBARS and hydroperoxides is represented in
Table 5. The TBARS and hydroperoxides levels
were significantly higher in alcohol-treated rats
(group 3) (p < 0.05) as compared with those of the
control rats (group 1). Glycine supplementation at
a dose of 0.6 g/kg along with alcohol (group 4) sig-
nificantly lowered the liver TBARS and hydroper-
oxides as compared with those of untreated
alcohol-supplemented rats (group 3). Glycine sup-
plementation to control rats (group 2) did not pro-
duce any significant change in the TBARS and hy-
droperoxide levels of liver.

DISCUSSION

Collagen is the most widespread fibrous protein
in the body, and any marked change in its structure
and composition might be manifested in a variety
of pathological conditions. In some clinically im-
portant diseases, such as hepatic fibrosis, cirrhosis
and fatty liver, the collagen content was reported to
be abnormal [10]. For example, bile duct oblite-
ration-induced liver fibrosis and endomyocardial
fibrosis have been reported to be associated with
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Groups Temperature (°C)

Control 62.41 ± 5.52

Control + glycine 60.31 ± 5.48

Alcohol 82.58 ± 7.56�

Alcohol + glycine 71.46 ± 7.18

F-ratio 19.90�

Values are means ± SD of 10 rats from each group. �Significant
at p < 0.05 (DMRT). �p < 0.05 (ANOVA)

Table 3. Effect of glycine and alcohol on shrinkage temperature
of liver collagen in control and experimental rats



elevated levels of collagen in the liver and heart, re-
spectively [1, 25].

Hepatic stellate cells and Kupffer cells are
known to secrete reactive oxygen spices (ROS) and
produce transforming growth factor-� (TGF-�) and
interleukin–6 (IL-6), all of which induce the fibro-
genic process. TGF-� and IL-6 up-regulates the ex-
pression of type I collagen genes [2]. Our results
also show increased hepatic hydroxyproline and to-
tal collagen content in alcohol-treated rats as com-
pared to the control rats. Collagen deposition is a
complex process that depends on the amount of
collagen produced and that, which is degraded by
specific interstitial collagenases (metalloprote-
inases). Accordingly, excessive collagen deposition
will result from an imbalance between its synthesis
and degradation. Moreover, we observed increased
levels of TBARS and hydroperoxides in the liver of
alcohol-fed rats, which is in agreement with our
previous observation [29] and also with those of
the other researchers [30]. Oxygen free radicals and
oxygen-derived species are reported to inactivate
enzymes containing sulphydryl groups, especially
collagenase and protease. This may lead to the de-
creased degradation and thus increased accumula-
tion of collagen in the liver [2, 24].

Prolylhydroxylase, an ascorbic acid-dependent
enzyme, is required to maintain the normal proper-
ties of collagen. The activity of prolylhydroxylase
has been reported to change in liver diseases in-
duced by carbon tetrachloride (CCl$), and alcohol
and also in diabetic rats [6]. This alteration is
mainly due to the reduction in the concentration of
ascorbic acid. Glycine supplementation to alcohol-
treated rats caused a significant decline in total col-
lagen content as compared with the untreated
alcohol-supplemented rats. In this context, our pre-
vious studies denote a significant reduction in the
concentration of ascorbic acid in alcohol-sup-
plemented rats, which was ameliorated on glycine
supplementation [30]. Thus, the optimum activity
of prolylhydroxylase may be the cause for the near
normal levels of total collagen in glycine-treated
alcohol-fed rats.

The cross-linking of liver collagen was assessed
by measuring the shrinkage temperature. The
shrinkage temperature of collagen fiber is related to
the number of covalent cross-links present in colla-
gen and to the content of imino acids, such as pro-
line and hydroxyproline. The shrinkage tempera-
ture of collagen was reported to increase with age

and in fibrosis of liver and is explained in terms of
intermolecular cross-links [26]. Therefore, the
measurement of collagen shrinkage temperature
may be used to determine the gross tissue changes
at the molecular level. In addition, lysyloxidase, is
critically required for the biosynthesis of functional
extracellular matrices. Excessive accumulation of
insoluble collagen fibers leads to fibrosis, and up-
regulation of lysyloxidase expression and increased
lysyloxidase activity in several fibrotic diseases
[15]. Increased lysyloxidase activity was also ob-
served by Carter et al. [2] in CCl$-induced liver
toxicity. We observed a significant increase in the
collagen shrinkage temperature in alcohol-treated
rats clearly indicating the increase in the cross-
links of liver collagen in these animals. Admin-
istration of glycine to alcohol-treated rats signifi-
cantly reduced the shrinkage temperature and thus
the cross-linking of liver collagen.

The solubility of liver collagen in neutral salt,
acid, and pepsin was significantly reduced in
alcohol-treated rats. As the extent of cross-linking
increases, the solubility of collagen also changes.
Highly cross-linked collagen becomes less soluble
in the above solutions and can be released only to
a limited extent by pepsin digestion [17]. In this
context, lipid peroxidation products are shown to
directly influence collagen cross-linking. Deulofeu
et al. have proposed that free radicals and reactive
carbonyls generated during CCl$-induced liver in-
jury may contribute significantly to the increased
cross-linking of collagen [6]. In our study, we have
noted increased levels of hepatic lipid peroxides in
alcohol-fed rats, which may be correlated with the
decreased solubility of liver collagen. Glycine sup-
plementation to alcohol–supplemented rats signifi-
cantly improved the solubility of hepatic collagen,
which may be due to the lowered collagen cross-
linking observed in these rats. Moreover, the re-
duced collagen cross-linking on glycine supple-
mentation to alcohol-treated rats may be due to the
inhibitory effect of glycine on lipid peroxidation
[30, 31].

Collagen obtained from the liver of alcohol-
treated rat showed increased fluorescence. Previous
studies have also documented increased fluores-
cence in the liver collagen of alcohol-treated rats
[27]. In addition to glycosylation, free radicals and
lipid peroxidation also play an important role in the
enhancement of collagen linked-fluorescence [9,
36]. Alcohol-induced formation of reactive radicals
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appears to have an influence on the enhanced fluo-
rescence. Moreover, increased crosslinking of col-
lagen may cause abnormal vascular rigidity and
contribute to the hypertension in alcoholic liver in-
jury [20]. We observed a significantly elevated
level of fluorescence in the liver of rats on alcohol
supplementation. Administration of glycine to
alcohol-treated rats significantly reduced the inten-
sity of fluorescence, which may be due to de-
creased oxidative stress and thus reduced collagen
cross-linking in these rats.

Control rats were also supplemented with
glycine to examine the role of glycine per se under
controlled conditions, and to evaluate statistically
the extent of benefit it offers in alcohol-induced he-
patotoxicity. The data did not show any significant
quantitative and qualitative effect on the hepatic
collagen content when glycine was administered.

On the basis of these observations, it is clear
that accumulation of highly cross-linked collagen
in the liver of alcohol-supplemented rats confers ri-
gidity to the organ and is the cause of liver fibrosis.
Glycine supplementation significantly prevents the
accumulation of hepatic collagen and reduces
cross-linking, thereby, enhancing collagen solubil-
ity and degradation. Thus, glycine has a significant
protective role against alcohol-induced liver fibro-
genesis and toxicity.
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