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Abstract—To clarify the significance of free and small peptide-bound hydroxyproline synthesis in
ethanol-induced liver injury, we measured the in vitro synthesis of ['*C)hydroxyproline in the 67%
ethanol-soluble fraction in rat liver slices, together with hepatic protein-bound ["*C]hydroxyproline
synthesis. The synthesis of free and small peptide-bound ['“CJhydroxyproline was 11.1 * 2.0 dpm x 107%/
g liver/3 hr and the synthesis of protein-bound [“C)hydroxyproline was 10.1 * 3.3 dpm x 10-¢/g liver/
3 hr in control rat liver. In the ethanol-fed rat liver, the synthesis of free and small peptide-bound
[“C]hydroxyproline significantly increased 1.5-fold and the synthesis of protein-bound [“CJhydroxy-
proline significantly increased 1.6-fold, while the hepatic colla;cn content did not change. There was a
significant correlation between free and small peptide-bound ['*C]hydroxyproline synthesis and protein-
bound [“C]hydroxyproline synthesis. These results suggest that free and small peptide-bound hydroxy-
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proline synthesis plays an important role in regulating the content of hepatic collagens.

We previously reported that in CCl,-induced hepatic
fibrosis hepatic collagen synthesis increases, but free
and small peptide-bound hydroxyproline (Hyp) syn-
thesis decreases [1.2], indicating that the com-
bination of an increase in hepatic collagen synthesis
and a decrease in free and small peptide-bound Hyp
synthesis contributes to the rapid accumulation of
collagens in chronic CCl-induced hepatic fibrosis.
In ethanol-induced hepatic injury, hepatic collagen
synthests is also increased. For example, the activity
of hepatic prolyl hydroxylase, the incorporation of
labeled proline into collagen by liver slices, and the
type I procollagen mRNA content are increased after
ethanol feeding [3-5], although the hepatic collagen
content does not change [4]. However, the sig-
nificance of free and small peptide-bound Hyp syn-
thesis has been obscure in alcoholic liver injury. In
the present study, therefore, we measured the in
vitro synthesis of free and small peptide-bound
[“C]Hyp in rat liver after 7 weeks of ethanol feeding.

MATERIALS AND METHODS

Animals. Fourteen male Wistar strain rats, weigh-
ing from 170 to 200 g, were divided into two groups,
and for 7 weeks they were pair-fed with a liquid diet
in which either ethanol or carbohydrate made up
36% of the calories, as described previously [6].
After fasting overnight, the rats were killed under
ether anesthesia by exsanguination from the aorta.
The livers were excised and subjected to biochemical
analysis.

Synthesis of free and small peptide-bound and pro-
tein-bound Hyp. The synthesis of free and small
peptide-bound and protein-bound Hyp was
measured by the modified method of Diegelmann et
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al. [7] as described previously by us [2]. Liver slices
(0.5g) were incubated with 5uCi L-["*C]proline
(> 250 mCi/mmol; Amersham) in 10 mL of Earle’s
balanced salt solution containing 0.2 mM L-proline,
25 mM ferrous sulfate and 0.5 mM ascorbic acid.
Incubation was done under an atmosphere of 95%
O, and 5% CO, in a shaking bath at 37° for 3 hr
and the reaction was terminated by the addition of
absolute ethanol to give a final concentration of 67%.
The sample was homogenized and centrifuged to
separate it into a 67% ethanol-soluble fraction and
a 67% ethanol-insoluble fraction. The latter was
washed with 20 mL of 67% ethanol, twice, and each
supernatant fraction was combined with the first 67%
ethanol-soluble fraction and then evaporated. The
dried ethanol-soluble fraction and the ethanol-insol-
uble fraction were hydrolyzed in 10 mL of 6 N HCl
for 24 hr at 105°, dried by evaporation to remove
the HCl, and dissolved in 20 mL of distilled water.
Hydrolysates were neutralized with 1 N NaOH and
lyophilized. Ethanol-soluble fractions were lyophi-
lized and then dissolved in 4 mL of 1 M ammonium
acetate, pH 6.8, and applied to a column (1 x 30 cm)
containing a water-washed Dowex 1-X8 200-
400 mesh resin in acetate form. The column was
eluted with water, and the initial effluent fractions
(50mL) containing Hyp were pooled and lyophi-
lized.

All lyophilized Hyp-containing material from the
ethanol-soluble or the ethanol-insoluble fractions
was dissolved in 2.0 mL of 0.25 N HCI and applied
with 0.1 mL of a mixture of 10 mM L-proline and
10 mM L-hydroxyproline toa 1 X 30 cm Dowex 50W-
X8 ion-exchange column and eluted with 0.25N
HCI. Effluent fractions of 4.0 mL were collected
from fractions 60 to 80. The radioactivity of each
aliquot (1.0 mL) was measured in 10 mL of Aqueous
Counting Scintillant (ACS II; Amersham) using a
liquid scintillation counter (Packard Tricarb 4640).
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Table 1. Effect of chronic ethanol administration on hepatic hydroxyproline content:
{“C]Hydroxyproline synthesis in rat liver and hepatic collagenase and collagenolytic
cathepsin activity

Control Ethanol-fed
N=7) N=7
Body weight (g) 407 £ 20 285 + 19*
Liver weight (g) 13.2+138 11.7+19
(% Body wt) 32+04 41x0.5*
Hepatic triglyceride (mg/g liver) 238 47 £ 17
Hydroxyproline
Content (mg/liver) 1.80 £ 0.20 1.64 = 0.45
(ug/g liver) 139 £ 26 140 = 29
Synthesis (dpm x 107/g liver)
Total [*C]Hyp 212+45 32.5+75
Protein-bound [“C]Hyp 10.1 £33 15.9 + 3.6*
Free and small
peptide-bound [“C]H 11.1%£20 16.7 = 4.3t
Collagenase (dpm X 10‘3;1% hr/g liver) 22+03 1.8+0.7
Collagenolytic cathepsin
(dpm x 1073/18 hr/g liver) 11.6 %09 11.8+03
Vales are means = SD.
* P <0.01 compared to control
t P < 0.05 compared to control.
Free and small peptide-bound Hyp synthesis was w 07
expressed as the amount of ["*C]Hyp in the ethanol- Ed
soluble fraction, and protein-bound Hyp synthesis S
as the amount of [*C]Hyp in the 67% ethanol-in & r=0810
soluble fraction. In our previous study [8], the 2 (P<001)
ethanol-soluble fractions before and after hydrolysis ) - 4 9
with 6 N HCI for 24 hr at 105° were applied on 4 PR
a Dowex S0W-X8 column, and the ratio of free -§ ® e
[14C]Hyp and small peptide-bound [**C]Hyp in the 8 -
control and ethanol rats was determined. We found 2 °c . °
that free [*C]Hyp was approximately 76% and small N 6% o
peptide-bound [*C]Hyp was 24%, there was no dif- E 0 o  ©
ference in ethanol-treated rats. Therefore, in this 2 e
study, we did not separate the free and small peptide- S ‘
bound ["“C]Hyp. In addition, the hepatic Hyp 8
content, hepatic triglyceride content, hepatic col- s
lagenase activity and hepatic collagenolytic cathepsin "0 ;E

activity were determined as described previously [4].

RESULTS

As compared with the controls, ethanol-fed rats
had lower mean body weights in spite of pair-feeding,
but relatively heavier liver weights, expressed as a
percentage of body weight (Table 1). Although the
hepatic triglyceride content increased, hepatic Hyp
content did not change with ethanol feeding. The
protein-bound [“C]Hyp synthesis increased sig-
nificantly (1.6-fold) in ethanol-fed rats as compared
with controls. Free and small peptide-bound
[“C]JHyp synthesis in the ethanol-fed rat liver
increased to about 1.5-fold of the control liver (Table
1). Free and small peptide-bound ["*C]Hyp synthesis
correlated significantly with protein-bound [“C]Hyp
synthesis in the control and ethanol-fed rats (Fig. 1).
On the other hand, hepatic collagenase and col-
lagenolytic cathepsin activities did not change under
these conditions.

Protein-bound Hyp synthesis
Control (Q), Ethanol (@)

Fig. 1. Correlation between free and small peptide-bound
[“C]Hyp synthesis and protein-bound [“C]Hyp synthesis.
Units on both ordinate and abscissa are dpm x 107*/g liver.

DISCUSSION

It is well known that collagen-producing cells,
including hepatocytes, produce free and small pept-
ide-bound Hyp under culture conditions {7-11]. Free
and small peptide-bound Hyp is not made from
degradation products of the collagen secreted into
the extracellular space and is considered to be pro-
duced by the intracellular degradation of newly syn-
thesized collagen before its secretion. Recent work
suggests that the intracellular degradation of newly
synthesized collagen serves two distinct roles in
modulating collagen production [12]. First, intra-
cellular collagen degradation provides a mechanism
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for the destruction of defective molecules before
their secretion, thus preventing the incorporation of
defective molecules into the extracellular matrix.
For example, incubation of cells with analogues of
proline such as cis-hydroxyproline {13, 14] or azet-
idine [10] results in an increase in the intracellular
degradation of newly synthesized collagen. Second,
intracellular degradation provides one means to
regulate the amount of collagen and the relative
amounts of collagen types produced by the cell. For
example, elevated levels of cyclic-AMP result in a
decrease in collagen secretion and in an increase in
the intracellular degradation in firboblast cultures
(15].

With regard to pathogenic roles in the degradation
of newly syntehsized collagen in hepatic fibrosis,
we previously reported that free and small peptide-
bound Hyp synthesis decreases inversely with hepatic
collagen content in CCL,-induced fibrotic liver [2].
Inthe present study concerning ethanol-induced hep-
atic injury, we confirmed that the hepatic Hyp con-
tent does not change, and found that free and small
peptide-bound Hyp synthesis increased significantly
in response to hepatic collagen synthesis. It has been
reported that chronic ethanol administration causes
no hepatic fibrosis, but hepatic collagens are
increased [3]. These results are thought to be due to
the difference in the extent and the stage of hepatic
fibrosis. In fact, in bleomycin-induced pulmonary
fibrosis of hamsters, free and small peptide-bound
Hyp synthesis has been shown to increase sig-
nificantly 8 days after bleomycin administration, but
it was not significantly different from control values
at subsequent examination [16).

The reason for the lack of hepatic fibrosis devel-
opment in rats resulting from the chronic ethanol
feeding could be explained by an exaggerated col-
lagen degradation system. For example, chronic
ethanol feeding has resulted in increases in the uri-
nary excretion of Hyp [17], hepatic collagenase
activity [18] and hepatic collagenolytic cathepsin
activity [3) in rats. In the present study, however,
hepatic collagenase activity and hepatic collagen-
olytic cathepsin activity were not changed, but free
and small peptide-bound Hyp synthesis was
increased. Therefore, it is conceivable that in
ethanol-induced hepatic injury newly synthesized
collagen is efficiently removed by an intracellular
collagen degrading system which is different from
collagenase and collagenolytic cathepsin. In contrast
to advanced hepatic fibrosis as seen in CCl, injury,
the intracellular degradation of collagen increases in
the early stages of hepatic fibrosis, supporting the
conclusions that the degradation system of newly
synthesized collagen plays an important role in the
development of hepatic fibrosis.
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