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Summary: The effect of protein deficiency on the urinary excretion of hydroxyproline (total, nondialysable,
dialysable and free fractions) and hydroxylysyl glycosides (glucosyl-galactosyl-hydroxylysine, glc-gal-hyl and
galactosyl-hydroxylysine, gal-hyl) was investigated in female albino rats. In comparison to controls, the protein
deficient animals were found to excrete significantly decreased amounts of urinary hydroxyproline fractions from
the 7th day onwards. The excretion of total hydroxylysyl glycosides in urine parallels the excretion of hydroxy-
proline. The urinary output of both glc-gal-hyl and gal-hyl was also appreciably lower in deficient animals. The
normal ratio of glc-gal-hyl/gal-hyl found in the urine of protein deficient animals suggests that there is a similar
decreased turnover of collagen in both bone and skin.

Ausscheidung von Kollagen-Metaboliten im Harn bei Protein-Mangelernährung
Zusammenfassung: Die Wirkung eines Proteinmangels auf die Ausscheidung von Hydroxyprolin (gesamtes, nicht
dialysierbaies, dialysierbares und freies) und Hydroxylysyl-Glykosiden (Glucosyl-galaktosyl-hydroxylysin, Glc-Gal-
Hyl und Galaktosyl-hydroxylysin, Gel-Hyl) im Harn wurde an weiblichen Albinoratten untersucht. Im Vergleich zu
den Kontrollen schieden die Tiere mit Proteinmangel vom 7. Tage an signifikant niedrigere Mengen der Hydroxy-
prolinfraktionen im Harn aus. Die Ausscheidung der Gesamt-Hydroxylysylglykoside im Harn verlief parallel der Aus-
scheidung an Hydroxyprolin. Die Ausscheidung beider Glykosidfraktionen im Harn war bei den Tieren mit Protein-
mangel ebenfalls beträchtlich niedriger. Das normale Verhältnis von Glc-Gal-Hyl zu Gal-Hyl im Harn der Tiere mit
Proteinmangel kann deshalb auf einen gleichermaßen verringerten Umsatz von Kollagen sowohl in Knochen als auch
Haut hinweisen.
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fraction 0.20) and served as the control; the other group was fed
with low protein diet (casein fraction 0.06), the details of which
were described previously (16). Water was supplied ad libitum
and both groups were given the required vitamins. Because of a
decreased food intake in the protein deficient animals (16), the
control rats were pair-fed with the protein deficient animals. At
weekly intervals, the body weights were recorded. During the
period of urine collection, the animals received only water.
Urine samples were collected weekly for a period of 24 h follow-
ing gastric loading with 30 ml/kg body weight of saline. The
total and free hydroxy pro line contents of urine were measured
in hydrolysed and unhydrolysed samples by the method ofRoj-
kind & Gonzalez (17). The nondialysable hydroxyproline frac-
tion was isolated by dialysing aliquots of urine against 0.15 mol/1
NaCl and distilled water at 4 °C for 24 h (18) and the hydroxy-
proline content was determined as before. The dialysable
hydroxyproline was assessed by subtracting nondialysable
hydroxyproline-from total hydroxyproline. The urinary hydroxy-
lysyl glycosides were analysed on pooled samples by the method
ofAskenasi (19). Results were expressed per gram creatinine in
order to account for eventual incomplete collection of urine
samples (11). The creatinine was determined by the Jaffe reac-
tion (20). The results were statistically evaluated using Student's
lt' test. The difference was regarded as significant at the level of
p < 0.05.

Results

The initial mean body weight (50 g) of control group
and its respective protein deficient group was not
significantly different. The body weights of the con-
trols increased to a mean of 88 g on the 28th day as

compared with 67 g in the corresponding protein defi-
cient group. Differences between protein deficient and
control groups were significant from the 14th day on-
wards up to the end of the experiment (p < 0.05).

Table 1 shows the effect of protein malnutrition on the
urinary excretion of total hydroxyproline. Compared to
the control group, urinary total hydroxyproline was
significantly decreased in the protein deficient animals
from the 7th day onwards. It is also evident that in pro-
tein deficient animals a marked decrease in the urinary
hydroxyproline occurred on the 7th day and thereafter
the decrease was gradual.

Results on the urinary excretion of nondialysable (tab. 2)
and dialysable hydroxyproline (tab. 3) in protein defi-
cient animals showed a significant decrease from the 14th
day onwards up to the end of the experiment.

The urinary excretion of free hydroxyproline was also
found to decrease in the deficient animals as compared
to controls, but the difference was not statistically signi-
ficant on the 14th day (tab. 4).

It is evident from figure 1 that the total urinary excretion
of hydroxylysyl glycosides parallels that of total hydroxy-
proline. Compared to the controls, the deficient animals
were found to excrete less total hydroxylysyl glycosides

Tab. 1. Effect of protein deficiency on the urinary excretion of total hydroxyproline (μηιοΐ/g creatinine) in the rat.

Group

Control
Deficient

0

855.07 ± 38.90*
826.09 ±41.11

7

896.26 ±45 .46
647.60 ± 27.38**

Days

14

919.91 ±51.33
725.40 ± 28.99**

21

868.04 ± 35.16
623.19 ± 24.26**

28

810.07 ± 30.82
562.17 ± 22.43**

* = Results are means ± SE.
** = Protein-deficient group is significantly different from control group at p < 0.05.

Tab. 2. Effect of protein deficiency on the urinary excretion of nondialysable hydroxyproline (μηιοΐ/g creatinine) in the rat.

Group

Control
Deficient

0

52.86 ± 2.52*
55.0 ±2.36

7

55.00 ± 2.82
35.47 ± 1.68**

Days
14

53.47 ± 2.52
37.45 ± 1.91**

21

55.84 ± 2.90
37.76 ± 1.75**

28

54.77 ± 2.67
39.82 ± 2.06**

* = Results are means ± SE.
** = Protein-deficient group is significantly different from control group at p < 0.05.

Tab. 3. Effect of protein deficiency on the urinary excretion of dialysable hydroxyproline (μηιοΐ/g creatinine) in the rat.

Group

Control
Deficient

0

802.21 ± 37.50*
771.09 ± 34.23

7

841.26 ± 44.67
612.13 ± 29.96**

Days
14

866.44 ± 42.74
687.9 ±36.64**

21

812.20 ± 43.15
585.43 ± 28.96**

28

755.30 ± 37.94
. 522.35 ± 29.52**

* = Results are means ± SE.
** = Protein-deficient group is significantly different from control groxip at p < 0.05.
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Tab. 4. Effect of protein deficiency on the urinary excretion of free hydroxyproline (μπιοΐ/g creatinine) in the rat.

Group

Control
Deficient

0

16.86 ± 0.84*
16.32 ι 1.98

7

14.72 ± 0.69
12.66 ±0.53**

Days
14

18.46 ± 0.92
16.63 ± 0.69

21

15.48 ± 0.61
12.51 ± 0.53**

28

16.32 ± 0.69
13.04 ±0.53**

* = Results are means ± SE.
** = Protein-deficient group is significantly different from control group at p < 0.05.

Fig. 1. Total urinary hydroxylysyl glycosides in control (· ·)
and protein-deficient rats (o o).

Fig. 2. Urinary excretion of glc-gal-hyl in control (· ·)
and protein-deficient rats (o o).
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Fig. 3. Urinary excretion of gal-hyl in control (· ·) and
protein-deficient rats (o^—o).

Fig. 4. Ratio of urinary glc-gal-hyl/gal-hyl in control (· ·)
and protein-deficient rats (o o).

from the 14th day onwards. The excretion of both glc-
gal-hyl (fig. 2) and gal-hyl (fig. 3) were also decreased in
protein malnutrition*. As the excretion of both glycosides
was more or less equally decreased in the protein deficient
animals, the glc-gal-hyl/gal-hyl ratio (fig. 4) was compar-
able to that of normals.

Discussion

The unique distribution of hydroxyproline in collagen
where it accounts for 13—14% of the total amino acids
(21) makes it unlikely that any other component in the
body could serve as a significant source of urinary
hydroxyproline. Urinary excretion of hydroxyproline
is proved to be a reliable index of collagen catabolism
since the final breakdown products of collagen, which
include both free and peptide bound hydroxyproline,
are not reutilized for collagen biosynthesis (11, 22, 23).
Alterations in the urinary hydroxyproline have been
shown (24) to be due to the changes in the rate of
collagen synthesis, the rate of conversion of one form
of collagen to another, or the rate at which any of the
forms is degraded.
A marked decrease in the excretion of urinary hydro-
xyproline was observed in the protein deficient animals
(tab. 1), Earlier studies indicated (5, 6,15) a decrease
in the urinary hydroxyproline in rats due to the in-
fluence of protein malnutrition. Similar results have
also been reported in children with protein malnutrition
(13, 14, 25, 26).
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In human protein malnutrition, the urinary hydroxy-
proline levels are usually measured at a point where
protein deficiency is fairly established. However, these
studies do not indicate the stage at which hydroxyproline
decreases considerably. Results of the present investiga-
tion (tab. 1) reveal that the decrease in the urinary
hydroxyproline due to the influence of protein malnu-
trition is pronounced on 7th day, and later the decrease
is slow. It may therefore be concluded that protein
deficiency exerts most of its effect on urinary hydroxy-
proline during the early phases of protein malnutrition.

The decreased excretion of urinary hydroxyproline in
protein deficient animals may be due to either reduced
body collagen content, reduced collagen synthesis or
reduced catabolism of collagen. A marked loss of skin
collagen is reported in both experimental and clinical
cases of protein malnutrition (5, 6, 27, 28). The soluble
collagen, which represents mainly newly synthesized
collagen (29), is also found to be decreased in protein
deficient animals and in Kwashiorkar (5,7, 30). Earlier
studies in this laboratory indicated that the decreased
rates of both synthesis and catabolism of collagen con-
tributed to the decreased excretion of urinary hydroxy-
proline in protein deficient animals (10).

It has been demonstrated that the nondialysable
hydroxyproline peptides in urine are derived either
from collagen recently synthesized and rapidly degraded
or from fragments recently synthesized but not incorpor-
ated into tropocollagen (31). Further studies have in-
dicated (32) that appraisal of nondialysable and dialys-
able hydroxyproline in urine may contribute to an
evaluation of the relative contribution of bone forma-
tion and resorption to total bone turnover. In the pre-
sent study, the striking fall in nondialysable hydroxy-
proline (tab. 2) in protein deficient animals was ac-
companied by a proportional decrease of the dialysable
fraction (tab. 3). These results may therefore suggest
decreased turnover of bone collagen. Isotopic studies in

this laboratory have also shown (33) that the turnover
of bone collagen is decreased in protein deficient rats.

It has been reported (34) that about 80% of the total
hydroxylysine in normal urine is associated with sugars
in two glycosidic compounds glucosyl-galactosyl-hydroxy-
lysine (glc-gal-hyl) and galactosyl-hydroxylysine (gal-hyl).
Recent studies have indicated that the levels of urinary
hydroxylysyl glycosides are better quantitative indicators
of collagen metabolism than urinary hydroxyproline (34,
36). The urinary excretion of total hydroxylysyl glyco-
sides seems to parallel the urinary hydrpxyproline in all
conditions associated with an alteration in the meta-
bolism of collagen (34, 36, 37). The results of the present
study (fig; 1) also show that the excretion of total urinary
hydroxylysyl glycosides parallels the urinary hydroxy-
proline in protein deficient animals.

As skin collagen contains twice as much glc-gal-hyl as
gal-hyl, and bone contains seven times more gal-hyl than
glc-gal-hyl, it is suggested (34, 35) that the ratio of glc-
gal-hyl to gal-hyl would indicate the proportion of
collagen degradation derived from skin and bone. It
has been shown (38) that only less than 10% of the glc-
gal-hyl excreted in urine could come from glomerular
basement membrane and Clq subcomponent of the
complement system, which are known to contain high
amounts of glc-gal-hyl. It may be concluded therefore
that the main source of urinary hydroxylysyl glycosides
is collagen of bone and skin. The normal ratio of glc-gal-
hyl/gal-hyl found in protein deficient animals (fig. 4)
clearly demonstrated that both bone and skin collagens
have a similar decreased turnover compared to controls.
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