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(Submitted for publication December 29, 1955; accepted January 30, 1956)

The amino acid hydroxyproline constitutes ap-
proximately 13 per cent of collagen (1, 2), and
1 to 2 per cent of elastin (2). It is present in no
other protein of the body. For this reason, the de-
termination of hydroxyproline has been utilized
for the estimation of collagen in various animal
tissues (3), and in the fibrinoid material of the
subcutaneous nodule of rheumatoid arthritis (4).

It is, at the present time, not clear whether in
the diseases of the connective tissue, or "collagen
diseases," significant alteration and degradation of
the protein collagen occurs. The light microscope
studies of Klinge (5) and of Bahrmann (6), who
observed swelling of collagen in tissue sections of
lesions from patients with rheumatic and other
diseases, suggested that these changes do occur.
Others (7-9) have shown in addition that swell-
ing and focal degeneration of collagen fibers is a
common and striking effect of anaphylactoid hy-
persensitivity reactions.

Using the electron microscope, however, Gross
(10) and Gale (11) did not find abnormal fibers
in material from lesions of rheumatoid arthritis,
rheumatic fever, disseminated lupus erythemato-
sus, and scleroderma. Though Wolpers (12) did
observe fibrils lacking cross striations in necrotic
areas of old rheumatoid nodules, the fibers were
normal in non-necrotic areas and in samples of
collagen obtained from Arthus lesions. When
cross sections of rheumatoid nodules were sub-
mitted to careful X-ray diffraction study by Kell-
gren, Ball, Astbury, Reed, and Beighton (13)
normal collagen patterns were seen where collagen
was present in the section, and the pattern of an
amorphous material where fibrinoid was present.

1 This investigation was supported (in part) by grant
No. H1431 (C) from the National Heart Institute, Na-
tional Institutes of Health, U. S. Public Health Service,
and by a grant from the Masonic Foundation for Medi-
cal Research and Human Welfare.

2 Senior Fellow, Arthritis and Rheumatism Foundation.

In contrast to the preceding workers, Rich, Voisin,
and Bang (14) did observe altered fibrils in a
small percentage of samples of tissue from Arthus
lesions examined with the electron microscope.

The fibrinoid material of the subcutaneous nod-
ule of rheumatoid arthritis has recently been ex-
tracted (4) and found to contain negligible
amounts of hydroxyproline, indicating that, in all
probability, it does not contain degraded collagen
and arises from other components of the connective
tissue.

Because hydroxyproline is present almost en-
tirely in collagen, it was felt that if there were a
significant deviation from normal in the metabo-
lism of collagen or an increase in degradation of
this protein in patients with collagen diseases,
these changes might be reflected by increased lev-
els of excretion of this amino acid in urine.

METHODS

Sixty-four patients were studied, of whom 48 were
adults ranging in age from 17 to 74, and 16 were children
ranging in age from 5 to 14. Twenty-four of the adults
were men and 22 women; all but one of the children were
boys. Among the adults, 8 were normal individuals and
16 had rheumatoid arthritis. Eight had one of the col-
lagen diseases, i.e., 2 had disseminated scleroderma; 1,
isolated scleroderma; 2, disseminated lupus erythema-
tosus; 1, dermatomyositis; and 2, acute rheumatic fever.
Sixteen had one of a group of miscellaneous diseases;
these included 4 patients with resolving pneumonia, and
one patient each with the following conditions: multiple
sclerosis, coronary heart disease, acromegaly, pelvic in-
flammatory disease, pulmonary fibrosis, Hodgkins dis-
ease, possible G. I. neoplasm, acute gastritis, post-cho-
lecystectomy syndrome, acute gout, fracture of the tibia,
and malunion of the femur. Among the children, three
were normal individuals; two had congenital heart dis-
ease; 3 were convalescing from attacks of rheumatic
fever; 2 from pulmonary infections; 1 from typhoid fever;
and 1 from an attack of gonococcal arthritis. One child
had active rheumatic fever, one schistosomiasis, and one
minimal pulmonary tuberculosis.

The patients were hospitalized on special wards, and
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TABLE I

Total hydroxyproline concentration of urine by methods of Wiss, Keston, Udenfriewd, and Levy,
and Troll and Cannan

Keston.
Udenfriend, Troll and

Wiss and Levv Cannan
Patient Sex Age Diagnosis (-YUmi.) (-Y/ml.) (Y/MQ.)
W. K. M S Normal 109.0 105.0
J. S. F 32 Normal 37.5 38.6
L. S. F 23 Normal 25.6 23.8
R. C. M 30 Rheumatic fever 27.1 25.6
F. P. M 11 Rheumatic fever 57.8 62.2

(convalescent)
F. R. M 8 Rheumatic fever 58.3 56.4

(convalescent)
M. 0. F 35 Pneumonia 20.0 21.8

(convalescent)

fed a low hydroxyproline diet. This was achieved by re- were evaporated to dryness in v'acuo and the residue was
striction as far as possible of foods containing collagen taken up in 25 ml. of water. An aliquot of this solution
or gelatin. The diet contained no meat, fish, jello, candy was diluted so that 8 ml. contained from 2 to 6 Y of hy-
or ice cream, and provided approximately 2,100 calories droxyproline. This was neutralized with sodium hy-
daily. It contained 70 grams of protein, 220 to 250 droxide, and analyzed according to Wiss.
grams of carbohydrate, and 90 grams of fat, in the form In order to test the accuracy of the Wiss colorimetric
of milk, cheese, eggs, vegetables, bread and butter, and method, simultaneous analyses were done for total hy-
juices. droxyproline on four separate urine samples by the

Twenty-four hour urine specimens were collected. To radioactive isotopic derivative method of Keston, Uden-
check adequacy of collection, total creatinine was deter- friend, and Levy (17) and on three other urine samples
mined, and in the case of the children, both creatinine by a modification (18) of the method of Troll and Can-
and creatine were determined (15). nan (19) for hydroxyproline.

Free and total hydroxyproline were determined by the To analyze the urine by the isotopic derivative tech-
method of Wiss (16). The values presented for indi- nique, 5 ml. of urine and 5 ml. of 12 N hydrochloric acid
vidual patients are average values, in most cases of three were heated together in sealed tubes at 50 lbs. pressure
separate 24-hour collections. for three hours. Five ml. of the hydrolysate was brought

Free hydroxyproline in ulrinie: Eight ml. of filtered to dryness and hydrochloric acid was removed by re-
urine, or if appropriate a smaller volume containing 2 to peated distillation in vacuo. The residue was then taken
6-' of hydroxyproline were analyzed directly. up in 1 ml. of water, and 0.1 ml. was placed in a Folin-Wu

Total hydroxyproline in urine: To 30 ml. of urine were tube. Ammonia was removed by addition of 0.1 ml. of
added 30 ml. of concentrated hydrochloric acid and the 2 M sodium carbonate sQlution, boiling for ten minutes
resulting solution was autoclaved for three hours at 50 with attendant agitation using a mechanical vibrator.
lbs. pressure. The solution was cooled, adjusted to a The pipsyl derivative was then prepared by addition of
volume of 60 ml., and filtered. Fifty ml. of the filtrate 30 mg. of paraiodophenyl sulfonyl chloride (pipsyl chlo-

TABLE II

Daily excretion of hydroxyproline in normal adults

Free Total Total %Total %Total
hydroxy- hydroxy- amino amino acid amino acid

No. days proline proline acid as free as hydroxy-
Patient Age averaged (mg.) (mg.) (g.) hydroxyproline proline

1. E. D.- e 32 4 0.41 20.2 2.15 0.019 0.95
2. N. F.- 9 24 4 0.43 17.5 1.47 0.029 1.19
3. D. F.- e 24 4 0.69 23.3 1.51 0.046 1.55
4. A. K. 23 4 0.56 30.5 1.99 0.028 1.53
5. L. T.-oi 23 4 0.79 29.2 1.61 0.049 1.81
6. E. C.-c 22 4 0.77 33.0 1.56 0.049 2.12
7. J. M.- 9 35 4 0.46 14.9 1.59 0.029 0.94
8. P. J.-cl 74 2 0.26 15.8 1.56 0.017 1.02

Median 0.51 21.8 1.58 0.029 1.36

Range 0.26- 14.9- 1.47- 0.017- 0.94-
0.79 33.0 2.15 0.049 2.12
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TABLE III

Daily excretion of total hydroxyproline in five groups of individuals *

Total hydroxyproline
Mg. %Total amino acid

Group No. Sex Age Median Range Median Range

Normal adults 8 6M, 2F 22-74 21.8 14.9- 33.0 1.36 0.94-2.12
Miscellaneous diseases 16 9M, 7F 26-68 21.1 11.3- 37.1 1.74 0.93-2.58
Rheumatoid arthritis 16 8M, 8F 17-67 31.8 13.0- 62.3 1.67 0.60-3.41
Collagen diseases 8 3M, SF 30-52 33.5 12.0- 40.1 1.78 0.69-2.28
Children 16 15M, IF 5-14 63.7 38.4-126.3 6.25 2.96-9.28

* The values presented are averages, usually of three separate 24-hour collections.

ride), labeled with P', and 0.4 ml. of a saturated sodium
bicarbonate solution, vibrating for five minutes at 1000 C.
The solution was then made acid with 0.3 ml. of 12 N hy-
drochloric acid and carbon dioxide removed. An appro-
priate amount of pipsyl hydroxyproline labelled with S
was then added, and the solution was extracted with small
portions of ether. The combined ether extract was
washed with 0.2 N hydrochloric acid. The ether was
then evaporated, the residue was taken up in a small vol-
ume of 2 N ammonium hydroxide, and then chromato-
graphed on paper with n-amyl alcohol which had been
previously shaken with 2 N ammonium hydroxide as the
descending solvent. The hydroxyproline spot was eluted
with ammonia, and the solution was acidified and ex-
tracted with ether. The ether extract was evaporated
to a small volume, and applied to paper to be chromato-
graphed with tetrachloroethane which had been previ-
ously shaken with 0.2 N hydrochloric acid as the de-
scending solvent. Counting of the sulfur to iodine ratio
in the purified hydroxyproline band was then carried out
according to directions.

Satisfactory agreement was observed in the analysis
of urine for total hydroxyproline between the Wiss
method on the one hand and the isotopic derivative method
and the modified ninhydrin method on the other, as shown
in Table I. In all instances agreement between the Wiss
and the other methods was within ten per cent.

When 1.0, 2.0, 3.0 and 4.0 mcg. of hydroxyproline were
added to urine hydrolysates, 1.0, 1.8, 3.2 and 3.6 mcg.,
respectively, were recovered.

Total urinary amino acid was determined by the nin-
hydrin method of Troll and Cannan (19).

Total nitrogen was determined by the Kjeldahl pro-
cedure.

Analysis of diet: The entire contents of the diet were
collected for two days, and stirred thoroughly to provide
a uniform suspension weighing 4,880 grams. A repre-
sentative sample of 49.1 grams of diet were mixed with
25 ml. of water, and 75 ml. of concentrated hydrochloric
acid. The resulting suspension was hydrolyzed for three
hours at 50 lbs. pressure. The hydrolysate was filtered,
the water was removed by evaporation, the volume of the
residue was made up to 25 ml. and analyzed by the Wiss
method. The daily intake of total hydroxyproline de-
termined in this way was 55 mg.

In some patients the effect of high meat diet and of
gelatin, hydroxyproline, and proline supplements on the
excretion of total hydroxyproline were determined.

RESULTS

Excretion of free hydroxyproline

In Table II are given the results obtained in
normal adults. The median value of free hydroxy-
proline excreted daily in this group was 0.51 mg.
(range, 0.26 to 0.79 mg.). The median value of
total hydroxyproline excreted was 21.8 mg. (14.9
to 33.0 mg.). It is evident that the excretion of
hydroxyproline in the free form was small in com-
parison with the total amount excreted, making
up in this group only between two and three per
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FIG. 2. DISTRIBUTION OF 24-HOUR EXCRETIONVALUES
oF HYDROXYPROLINECALCULATEDAS PER CENTOF TOTAL
AMINO ACID EXCRETION IN THE VARIOUS CATEGORIES

cent of the total excretion (average, 2.3 per cent;
range 2.0 to 3.1 per cent). In four patients with
rheumatoid arthritis, free hydroxyproline averaged
2.1 per cent (range, 1.3 to 4.5 per cent) of the
total hydroxyproline excretion. In three patients
with miscellaneous conditions, the corresponding
value was 2.4 per cent (range, 1.2 to 3.7 per cent).
In four children (one with minimal pulmonary
tuberculosis, one convalescing from pneumococcal
pneumonia, and two convalescing from rheumatic
fever) the percentage was 2.0 (range, 0.97 to 4.9
per cent). In view of the small contribution of
the free hydroxyproline to the total excretion, sub-

sequent determinations were limited to total hy-
droxyproline.

Excretion of total hydroxyproline

The median daily excretion of total hydroxypro.
line measured in eight normal adults (Table II)
was 21.8 mg. (range, 14.9 to 33.0 mg.). It com-

prised 1.36 per cent (median value) of the total
amino acid excreted daily. In sixteen adults with
miscellaneous diseases, as indicated in Table III,
the median daily excretion of total hydroxyproline
was 21.1 mg. (range, 11.3 to 37.1 mg.). This was

1.74 per cent of the total hydroxyproline excretion.
The median excretion in sixteen adults with active
peripheral rheumatoid arthritis (Table III) was

31.8 mg. (range, 13.0 to 62.3 mg.). The per cent

of total amino acid excreted in this form was 1.67.
In eight adult patients with various collagen dis-
eases, the median excretion of total hydroxyproline
was 33.5 mg. (range, 12.0 to 40.1 mg.). The
per cent of total amino acid excreted was 1.78.

Because of the difficulty of obtaining complete
urine collections in young children, the figures for
excretion presented in Table III are probably low,
as borne out by reduced 24-hour creatine and cre-

atinine values (not reported here) and amino acid
excretion values. Nevertheless, the level of ex-

cretion of total hydroxyproline measured was

clearly higher than observed in the adult patients,
the median figure being 63.7 mg. (range, 38.4 to
126.3 mg.). When the hydroxyproline excretion
was calculated as per cent of total amino acid, the
distinctly elevated median value of 6.25 per cent
was obtained (range, 2.96 to 9.28 per cent). In
the four children in whom the excretion of free
hydroxyproline was measured, it was ascertained

BLE IV

Effect of addition of four grams of I (-)-hydroxyproline to low hydroxyproline diet on daily excretion of hydroxyproline
(E. D., normal man, age 32)

Total Total %Total
Number of hydroxy- amino amino acid

divided proline acid as hydroxy-
Day Supplement doses (mg.) (C.) proline

1 24.8 1.91 1.30
2 26.8- 1.81 1.47
3 29.5 2.06 1.43

4 Hydroxyproline 1 25.4 1.79 1.42
S Hydroxyproline 2 27.6 1.65 1.67
6 Hydroxyproline 4 29.2 1.62 1.80
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that the elevation in hydroxyproline excretion was

not due to an increase in the amount of free hy-
droxyproline excreted.

Because of the wide spread of the values in
each group, only the median value and range of
excretion have been presented, and further statisti-
cal treatment has not been considered advisable.
The distribution of 24-hour excretion values of
total hydroxyproline expressed directly and as

per cent of total amino acid excreted is plotted in
Figures 1 and 2, respectively, for the entire group

of 64 patients in their separate categories.

Effect of diet, dietary supplements and cortisone

The addition of meat to the low hydroxyproline
diet in the form of large meat servings at both
lunch and dinner resulted in a small rise in the
excretion of total hydroxyproline in a normal indi-
vidual, i.e., from an average excretion of 26.9 mg.

to 31.5 mg. daily. A similar experiment in a pa-

tient with a fracture of the tibia produced no in-
crease in excretion. When four grams of 1(-)-
hydroxyproline, an amount about 80 times the
measured content of the diet, were added to the low
hydroxyproline diet of a normal individual in one,

two, and four divided portions per twelve-hour
period on three successive days, respectively, the
excretion of hydroxyproline did not rise (Table
IV). Similar results were obtained in three pa-

tients with rheumatoid arthritis and one with dis-
seminated scleroderma. When four grams of
proline were added to the low hydroxyproline diet
of a patient with rheumatoid arthritis (Table V)
and another with a healing fracture of the tibia, no

significant increase in total hydroxyproline ex-

cretion occurred.

TABLE V

Effect of addition of four grams of I (-)-proline to low hydroxy-
proline diet on daily excretion of hydroxyproline

(G. I., male, rheumatoid arthritis, age 66)

Total
hydroxy-

proline

Total
amino

acid

%Total
amino
acid as

hydroxy-
Day Supplement (mg.) (g.) proline

1 29.4 2.11 1.39
2 29.6 2.99 1.01

3 Proline 24.0 3.51 0.69
4 18.3 2.37 0.77
5 22.6 2.58 0.88

When 200 mg. of cortisone were administered
orally to one normal individual, two patients with
rheumatoid arthritis, and one with scleroderma for
periods of three to four days, no significant in-
crease in the excretion of total hydroxyproline oc-

curred or in the per cent of the total amino acid
excreted as hydroxyproline.

In view of the lack of influence of administered
free hydroxyproline or proline on the total uri-
nary excretion of hydroxyproline, it was decided
to determine whether the ingestion of bound hy-
droxyproline, in the form of gelatin, would in-
crease the excretion of hydroxyproline. Accord-
ingly, following two 24-hour control periods, 28
grams of gelatin, the equivalent of approximately
four grams of hydroxyproline, were fed over a

twelve-hour period in four divided portions to a

normal subject and to a patient with rheumatoid
arthritis. On the day on which the gelatin was

administered a four and five fold increase, re-

spectively (Table VI) in the total excretion of
hydroxyproline took place in each. This was ac-

companied by an approximately 2.5 fold increase

3LE VI

EfcCt of addition of 28 grams of geltin to low hydroxyproline diet on daily excretion of
total hydroxyproline in two subjects

Total Total %Total
hydroxy- amino amino acid

proline acid as hydroxy-
Subject Diagnosis Day Supplement (mg.) (g.) proline

J. G. oi Normal 1 27.4 2.34 1.17
2 26.3 2.20 1.19
3 Oral gelatin 134.0 4.41 3.04
4 18.0 1.73 1.04

L. D. 9 Rheumatoid 1 31.4 1.72 1.83
arthritis 2 29.0 1.42 2.02

3 Oral gelatin 119.0 2.87 4.16
4 36.5 2.00 1.83
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in each patient of the .per cent of total amino acid
excreted as hydroxyproline. On the following
day, however, the excretion values had returned
essentially to control levels.

Acid hydrolysis of bound hydroxyproline of urine

The stability of the bound hydroxyproline of
urine was studied at varying concentrations of hy-
drochloric acid. Hydrolysis was carried out for 5.5
hours in sealed tubes at 50 lbs. pressure, and the
per cent hydrolysis was calculated from the pro-
duction of free hydroxyproline corrected for the
amount of free hydroxyproline present in the urine
at zero time. The per cent hydrolysis of the bound
form under these conditions was 8.1 in 2 N acid
and 52.0 in 4 N, if calculated as 100 in 6 N.

Dialysis of bound hydroxyproline

Whena urine sample from a normal individual
was dialyzed for 24 hours in cold running water,
the concentration of free hydroxyproline fell from
0.59 mcg. per ml. to 0.19 mcg., and of the total
hydroxyproline from 99.6 mcg. per ml. to 9.1 mcg.
Thus about ninety per cent of the total hydroxy-
proline was dialyzed. This would indicate that
most, if not all, of the hydroxyproline of urine
is in a dialyzable form.

DISCUSSION

Only analyses of total hydroxyproline are pre-
sented in the detailed studies since the average free
hydroxyproline of urine did not exceed three per
cent of the total excretion both in normal individu-
als and in patients with various diseases. The
colorimetric method of Wiss for the analysis of
total hydroxyproline, which has been employed
in this study, was shown to be in agreement not
only with the ninhydrin method of Troll and Can-
nan, but also with a highly reliable isotopic deriva-
tive method. Adult individuals were observed to
excrete between 15 and 60 mg. of hydroxyproline
daily. This was present almost entirely in a
bound form, which was relatively stable in acid
solution, and for the most part freely dialyzable,
suggesting that it might be a low molecular weight
peptide. Westall (20) has in fact recently offered
good evidence for the presence of a peptide made

up of equal parts of proline and hydroxyproline in
normal human urine. This peptide showed about
the same degree of stability in acid solution as ob-
served in the present investigation in the case of
the bound hydroxyproline complex. In agreement
with our finding that hydroxyproline in the free
state formed less than three per cent of the total
amount excreted, is the failure of Westall to dem-
onstrate free hydroxyproline in any of his chro-
matographic fractions.

The amount of total hydroxyproline excreted
was not influenced by the oral ingestion of
up to four grams of 1-hydroxyproline or 1-pro-
line, although it was markedly increased by in-
gestion of equivalent amounts of these amino acids
in the form of gelatin. The increment in urine hy-
droxyproline, however, represented only 2.5 per
cent of the amount contained in the fed gelatin.
One may surmise from the above observations that
hydroxyproline in the free state is rapidly metab-
olized. Fed hydroxyproline when bound in pep-
tide linkage, however, did at least in small quan-
tities appear in the urine.

Since hydroxyproline is present only in collagen
among the proteins of the body, except for the
small amounts present in elastin, it is possible that
the bound hydroxyproline of urine represents a
peptide which is present in the collagen molecule.
As such, its pool size and, therefore, presumably
the quantity of it excreted could be related to syn-
thesis and breakdown of collagen or one of its
precursors. Evidence for the significant role of
bound as opposed to free hydroxyproline in the
natural synthesis of collagen may be found in the
work of Stetten (21), who showed that when hy-
droxyproline, isotopically labeled with N'5, was
fed to rats it did not appear in the collagen, but
that labeled hydroxyproline did appear in this
protein after feeding of N15 labeled proline. These
experiments would indicate that free hydroxy-
proline is not synthesized into collagen directly
but rather that proline may first be converted to a
peptide, in which state it is oxidized to hydroxy-
proline, and then incorporated into collagen. It
should be mentioned in this connection, however,
that the addition of four grams of proline to the
diet of human subjects did not increase the total
excretion of hydroxyproline in the present ex-
periments.
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No apparent difference was observed in the lev-
els of excretion of total hydroxyproline between
normal adults and adults with miscellaneous dis-
eases on the one hand, and patients with rheuma-
toid arthritis and collagen diseases on the other
(Figures 1 and 2; Table III). This was true
whether excretion of hydroxyproline was ex-
pressed directly or as per cent of total amino acid
excreted. The median values in patients with
rheumatoid arthritis and collagen diseases are
somewhat higher than in the control groups, and
the individual values tend to have a greater de-
gree of scatter. On the other hand, the consider-
able overlap of values in all four groups suggests
that the differences are not significant.

The lesions of the connective tissue in the rheu-
matic diseases and in hypersensitivity states are
relatively focal in character (5-9), and the results
of electron microscopic studies of tissue lesions ob-
tained from patients with collagen diseases (10-
12) and animals with hypersensitivity states (14)
are divided in their conclusions as to whether col-
lagen fibers are altered in these lesions. It would
appear doubtful then that more than a small frac-
tion of the total body collagen undergoes degrada-
tion at any given time as a result of disease, if this
process occurs at all. On the other hand, if the
normal collagen of the adult animal does not turn
over (22), as discussed below, any contribution by
altered collagen could provide significant amounts
of hydroxyproline peptides.

The results obtained would at first glance sug-
gest that either collagen is not broken down in
rheumatoid arthritis and the collagen diseases, or
if there is a process of collagen degeneration it is
not sufficiently large in magnitude to increase the
excretion of hydroxyproline. No definite con-
clusions can be drawn in this connection, how-
ever, because peptides of hydroxyproline resulting
from the breakdown of collagen could well be sub-
ject to further metabolic degradation to free hy-
droxyproline and might, therefore, not appear in
the urine, especially if available in only small
amounts from focal lesions.

Neuberger, Perrone, and Slack (22) have es-
tablished by administration of C14 labelled glycine
to rats that the collagen of the adult animal does
not incorporate glycine, although a small turnover
has been observed by Robertson (23) in guinea

pigs, on the basis of experiments with N15 la-
beled glycine. In young, growing rats, however,
Neuberger, Perrone, and Slack did observe defi-
nite incorporation of labelled glycine indicating
that some form of collagen does turn over in the
growing animal. The observation (Table III,
Figures 1 and 2) that the excretion of total hy-
droxyproline in children was two to three times
greater than that of adults, and four to five times
greater when calculated as per cent of total amino
acid excreted, may be significant if considered in
the light of the foregoing data on collagen turn-
over in growing rats. It raises for consideration
two possibilities. One is that there is an increased
pool of hydroxyproline peptide in children which
is available for collagen synthesis, and that the ob-
served increased excretion in children of bound
hydroxyproline results from the presence of this
increased pool. If this were so, the laying down
of new collagen during growth would depend on
the presence in the growing animal of a system
capable of effecting more actively than in the adult
the synthesis of one or more specific hydroxypro-
line peptides necessary for the formation of col-
lagen.

A second possibility to explain the greater ex-
cretion of hydroxyproline in children, which may
be linked to the preceding one, would be the pres-
ence in this age group of increased amounts of a
soluble form of collagen, such as the alkali soluble
collagen of Harkness, Marko, Muir, and Neu-
berger (24), and perhaps of acid soluble collagen
(procollagen) (25). Alkali soluble collagen,
which may be obtained in significant quantities
only from young animals, has a definite solubility
in body fluids at physiological pH since it is ex-
tractable from rabbit skin by neutral phosphate
buffer (26). It has been shown by Harkness,
Marko, Muir, and Neuberger to have a relatively
high turnover rate, approaching that of the plasma
proteins. The increment of bound hydroxyproline
excreted by children might well represent peptides
concerned with the metabolism of this soluble and
therefore presumably circulating, metabolically
active, form of collagen. It is worthy of note that
greater excretion of bound hydroxyproline in
children appeared to be characteristic of the
younger age group in general and did not as far
as could be told depend on the presence or ab-
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sence or on the activity of any particular disease
process.

SUMMARY

1. Total urinary excretion of hydroxyproline
was determined in patients with rheumatoid ar-
thritis, collagen diseases, miscellaneous diseases,
and in normal individuals, and in a group of chil-
dren, both normal and with a variety of diseases.

2. Hydroxyproline was excreted almost entirely
in a bound form, which was hydrolyzed appreci-
ably only in 4 N acid or stronger, and which was
freely dialyzable.

3. Ingestion of four grams of hydroxyproline
and of proline did not increase the excretion of
hydroxyproline. The excretion of hydroxyproline
did rise, however, following ingestion of gelatin.

4. The median value of total hydroxyproline
excreted daily in a group of eight normal adults
was 21.8 mg. (range 14.9 to 33.0 mg.). Free hy-
droxyproline represented between two and three
per cent of the total.

5. There was no significant difference in the
excretion of total hydroxyproline in the groups of
normal individuals, patients with miscellaneous
diseases, rheumatoid arthritis, and collagen dis-
eases, either on an absolute basis or when ex-
pressed as per cent of total amino acid.

6. The excretion of total hydroxyproline in a
miscellaneous group of children was two to three
times greater than that of the adult groups. When
expressed as per cent of total amino acid, it was
three to 4.5 times as great. This increased excre-
tion did not appear to be related to the presence
or absence of disease. It is suggested that it may
reflect the presence of increased quantities in the
younger age group of a circulating and metaboli-
cally active form of collagen, such as alkali soluble
collagen.
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