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The им of hydr»xy-DL-profine-2- X*C in the investigation of 
hydroxyproline metabolism in normal subjects and in patients 
with renal insufficiency. The metabolism of hydroxyproline was in
vestigated in six heakhy subjects and four patients with chronic renal 
insufficiency {creatinine clearances respectively 40, 10, 7, 
2Vi ml/'min). For this purpose bydroxy-DL-proline-2- " С \-as ad
ministered intravenously and the excretion patterns of radio-activity 
m plasma, urine and expired air ('MX)]) were determined. Л separa
tion procedure (using thin layer chromatography followed by oxida
tion with D-amino acid oxidase) made it possible to determine the 
concentration of hydroxy-Lrproliee-2-,4C in the presence of the 
D-isomer and the degradation products of both. Although t ie use of a 
riccmic mixture as tracer made conclusions more difficult, it could be 
shown that in uremic patients the concentration of hydroxy-DL-pvo-
Iine-2-I4C remained high in the blood tor a longer period, the 
metabolites appeared in the urine later, and the peak respiratory 
" C O j excretion was reached later and was lower than in the healthy 
subjects. On tliis basis it was concluded that the metabolism of hy-
riroiyproline is diminished in patients with renal insufficiency. 

Introduction 

The metabolism of free hydroxyproline is very 
effective as can be concluded from the fact that, after 
the breakdown of collagen into hydroxyproline-
containing peptides and free hydroxyproline, only 10 
per cent appears in the urine, while 90 per cent is 
metabolized in the liver and kidneys to carbondioxide 
and urea (Prockop 1964J. In a previous article it was 
shown that in patients with impaired renal function the 
plasma levels of the three hydroxyproline fractions 
(free, protein-bound, and pepfide-bound hydroxy-
proline) is elevated [Han et al. 1975]. This elevation 
could be a result of either the reduced clearance of the 
amino acid or tf * increased turnover of collagen in renal 
osteodystrophy. However, it can also be caused by an 
altered metabolism of the amino acid, as demonstrated 
by Avioli in vitro in liver homogenates from uremic rats 
[Avioli et al. 1969). 
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The present study was undertaken to clarify 
whether the elevation of the hydroxyproline fractions 
in the blood of patients with chronic renal insufficiency 
is caused by diminished clearance of the amino add or 
by changes in the metabolism of hydroxyproline. For 
this purpose hydroxy-DL-prob"ncv2- 14C was adminis
tered intravenously to healthy subjects and to patients 
with chronic renal insufficiency. The 14C excretion pat
terns in urine and plasma and the respiratory ! 4 2 0 2 ex
cretion were measured in both groups. 

Material and methods 

The investigation was performed in ten males, six 
with normal kidney function and four with chronic re
nal insufficiency varying from slight to very severe. 
Biochemical data concerning kidney function and cal
cium meubolism are shown in Table 1. The individuals 
were maintained on their own diet and medication was 
not modified. All subjects received 9.5 uCi hydroixy-
DL- proline-2- I4C intravenov«ly. The isotope was ob
tained from the Radiochemical Centre (Amersham), 
where hydroxy-DL-proline is synthesized [Wolf et al. 
1956] from dietyl-(malonate-2-,4C), giving a mixture 
of hydroxy-DL-proline and alJo-hydroxy-DL-proline 
isomers. A purification method removes most of the al-
3o-isomers, but the manufacturer's information indi
cates that, at dilution analysis, 5.4 per cent of the prep
aration still consists of allo-hydroxy-DL-probne. The 
rest of the preparation is stated to be composed of 49 
per cent hydroxy-L-proline and 49 per cent hydroxy-
D-proline, The specific aaivity amounts to 
45 mCi/mmole or 344 uCi/mg. 50 uCi of this prepara
tion were dissolved in 50 ml physiological saline and 
sterilized by passage through a Millipore filter, after 
which 10 ml of the solution was weighed; of this 9.5 ml 
was used as die dose for the subjects and 0.5 ml for die 
preparation of the standard. 

For measurement of die radioactivity of the 14C 
exhaled as C 0 2 , samples of exhaled air were collected 
over 5-minute periods in a Douglas bag with a capacity 
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of 60 iiters. These samples were collected before ad
ministration of the isotope and 20, 4C and 60 minutes, 
and 1'•':, 2, 3,4,6, 8, (sometimes 9). 24,48 and in a few-
cases 71 hours alter the injection. The procedure used 
for the analysis of air samples was as follows: the air was 
drawn by a vacuum pump dirough A cylinder filled wi h 
phosphorus pentoxide to trap vapour and the CG2 was 
quantitatively absorbed with 30 m] ethanolamine (Pack
ard). After two passages, the *ir sample no longer con
tained C 0 2 . A sample of the ethanoiamine was uken, 
weighed, and mixed with 5 ml methanol and > ml 
Jnsta-Gel (to permit counting in the liquid scintillation 
counter). The total respiratory 1 4 C0 2 excretion could 
be calculated from the ratio of the weights of the sam
ples and of die original amount of ethanoiamine. 

After intravenous injection of the isotope, blood 
samples were taken at intervals of 5, 1С, 20, and 40 min
ute-, and 1, 11/2, 2, 3, 4, 6, 8, (sometimes 9), 24, 48, 72, 
and in a few cases 96 hours. The blood was collected in 
heparin for the determination of the 14C activity in 
plasma, fractionation of hyciroxy-DL-proÜne, and the 
determination of the amount of unlabeled hydroxy-
proline. After centrifugation, 1 ml plasma aas mixid 
with 1С ml Insta-Gel, after which the radio-activity 
could be measured. 

Urine was collected during a period ending 
4 hours after administration of the isotope, a second 
period ending 8 hours after the injection, and ;« third 
period from 8 to 24 hours after the injection. Thereaf
ter, the urine was collected in 24-hour portions /up to 
4 days after the injection). In all samples the J4C radio
activity was determined by adding J ml urine to 1С ml 
Insta-Gel before counting. 

For proper interpretation of the results it proved to 
be necessary to develop a separation procedure bv 
which the concentration of hydroxy-L-proline-2- 14C 
could be determined in the presence of the raeemic mix
ture of labeled hydroxyprojjne and the degradation 
products oi the isomers. This procedure has been de
scribed in detail elsewhere [van den Hamer et al. 1973 J. 
Therefor» only the principle underlying the method 

will be indicated here. Thin-layer chromatography, us
ing the mediod of Kraffczyk, permits separation of 
amino acids of different composition as well as separa
tion of hydroxy-DL-proline from the metabolites of 
these amino acid isomers (Kraffczyk et al. 1972]. Hy
droxy- L-proline can then be separated from hydroxy-
D-prolinc by die use of D-ammo acid oxidase which 
selectively oxidizes D-amino acids. The resulting oxi
dation product can be separated from the original 
ammo acid because it has a higher mobility chromato-
graphicaJly than the original amino acid or me L-isomer. 

With this method it was found that die hydroxy-
DL-proline-2- 14C (added in various concentrations in 
vitro to urine or plasma) contained 50 ± 2%(n = 6) of 
the D- and L-isorvers. This is in good agreement with 
the manufacturer's specifications, particularly since the 
en/.vme does not distinguish between hydroxy-D-
proline and allo-hydroxy-D-proline. 

Unfortunately, for technical reasons, mis proce
dure rould only be carried out :n blood and urine sam
ples of three oi the four uremic patients (J.D., M.P., 
T.T.). the urine samples f rem four and the blood sam-
pie'n ironi two healthy subjects. 

Stools were not collected in the present investiga
tion since W'-iss has shown [Weiss et al. 1969jthat, after 
parenteral administration of I4C-labeled gelatin, total 
radioactivity in the laeces was less than 0.2 per cent of 
the total administered dose. 

f rechvdroryproline in plasma was determined us
ing the method of Dabew et al. [1969]. The creatinine 
leve! in the serum was determined with an auto-
analyzer according to a method based on Jalfé's reac
tion. The calcium content of the serum was measured 
by atomic absorption spectrophotometry. Inorganic 
phosphate was determined according to the principle of 
Klb! et ai. (I969J; die results obtained in this way are 
comparable to those of Fiske and Subbarow. Serum al
kaline phosphatase was determined according to design 
2409 of the Netherlands Normalization Institute. The 
total protein content of the serum was determined with 
the hiureic reagent. The mean normal values and 
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Fig. 1 Respiratory "COractiviry 
during the first day after administra
tion of the truer in four healthy 
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standard deviations of these biochemical parameters 
are given in Table 1*. 

Results obtained in healthy subjects 

Respiratory , 4C0 2 . The respirator/ J*C02 excre
tion in five-minute periods was measured in four of the 
six subjects *t the indicated intervak. After intravenous 
injection of 9.5 uCi hydroxy-DL-proIine-2-14C there 
was a rapid increase in 14CO- activity with a peak at Vji 
hours (fig. 1). The mean value for the group is shown in 
figure 2. The area under this curve is a measure of the 
total amount of exhaled , 4 СО л which on average was 
54.5 per cent of the total dose administered. 

Blood. After administration of the tracer-dose the 
,4C radio-activity in the plasma of the six healthy sub
jects disappeared rapidly. These curves were so similar 
that they overlapped (fig. 2). Plasma from two of these 
subjects was examined by thin-layer chromatography 
to determine the percentage of hydroxy-DL-proline-
2- 14C in the total MC activity of the blood samples. The 
hydroxy-DL-proline-2-,4C concentration decreased 
gradually in the course of time (fig. 3), this was accom
panied by a proportional increase of 14C~labcled 
metabolites. From this disappearance curve the half-
time of hydroxy-DL-proline-2-,4C in the blood could 

" Kir the sake of clarity all the results of the present investiga
tion will not be presented in this article. They tan be obtained front 
lb e author». 

be calculated (Table 2). Because of die low 14C concen
tration in the blood samples further separation in D-
and L-isomers with the aid of D-amino acid oxidase 
was only possible in the first six samples after injection 
of the tracer (that is \xjt hours after injection). Al
though the administered isotope contained approxi
mately equal amounts of the hydroxyproline isomers, 
die results obtained with the separation method indi
cated that five minutes after the administration of the 
tracer die percentage of hydroxy-L-proline-2-,4C in 
die blood samples was already lower than me level of 
the D-isotope. 
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Fig. 2 Tea' ,4C-activjty in the plasma (mean ± 2 x SEM)and re
spiratory "COj-activiiy (mean ± 2 x SF.M) in normal Jiersons. 
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Fig. 3 Hydroxy-DL-proü:ie-2- 1ЛС activity in the plasma of Wu 
hejlthv subjects. 

Table ^ T'.'i-vaiue of hydroxy-DL-proline-2-MC in the blood of 
noma! persons and patients with a chronic renal insufficiency. 

Healthy Uremic 
subjects pa tien» 

In.uaU J. T. J. R. } . D. Т. Т. 
' P i hydroxy DL-proline- 1.12 1.00 1.93 1.58 
2-MC ,days) 

Untie. The highest amount of i4C activity was 
measured during die first collection period (up to four 
hours after the injection) in four of die five subjects. 

Little isotope was excreted in the subsequent 
periods (fig. 4). One subject had to be excluded because 
die urine collection was incomplete. The percentage of 
the administered dose found in the urine was on average 
21.1 per cent (Table 3). With the separation method 
applied to the urine samples from four subjects, it could 
be calculated that on an average 77 A per cent of the total 
radio- activity in the urine collected during the firstfour 
hours after administration of the isotope, originated 
from the presence of unmetabolized hydroxy-DL-pro-
line-2- 14C. With D-amino acid oxidase it was shown 
diat mainly hydroxy-D-proline-2- 14C was excreted in 
die urine in this period. In the subsequent collection 
periods the percentage hydroxy-DL-proline-2- , 4C de
creased gradually, whereas the concentration of the 
metabolites increased proportionally (fig. 3). 

Results obtained in patients with renal 
insufficiency 

Respiratory *X^02. In the patients the maximum 
activity of respiratory ' " t C ^ excretion was lower than 
in healthy subjects and was not reachea until 2 to 
4 hours after the dose (figs. 6 and 7). In addition, there 

20 - % dose urinary '4C activity in healthy subjects (N «= 5) 

0-4 4-8 8-24 24-48 48-72 
hours 

fig. 4 Total urinary- ,4C-exer«ion 
(percentage of dose; in healthy sub
ject after i.v. administration of 
9.5 f*C hydroxy-DL'proline-2- ,4C. 

T.tble J Summary of total |4C-urinary excretion and respiratory M C O j in four patient? with a chronic renal insufficiency as compared 
«.ith the mean values o( the healthy subjects. 

Total respiratory 
"CQj-attivify JS % of dose 
Total "C-activity in urine as % of do«r 

Normal subjects Uremic patients 
Mean SF.M (Initial* ; Mean 

P - M. t'. J. I.. T. T. 

54.5 V63 61.0 51.9 57.5 •40.0 52.6 
21.1 I.Ï 13.4 )6.<» 2? 5 9.6 15.6 
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Fig. $ Urinary excretion of hy-
droxy-DL-Proline-2- l4C in healthy 
subjects; fxprc&td as percentage of 
total ,4Oexcrction. 
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were great differences between the patterns of the 
l 4 C 0 2 excretion by the four patients; when rena! func
tion was only slightly impaired (patient J.D.), the curve 
of the respiratory , 4 C 0 2 excretion resembled those of 
the controls, but the more severe the renal insufficiency 
(patients M.P., J.L. and T.T.) the lower the peak value 
of 1 4 C0 2 excretion. 

Since the activity of I 4CG2 excretion decreased 
more slowly than in the healthy subjects, in three of the 
four patients almost the same amount of the adminis
tered dose (56.8 per cent) was recovered in the exhaled 
air as was in the controls (Table 3). fn the patient with 
the most severe renal insufficiency (T.T.) only 40 per 
cent of the administered dose was recovered from the 
exhaled air. 

Blond. After administration of the tracer the total 
14C activity in the plasma dropped less rapidly than in 
die control subjects (fig. 8). As the 14C activity re
mained high for a longer period it was possible to 
analyze blood samples from two of t ie four patients 
(J.D. and T.T.) for the presence of hydroxyproline 
isomers and circulating metabolites for 72 hours after 
injection of the isotope. There was a gradual decrease in 
the percentage of unmetabolized hydroxy~DL-pro
line- 2- , 4C (fig. 9), but the slope of the curve was less 
stec-p than for normal objects. A half-time was calcu
lated from this turvi- (Table 2). The results of the sep
aration method with D-aminoacid oxidase showed that 
in the first few hours after administration of theisotope 
the hydroxy-I,-proline-2-,4C level in the blood was 
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Fig. 7 Rcjpiratory ,4X>r*cóWry 
in uremic patients. 
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Fig. 8 Total '^-activity in the plasma (mean ± 2 x $TM) in pa
tients with i chronic renal insufficiency. 
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Fig. 9 Hydroxy-DL-protint 2-'4C activity in the plasma of two 
uremic patients afteri.v. administration of 9.5 \iC hydroxy-DL-pro- differs fundamentally from d m of subjects with a nor-

lower than that of the D-form, as was also found in 
healthy subjects. 

Urine. In contrast to the findings in four of the five 
healthy subjects, die urine of die patients showed the 
highest proportion of the WC activity, not in die first 
portion obtained after administration of die isotope, 
but in die urine collected in die subsequent periods 
(fig. 10). The separation procedure using diin layer 
chromatography showed that the excretion of un-
metabolized hydroxy-DL -proline- 2- 14<Z in die urine 
was highest during the first four hours (on average 92.3 
per cent of die total 14C activity) and then decreased 
gradually. In the period between die 24rh and 48di hour 
after die injection an average of 76.6 per cent of die 
radioactivity in the urine w&s accounted for by un-
metabolized isotope. In the following collection 
periods die excretion of degradation products of hy-
droxyproline increased, but less rapidly than in the sub
jects with norma! kidney function (fig. 11 compared to 
fig. 5). The results of die separation procedure %ith 
D-amino acid oxidase indicated (as was also seen in the 
subjects widi normal kidney function) that die patients 
excreted predominantly the D-isomer in die first urine 
portion; in subsequent periods die share taken by die 
L-isomer gradually increased. 

Discussion 

For a reliable interpretation of the results obtained 
in tliis investigation, all the differences between die pa
tients and die normal subjects must be taken into ac
count. 

The milieu intérieur of uremic patients generally 

Iine-2-"C. mal kidne* function. In addition, bone metabolism is 
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altered due, among other things, to the presence of sec
ondary hyperj..'.rathyroidism, changes in vitamin D 
metabolism, and acidosis. Lastly, the mean age of the 
patients with chronic rem! insufficiency in this study 
was higher dian that of the normal subjects. 

The major problem in the interpretation of the re
sults is, however, the fact that we had to make use of a 
racemic mixture of labeled hydroxyproline because we 
were unable to obtain ,4C-labeled hydroxy-L-proline. 
Even if, for the sake of convenience, the amount of al-
lo-hydroxy-DL-proline were to be neglected, it w >uld 
be impossible to say whether the 14C activity in the 
blood, urine, and exhaled air originated from 
hydroxy-L-proline-2- 14C, the labeled D-isomer, or the 
metabolites of both. It is known that hydroxy-D-pro-
'ine car be metabolized in vivo by the rat [Leteüier et aJ. 
1956] as well as in vitro by D- amino acid oxidase from 
sheep kidney [Radhakrisrun et al. 1937J. It is not 
known, however, whether this breakdown is as rapid as 
that of the L-ьотег or how this process is influenced 
by л reduction in the amount of functioning kidney tis
sue in man. W« deliberately chose not to use Yf-labeled 
hydroxy-L-proline because with this tracer the C 0 2 in 
the exhaled air would not be labeled, whereas it has 

been shown that when hydroxyproline is metabolized 
9C per cent appears in the expired air as carbon dioxide. 

7Ъе separation procedure we developed made it 
possible to measure in vitro the concentration of bodi 
the labeled hydroxy DL-proline and the degradation 
products by thin-layer chromatography; thereafter it 
was possible to derermine, with the aid of D-amino acid 
oxidase, the concentrations of both isomers in each 
sample. 

Unfortunately, die latter procedure could only be 
applied to the blood and urine samples of the subjects in 
this study, during the first hours after the administra
tion of the isotope, since the total I4C-activity in the 
later samples was too low. Although for this reason the 
specific activity and turnover of hydroxyproline could 
not be determined, it was possible to draw some impor
tant conclusions from this investigation. 

As can be seen in Table J, the concentration of free 
hydroxyproline in the bloud is only slightly elevated in 
two patients with renal insutficiency (J.D. and M.P.). 
This is in accordance with the observations in a previ
ous article in which it was shown that in patients with 
moderate uremia the free hydroxyproline levels in the 
blood were mostly elevated, but sometimes in the nor-



ЗЯ6 Hart, van den Hamer and van der Sluys Veer 

mal range [Hart er al. 1975]. In the patient with the 
highest creatinine clearance of 40 cc min (J.D.), the 
'•"C-excretion pattern in blood and urine and the re
spirator)' г4СО2 excretion resembled those oi the con
trols. However, in the other patient (M.P.) wid-» a 
creatinine clearance of 10 cc.min but with an almost 
normal free hydroxyproltne level ia the hlood. die 
, 4 C 0 2 excretion was markedly different from that 
found in the healthy subjects. 

In this study the t 4 C 0 2 in the exhaled air of 
healthy individuals showed almost the same pattern as 
Weiss found in rats after the administration of "C-gela-
tin [Weiss et al. !969j except that ihe maximum was 
reached earlier. In spite of the elevation of the serum 
hydroxy-proline levels in uremic patients, the respira
tor,7 1 4 C 0 2 excretion was slower; widi a lower peak 
value, with increasing degrees of renal insufficiency. 
Nevertheless, in three of die four uremic patients, the 
total respiratory l 4 CO ; excretion, was quantitative!) 
the same as that iound in the normal subjects, because 
of i lower rate of decline of 14COz excretion. 

It is known that in normal circumstances after the 
breakdown of collagen only 1С per cent oi the 
hydroxyproline appears in the urine, and 90 per cent is 
metabolized in liver and kidneys. When, as in renal in
sufficiency, the clearance of die amino acid diminishes, 
the traction transported to the liver will only be slightly 
elevated. If the liver can compensate, this wil! not result 
in diminished metabolism of the amino acid. During 
the present investigation, however, excretion ot 34CO;> 
in die exhaled air was delayed which could indicate de-
lav ed metabolism of hydroxyproline in patients with 
renal insufficiency. Another indication was the hading 
that in uremic patients the ^-disappearance curve in 
the blood showed a slower rate of decline than the 
curves in healthy subjects, because the concentration of 
unmetabolized hvdroxy-Dj-.-proline-2-,4C remained 
high for a longer period than in the normal individuals. 
In the urine s mpie' of uremic patients the radioactivity 
was also caused by the presence of unmetabolized hy
droxy-DL-proline-2- I4C for a far longer period dian 
was seen in the controls. In addition the degradation 
products of the labeled compound appeared more 
slowly in the urine of uremic patients. 

However, these findings could be explains! by an 
increase in the pool size of hydroxyproline in the 
uremic state. This could be in accordance with the low 
concentrations of unlabeled free hydroxyproline in pa
tients J.Ï). and M.P. If that were ше case, one would 
expect a low respiratory 1 4 C0 2 excretion in these pa
tient;» as compared to the others, which in fact was not 
found. 

This slower metabolism of hydroxyproline in pa
tients with renal insufficiency is the first confirmation 
in man of the experimental finding of Avioli that in the 
liver homogenates of rats widi chronic uremia, hv-

droxyproline was degraded more slowly than in liver 
homogenates from normal rats [Avioliet al. 1969]. This 
should be taken into consideration when, in patients 
with renal insufficiency, the elevation of the free hy
droxyproline level in the blood is used as a measure of 
the mrnover of bone collage; . 

Finally, we found that in both the normal subjects 
and the uremic patients the concentration of the L-
isomer was lower than the D-isomer in the blood (dur
ing die first few hours after administration of die 
isotope), probably due to the preferential metabolism 
of the L-isomer. Hydroxy-D-proiine was die main 
isomer excreted in the u rine by both the healthy subjects 
and the uremie patients during the first collection 
periods. This could be a resuit of the relatively lower 
tubular reabsorprion of hydroxy-D-proline (Dent et al 
1934, Doolan et al. 1955], but could also be due to a 
higher filtered load of hydroxy-D-proline caused by 
the relatively higher concentration of the labeled D-
isomer in the blood. 

Conclusion 
• 

Fhe present study was conducted to determine 
whedier the elevation of the hydroxyproline fractions 
in the blood of patients with reduced renal function de
pends partially on a change in the metabolism of the 
amino acid. Patients with chronic renal insufficiency 
showed a slower respirator)' elimination of 1 4 C0 2 than 
the normal subjects even though the concentration of 
hydroxy-DL-proline-2- I4C remained high for a longer 
period in the patients after administration of the 
isotope. 

Furthermore, the degradation products of the 
isotooe appeared more slowly' ' the urine of theuremic 
patients. Together these findings seem to provide suffi
cient evidence of slowed metabolism of free hydroxy-
proline in patients with renal insufficiency. This should 
be taken into consideration when the concentration of 
free hydroxyproline in the plasma of patients with re
duced kidney function is taken as a measure of the 
severity of renal osteodystrophy. 
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