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URINARY E!DROXYPROLIRE;AHD CIRCULATING HGH PRELIMINARY
TISDINGS IN SGHE ENDOCRINE DISEASES

' Folia Bndoctinologica (Endoerinological 0. Recchia. L. Sereno, snd
Folica), Vol 20, Mo 4, July-Angust 1967, I. Isidori
pp 420-441 ‘

polypeptides (77), at least 47 different peptidic bodies have been iden-
tified in a rather voluminous and recent leries of studies (8, 12, 16, 17,
73, 152, 178).

! .
The volume of the excretﬁon and the qualitative differences recorded
urnder various physical and pathological conditions today seem to confer

of the protein metabolism. During these past years, special interest was
devoted to the study of the urinary excretion of hydroxyproline (15. 73,
93, 102, 116, 118, 131, 172) ‘i _ ,
Hydroxyproline is an 1midoncid with a molar ulight of 131.4; its
rough formula is Csﬁgoaﬂ. .whose. ltructural configuration represent:. a A-

hydroxy-pyrro11d1ne-2~carboxyliq acid, Discovered by Fischer in 1902 (42,
43), in the hydrolysis productn nf gelatin, it was isolated in the peptidic
form in urine by Westall (172).

Hydroxyproline is present in the organisa to & aignificant extent .
(13%) in the collagenous stratus, which as we know, constitutes about 1/3 of
the body weight (125). ,

The iminoacid present in the collagen is not of direct exogenous,
alimentary derivation; instead it comes from the hydroxylation of - the proline
such as it occurs through the couvorlton of lysin into hydroxylinc (47,

62, 90, 106. 130. 138, 158, 166). Lt .

. upon these nitrogenous products ia' rather significant value as an expression

During the agproxinatelyiso years since the firét research on urinary J‘
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‘.. structurs of the tropocollagen with a wolar weight of 360,000 (36, 37, 66,

| é- -molecular bonds between ndjacont units of tropocolluscn (52, 53, 54)
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Many interpretative hypotheses have been set up as to the time and

the way in which this processi of hydroxylaticn takes place (25, 56, 59, 61,

62, 73, 113, 115, 119, 146, 1b3). Regardless of the metabolic phases of

- this conversion, it is certain that the transition from proline into hydro-
.Xyproline is considered a direct expression of the "turnover" of the colla- A .
genous tissue (48). The urinsry peptides with hydroxyprolinic content as
demonstrated by recent studies with proline Cj4, therefore assume the role

/ :

of indicators of this metabolic activity (56, 37, 134, 137, 176, 177, 186),

whils the rate of free iginoscid in the urine turns out to be rather small

ang inaignificant (93, 1i8, 139, 86). Investigations conducted by various

.,Vrcocatch groﬁps in this/connection revealed the relationships between hydroxy-
proline and’ the polype tidic subunits which make up the collagen (89, 93,
114, 115./118, 139, 18s). 4 }

Nb know very well today that the first steps of collagen synthesis

. take place in the fibreblast (3, 44, 43, 51, 55, 58, 145): this is where
. the activation of the aninoacidsEtakea placa (113). The proline is hydro-

xylated into hydroxyproline and the lysin is converted into hydroxyline.

. Paptidic subunits up to 250 aminoacid, with a molar weight of about 30,000,

accumulate in the ribocomes. A carbohydrate -- with an as yet unknown com-

“ position - is added to the terminal residues of the sspartic acid, at the

. end of the peptide, and constitutes the link between the two peptidic chains

- (52). This is how the "alpha" chains are formed; each of them contains four !

- of these peptides and hss a molar weight of 120,000. Three "alpha" chains - :

. provided with weak bonds are then added to bring about the typical spiral

" 68, 129, 153). The latter represents the fundamental complex of the collagen

("thc basic bduilding block")(147). Depending upon the progressive complex- o
1ty ‘of the intramolecular bond, three types of tropocollagen were identified: .
alpha, beta, and gamma (151, 154) In this phase, the tropocollagen is ex~-

" tracellular and it is soluble in neutrsl saline solution (154). By virtue - ' :
.. of the strong bonds between contiguous chains, the tropocollagen successive- . ., ' o
“{ ly loses its solubility chatactcriatics snd undergoes fibrillnrz metamorphosiss . ' ‘;

. The massive stabilization of the £ibrils and the constitution the mature . ,
" collagen would thus take place through ‘covalent interfibrillery and inter- B K
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' It has been suggested that a weak bond bctveen the hydroxylic group
of the hydroxyproline and the carboxylic group of a nearby chain could atab- ;

ilize the collsgenous fiber, in s menner similar to what occurs in the case ;' ...

.of the disulfide bond of keratin (69, 70, 71). It is a fact that, as the u,‘h:.fff

molecular structure becomes 1ncroasin¢1y complicated, the tropocollagen rates s' '

, decrease, the solubility of the ‘collagens is reduced, and the hydzomyprolin—

" uria thorofcrn shrinks (5, 14, 66, 89, 91, 154, 169, 186). [

’
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- The presence of soluble cLllngcn during the active grovth phancu hn- s P
. bee traced to the morei lively synthesis of the tropocollagen which.would :
occur in ouch 'Y quancity as to ov-:cono the polynnri:atioa cap-city ot the
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fibrile (66, 68). The metab
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lic inertia of the mass of insoluble collagen
is well known indeed (167):[|the average life of the .mature fiber is about
300 days (123), whereas that|of "alpha" tropocollagen is about 5-24 houcs
(86, 89). In the normal adglt, the collagen turnover would tbue appear to
be rather limited, which would indicate a "breakdown" under some particu~
lar conditions, that is, in the course of bone reformation [reshaping] and

in the postpartum uterine inpvolution (74, 122, 174). The catabolism of

the insoluble collagen however would involve ita conversion into tropo-

c;i%agen and its auccesstve ydrolysis into peptides and amino acids (84,.
1 ‘ .

On the basis of kecent experimental investigations, it has been pou- '
sible to aacettain that hydroxyprolinuria is sustained by the transitiom
in the urihe, of the imino acid into the state of metabolic precursor
(active imino acid) of the state of catabolite of the collagen fiber or,
likewise, of nonmetabolized alimentary hydroxyproline. The incrcise in hydro=
xyprolinuria would therefore be brought about by the incresse in the anabol~ .
ism of the collagen, by the stoppage of its poiymerization (which occurs in
osteolathyrism), or fimally by increased tissue catabolism;- as was also
observed in extensive burne (48, 89, 98, 173). On the other hand, a redue=
tion in hydroxyprolinuria would indicate a slowdown in the collagen meta-
bolisn due to a decrease in the processes of biosynthesis or perhaps due
“ to an sbnormal accumulation of insoluble collagens. Decreased excretion of
. immino acid would occur also becauee of a scurvy-producing diet (94, 114). -

Many observations therefore seem to suggest that hydroxyprolinuria
constitutes an indication proving the rate of metabolically~active collagen
although in the current situation we cannot yet state specifically whether
. catabolic processes prevail or whether phenomena pertaining to the biosyn-
thesis of the connective tissue predominste (48). A number of physiopatho-

" logical conditions are very significaut in this connection. In particular

it has been observed that young animals, with a higher rate of soluble col~
lagen and with an accelerated metabolic turnover, reveal increased hydroxy-
prolinuria (67, 114, 123, 124).. It was aleo found that, in scurvy, where

bot* the soluble collagen rate and the connective tissue synthesis decrease,:

a diminution of hydroxyprolinuria takes place (121). Finally it was ob-
served that, in lathyrism, the dramatic increase in the soluble collagen '
is accompanied by a high urinary excretion of free and peptidic hydroxy- H
proline. In this last-named condition, fibrillogenesis is in fect blocked

in the tropocollagen stage (89, 105, 114, 160, 162).

The influence on hydroxyprolinurie. explained by hormones with osteo~
metabolic action, such as the growth hormone and parathormone has been .
amply documented by various researchers (Bates, Dull, Keiser, Klein, Lse,
Prockop, 3miley); it was thus possible to ascertain the existence of a sig~-
nificant relationship between urinary excretion of hydroxyproline and the :
turnover of tropocollagen (8,32, 33, 92, 96, 97, 102, 144). Consequently,
the. study of the urinary excretion of hydroxyproline very recently turned
out to ba a new parameter in the evaluation of the turnover of the une=
tive tiasues dutin. grovth and 1n sone -orbid eondittonn (32. 33, 33, 88,
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89, 96, 98, 103, 107, 116, 117, 1i&, 143, 149, 15C, 135, 159, 186).

In our research here, we have come to feel that an examination of
the behavior of hydroxyprolinuria is worth-while; we conducted this study |
. in a series of patients whose altered endocrinometabolic situation had pro-
. . duced some conditions capable, of affecting hydroxyprolinuria to an apprec=
iable extent, In perticular, we considered the relstionships between the
- urinary excretion of hydroxyproline and the concentration of circulating
HGH in some patients with metabolic disoxders of the diabetic typs.

. Material and Methods

The investigations were conducted on a total of 71 subjects. In a
particular, ve examined 40 patients with diabetes mellitus, 11 patients
. with acromegaly, and 20 sub ects vho were clinically hoalthy.

The age of the d:l.abatie-. who were members of both sexes, was be~
tween 9 and 78 years; in 11‘ cases, the metabolic syndrome developed before
. . the age of 20; *n & patients, it asscumed the clinical and endocrinciueta-
- bolic characteristics of d botu with hypophysary overtones.

All subjects examined were kept on a diet devoid of gelatin, fish or
-ut during the 24 hours prior to the time the urine samples were taken and
~ throughout the entire time of the experiment. The urine ssmples wers kept
. f at a temperaturs of + f c undcr & layer of toluene.. .

The blood sample tor the: detcmiution of the HGCH was taken at base

| eondttim on the second day of: thc upcriunt. abeut 8-10 honu after the
mt food intake, P

' In all patients nubjoctod to insulin treatmeant, throughout the entire ‘
. period of the experiment, sduinistration of nuuhr horpom vas suspended.

To determine the pluutic HGR rate, ve used the radioimsunology meth- -
“od proposed by Hunter and Greemwood (80) and modified dy Berson md u-oeutu, ‘
- {11), with some sdditional features suggested by us (156). , e
The determination of thu total hydrouyprouu utc in :ho urine m ‘.; ot
ud- according to the technique p:opoud by Prockop and Udenfriend (140) . .
..which employs the evaluation of' . chtmphot- vi:h an duo:puon npocem "”7 f':_-
onthovmhuthofm-n. '0 T ; 4
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Table III. Acrouegaly

Kev: a. Number d. Disgbetes
b. YName e. Urinary hydroxyproline, mg/24 hrs
c. Age .

As regards the circulating HGH rate in the controls, this came out
in the range of the norm and produced the highest values in growing young-
gters (3.8-7.8 mmug/ul).

In diabetic subjects, the excretion of imino acid appeared greater
than that registered in the controls, with an average value of 65.07
mg/24 hrs and 2 percentage increase of 133.15 percent (Figures 1 and 2).
But {f we consider the two groups of patients examined separately, then
we can make sowe cbservations that are rather fnteresting. As a matter of
fact, average hydroxyprolisuria turned out to be 79.45 mg/24 hrs in young
diabetics and 61.0 mg in old diabetics: compared to the controls, this gav:
us a vespective lncrease of 180.21 percent and 115.16 percent (Figures
2, 3, and 4). Hydroxyprolinuria thus turne! out to be noticeably higher in
young diabetics. On the cther hand, the urisary excretiou of hydroxyprolina
appeared paiticularly distinct {n subjects vhere the disbetic syndrome was
combined with clinical and humoral signs of increased somatotropinic in-
cretion and in sowe acromegaly patients where metabolic disorders of the
diabetic type could not be duocimented.

It thus appears evident that hydroxyprolimu~ia reveals the highast
valuer {n the hypophysary diabetic end in the youry disberi., that ir. fn
cases vhere ve often have a clinfcal picture of most savera diabetes, . pic-
ture that i; sometimes unstable and that easily invoives katoacidosis.

-7 -
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The fact is that the sverage values recorded in these two groups of patients

were 227.5 ng/24 hrs in hypophysary diabeies and 79.45 mg/24 hrs in youth-
ful disbetes.

The concentration of HGH explored in a fasting state, under basic
conditions, produced the highest values in the acromegaly patients and in
some young Ciabetics. This last observation, reported earlier by Conti,
and associates, has been coafirmed once again in this series of inrestiga-
tions so that we have good reason to state that youthful disbetes--particu-

larly {f it is very severe——is associasted quita frequently with HGH con-
centrations above normal.

As regards the relations between the two endocrinometabolic para-
weters studied in this invescigation (Tables 2 and 3; Figures 2, 3, 4, and
5), we must emphasize that, in subjects with more pronounced hydroxyprolin-
uris; the circulating HGH concentration is often higher than the norm.

This phenomenon is most evident in young diabetics (Figure 4) and in acro-
megaly patients with spparent diabetes: in this last group of patients,

the daily excretion of hydroxyproliuve reaches the highest values and even
the circulating HGH concentration appears exceedingly vronounced (Figure

5). However, while tiere is no doubt that correlations do exist between
hyéroxyprolinuria and the EGH rate, {t must be pointed out very specifically
that a strict and direct proportionality is not always recognizable be-
twean these two parsaetcrs. With esqual circulating HGY corcentration, we

in fact observe that the hydroxyprolinuria is relatively higher in acromeg-
&ly subjects with diabetes than in young diabetics. This la obvicusly due
to the interveantion of other, not well known factors which further aggravate
ths protein exchange disorders in the disease of acromegaly.

Conclusions

The documented influenca of hormensas with osteometabolic actionm,
such ss BCH and parethormone, on h,drcxyptolinuriﬁ csused us to consider
bone coilagen as the msjor source of hydioxyproline eliminated through the
urine (8, 32, 33, 92, 96, 97, 192, 144). The relationshkips recorded be-
tween tha soluble cullagen rate and the urinary hydroxyproline seew to sup-—
port the existence of a direct correlatiog batwesn growth and hydroxyprolin-
uria. Cross, as & matter of fact, vas able to demonstrate the existence of
a precise relstionzhip betwsen the growth rate and the dimension of the scl-
uble pool cof coliagen (66). Systemstic research conducted by Jones and
associates on subjects between the ages of 5 and 49 years demonstrated
that hydroxyprolinuris incressed from {nfancy to puberty; it reaches maxi-
mum values at the age of 14-15, with the excretion of 350-390 mg/24 hrs.
After the age of 23, the rate of urinary excretion of bkydroxyproline bscomes
stablilized around 30 mg/24 hrs, with dally vartaticns of less than 1C per-
cent. The research group of Ziff and associates wae likewise abla to deter-
mine an increised eliminstion of bkydroxyproline im childree in the growth
phase snd furthe more noted that tha supply of NCH is accompanisd by o
definite incress : in kydroxyprolimuria (72, 88, 186).

-8 -
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The relationships between the growth horaone and the deposit of
collagen have been investigated for quite some time and the resesrch con~
ducted with Proline-Cy; documented the way in which the capture of thic
immino acid, by the collagen, increases as a result of the supply of
somatotropic hormone (4, 7, 26, 99, 142). As for the rest, it ‘s well
known thac the important task c¢f the growth hormone in the metabolic dyna-
mice of the mucopolysaccharides suggested the perfection of a biological
procedure for tte determination of the GH (19, 20, 2P 50, 120).

In patients with acromegaly in the active phase, increased hydroxy-
prolinuria was found (9, 10, 31, 33, 80, 88, 168}, whereas in nsnoscmia
cases, the urinary elimination of imino acid turnad out to be particularly
small (33, 72, Bi, 108, 132,/170). 1In a series of studies of various endo-
crine diseases, Benoit and a#ssociates, as well as Bonadonna and associates,
were able tc demonstrate that the excretion of hydroxyproline increases
after stimulation with somagotropic hormone, gonadotropin and thyrcid hor-
mone; the effect resulting from parathcrmone turned out to be iacomstasnt
(9, 10, 13). These same authors investigated the urinary excretion of
hydroxyproline in 12 diabetic patients hetween the ages of 18 and 62. Omly
in one case was hydroxyprolinuria con=ziderably increased whercas in an-
other observation it differed little from the high limits of the norm.

It must be pointed out *hatj in both ceses, diabetes had developed at an
early age and that the patients examined were subjected to insulin treat-
ment. This last disclosure is particularly important if we consider the
well-known actiou of insulin upon the regulation of protein exchange in
general and upon the ytilizstion of the aminic acids (100,109, 111, 112,
157, 158, 179).

On the other hand, the pattogenic immortance of GH in diasbetes
mellitus has for 2 long time been cousidered quite sericusly and has been
quite validly confirmed in experimental studies and clicical observations
(1, 18, 24, 23, 29, 30, 40, 4%, 76, 78, 81, B2, 110, 127, 141, 171, 180,
185).

Ia this connection, the dosage >f somatotropic hormont in the plasma
has led to intereating discoveries. Conti{ and xssocigtes (21, 22, 23)
were able to show that the disorders in somstotropinic incretion are not
foreign to endocrin: disorders produced by an absolute or relstive insulin
deficiency. In particular, the concentration of circulating GH appesred
significantly increased in youthful disbetes, especially when signs of
incipient disturbance of the scid-base equilibrium sre damifeat. These
observations, in agreement with the first discoveries of Yorsman and Gexr-
zell (48), were successively confirmed by Erlich and Rsndle {38, 3%),
Pfeiifer (123), and Creenwood (63, 65).

As regards iLli» results cbtained in this, our first preliminary re-
search, we found that {n patients with disbotes mellitus the urinary excre-

tioa of hydroxyproline appeared to be greater than the average racorded among

the controls; this increase is more merked in youthful diabetes, in other
words, whers the metsboiic disorder was more savere snd unstable. On the

-9 -
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other hapnd, iu pctients whose. acromegaly syndrowe vas complicated by ob-
vicus disorders in glycidic exchange, the axcration of imino acid sppesred
particelarly pronounced: it was much greater than the--aibeit very high--
values zhat are I zicnl of acromegaly not counected with diabeces meliitus.
These dis=overiss becowe even more significant when we consider that, in
tha sdult disbetic, tie rate of hydroxyprolizuria turped ont to be modar-
ately Ligher tize the average levels.

It seems tc ua thercfore thet we are justified in agreeing that
metabolie disordass, 2.« didoetes, also invelve the collagen snd that they
&rw iscreaaiu;ly manifest-~particularly st an early age~-when the turn-
ever of tas fundamental substance is already phyaiologically imcreaved
with respect to the active body growth.

Jur discoveries thus indicate that there is a significant xelatjon-
ship between hydroxyprolinuria and body growth. The faet is that in the
young control gubjects, in the young diabetics, and in acromegaly patients,
in whow the HGH levels appeared highest, we found a noticeable increase in
the urinary exc-etion of hydroxyproline.

1t was demovustrated quite gome time ago that the plasmatic levels
of HCH ate vsually high in the youthful disbetes patient and it was assumed
that hypersomatotroninism, in this morbid condition, was the expresaion of
en early funccional impairment of the hypophysis or rather the result of an
incretory —action uf the secondary hypophysis to metabolic disorders,
particnlarly to the limited utilization of glucose produced on the cell level
by the .asulin shortage. But, regardless of the underlying physiopatho-
genic zignificence of hypersomatotropiniem in youthful diabetes, there is
nc doubt that ti.-s is one of the factors most actively invoived in the cause
for tha increase in hydroxyprolinuria precisely becsuse of this morbid con-
ditionm.

From & geceral viewpelat, therefore, we can conclude that both dia-
btetez mellitus and acromegzly represent two morbid conditions which definite-
1y have sn effect on the metsbolism of collagen, to the point where they
often trigger a distinct in :emse in hydroxyprolinuria. The metabolic
dirorder furthermore seems to become more severe when the two sickness
pictures are combined so as to give risc to acromegalic diabetes.

This conclusion, in our opinion, cannct be challenged by the observa-
tior. that, ia some cases of diabetes and acromegaly, ti.ere ie normal hydroxy-
prulinurie; there are many factors which, though they are not a part of
the disesse of disbe..s and acxonega;y. do become involved in the intimate
econowy of coilagen.

Swae suthors, particuiarly Benoit and sosociates, as well as Bona-
donna and associates, deny that there are sny noticesble variations in '
hydroxyprolinuria in diabetes meilitus: but in this connection we want to
point outr that both groups of researchers conducted their investigations
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primarily on sdult disbetics who were kept under emirel with ingulla,
iz other words, inm subjects whr were in 2 situation &efiuit&ly diffearent
from that of the patients whom we sxssined.
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The relaticaships between circulsting HCH and hydroxyprolimuria
appear to be somewvhet more complex when ws compare the <esults obtained
E in some young diabetics and in acromegsly patienta with diabetes., In
“hese two groups cf patients, as a matter of fact, we canmnot slways recog=~
uize & gtrict correlacion between the level of gomatctrope and the volume
of hydroryprolinuria becsuse, with an equal comcantration of citculsting .
Th, the maximi=m excration of hydroxypreiine is charscteristic of acromegaly
with diabetesa. This obviocusly documents the fazt that insulin shortage
eggravetes the metabolic disorder of collagen to the poiat where it pro- =
noien a subazequent noticeable increase in the urimary excration of ismino . ' j
azcid. We muat not be astonislhied that, in acrcmegaly without any connected -
apparen( disorders in glyeidic exchange, the behavior of hydroxyprolinmuria . .
is ¢flen changeable gnd mot strictly correlated with the level of circulat-
ing BGH: this fact 1ikewise fijures in the easy variation of the processas
of bone reshaping, through the intervention of those rather disparate fac~
tors which are present during the deposit ani reabsorption of collagen.
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Summary

vgl : ‘\\AThe relationships batw.en the concentration of circulating HGH and .

& . the urinary excretion of hydroxyproline were studied in 71 subjects, inciud-
ing 40 with diasbetes mellitus, 11 with acromsgaly, and 20 who were clinically
healthy. - R

The plasmasic HGH was désed wirh the radioirmunocelectrophoretic meth-—
od of dunger and Greenwood and the determination of total urinary hydtoxy“
proline wus made according to the technique of Prockop and Udenfriend.

" It was demonstrated thae in patiente with diabetes mellitus the uri- |
nary excretion of hydroxyprolitne is often greater than the average figuies }*
recorded in the controls. This increase is wore marked in youthful diasbetes; ‘i
in other words, where the metabolic disorder is more severe and unatable. oo
On the other hand, in pacients in whoa the acromegaly syndrome was compli- : .
cated by obvious disorders in glycidic exchange, the excretion of the imino ~
acid eppears particulsrly prondunced: it is very much grester than the--
by the way in themselves rather high--values that sre typical of acromegaly
not connected with diabetes mellitus.

e

: It wvas found that thare is a significant relationship between hydro~
xyprolinuxie and body growth. ‘Indeed, ir the conmtrols, in young diabetics,
and in scromegaly patients, in wiiom thc HGH levels are highest, we regularly.
find a noticeable increase in the urinary excrstion of hydroxyprolinc.

However we did not aluuyl fiod a ltrict correlation betwaen the pla.—'
matfc level of the somatotropic hormone and the urinary excretion of imine
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acid, particularly im young ii&bctica in acromagely patients with disbetes
.. because——with an aqual concentration of somatutrepic hormona-~the higher

~ valuves of hydroxyprolisuris eppesred charactsriatic of acromegaly with
dlabates.

l
This discovery--accordipg to the euthore~-decuments the fact that,

in diebates mallitus, insulin bhovtaga helpz aggravate the smetabolic dis-
order of the collagsn.

It is covecluded thet dﬁb&tu s3llitue and acromegaly sre two morbdid :
comditicns which heve a profound effect on collagen metzbolism and that the

matabolic discrder is sggravated when the two disease pictures are combined
ifato acroeegslic disbetes. : :

i
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