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ABSTRACT. Glomerular filtration rate (GFR),
maximal tubular reabsorption of phosphate
(TmPO,), and fasting plasma phosphate have
been measured in states of normal growth (child-
hood) and pathological growth (“active” acro-
megaly, pituitary dwarfism) and in adult controls.
GFR and TmPO, were corrected for a mean body
area of 1 m* 73. GFR, TmPO, and TmPO,/U of
GFR were higher in active acromegalics than in
adult controls and successfully treated acrome-
galics. TmPO, and TmPO, of GFR were higher
in normal children than in adult controls. GFR
was not significantly different. GFR and TmPO,
were lower in pituitary dwarfs than in normal
children, whereas TmPO,/U of filtrate was not
significantly different,

Fasting plasma phosphate was significantly
higher in “active” acromegaly and normal children

than in adult controls. A highly significant corre-
lation was found between fasting plasma phosphate
and TmPO,/U of GFR in the acromegalics, the
normal children, the adult controls and also when
all groups were pooled,

It is concluded that the renal handling of phos-
phate regulates the concentration of phosphate in
the plasma in normal and pathological growth as
well as in normal adults. Chronic oversecretion of
growth hormone alone can account for the raised
tubular reabsorption capacity for phosphate seen
in “active” acromegaly. From the data obtained in
the pituitary dwarfs, it is apparent that the power-
ful tubular phosphate transport system in children
is little dependent on growth hormone secretion
and that additional factors must be operative.
(J Clin Endocr 34: 452, 1972)

ROWTH is generally associated with

high blood phosphate. It has been long
recognized, indeed, that fasting blood phos-
phate was higher in normal children (1) and
in “active” acromegalics (2) than in normal
adults. The cause of this phenomenon is not
clear but some experimental data implicate
growth hormone. Administration of growth
hormone raises the level of blood phosphate
in normal man (3-6) and in normal and
thyroparathyroidectomized dogs (7). This
rise in blood phosphate is most likely sec-
ondary to an increase in phosphate reab-
sorption by the kidney (4-7).

As patients with “active” acromegaly are
in the state of chronic oversecretion of
growth hormone and as a slight oversecre-
tion of growth hormone has been found in
children, as compared to normal adults (8),
it is tempting to ascribe at least partly the
high blood phosphate found in the two states
to the renal action of growth hormone.

In order to test this hypothesis we mea-
sured glomerular filtration rate (GFR) and
maximal tubular reabsorption of phosphate
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(TmPQO,) in patients with “active” acro-
megaly or successfully treated acromegaly,
in normal children, in pituitary dwarfs and
in adult controls, and tried to correlate these
renal indices with fasting plasma phosphate
concentrations,

Materials and Methods

Renal studies were performed in 15 patients
with acromegaly, 19 normal adult subjects, 15
normal children and five children with pituitary
dwarfism. In the group of patients with acro-
megaly, structural changes characteristic of
the disease were present, and enlargement of
the sella turcica was demonstrated by x-ray.
Twelve out of 15 were untreated: all 12 were
considered to be in an “active” phase of their
disease at the time of the study. They were
selected on the following basis:

1. The serum concentration of growth hor-
mone (GH) measured at 9:00 am at rest,
and in the fasting state was higher than normal
(> 10 ng/ml).

2. Plasma inorganic phosphate value (as
P) above 4 mg/100 ml was obtained on several
occasions in the weeks preceding the renal
studies.

3. One or more clinical signs of GH over-
secretion were present, such as recent enlarge-
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ment of hands or feet, impairment of glucose
tolerance, or hyperhydrosis.

4, There was no sign of thyroid dysfunc-
tion as judged from physical examination and
serum concentration of protein bound iodine.

The three remaining patients with acromegaly
had been previously treated, one (M 44) by
hypophysectomy, one (F 37) by section of the
pituitary stalk, and one (M 48) by irradiation.
In these three subjects, the serum GH was
normal or undectectable. The fasting plasma
phosphate was constantly below 4 mg/100 ml
and there were no clinical signs of GH over-
secretion,

The adult controls were 19 patients with
benign functional disorders in whom careful
examination, including biological and x-ray ex-
ploration, failed to reveal any organic disease.

The 15 children considered to be normal
were convalescent from benign illnesses and
free of metabolic, endocrine or renal abnor-
malities. They were all prepubertal. The five
pituitary dwarfs were untreated at the time of
the study. The diagnosis was made by the
usual physical and biological criteria. The
fasting blood GH was low or undetectable,
and showed no significant response to insulin
hypoglycemia. They were all subsequently
treated with HGH and exhibited the expected
spurt of growth.

Renal Studies. All subjects were hospitalized.

Renal studies were begun at 9 am after
food had been withheld for 14 hr. The blad-
der was catheterized and the catheter re-
mained in place throughout the experiment.
Blood was drawn for blank determination
and for control blood phosphate. A priming
dose of inulin and phosphate was adminis-
tered. It was followed by a “sustainer” solu-
tion containing inulin and phosphate infused
at a rate designed to give a slowly-rising
serum phosphate value in the range of 7-12
mg/100 ml and a serum inulin value of about
30-50 mg/100 ml. The composition of the
administered solution was similar to that
used previously in our laboratory (5). Thirty
min. after the infusion was begun, urine was
collected for 6 consecutive periods varying
in length from 10-15 min. In the middle of

each period, blood was drawn from an ante-
cubital vein. Each period was ended by wash-
ing the bladder with distilled water and air.

Calculations. Plasma phosphate and inulin
were plotted against time to permit interpo-
lation. It was assumed that the plasma value
for a given collection period was 2.5 min be-
fore the midpoint. The clearance of inulin
was calculated in the usual manner. Filtered
phosphate was calculated as the product of
the inulin clearance and plasma phosphate.
Reabsorbed phosphate was calculated as the
difference between the filtered and the ex-
creted phosphate. The ratio of filtered phos-
phate to reabsorbed phosphate was always
above 2. Therefore a maximal tubular reab-
sorption rate of phosphate (TmPO,) was
thought to have been reached in each experi-
ment. Reabsorption of phosphate (TmPO,)/
U of filtrate was also calculated, as the ratio
of TmPO, to GFR, multiplied by 100.

The correlation coefficients have been cal-
culated with a computer GE 233.

Chemical methods. Inulin was determined in
plasma and urine by the method of Roe et
al. (9), inorganic phosphorus by the method
of Fiske and Subbarow (10). Growth hor-
mone was estimated by the radioimmuno-
assay of Glick et al. (11). Human growth
hormone was labelled with 1'*" by the method
of Hunter ef al. (12).

Results

1. Fasting plasma phosphate on the day of
renal studies

a. Adult subjects: controls, patients with
“active” acromegaly and with treated acro-
megaly.

As seen in tables 1 and 2, the plasma phos-
phorus during fasting was higher in the pa-
tients with “active” acromegaly (mean 4.50
mg/100 ml = 0.50 sp) than in control sub-
jects (3.14 mg/100 ml = 0.51. P < 0.001).

Although data from only three treated
acromegalics were available, it is apparent
that the values were lower than those of any
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Tanre 1. “Active” acromegalics

Body TmPO

Area GFR* TmPO* _— 4 « 100 Plasma PO, Plasma GH
Sex Age m?* ml/min mg,/min GFR mg/100 ml ng/ml
M 44 1.97 132.2 6.34 4.80 4.50 41
M 20 2.16 153.8 8.88 5.78 5.60 76
F 30 1.88 138.0 597 4.30 4.20 78
F 57 1.49 160.5 740 4.58 4.60 70
F 45 2.00 146.6 6.06 4.10 3.72 34
M 36 1.96 117.0 5.23 446 4.80 51
M 34 2.00 208.5 10.66 5.08 4.50 36
F 57 1.74 206.7 9,22 4.45 4.22 125
M 28 1.94 1220 5.89 4.83 4.80 14
F 38 1.98 1314 5.58 4.24 3.90 38
M 38 1.80 1254 6.26 4.99 4.70 70
F 75 1.70 137.1 6.71 4.90 4.48 240
Mean 148.3 == 32¢% 7.02%x18 471 =049 4.50=Xx0.50

Treated Acromegalics
F 37 1.78 100.0 292 2.92 2.68
M 48 2.20 858 342 3.74 3.59
M 44 2.13 92.3 2.62 283 3.35
Mean 92.7 2.92 3.16 3.21
* Corrected for a mean body area of 1 m*73.
+ SD.
TaeLe 2. Adult controls
Bod
Are:{ GFR* TmPO* _Tﬂ % 100 Plasma PO,

Sex Age m* ml/min mg/min GFR mg/100 ml
M 43 1.61 106 3.56 3.34 391
M 23 240 127 3.91 3.08 3.25
M 24 1.90 167 5.95 3.50 3.50
M 26 1.80 131 4.18 3.20 3.31
M 29 1.70 123 3.35 2.71 2.81
M 33 1.70 118 2,99 2.52 3.13
M 33 1.65 107 2.77 2.59 2.74
M 26 1.80 126 4.34 345 3.65
M 27 1.70 139 4.33 3.10 2.80
M 53 1.74 110 341 3.08 3.08
M 40 2.16 128 4381 3.74 3.09
F 30 1.59 116 249 2.14 3.28
F 56 1.40 87 1.99 2,27 293
F 23 1.43 133 5.43 4.00 3.78
F 29 1.47 115 3.71 3.30 3.05
F 32 1.67 121 3.51 2.89 248
F 44 1.37 113 3,19 2.83 2.97
F 55 1.44 115 3,78 3.29 355
F 50 1.65 88 2.39 2.72 246
Mean

119.5 =+ 184 3.69 =101 3.04 =049 3.14 £ 0.51

* Corrected for a mean body area of 1 m?73.
+SD.
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of the “active” acromegalics. It is also evi-
dent that they are indistinguishable from
the values for control patients.

b. Normal children and adult controls
(Tables 2 and 3). As usual plasma phos-
phorus was higher in children (4.84 mg/100
ml = 0.64) than in adults. The difference
was significant. (P < 0.001).

c. Normal children and pituitary dwarfs
(Table 3). Although the mean plasma phos-
phorus was lower in the pituitary dwarfs
(4.21 mg/100 ml = 0.40) than in normal
children (4.84 mg/100 ml = 0.64) the dif-
ference is not significant (0.05 < P < 0.10).

d. Pituitary dwarfs and adult controls
(Tables 2 and 3). The mean plasma phos-
phorus was higher in the pituitary dwarfs
(4.21 mg/100 ml == 0.40) than in adult con-
trols (3.14 mg/100 ml. P < 0.01).

2. Renal handling of phosphate
a. Patients with acromegaly and adult

controls (Tables 1 and 2). GFR/U of body
area was significantly higher in the patients
with “active” acromegaly (148.3 ml/min =%
32) than in adult controls (119.5 ml/min ==
17.8) (P < 0.005). The patients with treated
acromegaly have values of GFR lower than
those of any of the patients with “active”
acromegaly, and also lower than in 17 of the
19 normal subjects. These patients might
have been rendered slightly hypopituitary.
TmPO,/U of body area was also signifi-
cantly higher in the patients with “active”
acromegaly (7.02 mg/min == 1.8) than in the
two other groups (Adult controls: 3.69 mg/
min == 1.01. P < 0.001, patients with treated
acromegaly: 2.92 mg/min. P < 0.005).
Also TmPO,/U of filtrate (TmPO‘ X 100)
GFR
was significantly higher in “active” acro-

megaly (4.71 == 0.49) than in adult controls
(3.04 += 0.49. P < 0.001) or in patients with
treated acromegaly (3.16. P < 0.001).

TaerLe 3. Normal children

Body

Aovs GFR* TmPo,» _1™PO4 | 150 Plasma PO,
Sex Age m? ml/min mg/min GFR mg/100 ml
F 11 1.24 112 6.04 5.35 5.00
M 11 1.10 115 5.35 467 4.67
F 10 0.94 00 3.66 4.01 4.69
M 14 1.27 136 6.46 4.87 5.33
M 11 1.01 146 6.99 4.68 4.04
M 15 1.52 170 10.07 5.89 5.07
M 6 0.71 119 6.43 5.38 5.62
M 13 1.24 128 7.60 5.68 5.54
M 6 0.70 138 7.36 5.29 473
M 7 0.80 108 4.84 449 5.28
F 7 0.97 146 8.57 5.83 5.93
F 5 0.71 124 5.53 442 4.03
M 8 0.88 124 6.53 5.23 448
F 5 0.86 131 6.24 4,75 4.18
M 5 0.75 128 5.10 3.98 3.87
Mean 127.7 = 18.8% 6.45 = 1,57 407 %= 0.61 4.84 + 0.64
Pituitary Dwarfs
M 13 0.71 72.0 2.50 3.47 4.60
M 11 0.79 97.0 5.00 5.10 4.60
M 15 0.88 77.0 3.80 4.93 3,80
F 14 0.79 88.9 3.70 4.15 4.25
M 17 1.00 83.0 3.60 4.09 3.80
Mean 84.6 %+ 99 3.72 %= 0389 4.34 =% 0.69 4.21 =040

* Corrected for a mean hody area of 1 m?73,
t SD,
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b. Normal children compared to adult
controls (Tables 2 and 3). Mean GFR/U of
body area in children (127.7 ml/min == 18.8)
was not significantly different from that of
adult controls (119.5 ml/min = 18.0; P >
0.05). TmPO,/U of body area and TmPO,/
U of filtrate were significantly higher in the
children (TmPO,: 6.45 mg/min == 1.57,

TmPO.

GFR
adults (TmPO,: 3.69 mg/min == 1.01; P <

0.001, TmPO._ + 100: 3.04 = 0.49; P <

GFR
0.001).

c. Pituitary dwarfs compared to normal
children (Table 3). GFR and TmPO,/U of
body area were significantly lower in the pi-
tuitary dwarfs (GFR: 84.6 ml/min == 9.9,
TmPO,: 3.72 mg/min == 0.89) than in the
normal children (GFR 127.7 ml/min == 18.8.
P < 0.001, TmPO, 645 mg/min =% 1.57.
P < 0.005). The difference in TmPO,/U of
filtrate between the pituitary dwarfs (4.34 =+
0.69) and the normal children (4.97 == 0.61)
was not significant.

d. Pituitary dwarfs compared to adult
controls (Tables 2 and 3). There was no dif-
ference in TmPO,/U of body area between
the pituitary dwarfs (3.72 mg/min =+ 0.89)
and adult controls (3.69 mg/min = 1.01).
GFR/U of body area was lower in the pitu-
itary dwarfs (84.6 ml/min == 9.9) than in
adults (119.5 ml/min = 17.8. P < 0.001).
TmPO, /U of GFR was higher in the pitu-
itary dwarfs (4.34 == 0.69) than in the adult
controls (3.04 == 0.49. P < 0.01).

% 100: 4.97 = 0.61) than in the

3. Correlation between fasting plasma phos-
phate and renal function

a. GFR. There was no significant corre-
lation between fasting plasma phosphate and
GFR or GFR/U of body area within any
group of subjects, or when values for all
groups were pooled.

b. TmPO,. Correlation coefficient between
fasting plasma phosphate and TmPO, not
corrected for body surface was not significant

CORVILAIN AND ABRAMOW
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in any group of subjects. Only in normal
subjects does a correlation become significant
when TmPO, is expressed /U of body surface
(P < 0.05). When values for all groups are
pooled, a correlation is found for TmPO, not
corrected for body surface (P < 0.05. T:
2.27) and for TmPO,/U of body area (P <
0.01. T: 6.64).

c. TmPO,/100 ml of GFR. There is a
correlation between fasting plasma phos-
phate and TmPO,/U of filtrate in the adult
controls (P < 0.01), in the normal children
(P < 0.01) and in the “active” acromegalics
(P << 0.001). There is no correlation between
these two variables in the group of pituitary
dwarfs. The correlation is very significant
when all values for the groups are pooled
(P < 0.001. T = 13.15). The values of fast-
ing plasma phosphate have been plotted
against corresponding values of TmPO,/U
of filtrate in adult controls, in patients with
acromegaly and in children (Fig. 1). The
figure illustrates well the obvious positive
correlation existing between these two values.
If on the other hand the relationship between
plasma phosphate and TmPO,/U of body

0, . S ‘

GFR is examined (Fig.
2), a regression is seen only in normal adults.
It disappears in children as well as in acro-
megalics where plasma phosphate fails to
increase at high values of TmPO,.

area rather than

Discussion
The observations reported here demon-
strate that maximal resorptive capacity for
phosphate/U of body surface and /U of GFR
is higher in active acromegaly and in nor-
mal children than in control adults, Sev-
eral factors may be involved in the increase
of tubular phosphate transport seen in acro-
megaly. One is hypertrophy of the kidney
with enlargement of proximal tubules (13).
Another is a rise in GFR which is known to
occur in acromegaly (13,14) and has been

observed in our own series.

The rise in GFR is probably not entirely
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a result of an increase in the size of the
glomeruli. It is probably caused also by an
independent rise in renal blood flow. Indeed,
growth hormone can elicit a rise in GFR
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within a period of time too short for the oc-
currence of significant hypertrophy of the
kidney with concurrent increase in the cell-
ular area available for filtration (5).

Since increase in GFR produced experi-
mentally by different means in dogs has been
shown to be often associated with a rise in
TmPO, (15), it appears that both hyper-
trophy-hyperplasia of the glomeruli and the
hemodynamic increase of GFR could explain
an increase in TmPO,/U of body surface.
These two factors, however, cannot account
for the increase in TmPO,/U of GFR. The
increase in tubular reabsorption of phos-
phate/U of GFR seen here in “active” acro-
megaly as well as in normal subjects treated
for 4 days with human GH (5) should be
independent of an increase in kidney mass
affecting proportionally glomeruli and tubules
or of hemodynamic changes.

Because the same pattern of change in
renal phosphate transport is observed in ac-
cromegaly and in normal subjects after short
term administration of GH, it is likely that
the renal transport of phosphate in acro-
megaly depends on a chronic oversecretion of
GH.

GH action may involve an increase in the
number of active transport sites for phos-
phate in the proximal tubules or an increased
synthesis of carrier molecules specific for
phosphate transport. The effects of GH on

[] » n
Im POA (mgimin)
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the kidney in acromegaly appear to be re-
versible, GFR, TmPO, and TmPO,/U of
GFR were normal in 3 patients treated suc-
cessfully for their disease.

A TmPO, larger than in adults has been
previously noted in normal children (16).
In our series, TmPO, /U of body surface and
TmPO,/U of GFR were much higher than
in normal adults; GFR was not significantly
different. The reason for the comparatively
potent tubular phosphate transport system in
children is not quite clear. There may be an
effect on the kidney of relative endogenous
GH excess. Brauman ¢t al. (17) report a
mean blood GH of 4.5 ng/ml in children
between 5 and 14 years of age and 2 ng in
adults, after 12 hr fasting, while values re-
ported by Greenwood et al. (8) are 10.8 ng
in children and 0.55 ng in adults 2 to 3 hr
after a meal. However, Glick et al. think that
basal levels of GH may actually be no differ-
ent in children and in adults (18).

Since the increase in TmPO,/U of body
surface and /U of GFR are of the same
order of magnitude in acromegalics and
children, one may postulate a greater sen-
sitivity of the young kidney to growth hor-
mone. However, this should be restricted to
tubular phosphate transport, since GFR/U
of body surface is the same as that in adults
and lower than that in acromegaly.

Both TmPO, and GFR/U of body area
are lower in pituitary dwarfs than in normal
children and the TmPO, /U of GFR does not
show in the pituitary dwarfs the sharp drop
one would expect if GH played a major role
in the increased TmPO,/U of filtrate of
childhood. It is also worth noting that
TmPO,/U of GFR is higher in pituitary
dwarfs, who are deprived of GH, than in
normal adults who have GH.

However, pituitary dwarfism is not a state
of pure GH deficiency and it is possible that
other factors such as cortisol and thyroid
deficiency tend to cancel the effect of GH
deficiency. Indeed, administration of these
compounds results in phosphaturia (19-21).

Therefore we can conclude that our find-
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ings in pituitary dwarfs do not support the
hypothesis that GH is responsible for the
high TmPO,/U of GFR seen in normal chil-
dren but do not exclude it completely.

Since there were differences in TmPO,
and TmPO,/U of GFR between some of our
groups of subjects, it is necessary to analyse
the possible relevance of these differences to
the differing plasma phosphate during fast-
ing.
As expected, normal children had higher
plasma phosphate values than control adults.
Plasma phosphate was also higher in patients
with “active” acromegaly; indeed, the pa-
tients had been selected partly on that basis.

We estimated the correlation between fast-
ing plasma phosphate and the different in-
dices of renal function in each individual
group of subjects and in all subjects taken
together.

No correlation between GFR/U of body
area and fasting plasma phosphate was
found.

We found a correlation with TmPO,/U of
body area only in one group of subjects, the
adult controls and that correlation was poor,
It became significant, however, when values
for all subjects were pooled. A highly signifi-
cant correlation was present between plasma
phosphate and TmPO, /U of filtrate in adult
controls, in normal children and in patients
with acromegaly. When all groups of sub-
jects are considered together, correlation be-
tween plasma phosphate and TmPO,/U of
filtrate was highly significant and better than
that between plasma phosphate and TmPO,.
Figs. 1 and 2 illustrate this well and show
that heterogeneity between groups fades out
if the relationship between plasma phosphate
and TmPO,/U of GFR is examined. This
implies that the latter renal index regulates
plasma phosphate in each group.

We are well aware that by dividing
TmPO, by GFR, errors made in TmPO,
estimation because of errors in measurement
in GFR, are minimized, thereby improving
the correlation with plasma phosphate.

However, it is quite evident that GFR and
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tubular phosphate transport tend to influence
urinary phosphate excretion and therefore
plasma phosphate level in the opposite direc-
tion. Any effect of a change of tubular phos-
phate transport on plasma phosphate will
be buffered by a similar change in GFR.
TmPO,/U of GFR appears therefore as the
best single renal index to relate with plasma
phosphate.

The importance of the renal excretion of
phosphate in regulating the concentration of
phosphate in the plasma was stressed 30 yr
ago by Harrison and Harrison (22). Bijvoet
(23), studying normal subjects and patients
with thyrotoxicosis and hyperparathyroidism,

TmPO,

GFR
and plasma phosphate, He discussed the
validity of assessing renal handling of phos-
phate under phosphate loading conditions,
showing its relevance to phosphate transport
and plasma phosphate during fasting.

The plasma concentration of phosphate
may of course be influenced also by extra
renal factors such as phosphate absorption
from the intestinal tract and movement of
phosphate between bones, cells and extra-
cellular fluids. In a steady state however,
such as occurs during fasting, the plasma
concentration of phosphate tends to ap-
proach the level at which filtered phosphate
equals TmPO, because any excess of filtered
phosphate will appear in the urine. Clearly
it is because the tubular reabsorptive system
for phosphate is near saturation at existing
plasma phosphate concentration that the lat-
ter can be modulated by the interplay be-
tween filtration and reabsorption. Tt is in
this way that the high plasma phosphate
shown by children and patients with “active”
acromegaly and some of the individual vari-
ation of plasma phosphate seen in each group
of subjects can be explained.

also showed a correlation between

Acknowledgments

We are greatly indebted to Dr. Champenois for
having performed the renal studies in children and
to Dr. H. Brauman for determination of growth

459

hormone blood levels. We thank Prof. DeMoor,
Prof. Crabbé and Dr. Bogaert for allowing us to
study some of their patients and Prof. Verniory for
his statistical advice.

The technical help of Miss A. Bergans has been
greatly appreciated.

References

1. Albright, F.,, and E. C. Reifenstein, The Para-
thyroid Glands and Metabolic Bone Disease,
The Williams and Wilkins Company, Baltimore,
1048, p. 4.

2. Reifenstein, E. C., I. W. Kinsell, and F. Al-
bright, Endocrinology 39: 71, 1946,

3. Henneman, P. H,, A. P. Forbes, M. Moldawer,
E. F. Dempsey, and E. L. Carroll, J Clin Invest
39: 1223, 1960.

4, Gershberg, H., J Clin Endocr Metab 20: 1107,
1960,

5. Corvilain, J., and M. Abramow, J Clin Invest
41: 1230, 1962.

6. Beck, J. C., A. Gouda, M. A. Hamid, R. O.
Morgen, D. Rubinstein, and E. E, MacGarry,
Metabolism 13: 1108, 1964.

7. Corvilain, J., and M. Abramow, J Clin Invest
43: 1608, 1964.

8, Greenwood, F. C., W. M. Hunter, and V. J.
Marrian, Brit Med J 1: 25, 1964.

9. Roe, J. H., J. H. Epstein, and N. P. Goldstein,
J Biol Chem 178: 839, 1949,

10, Fiske, C. H., and Y. Subbarow, J Biol Chem
66: 375, 1925,

11, Glick, S. M., J. Roth, R. S. Yalow, and S. A,
Berson, Nature (Lond) 199: 784, 1963,

12, Hunter, W, M., and F. C. Greenwood, 7bid.,
194: 495, 1962,

13. Gershberg, J., H. O. Heinemann, and H. H.
Stumpf, J Clin Endocr Metab 17: 377, 1957.

14. Tkkos, D., H. Ljunggren, and R. Luft, Acte
Endocr 21: 226, 1956,

15, Hellman, D., H. R. Baird, and F. C. Bartter,
Amer J Physiol 207: 89, 1064,

16, Stalder, G., R. Schmidt, and I. Gerstner, Ann
Paediat 189: 293, 1957,

17. Brauman, H., and J. Corvilain, Rev Med Brux-
elles 24: 1, 1968.

18, Glick, S. M., and J. Roth, Rec Progr Horm Res
21: 241, 1965,

19, Anderson, J., and J. B. Foster, Clin Sci 18: 437,
1959,

20. Roberts, K. E., and R. F. Pitts, Endocrinology
52: 324, 1953.

21, Beisel, W. R, C. 1. Zerzan, M. E. Rubini, and
W. B. Blythe, Amer J Physiol 195: 357, 1938.

22. Harrison, H. E., and H. C. Harrison, J Clin
Invest 20: 47, 1941.

23, Bijvoet, O. L. M., Clin Sci 37: 23, 1969,



