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It has been repeatedly shown that human growth
hormone (HGH) affects phosphorus metabolism
in patients with hypopituitarism and in normal
subjects. Injection of HGHleads to a decrease
of urinary phosphorus within a day (1-3).
Whereas serum phosphorus does not change or
rises only slightly in short-term experiments (1),
it has been reported that it rises with long-term
treatment (4). Whereas the decrease of urinary
phosphorus associated with an unchanged or ris-
ing serum phosphorus suggests that growth hor-
mone decreases renal clearance of phosphate, the
mechanism for these effects has not been defined.
In the dog, growth hormone has been shown to
raise glomerular filtration rate (GFR), renal
plasma flow (RPF), tubular maximal secretion
of para-aminohippurate (TmPAH) (5-7), and tu-
bular maximal reabsorption of sulfate (Tmso4)
(8). Effects on renal phosphate clearance have
not been reported. The present study was under-
taken to determine whether HGHaffects the abil-
ity of the human kidney to reabsorb phosphate.
For this purpose, maximum tubular phosphate
reabsorption (Tmpo4) was measured before and
after administration of growth hormone. Effects
of the hormone on GFRand on RPF were also
studied.

The results indicate that HGH increases the
phosphate Tm, the GFR, and the RPF.

MATERIAL ANDMETHODS

Growth hormone was extracted from human pituitary
glands removed at autopsy and stored in acetone. Two
lots were used in this study: one prepared by Dr. Maurice
Raben, and one prepared by ourselves with Raben's
method (9). The HGHwas dissolved in 1.5 ml of 0.1 N

* This work was supported in part by grants from the
Paul Govaerts Foundation and the Lekime-Ropsy Founda-
tion.

HCl per 100 mg of dry powder, and then diluted with
distilled water until 100 mg was contained in 25 ml of
solution. The final pH of the solution was about 3.5.

Inj ections were given intramuscularly once a day at
7 a.m. Eleven male subjects were studied: one dwarf
with hypopituitarism, one hypophysectomized former
acromegalic, and nine subjects free of endocrinologic dis-
orders. Brief case descriptions are given in the Ap-
pendix.

Plan of study. All patients were hospitalized and re-
ceived constant diets throughout the study. Water in-
take was ad libitum. After an adjustment period of 5
days, urine was collected in 24-hour pools for determi-
nation of nitrogen, phosphorus, sodium, potassium, and
calcium. GFR, Tmpo4 and RPF were measured at the
end of the control period which lasted 5 days, and on
the fourth day of treatment with growth hormone. Treat-
ment with growth hormone was begun on the third day
after the control determination of renal function and
was continued for 4 days.

Renal studies were begun at 8:30 a.m., after food had
been withheld for 14 hours. The bladder was cathete-
rized with a rubber catheter, which remained in place
throughout the experiment. (For two individuals, VP and
DP, who were able to void at will, catheterization was
omitted.) Large amounts of water were given by mouth
to maintain urine volume. Blood was drawn for blank
determination and for control blood phosphorus, and a
priming dose of inulin and phosphate was administered
(25 to 50 ml of a 10 per cent inulin solution; 30 to 80 ml
of a solution containing Na2HPO4 12 H2O, 10 per cent,
and KH2PO4, 0.75 per cent, infused over a period of 3
minutes). A sustaining solution containing inulin and
phosphate was then infused at a rate designed to give
a slowly rising serum phosphorus value in the range
of 7 to 11 mg per 100 ml and a serum inulin value of
about 30 mg per 100 ml. Thirty minutes after the infu-
sion was begun, urine was collected for seven consecu-
tive periods, varying in length from 10 to 15 minutes.
During the first, third, fifth, and seventh periods, blood
was drawn from an antecubital vein. Each period was
ended by washing the bladder with distilled water and
air. At the end of the seventh period, the infusion of inu-
lin and phosphorus was stopped, and some of the sub-
jects were given a priming dose of PAH (2 ml of a 20
per cent solution) followed by a sustaining infusion

1230



HUMANGROWTHHORMONEAND RENAL FUNCTION

TABLE I

Mean 24-hour urinary excretion before (A) and during (B) administration of human growth hormone

Nitrogen Potassium Phosphorus Calcium Sodium

Case Diagnosis A B A B A B A B A B

g/day mEq/day mg/day mg/day mEqlday
VHF Pituitary dwarfism 6.5 3.4 35 14 665 218 79 78 30 4
BL Acromegaly, inactive

(hypophysectomized) 15.2 13.6 47 41 1,030 900 142 329 176 158
LR Pulmonary tuberculosis 12.9 9.2 54 49 895 417 248 268 233 197
SA Pulmonary tuberculosis 15.6 8.7 105 50 1,142 564 222 255 227 181
VP Chronic alcoholism 11.0 7.3 49 33 960 580 77 84 128 87
VC Rectocolic polyposis 8.8 5.7 55 19 602 321 199 264 78 54
SG Saturnism, latent 12.3 9.0 45 25 854 703 87 101 184 120
RM Pulmonary tuberculosis 13.6 10.1 60 38 760 541 281 386 151 105
DP Pharyngitis 17.4 13.6 92 64 1,035 995 125 150 219 226
DJ Colitis 21.5 14.8 79 31 1,007 542 281 322 249 145
GL Emphysema 9.0 11.8 59 56 647 763 89 178 141 170

such as to maintain a plasma level of PAH of 1.5 to 3.5
mg per 100 ml. Thirty minutes after this infusion was
begun, urine was collected over four periods of about 10
minutes' duration. Blood was drawn for PAH deter-
mination during the first, second, and fourth periods.

Chemical methods. Inulin was determined in plasma
and urine by the method of Roe, Epstein and Goldstein
(10); PAHby the method of Smith and associates (11);
inorganic phosphorus by the method of Fiske and Sub-
barow (12); calcium by the method of Tisdall and
Kramer (13); nitrogen by micro-Kjeldahl; and potas-
sium and sodium on a flame photometer.

Calculations. Plasma phosphate, inulin, and PAH
concentrations were plotted against time to permit inter-
polation. Plasma values for a given collection period
were assumed to be those 2.5 minutes before the midpoint
(14). Clearances of inulin and PAH were calculated in
the usual manner. Filtered phosphorus was calculated
as the product of the inulin clearance and plasma P.
Reabsorbed P was calculated as the difference between
the filtered and the excreted P.

In each experiment, a maximal tubular reabsorption
rate of phosphorus (Tmp) is thought to have been
reached. This can be inferred from data in Table II (ratio
of filtered P to Tmhas always been higher than 2).

Reabsorption of P (Tmp) per unit of filtrate was also
calculated as Tmp divided by GFR.

RESULTS

Clinical effects of HGH. HGHcaused transient
pain at the site of injection. Four patients com-
plained of moderate anorexia during the treatment
period.

Metabolic effects of HGH(Table I). Table I
shows the effects of HGHcompared to control fig-
ures on urinary nitrogen, potassium, phosphorus,
calcium, and sodium in the 11 studies. In ten

patients there was a marked reduction of urinary
N during treatment; in nine of them the decrease
in urinary N was accompanied by decreases in uri-
nary K, P, and Na; in one of them (DP) there
was a decrease in urinary N and K but no ap-
preciable change in urinary P or Na. In one pa-
tient (GL) HGHdid not induce retention of N,
K, P, or Na. In this patient (vide infra) serum
phosphorus did not change. Inasmuch as HGH
failed to induce N retention in this patient, the
data are excluded from the statistical analysis.
Calciuria increased in ten patients during HGH
treatment.

In Patient BL, who formerly had acromegaly
and diabetes, with relief of diabetes after hypo-
physectomy, HGHwas prolonged for 2 days after
completion of the renal function studies. The
serum glucose, which had remained normal until
that time, increased, and glycosuria appeared and
continued for several days after HGH was
stopped.

The serum phosphorus rose during treatment
with HGHin eight patients (Table II). The dif-
ference between groups was significant at the 5
per cent level.

Effects of HGHon renal function (Table II).
The effects of HGHon renal function are com-
pared with control determinations in Table II. As
with the metabolic data, the results for Patient
GL, who showed no metabolic response to HGH,
are excluded from the statistical analysis.

Glomerular filtration rate. GFR increased in
nine of the subjects. Results were significant at
the 0.1 per cent level.
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Renal plasma flow. Renal plasma flow was
measured in seven of the studies. It increased in
all subjects with HGH, and the change was sig-
nificant at the 1 per cent level. In all subjects
the rise in RPF was of the same order of magni-
tude as the rise in GFR, and the filtration fraction
did not change significantly.

Phosphorus Tm. The Tmpo0 increased mark-
edly in all patients, and the change was significant
at the 0.1 per cent level. The Tmp per unit of
GFR increased in nine of the subjects and the
change was significant at the 0.1 per cent level.
It is of interest that Subject DP, in whomTmper
unit GFR did not increase, was the one who
showed the least P retention with HGH. In
Subject GL, who showed no metabolic response
to HGH, there was a small rise in GFR and
RPF, but Tmp and Tmp per unit of GFR fell
slightly (Table II).

DISCUSSION

It is known from previous studies (1-3, 15)
that human growth hormone, in contrast to ani-
mal growth hormone, is metabolically active in
man. The present results confirm these findings:
in most of our subjects, HGH induced marked
retention of N, K, and P, suggesting protein
anabolism. Only one subject, the oldest of the
series, failed to exhibit this anabolic response to
HGH.

A pronounced Na retention was also generally
seen. Although this phenomenon is not yet clearly
understood, the adrenal cortex does not seem to
play a determinant role in its appearance (2).

The increased calciuria that we observed is a
frequent finding in HGHstudies. Its magnitude
appears to be related to HGHdosage (15). The
mechanism by which hypercalciuria is elicited by
HGHremains controversial: an increased intesti-
nal absorption of Ca, which has been observed
with HGH (1), is sometimes insufficient to ac-
count for this rise in urinary Ca (2) and bones
have been postulated as a source of this extra
calcium (16).

A rising serum phosphorus with HGH, with-
out concomitant rise in urinary phosphorus, sug-
gested that the phenomenon might be of renal
origin, and studies of renal phosphate clearance
were accordingly instituted. It is generally be-
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lieved that phosphate excreted in the urine repre-

sents the excess of the phosphate filtered over that
reabsorbed by the tubules. It is also generally be-
lieved that phosphate reabsorption reaches Tm
values at high plasma levels and that Tmis inde-
pendent of the GFR (17-19). Some investigators,
however, have suggested that phosphate reabsorp-
tion is dependent upon the amount filtered at all
plasma levels, and have attributed differences in
reabsorption to differences in the number of neph-
rons functioning (20). To measure the renal ca-

pacity for excretion of P, we have used the clas-
sical test of Tmp under phosphate loading with
simultaneous determination of GFR by inulin
clearance.

Our control values for Tmp are somewhat lower
than those found by many investigators, perhaps
because our patients suffered from chronic diseases
and prolonged hospitalization. Our control val-
ues do not, indeed, fall outside the range found by
Thompson and Hiatt (19) in normal young male
subj ects.

In the subjects who exhibited a metabolic re-

sponse to HGH, Tmp increased as early as 4 days
after initiation of treatment. The GFR and the
RPF increased pari passu, and the filtration frac-
tion did not change. If Tmp is indeed independent
of GFR, these results indicate that HGHaffects
kidney function in two ways: it enhances maxi-
mal tubular reabsorption of P, and it increases
RPF and GFR. If, on the other hand, Tmp is in-
deed a function of filtered phosphate, the rise in
Tmp observed in these studies might result solely
from the increase of filtration rate. However, the
rise in Tmp was relatively greater than the rise
in filtered phosphate, indicating an action of HGH
on P reabsorption independent of any action on

filtration of P.
It has been suggested that glomeruli may func-

tion intermittently in the normal subject. Ac-
cordingly, the rise in GFRand RPF with HGH
might indicate an increase in the active nephron
population. This again would explain some of the
increase of Tmp observed in these studies. It
would not explain the relative excess of the in-
crease in Tmp over that of GFRwhich, as stated
above, suggests a tubular effect of HGHon P
reabsorption.

The data clearly indicate that HGHincreases
the reabsorption of P per milliliter of filtrate. In

these conditions, the net result of HGHaction on
renal hemodynamics and tubular transport of P
must be, at constant level of P in plasma, an ini-
tial fall in urinary excretion of P. This fall would
not be expected to occur if the rise in Tmp were
smaller than, or of the same magnitude as, the
rise in GFRand the resulting increase in filtered
P. It is of interest that Patient DP, who showed
an increase in Tmp but no rise in Tmp per milli-
liter of filtrate, was the only subject in this study
who did not show appreciable retention of P with
HGH, in spite of retention of N. Wecan reason-
ably conclude that the decrease in phosphaturia
that we have observed in the metabolic studies is
of renal origin.

Gershberg (21) also concluded that HGHin-
duces retention of P by increasing renal reabsorp-
tion of P. In five patients in whom clearances of
P and of creatinine were determined for 24-hour
periods, he found that the ratio TRP/GFR was
increased with HGH.

In our study, an elevation of serum P was seen
as early as 4 days after the initiation of treatment
with HGH. The increment was small, but in the
face of marked synthesis of protoplasm, which
might be expected to enhance tissue avidity for P.
it gains in significance. Our data suggest that an
increase in tubular reabsorption of P per milliliter
of filtrate is responsible for this rise in serum P.

The present studies do not necessarily indicate
that the effect of HGHon tubular reabsorption of
P is a direct one. The parathyroids are known
to affect Tmp (22, 23) and HGHmight affect the
renal tubules by inhibiting parathyroid activity.
Indeed the enhancement of gastrointestinal absorp-
tion of calcium, which may occur during treatment
with HGH(1), might be expected to inhibit para-
thyroid activity. It has been shown, however,
that retention of P, with rise of serum P, can be
induced by HGHin a subject without parathy-
roids (24), so that a change in parathyroid ac-
tivity cannot alone explain this action of HGH.

Our finding that HGH increases GFR and
RPF in man confirms previous reports in the dog
(5-7), and the previous reports of a similar ef-
fect, as judged from 24-hour creatinine clearance,
in man (21). It agrees well also with the reports
(25-27) that GFRand RPF may be high in pa-
tients with acromegaly.
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SUMMARYANDCONCLUSIONS

Humangrowth hormone was administered to 11
human subjects under conditions of metabolic bal-
ance regimen. Significant increase in glomerular
filtration rate and renal plasma flow was observed.
In ten subjects there was a rise in maximal tubu-
lar reabsorption of P; in nine, the P reabsorption
per milliliter of glomerular filtrate rose as well.
The nine subjects who showed the increase of P
reabsorption per milliliter of glomerular filtrate
also retained P with human growth hormone. On
the fourth day of treatment with human growth
hormone, serum P was raised in eight subjects.
It is concluded that growth hormone is responsible
for the elevation of serum P found in acromegaly,
and that this is effected by an increase in the reab-
sorption of filtered P.

Growth hormone thus appears to have a direct
effect upon tubular transport of P. This effect ap-

pears to be opposite to that of parathyroid hor-
mone.
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APPENDIX

The case material was as follows.
VHF, age 26: dwarf with idiopathic hypopituitarism who

had not received any hormonal treatment for the last
9 years.

BL, age 44: man with acromegaly. Because of severe

diabetes, hypophysectomy had been performed 2 years

previously. After the operation, hyperglycemia and
glycosuria had disappeared completely and no insulin
was required. Cortisone, 25 mg per day, was given as

substitutive therapy and maintained during the whole
study with HGH.

LR, age 26; SA, age 29; RM, age 33: men with pulmo-
nary tuberculosis (under treatment) in good general
condition.

SG, age 36: man with chronic occupational lead poisoning
and mild impairment of renal function.

GL, age 53: man with emphysema and asthma.
VC, age 28: man with rectocolic polyposis and intermit-

tent diarrhea.
DP, age 26: man convalescent from pharyngitis.
VP, age 33: man with chronic alcoholism.
DJ, age 27: man convalescent from acute colitis.
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