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ABSTRACT. The administration of growth hormone (GH)
in conjunction with calcitriol in uremia may increase uri-
nary calcium and decrease renal phosphate excretion,
which could have an adverse effect on the kidney in chronic
renal insufficiency. The effect of 40 d of ovine GH, calci-
triol, and the combination of GH and calcitriol on mineral
excretion was studied in rapidly growing uremic rats. Ure-
mia was produced by 75% nephrectomy, and the animals
were fed a diet containing 8% protein with equal quantities
of calcium (0.6%) and phosphate (0.6%). The uremic rats
treated with ovine GH were significantly longer and heavier
than the uremic control rats and the uremic rats treated
with calcitriol alone. However, the combination of calcitriol
and GH abolished the beneficial effect of GH on growth
and increased urinary calcium excretion 4-fold over uremic
controls whether expressed as calcium excretion per 100 g
body weight, urine calcium to creatinine ratio, or as frac-
tional calcium excretion. Calcitriol therapy alone also sig-
nificantly increased calcium excretion, but not to the extent
that the combination therapy did. This increased urinary
calcium excretion in the GH plus calcitriol group was not
associated with an increase in calcium and sodium intake,
plasma ionized calcium, or urinary sodium excretion. The
calcium content of the femurs from all uremic rat groups
was significantly lower than that of the sham control rats;
however, there was also no further decrease in bone calcium
content in the GH plus calcitriol group compared with
uremic controls. This indicated that bone was not the
source of this excess urinary calcium. Our data indicate
that the combination of GH and calcitriol significantly
increases urinary calcium excretion in growing uremic rats.
These results suggest the need to monitor such untoward
side effects in children with chronic renal failure who
receive this combination of therapies. (Pediatr Res 30:
528-533, 1991)
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UGH, uremic rat treated with growth hormone

UD, uremic rat treated with 1,25-dihydroxyvitamin D;
(calcitriol)

UDGH, uremic rat treated with growth hormone and 1,25-
dihydroxyvitamin D;

GH, growth hormone

oGH, ovine growth hormone

FE,, fractional excretion of phosphate

Children with chronic renal insufficiency continue to be
growth retarded (1-4) despite improved understanding of vita-
min D and mineral requirements (5-11), correction of acidosis
and electrolyte disorders, enhanced calorie and nutritional man-
agement (12, 13), and adequate dialysis.

Although the mechanisms underlying the inhibitory effects of
uremia on growth remain unclear, administration of supraphys-
iological doses of GH to uremic animals (14-16) and to a small
number of uremic children (17), over relatively short intervals,
has been shown to improve growth. Whether this will signifi-
cantly improve the final adult stature remains to be determined.

Treatment of chronic renal failure in children usually includes
one of the polar vitamin D metabolites. The effects of GH alone
or in combination with calcitriol administration on renal electro-
lyte handling and mineral balance in uremia are largely un-
known. However, this information is vitally important. Increased
serum concentrations of calcium and phosphate are associated
with a number of problems in renal failure including calciphy-
laxis, pruritis, aggravation of secondary hyperparathyroidism,
and possibly progression of renal failure (18). However, several
lines of evidence have been recently presented that suggested that
calcium and phosphate disorders play a secondary and minor
role in the progression of renal failure.

If hypercalciuria is significantly aggravated by vitamin D com-
bined with GH therapy, it may lead to urolithiasis, which would
be an important complication to be further defined in humans.
Therefore, we investigated the effects of supraphysiologic doses
of GH alone and in combination with calcitriol on sodium,
calcium, magnesium, and phosphate homeostasis using a 75%
nephrectomy uremic, weanling rat model.

MATERIALS AND METHODS

The GH used in this study was oGH, supplied by the National
Institute of Diabetes and Digestive and Kidney Diseases, Be-
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thesda, MD (ovine oGH-15 AFP-7649C). The oGH was prepared
daily in 0.15 M NaCl with 0.05 M sodium bicarbonate adjusted
with 0.1 N NaOH to a pH of 9.2. Calcitriol was prepared in
safflower oil weekly and kept refrigerated in a foil-wrapped brown
glass bottle until use. The low protein (8%) rat food, containing
0.6% calcium and 0.6% phosphorus (Table 1), was purchased
from United States Biochemical Corporation, Cleveland, OH.
The diet was sufficient in protein, minerals, and vitamins. The
low 8% protein diet was chosen to protect the compromised
kidney from the effects of a high-protein intake. Twenty-three-
d-old, weanling, male, Sprague-Dawley rats were purchased from
Charles River Laboratories, Inc., Raleigh, NC.

Experimental protocol. The experimental protocol was ap-

Table 1. Low-protein diet

Protein content (casein) 8.0%
Corn starch 28.0%
Sucrose 50.0%
Cottonseed oil 10.0%
Calcium 0.6%
Phosphorus 0.6%
Sodium 0.2%
Vitamin D, 1000 units/pound

24 HOUR URINE
COLLECTION

40 DAYS
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Fig. 3. Total food consumption over the treatment period by SC,
UC, UGH, UD, and UDGH groups. *, Significantly increased food
consumption over all other groups.

Table 3. Food and mineral intake*

Total Average daily

food intake  Calcium intake food intake
Group (8) (mg) (/100 g body wt)
SC 559 + 24% 34£0.1¢ 104 £0.2
ucC 449 + 10 2.7+0.1 103+ 1.0
UGH 460 + 14 2.8+0.1 10.1 £0.2
UD 436 + 10 2.6 £0.1 10.1 = 0.1
UDGH 421 + 10 2.5+0.1 9.7 +0.1

EXSANGUINATE
TREATMENT PERIOD

Fig. 1. Experimental protocol: 129 weanling rats, aged 23 d, fed a
diet consisting of 8% protein, 0.6% calcium, and 0.6% phosphorus.
Surgery consisted of one-stage right nephrectomy and left heminephrec-
tomy to create 75% nephrectomy. Sham-operated rats underwent iden-
tical operative procedures up to and including decapsulation of the
kidneys. Treatment consisted of daily injections of 0.5 mg of oGH, 20
ng/kg of oral calcitriol, or both. Sham-operated and uremic animals not
receiving medications were given vehicles only.

Table 2. Experimental groups

Experimental No. of

group animals Treatment

SC 10 Vehicles only

ucC 30 Vehicles only

UD 30 20 ng/kg calcitriol

UG 29 0.5 mg/d GH

UDGH 30 Both calcitriol and GH
0.5 7

B * *Significantly different

from other groups
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Fig. 2. Creatinine clearances (CCr) in mL/min/100 g body wt in SC,
UC, UGH, UD, and UDGH groups. The creatinine clearance of the SC
group was significantly higher than all other groups.

SC uc UGH ub

* All data are expressed as the mean + SEM.
T Significantly greater than the other groups (p < 0.002).
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Fig. 4. Weight at the end of the treatment period in g of SC, UC,
UGH, UD, and UDGH groups.

proved by Virginia Commonwealth University’s Institutional
Animal Care and Use Committee. The rats were received at 23
d of age, acclimated for 2-3 d (Fig. 1), and at 26 d of age they
underwent a one-stage right nephrectomy and left heminephrec-
tomy under anesthesia with 50 mg/kg of pentobarbital. Sham-
operated rats underwent identical operative procedures up to
and including decapsulation of the kidneys. During the 3-d
postoperative recovery period and throughout the experimental
period, the rats were housed in individual wire cages at 22°C in
a light/dark cycle of 12 h and given ad libitum access to the
experimental diet and deionized water.

At age 29 d, the uremic rats were assigned to one of four
groups as shown in Table 2. The daily dose of 0.5 mg oGH was
injected s.c. at 0900 h. Calcitriol in oil (20 ng/kg) was gavaged
daily, and the dose was adjusted every other day after weighing
the rat to maintain the dose at 20 ng/kg. Sham-operated and
uremic animals not receiving medications were injected or gav-
aged with vehicles only. Food intake was measured every other
day. The average food intake per 100 g body weight for each rat



530

KAINER ET AL.

Table 4. Growth parameters

Initial wt Final wt Initial length Final length
Group (8 (8 (cm) (cm)
SC 75.94 + 2.65 234.84 + 12.82* 26.82 + 0.55 40.90 £ 0.86*
ucC 7471 £0.93 173.68 + 4.05 27.19 +0.18 38.55 £ 0.28
UGH 74.60 £ 0.96 183.12 + 4.24% 27.14 £0.20 39.60 = 0.29%
ub 74.42 £ 0.88 166.94 + 4.31 27.12+£0.14 38.08 = 0.30
UDGH 73.70 £ 0.81 167.41 + 3.64 26.89 £0.16 38.29 +£0.30

* Significantly larger than all other groups.
+ Significantly larger than the UD and UDGH groups.
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Fig. 5. Nose-to-tail length at the end of the treatment period. *,
Significantly longer than UC, UD, and UDGH groups. **, Significantly
longer than UC, UD, and UDGH groups.

was obtained by calculating the average daily food consumption
and dividing this by the average weight for the rat over the time
of the experiment.

At completion of the 40-d experimental period, the rats were
placed in individual Nalgene metabolic cages (Sybron Corp.,
Rochester, NY), and fasting (water ad /ibitum) 24-h urine collec-
tions were taken. After the urine collections, the rats were anes-
thetized and exsanguinated by cardiac puncture.

Plasma ionized and total calcium concentration was measured
immediately after separation from the cells using a Nova 7
Electrolyte Analyzer (Nova Biomedical, Waltham, MA). Serum
and urine collected for electrolyte analysis were stored at —20°C.
Urinary sodium was measured using a Beckman E4A analyzer
(Beckman Instruments, Inc., Brea, CA). Serum and urine inor-
ganic phosphorus were measured using the method of Baginski
et al. (19). Serum and urine magnesium and calcium were
measured using a Perkin-Elmer model 5000 atomic absorption
spectrophotometer (Perkin-Elmer Corp., Norwalk, CT) (20). Cre-
atinine was measured using a Beckman Creatinine Analyzer II.
Creatinine clearance was calculated using the standard formula.
The percent of fractional excretion (%FE) of an electrolyte was
calculated from the following equation: %FE, = [(Uy times Pcr)
divided by (P, times Uc,)] X 100, where x is the electrolyte, Cr

is creatinine, U is urine, and P is plasma. The fractional excretion
of calcium was calculated using the plasma ionized calcium
value.

The left femur was removed after the rats were killed and was
cleaned of all soft tissue and desiccated at 130°C for 24 h. Total
bone mineral content was measured by atomic absorption spec-
trophotometry (21, 22) after dry ashing at 580°C in borosilicate
test tubes using a Temp-Master muffle furnace (Jelrus Dental
Products Corp., New Hyde Park, NY).

Statistics. All data were expressed as mean + SEM. Analysis
of variance was done by Tukey’s studentized range, honestly
significant difference test for multiple group comparisons with
level of significance set at & = 0.05 (95% confidence limits) using
the Statistical Analysis System (SAS User’s Guide: Basic, Version
5 Edition, 1985, SAS Institute, Inc., Cary, NC).

RESULTS

The mean creatinine clearance in each uremic group was
significantly reduced when compared with the sham-operated
control group. There were no significant differences between the
mean creatinine clearances of the uremic groups (Fig. 2). The
sham-operated control animals ate significantly more food over
the course of the experiment than the uremic animals (Fig. 3)
and, therefore, took in more minerals than the uremic animals
(Table 3). There was no difference in the total food intake
between the various uremic groups. The average daily food intake
per 100 g body weight was not different between the groups.

Uremic rats treated for 40 d with ovine GH therapy were
heavier (Fig. 4 and Table 4) and longer (Fig. 5, Table 4) when
compared with uremic control rats, an effect that has been shown
previously for both rat and human GH. Calcitriol alone had no
effect on growth in uremic rats and abolished the beneficial
growth effect of GH.

The serum concentrations of total calcium, ionized calcium,
magnesium, and phosphate are shown in Table 5. There was no
statistically significant difference between the serum concentra-
tions of these ions among the uremic groups. The mean serum
total calcium in the UD group was significantly higher than the
mean of the SC group. The mean serum phosphate concentration
of the UDGH group was significantly greater than that of the SC

Table 5. Serum divalent ions™*

Ionized
Group Calcium calcium Magnesium Phosphate
SC 2.65 +0.03 1.51 £0.03 0.82 +£0.02 2.72 £ 0.09
(10.61 = 0.12) (6.00 = 0.12) (2.00 = 0.06) (8.42 = 0.28)
ucC 2.71 £0.02 1.52 £0.01 1.00 £ 0.02 3.15 £ 0.07
(10.85 £ 0.09) (6.04 £ 0.04) (2.42 £ 0.05)F (9.75 £ 0.23)
UGH 2.72 £ 0.02 1.52 £ 0.02 0.96 = 0.02 3.06 £ 0.09
(10.90 £ 0.08) (6.04 £ 0.08) (2.34 £ 0.06) (9.49 + 0.28)
UD 2.77 £ 0.01 1.52 = 0.01 1.00 + 0.03% 3.22 £0.12
(11.11 £0.05)+ (6.04 = 0.04) (2.43 £ 0.07)t (9.98 % 0.37)
UDGH 2.76 = 0.02 1.52 + 0.02 1.04 + 0.03% 3.39 + 0.16F
(11.08 = 0.10) (6.04 £ 0.08) (2.52 = 0.08)* (10.50 £ 0.51)t

* All data are expressed as mean = SEM. Values on top are expressed as mmol/L; values in parentheses are expressed as mg/dL.

+ Significantly greater than the SC group only.
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Table 6. Urinary electrolyte excretion*
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Group Calcium¥ Ca/Crt Mg/Crt Na§ Na/Cr||

SC 0.0025 + 0.0002 0.04 £ 0.01 0.29 +£0.03 0.27 £0.03 0.0118 £ 0.0000
(0.10 £ 0.01) (0.04 £ 0.01) (0.29 £ 0.03) (0.10 £ 0.00)

ucC 0.0047 % 0.0005 0.08 +0.01 0.40 + 0.039 0.26 £ 0.07 0.0123 +£0.0010
(0.19 £ 0.02) (0.08 £ 0.01) (0.40 = 0.03)1 (0.12 £ 0.01)

UGH 0.0087 + 0.0015 0.16 = 0.03 0.43 £0.031 0.32 +£0.07 0.0149 £ 0.0010
(0.35 £ 0.06) (0.16 = 0.03) (0.43 = 0.03)% (0.14 £ 0.01)

uD 0.0122 + 0.0022** 0.19 % 0.02** 0.42 +0.029 0.30 £ 0.11 0.0139 + 0.0010
(0.49 + 0.09)** (0.19 % 0.02)** (0.42 + 0.02)9 (0.12 £ 0.01)

UDGH 0.0192 + 0.0025%+ 0.33 = 0.04++ 0.44 + 0.029 0.34 +0.24 0.0160 = 0.0010
(0.77 £ 0.10)tt (0.33 £ 0.04)t7 (0.44 + 0.02)% (0.14 £0.01)

* All data are expressed as mean + SEM; Cr, creatinine.

t For each group, values on top are in mmol/100 g body wt/d and values in parentheses are in mg/100 g body wt/24 h.
} Values on top are.in mmol/mmol; values in parentheses are in mg/mg.

§ Values are in mmol/100 g body wt/24 h.

| Values on top are in mmol/umol; values in parentheses are in mmol/mg.

9 Significantly greater than SC only.
** Significantly greater than UC and SC.
+1 Significantly greater than all other groups.

*Significantly greater

0.40 - than all other groups .
Na/Cr RATIO
0.30 B8 Co/Cr RATIO

Na 8 Ca/Cr RATIOS

0.00 !
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Fig. 6. Urinary sodium and calcium to creatinine ratios. Sodium to
creatinine ratio (Na/Cr) in mmol/mg. Calcium to creatinine ratio (Ca/
Cr) in mg/mg.

Table 7. Fractional excretion of divalent ions*

Group FEc, (%) FEw (%) FE; (%)
sC 0.37 + 0.05 9.09 + 1.69 23.11 £ 3.79
uC 142 £0.15 1781 = 1.801  43.52 + 4.40%
UGH 2.33 +0.46 16.23 + 1.55 36.78 + 2.95
UD 352+0.34 2090+ 142t 46.98 +2.41t
UDGH 640+ 1.20f  17.94 % 1.10+  42.60 + 291t

* FE, (%) is fractional excretion of ion expressed as a percentage. All
data are expressed as mean + SEM.

t Significantly larger than SC group only.

1 Significantly larger than all other groups.

group. The mean serum magnesium concentrations of the UC,
UD, and UDGH groups were higher than that of the SC group.

The 24-h urinary excretion of calcium per 100 g body wt is
shown in Table 6. The UDGH group excreted a significantly
greater amount of calcium per day than all other groups. The
24-h mean urinary calcium excretion of the UD group was
significantly greater than that of the UC and SC groups. Factoring
the 24-h urinary calcium by the urinary creatinine (Fig. 6)
revealed a similar pattern of significantly increased calcium
excretion in the UDGH group compared with all the other groups
and also an increased calcium excretion in the UD group com-
pared with the UC and SC groups. The sodium/creatinine ratio
and the sodium excretion per d per 100 g body wt in the UD
and UDGH groups were not different from those of the other
groups, indicating that the greater calcium excretion in the UD

foo]
L
*

~
T

*Significantly greater than
all other groups

!

0 -
sC uc UGH ub UDGH

Fig. 7. Fractional excretion of calcium (% FE¢,). Serum ionized
calcium was used in the calculation.
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and UDGH groups was not secondary to increased sodium
excretion. The fractional excretion of calcium (Table 7, Fig. 7)
was significantly higher in the UDGH rats when compared with
all other groups.

FEp was significantly elevated in the UC, UD, and UDGH
groups compared with that of the SC group. There was no
statistical difference in the FEp between the uremic groups (Table
7). The FEp in the UGH group was the lowest among the uremic
groups and was not statistically greater than that of the sham
controls. This suggests that GH can increase phosphate reabsorp-
tion in uremia, which could be an undesirable side effect of GH
therapy in chronic renal failure.

The fractional excretion of magnesium was elevated in each
of the uremic groups compared with that of the SC group;
however, the difference between the means reached significance
only for the UC, UD, and UDGH groups. There was no signifi-
cant difference in fractional excretion of magnesium between
the uremic groups (Table 7).

Bone mineral analysis. Bone weight and mineral content were
normalized to 100 g body weight, and the results are presented
in Table 8. The mean desiccated femur weights of the UGH,
UD, and UDGH groups were significantly heavier than that of
the SC group. Furthermore, the mean desiccated femur weight
of the UDGH group was significantly greater than that of the
UC group. However, the mean calcium content of the desiccated
bones was significantly greater in the SC group compared with
the means of the UC and UGH groups. The mean calcium
content of dry bone in the UD group was significantly greater
than that of the UGH group. There was no difference in the
mean dry bone calcium content of the UDGH group and those
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Table 8. Bone mineral analysis*

Mineral wtt
Dry bone wt/ Bone ash wt/
Group 100 g body wt 100 g body wt Calcium Magnesium
SC 0.184 = 0.003 0.101 = 0.001 49.88 + 4.24% 0.95+0.04
(199.9 = 1.7)f (23+0.1)
uc 0.198 + 0.002 0.104 = 0.001 47.03 £ 0.32 1.19 £ 0.04
(188.5x 1.3) (29 +£0.1)
UGH 0.207 = 0.005§ 0.109 = 0.004 45.78 + 0.70 1.19 £ 0.04
(183.5 £ 2.8) (29 £0.1)
uD 0.208 = 0.003§ 0.111 £ 0.001] 48.00 = 0.379 1.28 £ 0.04
(192.4 = 1.5)1 (3.1£0.1)
UDGH 0.214 £ 0.003** 0.112 = 0.001] 47.23 £ 0.40 1.28 £ 0.04§
(189.3 = 1.6) (3.1 £0.1%8

* All data are expressed as mean = SEM.

+ Values on top are expressed as mmol/g dry bone wt; values in parentheses are expressed as mg/g dry bone wt.

f Significantly greater than UC and UGH.

§ Significantly larger than SC only.

|| Significantly greater than SC, UC, and UGH.
1 Significantly greater than UGH only.

** Significantly larger than both SC and UC.

of the other groups. Each of the uremic groups had a mean
femur magnesium content that was greater than that of the SC
group, but this was statistically significant only for the UDGH
group. There was no difference in femur magnesium content
between the uremic groups.

DISCUSSION

The one-stage, 75% nephrectomized, chronic renal insuffi-
ciency weanling rat mode! allows experimental observation dur-
ing the prepubertal period and through the pubertal rapid growth
phase. Thus, the model simulates the pediatric patient with
chronic renal insufficiency. To improve survival in our rats and
to reduce the potential deleterious effects of a high protein diet
and excessive phosphorus intake on the remnant kidney, all rats
in our study were fed a diet containing 8% protein with equal
quantities of calcium and phosphorus (14). Diets containing a
relatively high protein content (over 20% protein) have been
shown consistently to hasten the progression of remnant kidney
sclerosis in uremic rats (22, 23). Diets containing less than 6%
protein are deficient, but an 8% protein diet provides an adequate
amount of protein to allow moderate weight gain (24). For
maximal weight gain, a higher protein intake is necessary in
uremic rats. It has been suggested that a high phosphate intake
is associated with accelerated deterioration of renal function in
uremic rats (25). However, protein intake appears to be much
more important than any other nutrient in accelerating renal
damage (24).

This study showed, as have others (14-16), that the adminis-
tration of GH to uremic, weanling rats can improve their growth,
an effect also noted in children with chronic renal failure (17).
Calcitriol administration did not improve growth in these uremic
rats, although it has been shown to improve growth in children
with chronic renal failure (5). It is unclear why calcitriol did not
improve growth, but it may be related to the low phosphorus
content of the diet, which prevented a fall in calcitriol production,
as has been shown in children with renal failure on restricted
phosphorus diets (26). Thus, by restricting dietary phosphorus,
these animals may not have needed supplemental calcitriol.
Surprisingly, the growth-enhancing effect of GH therapy was lost
when calcitriol was added to the regimen. The mechanism for
this lack of effect is unclear.

The combination of calcitriol and GH led to marked hyper-
calciuria, whether expressed as calcium excretion per 100 g body
wt, as the ratio of calcium to creatinine, or as the fractional
excretion of calcium. Calcitriol has clearly been associated with
hypercalciuria in renal failure (11), and this was observed in the

uremic rats given calcitriol alone. GH has also been shown to
increase urinary calcium excretion both in humans (27) and in
animals (28). This may be due, in part, to an increase in renal 1-
a-hydroxylase activity with increased production of calcitriol and
adsorption of dietary calcium (29, 30). GH administration alone
increased urinary calcium excretion compared with the UC and
the SC animals, but this did not reach statistical significance.

Increased urinary calcium excretion can result from increased
serum ionized calcium concentrations, resulting in an increased
filtered load. However, there was no difference in the mean
serum ionized calcium concentrations between any of the groups.
Another cause of increased urinary calcium excretion is increased
dietary calcium and/or sodium intake (31). However, in our
study, this was not the case because there was no difference in
dietary intakes between uremic animal groups. In fact, the SC
animals ingested more calcium and sodium than any of the
uremic groups, vet this group had the lowest urinary calcium
excretion. Therefore, increased urinary sodium excretion was not
the cause of the hypercalciuria.

The source of the increased urinary calcium is next examined.
The bone did not appear to be the source because the calcitriol
(UD) group had the highest and the calcitriol plus GH (UDGH)
group had the next highest bone calcium content of the uremic
animals. Still, even these two groups had significantly less cal-
cium compared with the SC group, underscoring the deleterious
effect of uremia on bone calcification. On the other hand, bone
magnesium content was increased in the uremic groups com-
pared with the SC group, an effect previously noted (32). Further
studies are necessary to elucidate whether the hypercalciuria is
secondary to increased intestinal absorption, renal “leak,” or
both.

Another effect of GH on the kidney that could be deleterious
in renal failure is the enhancement of phosphate reabsorption
(27, 28). FEp was increased in all of the uremic rats. GH admin-
istration appeared to blunt this increased phosphate excretion in
uremia because this group (UGH) had the smallest increase in
FEr and the phosphate excretion of the UGH group was not
statistically different from that of the SC group. The addition of
calcitriol to GH abolished this antiphosphaturic effect of GH.
However, this group (UDGH) had the highest serum phosphate
concentration. This elevated phosphate concentration was prob-
ably due to increased intestinal absorption under the influence
of calcitriol and GH because the renal excretion was as great as
in the UC group.

In conclusion, our studies indicate that marked hypercalciuria
occurs in response to combined GH and calcitriol treatment in
uremic rats. This complication, together with the potential risk



HYPERCALCIURIA OF GROWTH HORMONE IN UREMIC RATS

of increased renal plasma flow and glomerular filtration rates
from GH therapy (33, 34), raises concerns regarding the long-
term safety of combined GH and calcitriol therapy in uremic
children (35), despite the exciting promise of the beneficial effects
of GH therapy in both children (36-38), and the elderly (39).
However, the doses of GH given to the uremic rats in our study
were greater than the doses currently used to treat nonuremic
children with growth deficiency or adult elderly patients. Ob-
viously, it is difficult and risky to extrapolate the results of this
study in uremic rats to children with growth failure and chronic
renal failure, but it does underscore the need to evaluate new
therapies carefully for potential side effects.
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