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Abstract

Children with chronic renal failure in general present growth retarda-
tion that is aggravated by corticosteroids. We describe here the effects
of methylprednisolone (MP) and recombinant human growth hor-
mone (thGH) on the growth plate (GP) of uremic rats. Uremia was
induced by subtotal nephrectomy in 30-day-old rats, followed by 20
IU kg'! day! thGH (N =7) or 3 mg kg'! day! MP (N =7) or 20 IU kg'!
day! thGH + 3 mg kg! day! MP (N = 7) treatment for 10 days.
Control rats with intact renal function were sham-operated and treated
with 3 mg kg'! day! MP (N = 7) or vehicle (N = 7). Uremic rats (N =
7) were used as untreated control animals. Structural alterations in the
GP and the expression of anti-proliferating cell nuclear antigen (PCNA)
and anti-insulin-like growth factor I (IGF-I) by epiphyseal chondro-
cytes were evaluated. Uremic MP rats displayed a reduction in the
proliferative zone height (59.08 + 4.54 vs 68.07 £ 7.5 um, P < 0.05)
and modifications in the microarchitecture of the GP. MP and uremia
had an additive inhibitory effect on the proliferative activity of GP
chondrocytes, lowering the expression of PCNA (19.48 + 11.13 vs
68.64 +7.9% in control, P < 0.0005) and IGF-I (58.53 + 0.96 vs 84.78
+ 2.93% in control, P < 0.0001), that was counteracted by rhGH.
These findings suggest that in uremic rats thGH therapy improves
longitudinal growth by increasing IGF-I synthesis in the GP and by
stimulating chondrocyte proliferation.
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Introduction

Longitudinal bone growth occurs by en-
dochondral ossification in the growth plate,
an avascular cartilaginous structure located
between the epiphysis and metaphysis of the
proximal and distal ends of long bones (1).

The cellular events that occur within the
growth plate - chondrocyte proliferation,
hypertrophy, and matrix secretion - result in
chondrogenesis and longitudinal bone growth
(2). During this highly regulated process, the
chondrocytes from the growth plate follow a
programmed ordered transition, giving ori-
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gin to three distinct zones: reserve zone,
proliferative zone, and hypertrophic zone
corresponding to different stages of chon-
drocyte differentiation (3). As the skeleton
reaches sexual maturity, the fusion of the
epiphysis with the metaphysis occurs, re-
sulting in cessation of longitudinal growth
4).

Growth hormone (GH) plays a central
role in the promotion of growth of various
tissues (1). GH stimulates the hepatic secre-
tion of insulin-like growth factor I (IGF-I)
and its release into the circulation that, in
turn, controls the production of GH by the
pituitary gland through a regulatory feed-
back loop in the hypothalamus. The stimula-
tory effect of GH on proliferating chondro-
cytes of the growth plate occurs through an
indirect route that includes the activation of
hepatic and local IGF-I production (5). In
the epiphyseal plate, IGF-I acts in an auto-
crine or paracrine manner by stimulating the
clonal expansion of proliferating chondro-
cytes (6).

Alterations in the regulation of the GH/
IGF-I axis are among the main factors re-
sponsible for the short stature of children
with chronic renal failure (7). Serum GH
levels are generally normal or elevated in
these children, indicating peripheral resis-
tance to the action of GH in the uremic state
(8). Although the exact mechanism has not
yet been completely elucidated, this periph-
eral resistance to GH is probably mediated
by a reduction in the serum levels of GH-
binding proteins and by reduced expression
of hepatic GH receptor mRNA (9).

Glucocorticosteroids are routinely em-
ployed in different inflammatory diseases
and as immunosuppressive agents for main-
tenance therapy after transplantation. Chil-
dren using glucocorticosteroids frequently
present important growth retardation and a
reduction in bone mass, confirming the ac-
tion of these drugs on epiphyseal cartilage
(10). These clinical manifestations result
from the inhibitory action of glucocorticos-
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teroids on chondrocyte and osteoblast pro-
liferation, reduced expression of GH and
IGF-I receptors in the epiphyseal plate (11),
interference with the GH/IGF-I axis both at
the systemic and cellular level (12), and a
possible inhibitory action on hepatic GH
receptor expression (13).

Growth retardation in children with
chronic renal failure has a multifactorial ori-
gin. Factors that contribute to growth reduc-
tion include protein-calorie malnutrition,
metabolic acidosis, peripheral resistance to
GH in the target organs, anemia, renal os-
teodystrophy, and uremia itself altering the
GH/IGF-I axis (14). Treatment of uremic
children with GH induces a rapid and per-
sistent increase in serum IGF-I levels that
correlate positively with the rise in longitu-
dinal growth, suggesting a role for IGF-I in
GH-induced catch-up growth (15).

The aim of the present study was to evalu-
ate the action of methylprednisolone (MP)
and recombinant human growth hormone
(rhGH) on the growth plate of uremic rats by
morphological analysis and determination
of the expression of markers of chondrocyte
proliferation and biological activity in the
epiphyseal growth plate of the rat tibia.

Material and Methods

After approval of the protocol by the
Animal Care Committee (Federal Univer-
sity of Rio de Janeiro, Rio de Janeiro, RJ,
Brazil), 42 weanling female Wistar rats aged
30 days and weighing 80-90 g were submit-
ted to an acclimatization period of 1 week,
with free access to water and standard rat
chow containing 24% protein, 0.6% cal-
cium, and 0.7% phosphorus (Purina, Sao
Paulo, SP, Brazil). After 1 week, 28 rats
underwent a two-stage 5/6 subtotal nephrec-
tomy to induce renal failure. In the first stage
(day 0), the left kidney was decapsulated
and approximately the upper and lower thirds
of the kidney were removed. The second
stage nephrectomy was carried out 1 week
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later (day 8) and consisted of the removal of
the entire right kidney after ligating the vas-
cular pedicle. Surgical procedures were per-
formed under ketamine/xylazine anesthesia.
Fourteen animals were sham operated (renal
decapsulation) in two stages, matching the
time the nephrectomy procedures were done.
After the first surgical procedure on day 0,
all animals were housed in individual semi-
metabolic cages at constant temperature with
a 12-h light-dark cycle. All had free access
to drinking water. Sham-operated control
rats were pair-fed with uremic animals in
terms of daily ingestion of protein and cal-
cium, but the content of phosphorus in the
diet of nephrectomized animals was raised
to 1.2% to increase the severity of bone
disease. Animals were weighed weekly and
their body length determined during sur-
gery, at the beginning of drug treatment, and
at sacrifice by measuring the distance from
the nose to the end of the tail with the ani-
mals under anesthesia.

Five weeks after the second surgical pro-
cedure (total nephrectomy or sham opera-
tion), the animals were divided into six groups
of 7 subjects each and initiated on daily
intraperitoneal (ip) injections of hormone
for 10 days. Normal renal function rats and
nephrectomized control rats (NX) received
ip injections of saline vehicle only. The NX
+ GH group consisted of nephrectomized
animals treated with 20 IU rhGH kg! day!
(Humatrope®, Lilly, Fegersheim, France);
the NX + MP group consisted of nephrecto-
mized animals treated with 3 mg MP kg'!
day! (Solu-Medrol, Pharmacia Brasil, Sdo
Paulo, SP, Brazil); the NX + GH + MP group
consisted of nephrectomized animals treated
with 20 TU rthGH kg! day! + 3 mg MP kg!
day-!, and the MP group consisted of ani-
mals with normal renal function treated with
3 mg MP kg! day-.

At the end of the experiment, the animals
were anesthetized and sacrificed by exsan-
guination by cardiac puncture. The serum
obtained by centrifugation of the blood
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samples was stored for determinations of
creatinine, urea nitrogen, calcium, and phos-
phorus.

For morphometric analysis, the left tibiae
were fixed in 70% ethanol at 4°C, dehy-
drated in graded solutions of ethanol and
embedded undecalcified in methyl meth-
acrylate. Five-micrometer sections were ob-
tained with a high-impact microtome using
disposable tungsten blades (Leica 2155,
Nussloch, Germany) and stained with Alcian
blue/PAS. The total width of the growth
plate (um) was measured at equally spaced
intervals comprising the whole extension of
the epiphyseal plate; the width (um) of the
zone occupied by proliferating or by hyper-
trophic chondrocytes was measured by the
same method.

The right tibiae were fixed in 4% buff-
ered paraformaldehylde solution for 48 h,
decalcified in 5% ethylene-diamine tetra-
acetic acid in 4% phosphate-buffered saline
(PBS), pH 7.4, for approximately 10 days,
and embedded in paraffin. Five-micrometer
thick sections were deparaffinized, rehy-
drated and treated with 3% hydrogen perox-
ide for 30 min (proliferating cell nuclear
antigen, PCNA) or with 1% hydrogen
peroxide for 10 min (IGF-I). Epitope re-
trieval was carried out with target retrieval
solution (DakoCytomation, Carpinteria, CA,
USA) at 95°C for 20 min (PCNA) or 0.125%
trypsin (Sigma, St. Louis, MO, USA) in PBS
for 10 min at room temperature (IGF-I).
Non-specific blocking was carried out with
5% bovine serum albumin at room tempera-
ture for 1-2 h in a humidified chamber.
Histological sections were then incubated
overnight (12 h) at 4°C with 1/5000 solution
of mouse monoclonal anti-PCNA (Dako-
Cytomation). For IGF-I staining, sections
were incubated with 1/3000 human mon-
clonal anti IGF-I (provided by Dr. Dennis
Andress, University of Washington, Seattle,
WA, USA) at 4°C for 48 h. All primary
antibodies were diluted in Antibody Diluent
with Background Reducing Components
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(DakoCytomation). The slides were washed
twice in PBS and incubated for 30 min
in LSAB/LINK (DakoCytomation), again
washed twice in PBS and treated for 30 min
with LSAB/HRP streptavidin (DakoCyto-
mation). Specimens were then developed
with diaminobenzidine (Liquid DAB, Dako-
Cytomation) for 1 min (PCNA) or 2 min
(IGF-I), and counterstained with Harris he-
matoxylin.

The cell proliferation rate was determined
by counting anti-PCNA-immunostained cells
in the proliferative layer and is reported as
percentage of the total number of cells in the
proliferative zone. IGF-I expression was
quantified by counting the number of immu-
nostained cells in the hypertrophic and pro-
liferative zones. The results are reported as
the percentage of the total number of cells in
both zones, respectively.

All histological sections were viewed by
light microscopy using a Nikon microscope
(Eclipse 800, Tokyo, Japan). All histomor-
phometric parameters were obtained by
measurements made on digital photomicro-
graphs (Coolpix 4300, Nikon, Tokyo, Ja-
pan) calibrated with a micrometer ruler and
comprising the whole extension of the epi-
physeal plate.

All markers were analyzed quantitatively
using the ImagePro image analysis program
(Media Cybernetics, LP, Silver Spring, MD,
USA). Data are reported as means + SD.
Comparisons of the six groups were made

Table 1. Some serum biochemical parameters for all experimental groups of animals.
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by one-way analysis of variance (ANOVA),
and when the result of the f test was signifi-
cant (P < 0.05), differences between specific
means were tested by the Student #-test, with
the level of significance set at P < 0.05.

Results

The installation of renal failure and ure-
mia was confirmed by the serum urea nitro-
gen and creatinine levels, which were sig-
nificantly higher in nephrectomized animals.
There were no differences in serum calcium
or phosphorus levels between nephrecto-
mized and sham-operated animals (Table 1).

The weight and length gains of the con-
trol and experimental animals are presented
in Table 2. Nephrectomized animals treated
with thGH (NX + GH) presented a signifi-
cantly greater weight gain than animals with
normal renal function and nephrectomized
animals (P < 0.05). Nephrectomized animals
treated with the combination of rhGH and
MP (NX + GH + MP) also presented a
significantly greater weight gain at the end
of the experiment compared to the control
group and the NX + MP group. No signifi-
cant difference in weight gain was observed
between animals with normal renal function
receiving or not MP (control and MP) and
control nephrectomized animals (NX). The
administration of thGH resulted in a signifi-
cantly greater length gain in nephrectomized
animals compared to the control groups with

C NX NX + GH NX + MP NX + GH + MP MP
Serum urea nitrogen (mg/dL) 11 £ 1 78 + 15* 54 + 10* 75 + 18* 46 + 15* 16 + 9
Serum creatinine (mg/dL) 0.48 + 0.12 1.9 + 1.48* 1.48 + 0.51* 1.47 + 0.47* 1.28 + 0.71* 0.57 + 0.11
Serum calcium (mg/dL) 11.12 + 3.64 10.22 + 2.33 11.82 + 3.02 12.72 + 2.41 10.14 + 1.63 12.11 + 3.81
Serum phosphorus (mg/dL) 8.54 + 1.79 12.85 + 5.1 10.84 + 1.18 10.62 + 2.25 8.95 + 1.65 9.44 + 2.74

Data are reported as means + SD for 7 animals in each group. C = control rats with normal renal function pair-fed with the NX group; NX =
nephrectomized rats; NX + GH = NX animals treated with 20 IU recombinant human growth hormone (rhGH) kg'! day™'; NX + MP = NX animals
treated with 3 mg methylprednisolone (MP) kg-! day-1; NX + GH + MP = NX animals treated with 20 IU rhGH kg~ day! + 3 mg MP kg-! day"!; MP
= rats with normal renal function treated with 3 mg MP kg'! day™!. The duration of treatment with hormone or saline was 10 days.

*P < 0.05 vs C and vs MP (Student t-test).
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intact or reduced renal function. Animals
receiving the combination of rhGH and MP
also displayed a significantly greater length
gain in comparison with normal renal func-
tion animals (P < 0.005).

Epiphyseal growth plate morphometry

The growth plate reached a significantly
greater height in animals of the two experi-
mental groups treated with rhGH (243.02 +
28.2 um in NX + GH and 212.23 + 14.1 um
in NX + GH + MP) compared to animals
with normal renal function (178.52 + 10.43
pm). Similarly, in both rhGH-treated groups
the hypertrophic zone height (108.78 +20.46
pm in NX + GH and 93.07 £ 8.13 um in NX
+ GH + MP) was significantly greater than in
control animals (75.81 + 13.73 um). Renal
failure (162.47 +23.86 um in NX) and treat-
ment with MP alone (176.3 + 22.22 pym in
MP) or in combination (177.17 £ 19.41 pm
in NX + MP) did not modify the final height
of the epiphyseal growth plate. In contrast,
NX + MP animals showed a significant re-
duction in the proliferative zone height (59.08
+ 4.54 um) when compared to animals with
intact renal function (68.07 + 7.5 um; Fig-
ures 1 and 2A).

Micro-architectural alterations in the or-
ganization of proliferating and hypertrophic
chondrocytes were in general small. Dis-
turbed arrangement of chondrocytes, includ-

ing loss of column alignment and linearity,
was observed only in NX + MP animals and
occurred in both the proliferating and hyper-
trophic zones of the growth plates (Figure

1).
Immunohistochemistry

Chondrocyte proliferative activity was
evaluated by PCNA antibody expression in
the proliferative zone of the growth plate
cartilage. The number of proliferating chon-
drocytes in the growth plate of uremic un-
treated rats (19.46 + 11.35%) was signifi-
cantly decreased when compared with growth
plates from control pair-fed rats (68.64 +
7.9%). Similar findings were observed in
animals treated with MP (33.55 + 15.74%)
and NX + MP (19.48 = 11.13%) (P < 0.005
and P < 0.0005, respectively). PCNA ex-
pression by the chondrocytes of the prolif-
erative zone of uremic rats treated with thGH
(67.09 = 3.97% in NX + GH and 54.26 +
3.4% in NX + GH + MP) did not differ from
vehicle-treated control animals. The com-
bined treatment with both hormones (NX +
GH + MP) did not reach the level of PCNA
expression observed in the control group.
However, it was statistically higher (P <
0.05) than in NX + MP animals (Figure 2B).

IGF-I expression was assessed in both
the proliferative and hypertrophic zones of
tibial growth plates from all groups. In the

Table 2. Weight and length gain of all groups of animals.
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© NX NX + GH NX + MP NX + GH + MP MP
Initial body weight (g) 62.45 + 445 643 =516 7411 + 10.61 61.8 + 9.56  63.71 + 8.37 65.1 + 6.20
Weight gain (g) 7176 = 813  65.33 + 2456 98.16 + 13.45ab  68.28 + 17.78  97.55 + 7.133¢ 8537 + 11.54
Initial body length (cm) 2364 + 056 2363 = 1.43 2331 + 1.22 2257 + 1.17 23.9 + 1.37 23.28 + 0.53
Increase in body length (cm) 893 £ 034 838122 1073 = 1.67%¢ 9.63 =+ 1.11  10.43 + 0.872 9.57 + 0.98

Data are reported as means + SD for 7 rats in each group. C = control rats with normal renal function pair-fed with the NX group; NX =
nephrectomized rats; NX + GH = NX animals treated with 20 IU recombinant human growth hormone (rhGH) kg'! day™!; NX + MP = NX animals
treated with 3 mg methylprednisolone (MP) kg! day!; NX + GH + MP = NX animals treated with 20 IU rhGH kg™! day"! + 3 mg MP kg™ day!; MP
= rats with normal renal function treated with 3 mg MP kg™! day™'. The duration of treatment with hormone or saline was 10 days.

Initial body weight and length were measured during the first surgical procedure and weight and length gain were measured at the time of sacrifice.
aP < 0.005 vs C; PP < 0.05 vs NX; P < 0.005 vs NX + MP; 9P < 0.05 vs C; eP < 0.005 vs NX (Student t-test).
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Figure 1. Histological sections of
proximal tibial growth plates
viewed by light microscopy from
sham-operated rats (C) pair-fed
with nephrectomized animals
(NX) treated with recombinant
human growth hormone (rhGH)
(NX + GH), rhGH and methyl-
prednisolone (NX + GH + MP),
and animals with intact renal
function treated with MP. The
growth plate heights of uremic
animals treated with rhGH (NX +
GH and NX + GH + MP) were
significantly higher than those of
any of the other groups. Note the
decrease in the organization of
linear columns and the irregular-
ity of proliferating and hyper-
trophic chondrocytes in NX + MP
animals (arrows). Five-microme-
ter thick undecalcified sections
stained with Alcian blue/PAS (o-
riginal magnification: 40X). P =
chondrocyte from the prolifera-
tive zone, H = chondrocyte from
the hypertrophic zone.
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Figure 2. Effect of recombinant human growth hormone (rhGH) and
methylprednisolone (MP) on the growth plate of uremic rats. A, Total

= 1007 ¢ width of the growth plate cartilage, width of the hypertrophic zone
g Q@ - and proliferative zone for all groups of animals treated with hormone
% Q 80+ or saline for 10 days (*P < 0.0005 vs C). B, Proliferating cell nuclear
g S antigen (PCNA) expression assessed by immunohistochemistry. The
E 8 60 number of positive cells is reported as percentage of the total number
é E of cells in the proliferative zone of the growth plate (*P < 0.05 vs C,
—+ % 404 **P <0.05 vs NX + MP). C, Insulin-like growth factor | (IGF-I) staining
("'5 -.g in proliferative and hypertrophic chondrocytes. The number of posi-
% S 20 tive cells is reported as percentage of the total number of cells in the
= proliferative and hypertrophic zones of the growth plate, respectively
= 0 T T (*P < 0.05 vs C and vs MP, **P < 0.05 vs C). All data are reported as

c NX NCHGH NP N GHE P means + SD for 7 rats in each group (Student ttest). For abbrevia-
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proliferative zone, IGF-I expression was sig-
nificantly lower in the NX + MP (58.53 =
0.96%) and MP (76.98 + 4.69%) groups
compared with pair-fed control rats (84.78 =
2.93%). Also, the combination of uremia
and MP therapy had an additive inhibitory
effect on IGF-I expression by the prolifera-
tive chondrocytes in NX + MP group (P <
0.0001 vs MP). However, this suppressive
effect of MP on IGF-I expression by prolif-
erative chondrocytes was abolished by rhGH
treatment (82.59 = 3.87% in NX + GH and
84.09 = 2.27% in NX + GH + MP). The
expression of IGF-I by chondrocytes from
the hypertrophic zone of the growth plate
did not differ among groups (Figure 2C).

Discussion

The results of the present study confirm
reports that thGH promotes an increase of
longitudinal growth in uremic animals (16-
19). In addition to the greater length, uremic
animals treated with thGH for 10 days
showed a higher body weight when com-
pared to control animals with or without
reduced renal function. The greater length of
uremic animals treated with thGH was di-
rectly related to greater epiphyseal growth
plate height, which, in turn, was due to an
increase in the height of the hypertrophic
zone. Furthermore, the stimulatory effect of
rhGH on longitudinal growth may counter-
act, at least to some extent, the adverse ef-
fects of corticosteroid therapy on the growth
plate. In the absence of GH, corticosteroids
substantially affected chondrocyte prolifera-
tion and IGF-I expression in the prolifera-
tive zone of the growth plate.

The somatothrophic effect of GH is ex-
erted directly or indirectly by stimulating the
systemic production of IGF-I by the liver
cells and/or the local synthesis of IGF-I by
the growth plate chondrocytes (8,20). An
indirect action through local and/or systemic
IGF-I production could explain the increase
in the hypertrophic zone height of uremic

www.bjournal.com.br

animals treated with thGH. Although it is
unclear how IGF-I contributes to longitudi-
nal growth and how this factor is locally
distributed in the growth plate, it has been
demonstrated that it plays a role mainly in
chondrocyte maturation and hypertrophy
instead of inducing proliferation (21). Al-
though both systemic and locally produced
IGF-1I seem to play an important role in
longitudinal growth, liver-specific IGF-I
depletion strikingly leads to growth rates
comparable to those of wild-type animals
(22), suggesting a central role for local IGF-
I production by growth plate chondrocytes.
Recently, it has been demonstrated that IGF-
I is highly expressed by proliferating and
pre-hypertrophic chondrocytes in the rat tibia
growth plate (23) and also that local injec-
tion of GH regulates IGF-1 expression by
chondrocytes (6). Both findings support the
hypothesis of a local action of IGF-I regulat-
ing chondrocyte maturation and hypertro-
phy.

While the final growth plate height was
not affected by corticosteroids, the width of
the proliferative zone was reduced in uremic
animals treated with corticosteroids. The
maintenance of the final growth plate height
at levels similar to those observed in the
control animals could be due to a delay in
cartilage resorption and chondrocyte apop-
tosis (data not shown) in uremic animals
receiving corticosteroids. This result could
be attributable to the short duration of ure-
mia and MP treatment.

The combined therapy with rhGH coun-
terbalanced the adverse effects of corticoste-
roids and led to growth plate expansion. It is
likely that rhGH, stimulates the proliferation
of the chondrocytes from the proliferative
zone, restoring the normal height of the pro-
liferative zone and the total height of the
growth plate. Although Hanna et al. (24)
reported that the use of thGH in nephrecto-
mized animals resulted in a better level of
organization of the proliferative zone chon-
drocytes, this finding was not confirmed in
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the present study.

The decreased expression of molecular
markers of chondrocyte proliferating activ-
ity such as PCNA in animals with renal
failure supports the view of reduced chon-
drocyte proliferation. This effect was more
evident in corticosteroid-treated rats, possi-
bly due to a higher susceptibility of prolifer-
ating cells to the effects of corticosteroids.
Previous findings by Sanchez and He (25)
demonstrated that proliferating cells are more
vulnerable to corticosteroids, which may
delay cell turnover and inhibit cellular activ-
ity. Nevertheless, the concomitant use of
rhGH in uremic animals treated with corti-
costeroids led to partial recovery of PCNA
expression by proliferating chondrocytes
from the growth plate. This recovery may
have been due to a stimulatory effect of GH
increasing serum IGF-I levels, and thus com-
pensating for the relative IGF deficiency
observed in the uremic state.

Renal failure itself did not affect IGF-I
expression in the proliferative or hypertrophic
zones of the growth plate. The combination
of renal failure and corticosteroid had an
additive inhibitory effect on IGF-I expres-
sion by proliferative chondrocytes of the
growth plate. This action, however, was coun-
teracted by rhGH administration. Together
with PCNA data, the neutralizing effect of
rhGH might also be explained by an increase
in IGF-I gene expression by proliferating
chondrocytes (24), which contributes to
chondrocyte maturation and plays an impor-
tant role in the increase of the hypertrophic
zone height in these animals.

Another new finding of the present study
was the increase in IGF-I expression in the
proliferative zone of the growth plate under
the action of rhGH alone. This might explain
the increase in the height of the hypertrophic
zone through an autocrine-paracrine action
by locally produced IGF-I, which controls
chondrocyte maturation and hypertrophy

A.P.F. Barbosa et al.

(21,24). Although immunoreactivity to IGF-
I was observed in both zones of the epiphy-
seal plate, staining was more intense in the
hypertrophic zone. Similar findings have
been reported by other investigators (24,26).
Although the immunostaining for IGF-I was
more intense in this zone, no quantitative
difference in the expression of this peptide
was observed between groups. This finding
agrees with the histomorphometric results
that showed no significant difference in hy-
pertrophic zone height between animals of
the experimental and control groups. The
pattern of IGF-I staining did not permit us to
define whether the chondrocytes are the site
of synthesis or action of IGF-I, or both. The
expression of IGF-I in proliferative zone
chondrocytes suggests that other mechan-
isms, in addition to synthesis, are responsi-
ble for the IGF-I immunopositivity. Since
immunoreactivity to IGF-I co-localizes with
IGF-binding proteins, one may suppose that
the degree of immunoreactivity depends on
the presence of a higher or lower amount of
these proteins (27).

The present results demonstrate that cor-
ticosteroids administered to uremic animals
cause modifications in the micro-architec-
ture of the epiphyseal plate and reduce the
proliferative activity of chondrocytes in the
proliferative zone. The antiproliferative ef-
fect of corticosteroids on epiphyseal plate
chondrocytes was potentiated by uremia and
partially counteracted by rhGH. Corticoster-
oids also impaired the expression of IGF-I
by the chondrocytes of the proliferative zone
of the epiphyseal plate. This effect was also
potentiated by renal failure and neutralized
by the concomitant action of thGH. These
findings suggest that thGH therapy applied
to uremic rats improves longitudinal growth
by increasing IGF-I synthesis in the growth
plate and by stimulating chondrocyte prolif-
eration in the proliferative zone of the growth
plate.
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