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Abstract. The effect of glucocorticoids (dexamethasone) on circulating concentra- 
tions of insulin-like growth factor (IGF)-I and IGF binding proteins (IGFBPs) was ex- 
amined in young (2-week-old) chickens. Increasing dosages (6, 60, and 600 pglkg) of 
dexamethasone resulted in progressive growth retardation as evidenced by de- 
creased body-weight gain, reduced bone growth, and breast muscle weights, together 
with immunosuppression as indicated by decreased thymus and bursa weights. 
Plasma concentrations of IGF-I were progressively reduced with increased doses of 
dexamethasone. There were no changes in circulating IGFBPs except on Day 7 when 
binding activity of the 36-kDa IGFBP was increased by dexamethasone (6 pglkg). It 
is speculated that similarities exist between the 36-kDa IGFBP and the mammalian 
IGFBP-1 based on the response to dexamethasone treatment. [P.S.E.B.M. 1998, Vol 2181 

he present study examined the effects of the gluco- 
corticoid dexamethasone on growth and plasma con- T centrations of growth hormone (GH) and insulin-like 

growth factor-I (IGF-I) in young chickens with high or in- 
creasing concentrations of GH and IGF-I (1, 2). Reductions 
in body weight or body-weight gain have been demon- 
strated in many species including chickens (3-6), humans 
(7), rats (8-lo), and monkeys (11). The mechanisms by 
which glucocorticoids elicit these effects may include inhi- 
bition of GH secretion (12) or impairment of IGF-I produc- 
tion (13, 14). The latter is supported by the ability of exog- 
enous IGF-I to increase growth and circulating concentra- 
tions of IGF-I in dexamethasone-treated rats (10). The 
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effects of glucocorticoids on circulating concentrations of 
IGF-I vary with dose. Decreases in circulating concentra- 
tions of IGF-I following glucocorticoid treatment have also 
been observed in humans (15) and rats (10,16, 17), and with 
IGF-I release depressed in vitro with rat osteoblast-like cells 
(1 8). However, low doses of glucocorticoids increase serum 
levels of IGF-I in rats (13) and humans (15). While dexa- 
methasone increases circulating concentrations of IGF-I in 
humans, serum IGF-I bioactivity is decreased, suggesting a 
shift in insulin-like growth factor binding protein (IGFBP) 
levels (19). 

Few studies have examined the effects of glucocorti- 
coids on IGFBPs in mammals (13, 15,20) and none in avian 
species. Six IGFBPs have been identified definitively in 
mammals. Several roles of IGFBPs have been suggested 
including serving as a transport mechanism for IGF-I in the 
blood and modulation of IGF-I tissue specificity (21, 22). 
Three IGFBPs have been identified in the chicken based on 
'251-IGF-I binding (23-27) with an additional IGFBP ob- 
served using 1251-cIGF-II as a radioligand (28, 29). 

Based on antibody binding, the 30-kDa IGFBP in 
chickens may be homologous to the human IGFBP-2 (27). 
The present study examines the effect of glucocorticoids on 
growth and circulating concentrations of IGF-I and IGFBP 
in young chicks. It was hypothesized that the expressed 
growth suppression with glucocorticoids would be paral- 
leled by decreases in plasma concentrations of IGF-I and 
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increases in those of IGFBPs just as is observed with nu- 
tritional deprivation (30-32). 

Materials and Methods 
Animals. One-day-old male white Leghorn chicks 

(Avian Services, Inc., Frenchtown, NJ) were maintained on 
a commercial chick diet that met NRC recommendations 
(Country Feeds Broilermaker, soy protein 21% min, Ag- 
way, Syracuse, NY) throughout the experiment. After 5 
days, chicks were assigned to five treatment groups con- 
taining nine chickens per group. Each of the groups was 
then assigned to one of the five treatments by random as- 
signment. Animals in poor health or with body weights 
outside an acceptable range (mean * 2 SDs) were not as- 
signed to the study. 

Dexamethasone, in a vehicle of 15% ethanol and 85% 
phosphate buffered saline (PBS), was administered to three 
of the five treatment groups at doses of 6, 60, or 600 pg/kg 
(1 mVkg of 6, 60, or 600 kg/ml, respectively). Two groups 
served as controls and received either 85% PBS or the 15% 
ethanoY85% PBS vehicle at the same dose volume (1 mY 
kg) as the dexamethasone treated groups. Since the vehicle 
contained a large percentage of ethanol, PBS was adminis- 
tered alone in order to differentiate any overt signs of tox- 
icity that may be attributable to the ethanol. Dexamethasone 
or vehicle was injected subcutaneously on Days 1, 3, and 6 
of the experiment. Body weights and shank-toe bone length 
(as an indicator of skeletal growth) were determined on 
Days 0 (pretest), 3, and 6. Blood samples were obtained by 
venipuncture from the brachial vein on Day 0 and following 
decapitation on Day 7. Breast muscle, bursa, and thymus 
weights were obtained during necropsies on Day 7. 

IGF-I Radioimmunoassay. Plasma concentrations 
of IGF-I were determined by a heterologous radioimmuno- 
assay (33, as validated for chicken plasma: 34). Plasma 
concentrations of IGF-I were determined in a single assay to 
eliminate interassay variance. The coefficient of variation 
for the IGF-I assay was 3.1%. 

IGFBP Analysis. Plasma IGFBPs were identified by 
and subsequently quantified using radioligand blotting tech- 
niques that were slightly modified from those of Hossen- 

Table 1. The Effects of Dexamethasone Treatment on 

lopp et al. (35, 36) and previously described in detail by 
Leili et al. (30). The preparation of all plasma samples 
included an acid extraction prior to analysis in order to 
dissociate the IGFBPs from the ligand. In addition, the 
evaluation of nonspecific binding of the IGFBPs had been 
previously performed in our laboratory [i.e., the addition of 
nonradioactive IGF-I in excess completely inhibited the 
binding of the radioactive ligand (36)]. All geldradiographs 
contained a control lane that consisted of a pooled sample of 
1- and 27-day-old chicken plasma; this standard plasma 
pool was used for all radioligand assays. The IGFBPs from 
plasma samples were compared to those found in the stan- 
dard plasma pool. All mentions of "standard" in the fol- 
lowing text concerning binding proteins refers to the pooled 
plasma "standard." Data are presented as a percentage of 
the optical density (OD) observed for the standard plasma 

Statistical Analysis. Data were analyzed by analy- 
sis of variance (ANOVA). Significant differences in means 
were determined by least significant differences (LSD). 
Since the results obtained for the two control groups were 
essentially the same on Day 7, and the body weights and 
bone lengths were comparable in all groups on Day 0, IGF-I 
levels and the binding activities of the IGFBPs were as- 
sumed to be equally comparable on Day 0 and were ac- 
cessed on Day 7 only. The IGF-I levels in the control groups 
were considered baseline, and all data from the dexameth- 
asone-treated groups were compared to those results from 
the control group receiving the complete vehicle (15% etha- 
noV85% PBS). Statistical analysis was performed using Ex- 
cel, Version 5,  Analysis ToolPak. 

pool. 

Results 
Growth (Body Weight, Shank-Toe Bone 

Length, and Organ Weights). Control chickens in 
treatment Groups 1 and 2 (85% PBS and 15% ethanol/85% 
PBS, respectively) showed steady increases in body weight 
throughout the experiment. Chicks treated with dexameth- 
asone showed reductions (P < 0.05) in body growth com- 
pared to the controls (Table I). Average daily body-weight 
gains were markedly reduced (P < 0.05) by dexamethasone 

Body Weight and Shank-Toe Bone Length in White 
Leghorn Chickens 

Treatment Body weight (g)t Shank-tone bone length (cm)t 
(dexamethasone 

Wkg)  Day 0 Day 3 Day 6 Day 0 Day 3 Day 6 

0 (85% PBS) 51.1 * 1.0" 73.3 * 2.2a 95.2 * 3.8" 5.5 k .05a 5.8 +. .06" 6.4 * .07" 
0 (15% Ethanol/85% PBS) 51.4 f 1 . I  a 73.2 _+ 1 .7" 94.9 * 2.5" 5.4 * -04" 5.8 * -04" 6.4 f .06" 
6 51.2 * 0.9" 71.6 * 1.7"*' 83.7 2 2.1' 5.4 * .05" 5.7 k .04"7' 6.1 f .05' 

60 51.6 * 1.0" 68.9 * 0.ga9* 78.9 * 0.8'9" 5.4 * .03" 5.6 * .04'7c 5.8 * .05" 
600 51.3 * 1.1" 67.1 * 1.1' 72.8 * 1.8" 5.4 * .03" 5.5 * .02" 5.6 ~t .04d 

t Values represent means * SEM, n = 9 chickens/group for all groups. 

PBS = Phosphate Buffered Saline. 
Means with different superscript letters differ (P  c 0.05) by Analysis of Variance (ANOVA), followed by Least Significant Differences (LSD). 

330 EFFECTS OF GLUCOCORTICOIDS ON IGF-I AND IGF-BINDING PROTEINS IN CHICKENS 



and PBS vehicle [PBS vehicle 6.3 k SEM g/day; PBS/ 
ethanol vehicle 6.2 2 SEM g/day; dexamethasone 6 pg, 4.6 
k SEM g/day; 60 pg, 3.9 k SEM g/day; 600 pg, 3.1 k SEM 
g/day]. Reductions in bone growth (P < 0.05) were observed 
in both the 60 and 600-kg dose groups on Day 3 and on Day 
6 in all the dexamethasone-treated groups. The control 
groups showed steady increases in shank-toe bone length 
during the 7-day observation period. Average shank-toe 
bone gain was decreased (P < 0.05) by dexamethasone 
[PBS vehicle 0.13 2 SEM mdday;  PBS/ethanol vehicle 
0.14 .+. SEM mm/day; dexamethasone 6 pg, 0.10 k SEM 
mdday;  60 pg, 0.06 2 SEM mdday;  600 pg, 0.03 2 SEM 
mm/day] ; the growth was almost completely suppressed 
(82% reduction) with the highest dexamethasone dose. 

Due to the catabolic effects frequently associated with 
glucocorticoid treatment, breast muscle weights were evalu- 
ated (Table 11). Mild and marked decreases (P < 0.05) in 
muscle weight were observed in chickens given the 60- and 
600-pgkg dose (17 and 45% lower than controls, respec- 
tively). Similar reductions were noted in the weights of the 
major immune organs (i.e., bursa of Fabricius and thymus), 
in all the dexamethasone-treated groups (Table 11). At doses 
of 6 and 60 pgkg, bursa weights were decreased by 27 and 
54%, respectively, on Day 7. A substantial decrease (24% of 
control) was observed in the 600-pgkg group (P < 0.05). 
Decreases in thymus weights in the 6, 60, and 600 p g k g  
groups were 3 1, 59, and 78% lower than controls on Day 7 
(P < 0.05). 

Circulating Plasma Concentrations of IGF-I. 
Plasma concentrations of IGF-I in chicks of the control 
groups (Group 1- 85% PBS and Group 2- 15% ethanol/85% 
PBS) increased as expected during the 7-day experiment 
(mean plasma concentrations of 124.2 and 122.7 ng/ml for 
Groups 1 and 2 on Day 7, respectively, representing a 2 to 
3 fold increase from Day 0 of the study). The plasma con- 
centrations of IGF-I were reduced on Day 7 in 60 and 600 
p g k g  dexamethasone-treated groups compared to controls 
(Table 111). Plasma concentrations of IGF-I were 28% lower 
than the controls (P < 0.05) in the 6O-pgkg dose group. The 
most pronounced reduction (P < 0.05) in plasma concen- 
trations of IGF-I was observed at a dose of 600 p g k g  (a 
reduction of 62%). 

Table II. The Effects of Dexamethasone Treatment on 

Circulating Levels of IGFBPs. In this experiment, 
three IGFBPs binding proteins were characterized using 
SDS-PAGE electrophoresis. Radiolabeled '251-human 
IGF-I bound to specific proteins with MWs of approxi- 
mately 30,36, and 40 kDa (Fig. 1). The binding activities of 
the 30- and 40-kDa IGFBPs were similar to those in the 
controls on Day 7 following treatment with dexamethasone 
(Table 111). However, the binding activity of the 36-kDa 
IGFBP was increased (P < 0.05) by 64% at 6 p g k g  of 
dexamethasone on Day 7 (Table 111). Binding activity of the 
36-kDa IGFBP in the 60- and 600-pgkg dose groups was 
comparable to the controls on Day 7. 

Discussion 
The administration of dexamethasone has been shown 

to have adverse effects on growth and development (see 
introduction for references), and this was again observed in 
the present study (Table I). 

The specific mechanism by which glucocorticoids ef- 
fect growth and growth factors is not well defined. In mam- 
mals, the effects of dexamethasone on IGF-I are often de- 
pendent upon the dose levels administered. Dexamethasone 
at low doses has been shown to increase levels of IGF-I in 
rats (13,20) and humans (15). No such effect was observed 
in the low dose of dexamethasone in the present study 
(Table 111). At higher doses, decreases in plasma concen- 
trations of IGF-I have been observed in humans (15) and 
rats (10, 16). Similarly in the present study with young 
chickens, reductions in plasma concentrations of IGF-I were 
observed following the administration of dexamethasone at 
doses of 60 and 600 p g k g  (Table 111). Of particular interest 
is the lack of tight correlation between the inhibition of 
growth by dexamethasone and the responses of IGF-I. 
Marked inhibition of skeletal growth was observed with the 
lowest dose of dexamethasone (Table I). However, there 
was not a concomitant reduction on the circulating concen- 
tration of IGF-I (Table 111). 

Despite the reductions in growth and plasma concen- 
trations of IGF-I, there were little changes in the binding 
activity of IGFBPs. The binding activity of the 30-kDa IG- 
FBP was unaffected by dexamethasone administration. This 
is in contrast with the increase in this IGFBP with feed 

Breast Muscle, Thymus, and Bursa Weights in White 
Leghorn Chickens 

Treatment 
(dexamethasone 

IJg/kg) 

Organ weights (g)t Day 7 

Breast muscle Thymus Bursa 

0 (85% PBS) 2.63 0.24" 0.28 f 0.03" 0.40 f 0.03a 
0 (15% Ethanol/85% PBS) 2.92 f 0.14a3b 0.32 f 0.03a96 0.41 f 0.03a 
6 2.56 f 0.09a~b~c 0.22 f 0.01 0.30 f 0.02b 

60 2.26 f 0.07arC 0.1 3 f 0.01 0.1 9 f 0.02c 
600 1.60 f 0.20d 0.07 f 0.01 0.1 0 f 0.02d 

t Values represent means * SEM, n = 9 chickens/group for all groups. 
a4 Means with different superscript letters differ (P e 0.05) by Analysis of Variance (ANOVA), followed by Least Significant Differences (LSD). 
PBS = Phosphate Buffered Saline. 
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Table 111. The Effects of Dexamethasone Treatment on IGF-I Plasma Concentrations and the Binding Activity 
of the 30-, 36-, and 40-kDa IGFBPs on Day 7 in White Leghorn Chickens 

IGFBP binding activity as optical densityt (% of standard)tt 
IGF-I plasma Treatment 

(dexamet hasone levels (ng/ml) 30-kDa 36-kDa 40-kDa 
C1g/kg) IGFBP IGFBP IGFBP 

0 (85% PBS) 124.2 k 9.8" 35.4 i 11.6" 164.9 * 25.0" 806.5 * 336.0" 
0 (15% Ethanol/85% PBS) 122.7 k 11 .6a 94.2 i 23.8" 139.6 & 16.5" 539.1 278.7" 

787.4 * 254.5" 6 92.9 k 16.1 109.6 i 90.7a 
60 88.3 k 5.5b 70.8 i 15.ga 167.6 * 8.9" 785.7 * 309.7" 

600 46.9 k 9.2' 63.7 29.5" 133.9 * 15.5" 309.6 * 100.8" 

229.3 * 9.gb 

t Values represent means * SEM, n = 6 chickens/group for all groups. 
tt Plasma obtained and combined from 1- and 27-day-old White Leghorn chickens. 
a-c Means in columns with different superscript letters differ (P  c 0.05) by Analysis of Variance (ANOVA), followed by Least Significant 
Differences (LSD). 
PBS = Phosphate Buffered Saline. 

kDa 

e 40.0 

+- 36.0 
4- 30.0 

Figure 1. Representative ligand blot of chicken plasma IGF-binding 
proteins (IGFBP). Plasma proteins were separated by electrophore- 
sis and blotted with '251-labeled IGF-I as outlined in the text. Proteins 
with approximate molecular masses of 30, 36, and 40 kDa were 
identified. Each blot contained a plasma standard in the Lane 1 
position (far left lane). 

restriction and fasting in young chicks (30). Moreover, feed 
restriction would be expected to elevate plasma glucocorti- 
coid concentrations. In view of the tentative identification of 
the 30-kDa chicken IGFBP as IGFBP-2 based on antibody 
binding (27), it is not surprising that the changes of the 
30-kDa IGFBP are not consistent with these of IGFBP-1 in 
mammals. Suppression of IGFBP-1 has been noted follow- 
ing glucocorticoid treatment in humans (37). In contrast, 
treatment with low doses of dexamethasone in rats results in 
increases in IGFBP-1 serum concentrations (32). The only 
IGFBP affected by dexamethasone in this experiment was 
the 36-kDa IGFBP (Table 111) and that effect was only noted 
at the lowest dose of dexamethasone administered (6 pg/ 
kg). No changes in binding activity of the 36-kDa IGFBP 
were noted at 60 and 600 pg/kg. The changes in binding 
activity of the 36-kDa IGFBP observed in young chicks 
(Table 111) are very similar to those found in rats with 

In conclusion, as was expected, the glucocorticoid 
dexamethasone reduced growth in young chickens and in- 
duced regression of the immune tissues, thymus, and bursa. 
Some of the growthhmmune suppressive roles of dexameth- 
asone can be attributed to the reductions in the circulating 
concentrations of IGF-I. It is unlikely that the change in the 
36-kDa IGFBP influences growth. Moreover, the failure of 
dexamethasone to moderate the binding activity of either 
the 30- or 40-kDa IGFBPs militates against either IGFBP 
being involved in the growth suppressive effect of dexa- 

IGFBP-1 (32) .  

methasone. It would therefore appear that glucocorticoids 
exert their growth/immune suppressive effect both indi- 
rectly via IGF-I and directly at the tissue level. 
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