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Abstract. Experiments were conducted to evaluate the possible role of circulating growth hor-
mones triiodothyronine (Ts), thyroxine (T,), and insulin-like growth factor I (somatomedin-C;
IGF-I) in the elevation of plasma growth hormone (GH) which occurs in protein-restricted chickens.
Plasma hormone changes were determined over a 2-week period of protein depletion by feeding
a 5% protein diet as well as a similar period of protein repletion with a 20% protein diet. The rise
in plasma GH was observed in two separate studies. Plasma concentrations of T4, T3, and IGF-
I were all depressed in protein-restricted chicks prior to or concurrent with the GH elevation. In
the protein repletion time course study, T, and T3 concentrations were normalized prior to or
concurrent with plasma GH normalization. However, IGF-I concentrations in repleted chicks
did not return to control levels until after normal levels of GH were observed. These data suggest
that thyroid hormones may play a greater role in the regulation of GH secretion during periods
of malnourishment than IGF-I; the latter being currently thought to be a peripherally circulating

inhibitor of GH release in animals.
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Chickens fed a low protein diet for 2 weeks
have an increased plasma concentration of
growth hormone (GH) when compared with
that of adequately fed controls (1). A similar
phenomenon is seen in humans (2, 3), but not
in rats which have decreased plasma GH con-
centrations in response to protein restriction
(4, 5). Although it has been shown that rats
have an accompanying decrease in pituitary
GH content with protein deficiency (4), no
mechanism has been established for GH
changes observed in the chicken. Obviously
the events leading to the changes are as dif-
ferent as the end results when comparing the
two species.

Other hormonal changes also occur during
protein or protein-—-calorie restriction. For ex-
ample, there is a decrease in plasma concen-
trations of insulin-like growth factor I (so-
matomedin-C; IGF-I) in the chicken (6), rat
(7, 8), and human (9, 10). Thyroid function
and weight decrease under these conditions in
the chicken (11), and plasma concentrations
of thyroid hormones decrease in the human
(3) but are unaffected (12) or increase (13) in
the rat. Thus, the human metabolic responses
to protein restriction are more similar to those
of the chicken than to those of the rat.

It is possible that the increases in the plasma
concentrations of GH reflect elevated secretion

due to a decrease in negative feedback from
IGF-], triiodothyronine (T3), or thyroxine (T,).
Indeed IGF-I has been observed to exert a
negative feedback inhibition of GH release in
vitro (14) and in vivo (15, 16). Although thy-
roid hormones are not major inhibitors of GH
release in mammals, there is an inverse rela-
tionship between plasma thyroid hormones
and GH secretion in chickens. For instance,
chicks having reduced thyroid function due to
goitrogen administration (17) or autoimmune
thyroiditis (18) have elevated plasma GH con-
centrations. Sex-linked dwarf chickens with
inherent depressed plasma T3 concentrations
also have greater plasma concentrations of GH
than the normals of the parent strain (19).
Daily injections of T5 and T, reduce circulat-
ing GH concentrations in young chickens (20).
Thus it is possible that the plasma GH ele-
vation seen with protein restriction may be
due, at least in part, to the depression of these
proposed negative feedback inhibitors (T3, T4,
and IGF-1) of GH secretion. For these hor-
mones to be further implicated in this meta-
bolic response, a change in the circulating lev-
els must occur to or simultaneous with GH
changes. In a series of time course studies,
these possibilities were explored.

Materials and Methods. Male White Leg-
horn day-old chicks (Gallus domesticus) were
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obtained from Avian Services (Frenchtown,
N.J.) and reared in Petersime brooder batteries
throughout the entire study. Room tempera-
ture was controlled at 22 + 1°C while pho-
toperiod was maintained at 16L:8D. Birds
were fed chick starter diet (Agway Corp., New
Brunswick, NJ) until experimental diets were
fed and water was always available. Ingredients
used to mix purified experimental 5 and 20%
protein diets were purchased from Dyets, Inc.
(Bethlehem, PA). Composition of these iso-
caloric diets have been described elsewhere
(21). Food consumption and growth data for
birds maintained on these diets are also de-
scribed in this previous report.

Experiment 1. Chicks received the purified
20% protein diet from age 2 to 4 weeks to ac-
climate birds to the texture and palatability
changes of the purified diets compared to the
commercial feed. At 4 weeks of age birds were
distributed into treatment groups having
equivalent body weights (N = 7) and assigned
either the control 20% protein or the low 5%
protein diet. Diets were isocaloric with the dif-
ference in energy being supplied as carbohy-
drate (cornstarch). Texture and palatability of
these diets were equivalent as determined by
food consumption data of previous experi-
ments (21). An initial (time = 0 days) group
was sacrificed at that point by decapitation and
blood was collected. Plasma was then obtained
by centrifugation and stored at —20°C for
hormone analysis. Birds were then sacrificed
in the same manner as above 1, 2, 3, 4, 5, 6,
8, 10, 12 and 14 days following the start of the
diets.

Experiment 2. In this trial, chicks were fed
either the 5 or 20% protein diets from age 2
to 4 weeks. At that point, one-half of the birds
in each treatment group were switched to the
alternate diet, while the remainder continued
their original feeding regime. At Time 0 and
Days 1, 2, 3, 4, 6, 8, 10, 12 and 14 after the
change in diets, chicks were sacrificed as above
and blood was collected for hormone analysis.

Hormone analysis. GH concentrations were
measured using the homologous radioim-
munoassay of Harvey and Scanes (22). Plasma
concentrations of IGF-I were assayed by the
heterologous RIA method of Furlanetto et al.
(23) validated for the chicken in our laboratory
(24). The antisera and the iodinated IGF-1
were gifts of Drs. J. J. Van Wyk and Louis E.
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Underwood with the former being obtained
through the National Hormone and Pituitary
Program. Standards for this assay were dilu-
tions of pooled plasma from 6- to 8-week-old
chickens; 1 unit being equivalent to the
amount of IGF-1 in 1 ml of a laboratory stan-
dard pool of chicken plasma. Both plasma T,
and T were assayed using the component kits
from Antibodies, Inc. (Davis, CA) and the io-
dinated hormone was purchased from Amer-
sham Radiochemicals (Arlington Heights, IL).

Statistics. Hormone concentration differ-
ences between low protein and control birds
in the first time course study were compared
using Student’s £ test for unpaired observations
(25). For the second time course study, data
were treated by analysis of variance and the
means were separated by the Duncan multiple
range test.

Results. Figures 1 and 2, respectively, illus-
trate plasma concentrations of GH and IGF-
I (Fig. 1) and those of T; and T, (Fig. 2) after
initiation of feeding a low protein diet. Plasma
concentrations of GH in the protein-restricted
chicks were significantly elevated (P < 0.05)
compared with control chicks on Days 8§, 12,
and 14 of the experimental diet. On the other
hand, plasma concentrations of IGF-1 were
decreased (P < 0.001) in the birds fed low pro-
tein by Day 2 of the dietary regime and re-
mained lower (P < 0.05) than controls
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FIG. 1. Plasma concentrations of GH and IGF-I in
cockerels fed 5 or 20% protein diets from 4 to 6 weeks of
age. Birds were preacclimated to 20% protein (control)
purified diets for 2 weeks prior to start of time course.
Data from chicks fed 5% protein diets are represented by
open triangles, whereas data from chicks receiving the 20%
protein (control) diet are represented by closed circles. As-
terisks indicate values different from controls on the same
day. *P < 0.05, **P < 0.01, **P < 0.001.
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FIG. 2. Plasma concentrations of T, and T, in cockerels
fed S or 20% protein synthetic diets from 4 to 6 weeks of
age. Birds were preacclimated to 20% protein (control)
purified diets for 2 weeks prior to start of the time course.
Data from chicks fed 5% protein diets are represented by
open triangles whereas data from chicks receiving the 20%
protein diet are represented by closed circles. Asterisks
indicate values different from controls on the same day.
*P < 0.05, **P < 0.001, **P < 0.001.

throughout the rest of the study. The mean
difference between dietary groups varied
greatly over the 2-week period with controls
averaging 3.6-fold greater concentrations than
malnourished. Plasma concentrations of IGF-
I were 10-fold greater in controls on Days 10
and 12 than their protein-restricted counter-
parts. Plasma concentrations of T5 and T, were
also affected in the protein-restricted birds (Fig.

2). Chickens fed 5% protein had decreased
plasma concentrations of T; on Days 5, 10,
12, and 14 compared to controls. The plasma
concentrations of T, in the low protein group
were decreased 1 day after being fed experi-
mental diets with the mean plasma concen-
tration of T, being reduced by 60% from Day
1 to 14 compared to controls.

The second study involved both protein re-
striction and repletion of 2- to 6-week-old
chicks. During the initial 2-week period chicks
were fed either 5 or 20% protein diets from
age 2 to 4 weeks. At that point, one-half of
each initial group continued to receive the
same diet while the other half was switched to
the alternate diet. Data on plasma concentra-
tions of GH, IGF-I, T, and T, are presented
in Tables I through IV. Plasma concentrations
of GH after 2 weeks of being fed the low pro-
tein diet were consistent with the previous
study; being three-fold higher than those of
controls. However, by Day 1 of protein reple-
tion, plasma GH concentrations were reduced
38.5% compared with chicks remaining on the
5% protein diet. By Day 4 of repletion, plasma
concentrations of GH did not differ from
chicks fed the 20% protein diet throughout the
study. Birds switched from 20 to 5% protein
showed the characteristic rise in GH concen-
trations by Day 8 compared to controls and
these levels remained higher through Day 14.
Birds fed 5% protein diets for the entire ex-

TABLE I. EFFECT OF A Low PROTEIN DIET AND PROTEIN REPLETION ON PLASMA
CONCENTRATIONS OF GH IN CHICKS

Protein level fed (age 2-4 weeks/age 4-6 weeks)

Days after start
of second feeding

Group 1
5%/5%

Group 2
5%/20%

Group 4
20%/5%

Group 3
20%/20%

152.4+16.8 (8)°

0 456.0+ 749 (8)®
1 4239+ 43.2(8)° 260.4 + 54.3 (8)®
2 336.2+ 27.1(8)° 288.8 + 59.1 (8)°
3 603.9 + 50.6 (7)° 294.6 +37.8 (8)°
4 316.2+ 27.1(8)¢ 227.9 +£22.3 (8)°
6 401.6 + 60.3 (7)® 137.0+24.4 (8)°
8 342.8+ 53.3(8)° 170.9 +30.2 (8)®
10 476.9 + 184.0 (6)® 201.0 +27.3 (7)°
12 369.9 + 70.9 (7)® 91.3+14.8 (8)°
14 331.0+ 29.3(8)® 83.5+14.4 (8)°

149.8 +25.8 (7)°
182.9 +33.1 (8)°
183.4 + 34.4 (8)°
157.9+26.4 (8)°
146.4 +27.0 (6)°
88.1+ 9.6(8)°
156.9 +24.1 (8)°
176.8 +23.4 (8)°
98.3 +23.1 (8)°

179.5 +22.3 (8)**
145.5+10.9 (8)*
260.2 +31.0 (8)*®
227.7+28.9 (8)°
223.0+32.9 (8)°
230.9 +28.6 (8)®
310.3 +46.7 (8)°
3482 +72.7 (T)t
313.8 +38.4 (7)?

Note. Birds were fed 5 and/or 20% protein diets from 2 to 4 and 4 to 6 weeks of age. Data are presented as means
(ng/ml) + standard error (V).
24< Means with the same letter are not different (P < 0.05 or less) on same day by ANOVA and Duncans multiple

range test.
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TABLE II. EFFECT OF A Low PROTEIN DIET AND PROTEIN REPLETION ON PLASMA
CONCENTRATIONS OF IGF-I IN CHICKS

Protein level fed (age 2-4 weeks/age 4-6 weeks)

Days after start Group 1 Group 2 Group 3 Group 4
of second feeding 5%/5% 5%/20% 20%/20% 20%/5%
0 2.13+£0.14 (8)* 3.38+£0.39 (8)¢

1 2.29+0.15 (8)° 2.27+0.17 (8)° 3.11+0.15 (8)® 2,90 +£0.15 (8)*

2 2.07 £0.09 (8)° 1.75+0.15 (7)° 3.53+0.37 (8)° 2.05+0.29 (8)°

3 1.95+0.10 (8)** 2.20+0.13 (8)° 2.86 £0.17 (8)¢ 1.55+0.11 (8)*

4 1.29+0.12 (8)*° 1.78 £ 0.16 (8)° 3.34+£0.15 (8)° 1.27 £0.09 (8)¢

6 1.14 £0.09 (6)¢ 2.16 +£0.34 (8)° 3.01 £0.25 (8)° 1.78 £0.17 (8)®

8 1.33+0.13 (7)¢ 2.16 +0.31 (8)° 2.84+0.36 (8)° 1.28 £0.17 (b)*

10 1.41£0.17 (6)° 3.13+£0.32 (7)® 3.25+0.47 (8)° 1.54 £0.13 (7)¢

12 1.62+0.16 (7)° 2.99 +0.54 (8)° 3.53+0.20 (8)® 1.77 +0.23 (7)¢

14 1.28 £0.12 (8)* 3.57 +£0.49 (8)® 3.34+0.15 (8)® 1.21+0.12 (8)¢

Note. Birds were fed 5 and/or 20% protein diets from 2 to 4 and 4 to 6 weeks of age. Data are presented as means
(U/ml) + standard error (N).
#bc Means with the same letter are not different (P < 0.05 or less) on same day by ANOVA and Duncans multiple

range test.

perimental period had elevated plasma con-
centrations of GH compared to controls at all
time points.

Plasma concentrations of IGF-I in protein-
restricted chickens were 40% lower than con-
trols after 2 weeks of diet consumption. Pro-
tein depletion during the second feeding period
further decreased plasma concentrations of
IGF-I. Chicks fed the low protein diet in the
second half of the study had decreased plasma
concentrations of IGF-I by Day 2 of protein

depletion and these concentrations remained
lower through the course of the experiment.
Plasma concentrations of IGF-I increased
during protein repletion such that levels in this
group were similar to those in protein-repleted
chicks on Days 3, 8, 10, 12, and 14 of the
study.

Plasma concentrations of T3 were 32%
lower in protein-malnourished chicks com-
pared to controls at 4 weeks of age (Table 3).
Birds switched from 5 to 20% protein had in-

TABLE III. EFFECT OF A LOowW PROTEIN DIET AND PROTEIN REPLETION ON PLASMA CONCENTRATIONS OF T;

Protein level fed (age 2-4 weeks/age 4-6 weeks)

Days after start Group 1 Group 2 Group 3 Group 4
of second feeding 5%/5% 5%/20% 20%/20% 20%/5%
0 5.2+0.1 (8)° 7.6+0.7 (8)

1 38+1.0(7)° 10.1 £ 0.5 (7)%¢ 11.3+ 1.5 (8)¢ 7.6+1.0 (8)°

2 4.4+0.5(6)° 11.5% 1.4 (7)¢ 12.0£0.6 (7)¢ 8.4+0.6 (6)°

3 42+0.4(7)° 164+ 1.2 (7)° 10.9+0.7 (7)° 6.4+1.1(7)°

4 6.8+1.2(6)* 149+ 1.6 (8)° 11.8+0.7 (8)> 8.4+1.2(6)°

6 3.6+0.7 (6)° 13.0+0.8 (7)¢ 11.9+ 1.3 (8)° 6.7+ 1.8 (7)°

8 49+0.5(8)* 144+ 1.1 (8)° 124+ 1.6 (8)° 7.5+1.8 (8)°

10 5.1+£0.9 (6)° 146 £1.2 (7)° 15.6 £0.8 (6)° 9.2+2.0(7)°

12 6.7+0.7 (6)* 10.8 + 1.4 (7)° 13.5+2.0 (8)° 5.3+0.9 (8)°

14 » 4.1+1.1(7)° 14.8£2.1 (8)° 13.2+0.8 (7)® 48+1.1(7)°

Note. Birds were fed 5 and/or 20% protein diets from 2 to 4 and 4 to 6 weeks of age. Data are presented as means
(ng/ml) + standard error (N).

2£< Means with the same letter are not different (P < 0.005 or less) on same day by ANOVA and Duncans multiple
range test. :
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creased plasma concentrations of T; by one
day of repletion compared to protein-restricted
chicks. Plasma concentrations of T; were equal
to or greater (Day 4) than protein-repleted
controls until Day 14. Switching the diet from
20 to 5% protein caused a decrease in plasma
concentrations of T; similar to that of the pre-
vious study. This effect was consistant after 6
days of receiving the diet. Chicks fed 5% pro-
tein diet throughout the entire study and those
switched from 20 to 5% protein had consis-
tently lower plasma concentrations of Tj.
Birds receiving the low protein diet for the
second two-week feeding period required 10
days of food consumption to achieve the low
levels observed in birds fed at the 5% level for
both periods. Within 3 days of switching chicks
from 5 to 20% protein, plasma concentrations
of T, were increased compared to restricted
birds.

Discussion. The GH response to protein re-
striction was examined in two time course
studies of a 2- and 4-week duration, respec-
tively, and the possible role of the thyroid hor-
mones and/or IGF-I in this response was eval-
uated. It has been suggested in several reports
that IGF-I acts as a negative feedback inhibitor
of GH secretion (Berelowitz et al. (14) and
Tannenbaum (15)). The former study dem-
onstrated a depression in GH release in vitro
by addition of purified IGF-I to rat pituitary
cell incubations. The latter report implicated
IGF-I as an in vivo inhibitor of GH secretion.
A semipurified preparation rich in multipli-
cation-stimulating activity (MSA) and so-
matomedin-C (IGF-II and IGF-I, respectively)
injected into the lateral ventricle, inhibited
pulsatile GH release 2 hr after administration.
It is possible, therefore, that a decrease in IGF-
I due to protein restriction results in a reduc-
tion of negative feedback of GH secretion.
Thyroid hormones have also been shown to
affect plasma GH concentrations in the
chicken (17-20).

Results from the first time course study
(Figs. 1 and 2) indicate that when plasma con-
centrations of GH in protein-restricted chicks
were elevated consistently by 12 and 14 days
after receiving the diet, plasma concentrations
of T3, T4, and IGF-I were depressed compared
with those of controls. In the second time
course study, plasma concentrations of GH in
the protein-repleted chicks returned to normal

HORMONE CHANGES DURING PROTEIN RESTRICTION

4 days after being switched to the 20% protein
diet. Plasma concentrations of T; in this re-
pleted group recovered within 1 day, and
plasma concentrations of T, returned to con-
trol levels by Day 4. The fact that plasma T,
concentrations recover from protein restric-
tion later than plasma T; concentrations may
indicate that conversion of T, to T rather than
total thyroid hormone synthesis is primarily
affected. Recent studies have indicated that
factors influencing circulating thyroid hor-
mone concentrations can independently effect
liver 5-monodeiodinase activity and the thy-
roid gland (26, 27). It is possible, therefore,
that effects of protein restriction on thyroid
hormone concentrations could occur at the
liver and alter the circulating ratio of T5 to T,
without changes in plasma concentrations.
Plasma IGF-I concentrations in repleted
chicks, however, were still lower than those of
controls 4 and 6 days after receiving the 20%
protein diet. Results of these two studies sug-
gest that although IGF-I may be a negative
feedback inhibitor of GH secretion, a clear re-
lationship between IGF-I and GH concentra-
tions is not evident. The repletion time course
study (Tables I-IV) demonstrates normal con-
centrations of GH can exist with low-plasma
concentrations of IGF-1. On the other hand,
these studies make a strong case for the in-
volvement of the thyroid hormones. Plasma
concentrations of both T; and T, are depressed
in protein-restricted chicks prior to GH in-
creases. However, plasma concentrations of T
returned to normal almost immediately after
protein repletion while changes in the plasma
concentrations of GH and T, coincided. A
possible mechanism for this interrelationship
may involve thyrotropin-releasing hormone
(TRH) which stimulates both GH- and thy-
roid-stimulating hormone (TSH) release from
the pituitary (28, 29). Growth hormone is also
secreted in response to growth hormone-re-
leasing factor (GRF) (30). It could follow that
low levels of thyroid hormones, induced by
protein deficiency, stimulate TRH release
from the hypothalamus. Another possibility is
that T; and/or T, exert direct inhibitory effects
on the pituitary gland decreasing both basal
and secretagogue-induced release of GH and
TSH. The mechanism underlying the reduc-
tion in plasma concentrations of IGF-I in pro-
tein deficiency is unknown at this point. Syn-
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TABLE IV. EFFECT OF A Low PROTEIN DIET AND PROTEIN REPLETION ON PLASMA CONCENTRATIONS OF T,

Protein level fed (age 2—-4 weeks/age 4-6 weeks)

Days after start Group 1 Group 2 Group 3 Group 4
of second feeding 5%/5% 5%/20% 20%/20% 20%/5%
0 12.9+0.7 (8)¢ 44.4+2.3 (8)?

1 11.6 +£0.8 (8)° 13.6 £ 1.0 (6)* 30.1 £ 1.1 (8)° 222419 (8)°

2 125+ 1.9 (8)° 15.7+ 1.6 (8)° 36.4+2.3 (8)° 27.3+22(8)°

3 10.4 £0.5 (7)° 26.7+2.4(7)" 35.7+3.8 (8)¢ 19.2+£25(7)°

4 11.5+1.0 (8)? 343+19 (8)° 322+1.8(8)° 20.1+1.7 (8)°

6 122+ 1.2 (7)° 26.0 + 1.7 (8)° 29.7+1.3 (8)° 20.3+ 1.6 (8)°

8 140+ 1.0 (8)° 34.3+0.9 (7)° 39.2+2.2(8)¢ 22.6+2.0 (8)°

10 150+ 1.4 (6)° 345+ 1.3(7)° 38.8+2.5(8)° 18.5+1.3 (8)°

12 9.4+ 1.4(6)° 36.7+3.5(8)® 34.1+ 1.6 (8)° 11.2+2.1 (6)°

14 11.7+ 1.8 (6)° 32.4+34(8)° 322+ 1.7(7)° 147+ 1.1 (8)°

Note. Birds were fed 5 and/or 20% protein diets from 2 to 4 and 4 to 6 weeks of age. Data are presented as means

(ng/ml) + standard error (N).

-4 Means with the same letter are not different (P < 0.005 or less) on same day by ANOVA and Duncans multiple

range test.

thesis of IGF-I may also require the presence
of thyroid hormones at some level, or the al-
teration of nutritional substrates may exert di-
rect effects on IGF synthesis and/or release.
Although it is well documented that plasma
concentrations of IGF-I decrease with protein
deficiency in a variety of species (2, 6-9), the
role of T; or T, in this response has not been
investigated. Lower circulating levels of IGF-
I could also aid in the protein-restricted in-
crease in plasma concentrations of GH as IGF-
I has been shown to inhibit GH secretion (14,
15). It is possible that initial decreases in
plasma concentrations of IGF-I could aid in
elevating plasma GH concentrations. In-
creased circulating levels of GH would in turn
down-regulate GH receptors at the periphery
and further depress IGF-I synthesis and re-
lease. As this cycle continued, an amplification
of the problem would occur until plasma GH
concentrations leveled off and plasma IGF-I
concentrations bottomed out.

These speculations require investigation.
The complexity of the thyroid—-pituitary-hy-
pothalamic axis has made such studies difficult
as the system is both dynamic and multidi-
rectional. Further studies are underway to
elucidate the role of thyroid hormones in the
dietary-induced increase in GH concentra-
tions.
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