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ABSTRACT

Following hypophysectomy and subsequent ACTH replacement 
therapy in the duck (Anas platyrhynchos), the physiological 
changes observed in body, liver, testes, and adrenal weight, 
as well as peripheral plasma corticosterone concentration, were 
essentially the same as those changes reported by Bradley and 
Holmes (1971). A study of the specific corticosterone binding 
activity of corticosteroid binding globulin (CBG) was under
taken in order to find out if changes in CBG activity could be 
the basis for the differences observed by these investigators 
between the metabolic clearance rates of corticosterone in 
sham-operated and hypophysectomized ducks.

Electrophoresis was used to characterize the plasma CBG.
The greatest amount of tritium labelled corticosterone was ass
ociated with thee^-globulin fraction of the plasma, thus demon
strating an electrophoretic similarity of duck CBG with several 
previously characterized mammalian CBG's. Our results did not 
demonstrate a direct role for ACTH in the control of CBG activity. 
The observed changes in liver weight after the removal of the 
adenohypophysis, and the restoration of liver weight after ACTH 
replacement, seem to be consistent with the notion that rather 
than ACTH promoted changes in CBG activity, pituitary controlled 
hepatic metabolism is largely responsible for changes in the 
metabolic clearance rate of corticosterone.

vii



A CHARACTERIZATION OF THE CORTICOSTERONE-BINDING-GLOBULIN 
IN THE PLASMA OF THE DUCK (ANAS PLATYRHYNCHOS)



INTRODUCTION

Daughaday (1956), Bush (1957), Sandberg, Slaunwhite and 
Antoniades (1957), and Upton and Bondy, (1958), have demonstrated 
the presence in human plasma of a specific protein capable of binding 
corticosteroids with very high affinity and low capacity. This inter
acting protein, . termed “corticosteroid-binding globulin" (CBG) or, 
alternatively, "transcortin", is clearly distinguished from albumin 
which has high binding capacity and a low affinity (Seal and Doe,
1963, 1965, 1966; Osorio and Shats, 1968). Slaunwhite and Sandburg 
(1959) proposed the name “transcortin" for the steroid-binding protein. 
This name connotes a transport function of the protein which has not 
been fully established. Therefore, in this paper the more general 
name corticosteroid-binding globulin (CBG), coined by Daughaday (1956) 
will be employed. A CBG has been identified in the duck (Anas platy- 
rhynchos) (Chader and Westphal, 1968), but it has not been character
ized even though the plasma protein components of duck plasma have been 
known for some time. (Deutsch and Goodloe, 1945).

The exact role of the protein steroid-carrier complex has been 

debated. Some workers have felt that the complex may function to store 
steroid in the plasma for protection from adsorption to walls of the 
vascular system and from chemical breakdown in plasma (Westphal, 1961) 
and from excessive loss through the kidney (DeMoor, Steeno, 6 Heyns, 
1968). Sandberg, Rosenthal, Schneider and Slaunwhite (1966) have
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postulated that the protein-bound fraction of the total hormone in 
plasma is not available for metabolism and that the "biologically effec
tive" fraction is that in the "native" or free state. Thus, protein 
bound hormones may constitute a sequestered reserve of potential hormone 
activity.

There are several physiological states in which changes in steroid 
protein binding occus (Krulik and Svobodova, 1969; DeMoor, Bouillon, and 
0. Steeno, 1969). It is tempting to speculate that there may be a direct 
role for the adenohypophysis in the control of CBG activity in light of 
the observations that pituitary extracts, TSH and thyroid hormone restore 
to normal the decreased CBG activity observed in hypophysectomized rats 
(Steinetz and Beach, 1963; Harris, Levine, and Schindler, 1964; D'Angelo 
and Grodin, 1964). However, there remain differing reports as to whether 
there is an increase or decrease in plasma CBG activity in rats after 
hypophysectomy (Westphal, Williams and Ashley, 1962; Gala and Westphal, 
1966), and additionally, these observations have been made in a restricted 
number of species.

Recent studies with hypophysectomized ducks and pigeons have shown 
there is a highly significant slowing of the metabolic clearance rate 
(M.C.R.) of injected radioactive corticosterone when compared with sham- 
operated controls. After ACTH treatment, hypophysectomized birds showed 
a tendency to return toward a more rapid metabolic clearance rate (Bradley 
and Holmes, 1971; Chan, Bradley and Holmes, 1972). This decrease in the 
metabolic clearance of corticosterone from the plasma of the hypophysect
omized birds suggests that the catabolism of corticosterone was impaired, 
but whether this impairment represented a change in hepatic (or other)
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Metabolism, or In the amount of protective protein binding, was not 
demonstrated. It was therefore decided to characterize the nature of 
duck plasma corticosteroid binding globulin for comparison with other 
species and to determine the effects of hypophysectomy and ACTH replace 
ment therapy in hypophysectomized ducks on the specific activity of 
CBG in order to determine if the changes in metabolic clearance rates 
observed previously in hypophysectomized and ACTH treated animals 
could be at least partially explained by ACTH controlled changes in 
the character or degree of protective protein binding.



MATERIALS AND METHODS
M •  •

Animal Maintenance 
Pekin drakes (Anas platyrhynchos), 8-12 weeks of age, were fed a 

diet of "Chicken grower food" (California Milling Corporation, Los 
Angeles) with a supply of fresh water ad libitum. Food was removed from 
the cages 12 h before surgery or experimentation. Before surgery, all 
birds were maintained on a regimen of 12 h light and 12 h darkness at 
22°C and 50% relative humidity. After surgery, the ducks were housed

in individual cages in a room at 26°C and 45% relative humidity for 5
odays and were then returned to the room at 22 C.

Experimental Groups
Hypophysectomized ducks

All surgical procedures, animal treatments and blood collections 
were carried out at the Central Vivarium, University of California, Santa 
Barbara. Birds were anaesthetized with intravenously administered sodium 
pentobarbital and adenohypophysectomized by a transbuccal approach 
(Bradley and Holmes, 1971). After hypophysectomy the birds were main
tained for 14 days before experimentation.
Sham-operated ducks

Sham-operated birds were perpared by the same procedure as the hypophy
sectomized birds but the contents of the sella turcica were left undisturb
ed.

5
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ACTH-treated hypophysectomized ducks
Birds which had been hypophysectomized for 14 days were injected 

intramuscularly, twice daily for 7 days, with 2 i.u. ACTH (H.P.Acthar 
gel, Armour).

Experimental Procedures
Plasma Collection

Each bird was secured to a restraining apparatus and the brachial 
artery was cannulated (Intramedic P.E. 160, Clay-Adams). Each bird was 
injected with 75u sodium heparin in 0.9% NaCl solution and allowed to 
calm down for 5 minutes prior to the rapid withdrawal of a single 40 ml 
blood sample. The blood sample was immediately centrifuged at 10,000g 
for 15 minutes in a refrigerated centrifuge. The plasma was then placed 
in 20 ml vials and immediately frozen in dry ice and maintained below 60°C 
during shipment to Williamsburg, Virginia and below - 25°C until analysis. 
Total Protein Determination

The total protein concentrations in the terminal plasma samples 
were determined by the Hycel Biuret procedure (Hycel, Inc. Houston, Texas) 
using crystallized human albumin (Dade) as a standard. All concentrations

t
were expressed in gm/100 ml plasma.
Determination of plasma corticosterone concentration

ICorticosterone was estimated by a modification (Bradley & Holmes 

1971) of the method developed and validated by Frankel, Cook, Graber, 
and Nalbandov (1967). Five ml of plasma was extracted in seven volumes 
of dichloromethane (Instra-Analyzed, J. T. Baker), washed with 2 volumes 
each of 0.05 N NaOH and water and Immediately chromatographed on Whatman 
No. 1 paper in cyclohexane: 1, 4 dioxine :methanol:water (100:75:50:25)



for 16 h. Fluorescence was measured by a modification of the Zenker 
and Bernstein (1958) procedure by the addition of 10 ml dichloromethane 
to the dried eluate before extraction with suphuric acid-ethanol reagent 
Crystalline corticosterone (Schwarz/Mann; Division of Becton Dickinson 
and Co.) was used for standard and the fluorescence of the blank, un
known, and standard solutions were measured in a spectrofluorometer 
(Aminco-Bowman)•
Separation of Plasma Proteins

A modification of the technique described by Westphal and Devenuto
(1966) was used to electrophoretically separate the plasma proteins.

3 -Two ml of plasma was added to 0.20 A$Ci of 1,2-H -corticosterone (S.A. -
104mCi/mg, Amersham Radiochemical Centre U.K.; distributed by Amersham/
Searle) which was in a thin film on the bottom of a 20 ml screw top vial
The mixture was gently shaken at 23°C for an equilibration period of 4

hours.
A buffer for dialysis was prepared by mixing 0.07 AiCi 1,2-H^-

corticosterone with 50ml of Tris-sodium barbital buffer (pH 8.8/ij0.075).
The mixture was warmed for 4 h at 45°C wtih frequent mixing and then

cooled to room tenperature. The plasma sample which had been previously
equilibrated with corticosterone was then placed in dialysis tubing with
an 8-12,000 molecular weight retention range (union carbide)and dialized
against 50 ml of the tritiated corticosterone containing buffer.

A Gelman electrophoresis apparatus with cellulose acetate strips
(Sephraphore III, Gelman) was used to separte the plasma into its com-

3ponent proteins after the removal of non protein bound H -corticosterone 

by dialysis. The cellulose acetate strips were equilibrated with the
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dialysate of the equilibrated dialysis system described above. Seven
and one half jil of the radiocorticoid-equilibrated plasma was applied
to each of two duplicate strips to effect a separation of the proteins.
A current of 4 mamp per strip was maintained for 3 hours at 23°C. The

ostrips were then dried for 30 minutes at 49 C and in order to locate the 
protein bands, one strip was stained with amido black 10B (Analytical 
Chemists, Palo Alto, Calif.). The second strip was cut into sections 
corresponding to the stained bands on the first strip. Each section was 
placed in 20 ml scintillation counting vial and eluted with 5 ml of 
absolute methanol (Instra-Analyzed, J. T. Baker). The eluate was dried 
and redissolved in Bray's scintillation fluid and counted 20 minutes 
for tritium in a Nuclear Chicago Series 724 Liquid Scintillation counter.

The percentage distribution of protein in each of the separate 
bands was determined by measuring the density of each band using a 
Gelscan Automatic Recording & Integrating Scanner (Models 39372, 39373 
Gelman).

The radioactivity of each band was corrected for background by 
determining the area of each band and subtracting a background value 
appropriate for that area. Values were expressed as counts per minute 

per mg protein in each band.
Statistical Methods

All data was analyzed for significant differences using the Student's 
t-test. An F-test of the ratio of the sums of squares was employed to 
determine the significance of the variance of means. Significance was 
considered the 93% level ( P<0.005) and a P<0.001 was considered highly 
significant. All values are expressed as mean values* standard error of 

the mean (S.E.M.).



RESULTS 
; •

Body and organ weights (Table 1)
Both the hypophysectomized and the ACTH treated hypophysectomized

birds shoved a significantly greater body weight loss following surgery
than the sham-operated control birds. The weights of the testes, the
adrenal glands, and the liver from the hypophysectomized birds were sig-
nigicantly lower than the corresponding values in the sham-operated birds.
After replacement therapy with ACTH, the weight of the testes from the 
*
hypophysectomized birds continued to decline until at autopsy the mean 
testicular weight was 24% of the corresponding value for the sham-oper
ated birds. The adrenal gland weights from hypophysectomized birds 
treated with ACTH remained significantly low with respect to the sham- 
operated controls. The livers of the ACTH-treated hypophysectomized birds 
increased in weight and were not significantly different from the sham- 
operated controls.
Peripheral plasma corticosterone (Table 2)

There was a highly significant decrease in peripheral plasma 
corticosterone concentration in the hypophysectomized birds compared 
with the sham-operated birds. After hypophysectomized birds were given 
replacement therapy with ACTH the plasma corticosterone concentration had 
increased and was not significantly different than the sham-operated 
values.
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Total plasma protein concentration (Table 2)
No significant differences were observed between the total protein 

concentrations in the plasma of the hypophysectomized birds treated with 
ACTH and the corresponding value in the sham-operated birds. However, 
after hypophysectomy, a highly significant decrease in the total plasma 
protein concentration was observed.
Fraction of the total protein in each plasma protein band (Table 3;
Fig. 1,2,3,; Appendix 1)

There were no significant differences observed between hypophy
sectomized and ACTH-treated animals with respect to the location of any 
of the plasma protein components after electrophoretic separation (Apendix 1).

Also there were no observed differences in any of the identified 
plasma components of hypophysectomized birds with the corresponding com
ponents in the sham-operated birds and there were no significant dif
ferences between the gamma, beta, and albumin plasma components of the 
hypophysectomized birds treated with ACTH with respect to those same com
ponents in the sham-operated birds. However, in the ACTH treated hypophy
sectomized birds the alpha 2 component was significantly decreased and the 
alpha 1 component was significantly increased with respect to the corre
sponding sham-operated control value.
Corticosterone-Binding specific activity of the plasma protein components 

Table 4, Fig. 1,2,3)
There were no significant differences among the very small amounts 

of trltiated corticosterone associated with each of the gamma, beta, 
alpha 2, and albumin plasma components of the sham-operated birds, the 
hypophysectomized birds, and the.hypophysectomized birds that received



11

co
m

§

TJ
P
£

B
M
P
AJ
P «

03
y S
c •
p p
£2 •
© ca

1 -HV
o ca

c
S p
P p
Vi 2
co *>«✓
o
x» p
p >
M U
o 3

X U
p .
© P
M x
y XI
a
p V*

P
p «©

e
jb 3
a
*9 P
p P

H
e P

•*4
P

a
■H XI
P
XI «XI
© ©
Vi
sx  ©

©r-4 •y
B XI
x» «
p Vi
XI CO

P
XI

P G
•H

C
© >s

•H .©XI
O >»
B v-4
u XI
VM P

P
P V*
JS <y
H •©

• ;• to
•'
to

c Gc <9 CO f>*•w VO fv
■gs K  CM O' VO 0% 1-4
3 CO o CO O CO ©
*& • « * . • • «
*-4

° % ° %

mx.
«X;

CM

P
.©OJ

CO
< r •-»
CO O  ©  O

Vi
&

O 'COuo coo  o

r-

%vOifl «—I
o  o

%  ° %

COMS’UO *-4 
r-4 O  

* » 
o  o

+1

Mf
^  CO CM ©

as
*

v.WO 
*-* CM 
r-4 O

Si

SO 09• • •c cCO %s>
CO ■*-» VO CM
CM ©  CM O

Sj ° %  ° S i

09 03

fiUO <f «9no co v©
Mf CO O ' Sfr V©
r-4 O  s>H O  *-f O

Si ° S i

CO
6
H-«

1
&
«o©V*Vl
©
u

01
X

p
XI

o
pex
09
p
M

JZ
u

©
<9u*r4

*W

GCO
-H09
XI
O
c
n

09

£

O. O'

•OS2
p

O  »



Sp
ec
if
ic
 
bi
nd
in
g 

ac
ti
vi
ty
 
of 

eac
h 

pl
as
ma
 
pr
ot
ei
n 

co
mp
on
en
t 

ex
pr
es
se
d 

as 
co
un
ts
 

per
 
mi
nu
te
 

per
 
mg 

pr
ot
ei
n 

(me
ans

 
± 
s.
e.
m.
) 

for
 
eac

h 
pla

sm
a 

co
mp
on
en
t.

14

vi
C41Co
soo
c
4)ViOUa
sto«

<

<«.egj

<M
a
aj

oo.•-4 00 >3* OS

00
•r>. cmco sfCO r-J

■Si

00co
fo CMco so00 +}

ro n  sf

» uo • n  3 •<t uo so uo
a uo

%
to M* 4t Mt. O i r>-
C • 4c •
sO H CM vOCO o CMv© os CO o• COco +1

A
Os t l*4* CM

» Osco
co uo eo vO t|

(0
uo <r rs h
<f?i

CM O  sO t~*Mt »-4+1 +1

vO
•
01 vO

•
CMm • r4 • Mi-• C  • c .OS V© -S' O H<fr vO vO CO UOuo

+1 S * $ J CM
■Si

•o •o41 41K N♦H
•a H a41 © oVi 4-1 Vito <4 a OVi Vi 41 01

e 41 01 0)
41 Ou 4-S O So 4-S O Os -C —• -C TVi I w O .'- ' CV<4 s o o41 at a Q.
Vi .e SO SO
H CO se SC

>4o
4)3«-l«0
00IS-r4•ocoo.
CO4)M
VIOo
4)

OVi
O4)Cu(041M
.CVi

00



15'

FIGURE I

A composite electrophoretic separation pattern of the re
lative protein densities of plasma from all sham-operated birds. 
The crossed bars on the peaks indicate the magnitude of the S.E.M. 
for the mean of the values used to determine the peak height and 
location. The dotted vertical lines indicate the relative areas 
taken to represent the various protein components. The height 
of the bar graph under each component peak indicates the mean 
value for the amount of H -corticosterone associated with protein 
(dpm/mg) within the component area.
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FIGURE 2

A composite electrophoretic separation pattern of the re
lative protein densities of plasma from all hypophysectomized 
birds. The crossed bars on the peaks indicate the magnitude of 
the S.E.M. for the mean of the values used to determine the peak 
height and location. The dotted vertical lines indicate the re
lative areas taken to represent the various protein components.
The height of the bar graph under each component peak indicates

3the mean value for the amount of H -corticosterone associated 
with protein (cpm/mg) within the component area.
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FIGURE 3

A composite electrophoretic separation pattern of the re
lative protein densities of plasma from all hypophysectomized 
plus ACTH birds. The crossed bars on the peaks indicate the 
magnitude of the S.E.M. for the mean of the values used to deter
mine the peak height and location. The dotted vertical lines 
indicate the relative areas taken to represent the various protein 
components. The height of the bar graph under each component 
peak indicates the mean value for the amount of H -corticosterone 

associated with protein (cpm/mg) within the component area.
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ACTH replacement. The amount of the total radioactivity associated 
with the alpha 1 peak was in excess of 93% in all treatments. No sig
nificant differences were observed between the specific binding activity 
expressed as cpm of -corticosterone per mg of protein in the alpha 1 
component of the hypophysectomized birds plasma and the corresponding 
value in the sham-operated birds. There was, however, a significant

3decrease observed in the cpm of H -corticosterone per mg of protein in 
the alpha 1 component of the hypophysectomized birds treated with ACTH 
when compared with the corresponding control value.



DISCUSSION

The effects of hypophysectomy and ACTH replacement therapy demon
strated in this study are essentially the same as those obtained in the 
recent studies on hypophysectomized ducks by Bradley and Holmes (1971). 
The terminal body weights of the sham-operated animals were not signi
ficantly different between these studies nor were there differences in 
the declines observed in the body weights after hypophysectomy. However, 
the testes and adrenal weights of sham-operated ducks in this study were 
significantly higher (P40.05 and P<0.001, respectively) than those re
ported by Bradley and Holmes (1971). These differences may be due to 
a seasonal variation in the weights of these organs but the differences 
are probably not important because all of the changes observed after 
hypophysectomy and ACTH replacement therapy were not significantly 
different from those obtained earlier (Bradley and Holmes, 1971).

The significant declines in the testes, adrenal and liver weights 
in the hypophysectomized animals clearly indicate the effects of the loss 
of the adenohypophysial trophic hormones known to influence these organs. 
In the hypophysectomized ducks treated with ACTH, those functions under 

direct ACTH influence tended to return in the direction of the sham- 
operated values, whereas the testes weight continued to decline in the 
absence of pituitary gonadotrophin.

The peripheral plasma corticosterone concentrations observed for 
sham-operated ducks were not significantly different from those values

22
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reported by Bradley and Holmes (1971) for sham-operated ducks sampled 
2-8 minutes after restraint. They were, however, significantly higher 
(P<0.05) than the values they reported for animals allowed to rest 65 
minutes following restraint before sampling, thus indicating the import
ant role of the intact pituitary in mediating a plasma corticosterone 
"stress" response.

The peripheral plasma corticosterone concentrations in hypophy
sectomized ducks were significantly lower (PtO.OOl) than their corres
ponding sham-operated controls, but they were also significantly higher 
than those values reported by Bradley and Holmes (1971). Most probably 
this difference is accounted for in differences in technique and method
ology between laboratories rather than an indication of incomplete hy
pophysectomy . Bradley and Holmes (1971) used 10ml of plasma for their 
corticosterone determinations, but only 5 ml of plasma was used in this 
study. Thus, in our samples there was a possibility of a greater amount 
of non-specific fluorescence relative to the very low plasma corticosterone 
concentration, thereby giving an inordinately higher value for 
corticosterone.

Treatment with ACTH caused the expected increase in plasma corti
costerone concentration in hypophysectomized animals. This response 
was not of the magnitude observed by Bradley and Holmes (1971) and has 

caused us to suspect that the treatment regimen was not the same or that 
the ACTH potency was unaccountably different.

Following adenohypophysectomy, the total plasma protein concen
trations were significantly lower than the corresponding values for 
sham-operated birds (Table 2). This change was apparently not due to
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a large decrease la any single plasma protein component because no 
significant differences were observed between the amount of any com
ponent of hypophysectomized bird plasma compared with that same com
ponent of sham-operated bird plasma (Table 3). Although this might Im
ply a significant Increase In the plasma volume to dilute the existing 
protein, other studies In the duck have shown no significant changes in 
the extracellular fluid volume, blood volume or hematocrit following 
hypophysectomy (Bradley and Holmes, 1971). Thus, it would seem that 
there is a quite general decrease in the mass of all plasma protein 
components following the removal of the pituitary. It may be important 
to note that only the alpha 1 protein component values from hypophy
sectomized animals, though significantly different from the sham-operated
values, showed significant variation (F: 3.50; P40.05) from the variance 
of the sham-operated values, perhaps indicating a differential response
to the loss of the pituitary with respect to this component.

When hypophysectomized animals were treated with ACTH, two sig
nificant changes in the alpha globulin fractions were observed, wherein 
the alpha 2 component decreased and the alpha 1 component increased with 
respect to sham-operated values. Therefore, there appear to be sig
nificant changes that can be made on the amount of the protein fraction 
containing CBG relative to the other plasma proteins by this ACTH pre

paration acting in the absence of all other adenohypophysial hormones.
Corticosterone is the principal corticosteroid in the duck (de Roose, 

1961; Donaldson, Holmes & Stockenko, 1965; Sandor and Lanthier, 1963).
I

Therefore, tritium labeled corticosterone was chosen as the radioactive
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tracer for these studies. The quantitative determination of CBG 
activity in plasma is difficult due to the very low concentration of 
this protein in the blood, the spontaneous dissociation of the complex 
of CBG with the radiolabeled corticosteroid, the possible Interference 
from other binding proteins, and the competitive or non-competitive 
binding inhibition by other steroid hormones which may or may not be 
known as to structure or quantity (Westphal, 1971).

Electrophoretic procedures are well suited for a qualitative 
demonstration of steroid binding to proteins. The principal merit of 
electrophoresis lies in the ability to characterize the plasma protein 
component to which the steroid is bound. However, the rapid dissociation 
of steroid protein complex is very troublesome using paper strip electro
phoresis. When this technique was first used for the study of serum 
protein interaction with estrogens, progesterone, and cortisol (Szego 
and Roberts, 1955; Westphal, 1955, 1956) considerable trailing of 
steroid was observed, even for complexes of relative high affinity. 
Similar difficulties were reported by other authors (Upton and Bondy, 
1958; Rosetnbaum, Christy, and Kelly, 1966) using paper-electrophoretic 
techniques.

Daughaday (1956) overcame the steroid-protein complex dissociation 
difficulties during electrophoretic migration by using equilibrium paper 
electrophoresis. The principle of the procedure is to perform the 
electrophoresis in an environment which contains the dissociable steroid 
at the concentration of the unbound portion. This is done by dlalyzing 
the proteln-steroid solution (plasma with labeled steroid) to be elec-
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trophoresed against the electrophoretic buffer until equilibrium is 
reached. Actually, there is continuous dissociation and association 
of the steroid-protein complexes, but, the net result is the apparent 
absence of dissociation (Westphal, 1971). When we used this technique 
with duck plasma, it was found that the labeled corticosterone migrated 
primarily with the alpha 1 globulin in the sham-operated controls, the 
hypophysectomized birds, and the hypophysectomized birds given ACTH 
(Table 4, Fig. 1,2,3.) The small amounts of the labeled steroid found 
in the other plasma components and at the origin have been considered 
by others to be due to trailing and sample application and not indica
tive of other binding protein components (Westphal and Devenuto, 1966).

Westphal, Williams, and Ashley (1962) reported an increased CBG
activity in rats after hypophysectomy and adrenalectomy. But in another
study no Increase in CBG activity was observed following adrenalectomy
and hypophysectomy in rats, and an Increase in endogenous ACTH did not

$
alter CBG activity. In fact, CBG was shown to respond inversely to the 
corticosteroid level; increased perepheral corticosteroid concentration 
resulted in decreased CBG activity, and vice versa (Gala & Westphal,
1966). DeMoor, Heyns, Baelen and Steeno (1968) also found a low CBG 
activity in patients with adrenocortical hyperplasia which can be in
dicative of high ACTH levels.

In the duck we observed no significant difference in the specific 
protein binding activity found in the CBG containing alpha 1 component 
of the plasma of the hypophysectomized bird when compared with the sham- 
operated value. However, when ACTH replacement treatment was given to 
hypophysectomized birds there was a decrease in the specific activity
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observed in the alpha 1 component of the plasma (Table 4, Fig. 1 & 3).

This compares favorably with the results obtained by Gala and Westphal 
(1966) for the rat. It is possible that in the hypophysectomized duck 
ACTH stimulation of the adrenal may result in an Increased corticosteroid 
release, thereby promoting a decrease in CBG activity. On the other hand 
although there was no significant difference between the mean value of 
what we have characterized as the specific binding activity for hypophy
sectomized versus sham-operated controls, there was a distinct trend 
showing that the individual values for hypophysectomized birds were be
low the individual values for sham-operated birds. Thus, it may be that 
in the ACTH-treated hypophysectomized duck the lowered CBG activity we 
observed was not a direct result of,ACTH treatment, but also a result 
of the continued absence of thyroid stimulating hormone for an additional 
7 days. It has been established that thyroid hormone is involved in the 
control of the synthesis and the activity of the CBG protein (Labrie, 
Pelletur, and Fortier, 1967), and we have shown in a preliminary study 
using an intact duck that triiodothyronine promotes an increase in CBG 
activity after 14 days of oral administration (50 mg/day).

Because the results of our study do not demonstrate a direct role 
for ACTH in the control of CBG activity, the answer to what physiologi
cal adjustments may take place to cause the reported changes in the 

metabolic clearance rate of corticosterone now seem likely to be found 
in an understanding of what changes in hepatic metabolism occur as a 
consequence of hypophysectomy. The blood concentration of the adrenal 
cortical hormones, like corticosterone, is stablilized by a negative- 
feedback control of adrenal cortical secretion rate, so that changes
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in the corticosteroid concentration in blood. The concentration of 
these steroids in blood depends upon both the rate of secretion of the 
hormones into the blood, and their rate of removal (Ingle, Higgins and 
Kendall, 1938; Sayers and Sayers, 1948). The removal of adrenal steroids 
is accomplished almost entirely by the &  -steroid hydrogenases, which 

Inactivate the steroids via A-ring reduction in the liver (Mills, 1962). 
Urquhart, Yates, and Herbst (1959) have concluded that there is a para
llel relationship between the in vivo capacity of liver to inactivate 
corticosteroids and the adrenal cortical secretion rate. Urquhart,
Yates and Herbst (1959) found that neither ACTH nor adrenal cortical 
hormones increased the capacity of the liver to inactivate corticosteroids. 
They concluded that their observations of parallel changes in adrenal 
size and hepatic capacity to inactivate corticosteroids demonstrate the 
existence of an hepatic control of adrenal cortical secretion rate.

Extreme prolongation of corticosteroid half-lives in plasma follow
ing hepatectomy has been observed (Yates, 1965). This hepatic regulation 
of adrenal cortical function is apparently mediated through the anterior 
pituitary (ACTH) negative-feedback control which stabilized plasma 
corticosteroid concentration: if plasma hormone levels rise, the rate 
of removal drops (Yates, 1965). After hypophysectomy, the controlling 
influence of the liver on adrenal cortical function appears to be lost 

(Urquhart, Yates, and Herbst, 1959).
The observations we have made of changes in liver weight after the 

removal of the pituitary seem to be entirely consistent with the notion 
that hepatic metabolism is largely responsible for changes in the
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metabolic clearance rate of corticosterone. Both these studies 
and those of others on ducks and pigeons (Bradley and Holmes, 1971;
Chan, Bradley and Holmes, 1972), have indicated that there is a sig
nificant loss of liver veight following hypophysectomy and there is a 
liver weight restoration after ACTH replacement therapy to values not 
significantly different from controls. Although the results of these 
studies do not eliminate ACTH from a schema for the control of CBG act
ivity, they do indicate that any action of ACTH on CBG is indirect, and 
that probably the loss of thyroid stimulating hormone is most directly 
responsible for the diminution of CBG activity after hypophysectomy.

The adenohypophysis is obviously central in the control of corti
costerone concentration in the duck. The direct effects of«the pituitary 
and ACTH on corticosterone produced from the adrenal have been demon
strated (Bradley and Holmes, 1971), and we have shown that with the 
loss of pituitary function, CBG activity, and presumably hepatic meta
bolic activity, are also diminished. Our suspicions are now quite strong 
that in the duck, as in mammals, CBG activity is directly dependent upon 
hepatic metabolism.
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