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SUMMARY: Consecutive administration of dexamethasone by adding i t  to drinking 
water caused decrease of plasma cort icosteroid binding globulin in rats even 
af ter  hypophysectomy. Other synthetic glucocorticoids also decreased co r t i -  
costeroid binding globul in levels while chlormadinone-acetate had no effect.  
The decreasing ac t i v i t y  of each synthetic steroid was correlated well with i t s  
anti- inflammatory action. Successive administration of cycloheximide simulated 
the effect of dexamethasone. Replenishment of plasma cort icosteroid binding 
globulin occurred af ter  the cessation of dexamethasone treatment and was 
prevented by cycloheximide administration. These results suggested that dexa- 
methasone spec i f i ca l l y  reduced cort icosteroid binding globul in by d i rec t l y  
inh ib i t i ng  i t s  synthesis in rats. However dexamethasone fa i led to manifest 
i t s  action in monkeys. A clear cut species difference was observed. 

INTRODUCTION: 

I t  is a well known fact that the binding ac t i v i t y  of cort icosteroid bind- 

ing globul in (CBG) in rats is influenced by various endocrine factors. In rats 

CBG a c t i v i t y  is increased af ter  adrenalectomy ( I )  and decreased by administra- 

t ion of natural glucocorticoids (2). Gala, et al .  suggested that part of the 

depressing effect of cor t isol  on CBG was related to i t s  action on the TSH- 

thyroid system (3) (4). However, precise mechanisms have not been elucidated 

yet. We observed that consecutive administration of dexamethasone, a potent 

synthetic glucocort icoid which has no binding a f f i n i t y  for CBG (5) (6), caused 

a decrease of plasma CBG levels in rats,  although dexamethasone fa i led to 

decrease plasma CBG levels in monkeys. The mechanisms of the CBG reducing 

effect of dexamethasone and species differences in suscept ib i l i t y  to i t  are 

discussed here. 

MATERIALS AND METHODS: 
Rats Male and female Wistar-lmamichi and Wistar strain rats (I0 - 20 weeks of 
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age) were used in a l l  the experiments. All the rats were kept in a i r  condi- 
tioned and l i gh t  controlled rooms in which the temperature was set at 22 ± I°C, 
humidity at 55 - 65%, and l ights on between 08:00 and 20:00. They were given 
rat chow (CA-I; CLEA Japan Inc.) ad l ib .  Hypophysectomy and adrenalectomy 
were performed 5 - 7 days pr ior  to use. Thyroidectomized rats were used 19 
days af ter  the excision was performed. Adrenalectomized rats and hypophy- 
sectomized animals received 0.9% saline solution and 5% glucose solution 
respectively. 
Monkeys Adult female Japanese monkeys (Macaca fuscata) were used. They were 
kept singly in cages in an a i r  conditioned (temperature: 24 ± 2°C, humidity: 
65 ± 5%), and l i gh t  controlled room ( l igh ts  on between 07:00 and 19:00). They 
were fed monkey chow (CLEA Japan Inc.) and f r u i t .  
Reagents and Chemicals Al l  the reagents used were of analyt ical grade. All 
the steroids were obtained commercially. 
Dru 9 administration All the steroids used (dexamethasone, betamethasone, 
triamcinolone, paramethasone and chlormadinone-acetate) were administered to 
the rats by adding them to drinking water at a concentration of 0.I - 1.0 
~g/ml. Cycloheximide was administered in t raper i toneal ly  (50 - I00 ~g/lOOg 
body weight) once or twice a day. Five hundred micrograms or two thousand 
micrograms of dexamethasone were parenteral ly administered to adult female 
Japanese monkeys twice a day at 09:00 a.m. and 17:00 p.m. for 9 days. 
Blood samples Al l  the blood samples of rats and of monkeys were obtained at 
09:30 - 10:30 and at 16:30 respectively. 
Steroid assay Plasma cort icosteroids were measured by competitive protein 
binding assay (7). 
Measurement of CBG in plasma Specific binding of [3H]corticosterone (40 Ci/ 
m mole, New England Nuclear) to rat CBG or [JH]cort isol (39 Ci/m mole, New 
England Nuclear) to monkey CBG was measured by the competitive binding 
technique. Plasma (0.2 - 5.0 ~I) was di luted up to 500 ul with I0 mM tris-HCl 
buffer (pH 7.5) containing 1 mM EDTA. Five hundred microl i ters of di luted 
plasma were incubated with 2 or 8 x IO-10M of [3H]steroid and 0 to 2 x IO-8M of 
non-radioactive steroid at 2°C for 120 min. After the incubation was 
terminated, free and bound steroids were separated by gel f i l t r a t i o n  on sephadex 
G-50. Bound fract ions were counted in a l iqu id sc i n t i l l a t i on  counter (Aloka 
LSC 502). Under these experimental conditions, nonspecific binding was 
negl igible.  CBG concentrations in plasma were extrapolated by Scatchard plots 
(8). 
Plasma protein analysis Electrophoretic analysis was performed to estimate 
the concentration of plasma protein fractions using cellulose acetate membrane. 
Total plasma protein concentration was determined by the method of Lowry et al.  
(9). 

RESULTS AND DISCUSSION: 

Consecutive administration of dexamethasone, one of the most potent 

synthetic glucocort icoids, by adding i t  to drinking water at concentrations of 

0.I ~g/ml, 0.5 ~g/ml and 1.0 ~g/ml, caused reduction of the plasma CBG levels 

to 14 - 57%, 4.7 - 7.2% and 3.8 - 4.9% of pretreatment levels,  respectively, 

within 9 days af ter  the s tar t  of the administration (Table I ) .  As shown in 

Table I ,  reduction of CBG also occurred following the consecutive administra- 

t ion of other synthetic halogenated glucocorticoids, i .e .  triamcinolone, 

paramethasone, and betamethasone, while chlormadinone-acetate, a synthetic 
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Table I .  Effects of synthetic steroids on the CBG levels in 
ra t  plasma 

Steroids Pre-treatment (A) Post-treatment (B) B/AxlO0 
administered (pM) (~M) (%) 

* Triamcinolone 2.89 0.50 17.3 
(I pg/ml) 3.23 0.93 28.8 

3,00 1.53 51.0 

* Paramethasone 3.10 0.17 5.5 
(I ~g/ml ) 3.15 0.50 15.9 

3.08 0.34 I I  .0 

* Betamethasone 2.92 0.26 8.9 
(I ug/ml) 3.66 0.33 9.0 

3.03 0.22 7.3 

* Dexamethasone 3.03 0.14 4.6 
(I pg/ml ) 3.15 0.12 3.8 

3.45 0.17 4.9 

Dexametha sone 4. O0 O. 22 5.5 
(0.5 IJg/ml ) 4.50 0.21 4.7 

3.05 0.22 7.2 

Dexamethasone 2.50 0.73 29.2 
(0.I  pg/ml) 4.66 0.65 13.9 

3.10 1.77 57.0 

Chlormadinone- 1.18 1.19 99.2 
acetate 1.34 1.36 98.5 

* Adrenalectomized female Wistar s t ra in rats were used. 

** Adrenalectomized female Wistar-lmamichi s t ra in rats were used. 
Each steroid was administered to rats for  9 days as described 
in the tex t .  

halogenated progesterone, showed no e f fec t .  No st ra in d i f ference was observed 

on the e f fec t  of dexamethasone between Wistar and Wistar-lmamichi s t ra in  rats.  

Al l  of these synthet ic halogenated steroids have negl ig ib le  binding a f f i n i t y  

for  CBG (5) (6). Gala, et  al .  reported that administrat ion of natural gluco- 

cor t ico ids ,  which strongly bind to CBG, for several days also caused decreases 

in CBG a c t i v i t y  in rats (2) (4). These experimental resul ts suggested that 

the CBG reducing a c t i v i t y  of each synthet ic s tero id was correlated well with 

i t s  g lucocort icoid a c t i v i t y ,  and was not related to i t s  binding a f f i n i t y  for  
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Fig. I .  Effects of dexamethasone on plasma CBG levels in rats.  Each l ine 
represents the change in CBG levels in one animal. Adrenalectomized Wistar- 
Imamichi strain rats were used for  these experiments. Dexamethasone was 
administered to rats as described in the text .  
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Fig. 2. Effects of dexamethasone on plasma CBG levels in thyroidectomized 
rats.  Female Wistar-lmamichi strain rats were used for these experiments. 
Thyroidectomy was performed at day O. Dexamethasone was administered to 
rats as described in the text .  
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Fig. 3. Effects of dexamethasone on plasma CBG levels in hypophysectomized 
rats.  Wistar-lmamichi s t ra in  rats were used for  these experiments. Dexa- 
methasone was administered to rats as described in the tex t .  

CBG. The e f fec t  of dexamethasone on CBG was revers ib le .  As shown in Fig. I ,  

replenishment of plasma CBG occurred a f te r  cessation of dexamethasone adminis- 

t ra t ion .  Gala, et  a l .  reported that hypophysectomy caused a decrease in plasma 

CBG a c t i v i t y  in female rats (3),  and concluded that the p i t u i t a r y  factor  which 

controls plasma CBG a c t i v i t y  in female rats is TSH and the TSH-thyroid system 

(4). In our experiments, about 40% depletion of plasma CBG was observed in 

hypophysectomized female rats,  while thyroidectomy caused temporary f a l l s  in 

CBG levels (Fig. 2). In the case of hypophysectomized rats,  i t  took longer to 

recover plasma CBG levels a f te r  the termination of dexamethasone treatment than 

in the case of adrenalectomized rats (Figs. 1 and 3). Our data also indicated 

that there is a p i t u i t a r y  factor  or factors,  possibly TSH or something else, 

which regulate(s) plasma CBG levels in female rats. However as shown in Figs. 

2 and 3, the e f fec t  of dexamethasone was demonstrated both in thyroidectomized 

and hypophysectomized rats.  These f indings suggest that dexamethasone does not 
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Fig. 4. Effects of cycloheximide administration on plasma CBG levels a f ter  
cessation of dexamethasone treatment. Intraperitoneal  inject ion of cyclo- 
heximide with doses i l lus t ra ted  above was started on the day of cessation of 
dexamethasone administration. All  the animals used were adrenalectomized 
female Wistar-lmamichi strain rats.  
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Fig. 5. Disappearance of exogeneously administered CBG from plasma of rats 
under dexamethasone suppression. Adrenalectomized Wistar-lmamichi strain 
female rats were used for these experiments. Two ml of fresh rat  serum was 
taken from a normal rat  and injected intravenously. 
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manifest i t s  action through p i tu i ta ry  suppression, or p i tu i ta ry - thy ro id  sup- 

pression. 

In order to elucidate the mechanism of CBG depletion by glucocort icoids, 

the following experiments were performed. Intraperitoneal administration of 

cycloheximide which was started on the day of cessation of dexamethasone 

administration prevented the recovery of CBG in a dose dependent manner (Fig. 

4). Intraperitoneal in ject ion of 50 ~g of cycloheximide twice a day diminish- 

ed plasma CBG levels with almost the same decreasing rate as that with 

dexamethasone treatment. Intravenous in ject ion of fresh rat serum caused an 

increase in plasma CBG levels in dexamethasone treated rats whose own CBG levels 

had already decreased to about 0.05 ~M or less, and the exogeneously injected 

CBG disappeared from plasma at almost the same rate as that of i n t r i ns i c  CBG 

under the consecutive administration of dexamethasone (0.5 ~g/ml) (Fig. 5). 

These observations strongly suggest that dexamethasone diminishes plasma CBG 

in rats by d i rec t ly  or ind i rec t l y  inh ib i t ing  i t s  synthesis. According to Gala, 

et al.  (4), CBG may be produced in the l i ve r .  I t  has been widely accepted that 

glucocorticoids increase the content of RNA and protein in the l i ve r  (I0) ( I I ) ,  

and induce specif ic enzymes in the l i ve r  (12) (13) (14). However Kim, et al .  

recently reported that pronounced inh ib i t ion  in l i ve r  protein synthesis was 

observed in rats receiving glucocorticoid over a period of few days (15). They 

also suggested that glucocorticoid has no effect on the rate of protein degra- 

dation in rat l i ve r  (15). Their data (15) are based on the analysis of total  

l i ve r  protein synthesis, and not on the analysis of some specif ic protein. 

Electrophoretic analysis of plasma protein revealed that consecutive admini- 

st rat ion of dexamethasone for a period of 9 days resulted in the elevation of 

l i ve r  generated protein fract ions such as albumin, ~2 and B globulins except ~1 

globulin (Table 2). Chader, et al .  (16) reported that the rat CBG migrates as 

~I globulin in paper-and immuno-electrophoresis, Administration of dexametha- 

sone induced 18.8 to 43.9% reduction in ~1 globulin f ract ion,  while CBG was 

decreased to less than 5% of the pretreatment level (Table I ) .  These facts 
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Table 2. Effects of dexamethasone on plasma protein fract ions in rats 

Plasma concentration (mg/ml) of 
Rat No. Alb. m1-G m2-G m3-G 8-G y-G 

1 A 42.2 I I . 2  5.1 5.3 I I . 3  3.5 
B 68.8 9.8 7.8 5.4 17.8 5.2 

2 A 43.7 13.2 4.5 4.0 12.1 2.3 
B 55.0 7.4 5.7 3.8 16.2 7.1 

3 A 41.8 I0. I  3.6 4.8 13.5 10.5 
B 63.5 8.2 7.6 3.4 15.8 3.9 

A: Before the s tar t  of dexamethasone treatment, 
B: After 9 days of dexamethasone treatment. 

Adrenalectomized female Wistar strain rats were used. 

Dexamethasone was administered to rats by adding i t  to drinking 
water at a concentration of 1 ug/ml for 9 days. 

Table 3. Changes in plasma CBG levels in Japanese monkeys 
during dexamethasone treatment 

Plasma CBG concentration (~M) 

day O* day 3* day 7* day 9* 

Monkey (A) 0.265 0.237 0.242 0.255 
(2mg x 2/day) 

Monkey (B) 0.347 0.375 
(O.5mg x 2/day) 

* : The number of days af ter  the s tar t  of administration 

Dexamethasone was administered parenteraly twice a day for 
9 days. 

indicated that the extent of diminution of al globulin fract ion af ter  dexa- 

methasone treatment does not coincide quant i ta t ive ly  with that of CBG depletion. 

These findings suggested that dexamethasone may i nh ib i t  the synthesis of CBG 
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spec i f ica l ly .  (However we do not know i f  there are some other l i ve r  generated 

specif ic proteins whose synthesis is also inhibi ted by dexamethasone adminis- 

t ra t ion . )  All the data discussed above indicated that dexamethasone exerted 

i t s  CBG reducing effect through the inh ib i t ion of the biosynthesis of CBG, I t  

should be noted, however, that the poss ib i l i t y  of acceleration of CBG degrada- 

t ion due to glucocorticoid treatment is not completely excluded yet. Al l  the 

data discussed above are based on experiments using rats as experimental 

animals. I t  is important to know the effect of dexamethasone on plasma CBG 

occurs in species of animals other than rats,  since the remarkable species 

differences in suscept ib i l i t y  of lymphoid tissue to glucocorticoid have already 

been reported (17) (18) (19). Such experiments suggested that there are 

glucocorticoid sensit ive species (such as the mouse, rat  and rabbi t ) ,  and 

glucocorticoid resistant  species (such as the monkey, man and guinea pig). In 

order to study the species difference of glucocorticoid action on plasma CBG 

levels, Japanese monkeys were used. Contrary to the results obtained in rats,  

no changes in plasma CBG levels were observed even af ter  9 days of treatment 

with an excessive amount of dexamethasone, as shown in Table 3. The above 

results c lear ly indicate that there is a d is t inc t  species difference in sus- 

c e p t i b i l i t y  to glucocorticoid ef fect  on CBG between rats and monkeys. 

Whether the animal species can be divided into glucocorticoid sensit ive and 

resistant animals based on the CBG reducing effect of dexamethasone as in the 

case of lymphoid depletion remains to be elucidated. 
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