
3.56 HYPOTHAT,AMIC LESIONS O N  A(“TH SENSrTIVITY 

5 .  E;&~ston, C., Hntchcr, R. A., ihid., 1010, \ x i . < ,  

4.13. 

1006. 

J .  Pharmacnl. aizd Exp .  Thuap.,  19.36, vS7, 114. 

103S.  i - 2 5 ,  966. 

6. Z ~ U S ,  F;. A. ,   MOO^^, I . .  W., J . A l . f , l . z l . ,  I S).ih, 

’1. Beutner, R., Prusmack, J. J., Miller, M. .I,., 

8 .  Taintcr. M. L , Throndson,  A. H , J .l.D..l , 

9. G u r d ,  M. K . Sachs, I . ,  Qrrart. J .  P / inrm.  rii i t l  

P h r m ( ~ o l . ,  1939, vl 2 ,  71.1. 

( 0 1 .  ~ c t  En.#. Thuap. ,  1048, v94, J S Y .  
10, Hrotlio, N. I< . ,  Lief, P. A,, I’oilt, it., I. Phwmiz- 

11. Kalow, W., ;bid., 1952, v104, 122 .  
12. Aven, M. H., Light, A., Foldes, F. F., Fed.  Proc., 

1 ;. Berkson, Jos., J .  .1. Stat .  ,4., 195.5, v50, 529. 
105.3, v12, 299. 

l(cctkiiwl Sovember 19, 19.59. P.S.E.B.M., 1960, ~ 1 0 3 .  

Adrenal Sensitivity to ACTH as a Function of Time after Hypothalaniic 
Lesion and after Hypophysectomy.* (25517) 

The usually available criteria for endoge- 
nous discharge of AC’TH are indirect and are 
based on corticotropic stimulation of the 
adrenal cortex. \lThen studying hypophysio- 
tropic activity of preparations oi corticotropin 
releasing factor (CRF)  in animals with “ef- 
fective” hypothalamic lesions. one should 
therefore know the sensitivity of the adrenals 
to ACTH. Considered “blocked” in their 
ACTH discharge when they show no evidence 
of adrenocortical stimulation upon exposure 
to stress, these animals might simply be less 
sensitive to ACTH than normal. Adrenocor- 
tical sensitivity to ACTH has been studied at 
various time intervals ranging from 24 hr to 
60 days after stereotaxic placement of a le- 
sion in the median eminence and demonstra- 
tion of its effectiveness to inhibit stress-in- 
duced ACTH release. For comparison, adre- 
nal sensitivity to ACTH was alsol studied in 
hypophysectomized animals. 

Materials and methods. i\. L4ftcr hypo- 
thalawtic ksion. Two hundred sixty aninials 
(rats, male, body weight 230-250 g,  Holtzman 
Farms, Houston) were used. A lesion of the 
bulbar part of the median eminence was made 
(Fig. l ) ,  using a high frequency generator. 
the electrodes being placed with a modified 
K ri eg - J o hn son stereo t a xi c ins t r II ni en t . B r a i n s 
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of all animals were preserved a t  autopsy and 
a description of lesions from frozen sections is 
available for each animal. Eighteen to 19 
hours after placement of the lesions, all ani- 
mals were tested for block of stress-induced 
ACTH discharge as previously described ( 1 ) . 
Only animals with “effective” lesions (60 out 
of 2 60;) were saved for experiments reported 
here. Twenty-four hours after lesioning, 3 
groups of animals were administered 0.5, 1.0, 
1.5 mC ACTH USP Reference Standard (I.V., 
in 0.2 ml of 0.01 N HC1 in saline). Adreno- 
cortical response to 1 mU ACTH USP Refer- 
ence Standard administered as above was in- 
Llestigated at  2 ,  4, 7 ,  9,  20, 301 and 60 days 
following placement of hypothalamic lesion. 
Persistence of inhibition of stress-induced 
ACTH-release (3) was reevaluated 6 hours 
before injection of ACTH in all animals used 
after fourth post-lesion day. In  all cases 
adrenocortical stimulation produced by 
-A(’TH was assessed by measurement of peri- 
pheral plasma free corticosteroids 15 minutes 
after injection of the solution of adrenocorti- 
cotropin ( 2  ,3). The animals were then sacri- 
ficed and weight of adrenal glands recorded. 

€3. Aftw hypophysectonzy. One hundred 
fi fty-six animals (rats, male, body weight 175- 
200 g, Holtzman Farms) were hypophysecto- 
mized. Three groups were administered 0.25, 
0.5, 1.0 mU ACTH USP Reference Standard 
(as above), 24 hours later. Animals of other 
groups were similarly injected with 1 mU 
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PTG.  1. Typical  hypothalamic, lesion (see test) .  
FTG. 2. Adrenocortical response t o  1 inU ACTI€ 

at  various time intervals after hypothalamic lesion 
( ' )or h ~ p o p h y s e ~ t o i n ~  (0). Trertical bars, through 
each circle represent 1 stand. error. (KO of ani- 
ni:~ls/group C R ~  be caalcul:1 tetl from Fig. 3.) Xtip- 
pled area represents baekgrourid readiug j i i  fluoro 
irietric method f o r  plasma corticosteroids(2). 

FIG. 3. Adrenal weights (left gland) aflcr hypo- 
thalnniic lesion ( ) or hypophysectoiiiy (0). (.), 
absolute controls of same experimental series. 

@24Z120URS-I.DAYS - -1 

ACTH, 32 and 52 hours, 3, 5, 10 and 30 days 
after hypophysectomy. Adrenocortical stimu- 
lation following ACTH was assessed as above 
(2,3). and adrenal weights recorded. 

Results. Table I shows response of animals 
to multiple doses of ACTH, 24 hours after 
hypophysectomy and 24 hours after place- 
Irient of an  effective lesion. The  animal with 
the hypothalamic lesion has an adreml sensi- 
tivity to ACTH which is slightly lower than 
that of the hypophysectomized. Fig. 2 shows 

adrenal response of hypophysectomized and 
lesioned animals when injected with 1 mU 
ACTH USP Standard at  various intervals 
after hypophysectomy or hypothalamic lesion. 
In the rat with hypothalamic lesion there is 
an increased response to ACTH for a few 
days (as compared to that observed at  24 
holurs post lesion). Subsequently, the re- 
sponse to ACTH decreases exponentially to 
completely disappear at 60 days after the le- 
sion. After hypophysectomy, the adrenal re- 
sponse to 1 mU ACTH decreases rapidly to 
become asymptotically nil after 10 days. 
However 30 days post-hypophysectamy, there 
is still indication of a minute response to 1 
mu of ACTH as judged by measurement of 
the plasma corticosteroid levels; this was 
confirmed by measurement of concentration 
of corticosterone in adrenals of the same ani- 
mals (not reported here). Fig. 3 shows 
weights of adrenals as a function of time after 
hypophy sec tomy or hypothalamic lesion. 
Atrophy olf the adrenal gland is clearly ob- 
servable as early as 24 hours after hypophy- 
sectomy. It progresses linearly as, a functioln 
of time. The adrenal of animal with effective 
hypothalamic lesion increases in weight in the 
first 48 hours; it then decreases in weight as a 
linear function of time. There are however 
considerable variations around mean adrenal 
weight calculated for each group, even though 
the respmsivity to ACTH olf these adrenals is 
quite constant within each group as exempli- 
fied by the small standard error of mean re- 
sponses (Fig. 2 ) .  

Discussion. The progressive decrease of 
adrenal sensitivity to ACTH in animals with 
effective hypothalamic lesiolns, makes it de- 
sirable to use only an acute preparation as a 
T,4RTJE I. Atlreiiocortical Response to Multiplc 
Doses of A(:TH 24 Hr after Hypothalamic; Lesion 

(A)  o r  Hypophysectomy (B). 

Plasma 13, Plasma G, 
Yo. y/100 nil, mU y/100 ml, 

aiiim:tls after stress ACTH after ACTH 

A 4 12.6 & 1.3" .5 12.7 1.7 
10 6.7 t 1.8 1.0 19.4 5 2.3 
5 13.6 5 2.8 1.5 27.1 _+ 2 . i  

ci 
t i  
Y 

1 :  .25 19.1 _t I . 7  
.5 24.0 * .5 

1 .c) 30.9 * 1.9 
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test for CRF. In  view of the increased re- 
sponse to ACTH, 2-4 days post-lesioin, this 
period would seem to be an even better time 
schedule (than 1 day after lesion) for CRF 
assays. Since, 24 hours post-lesion. the ani- 
mal has a sensitivity to CRF similar to that 
of morphine-nembutal blocked animal (see 1 ) 
which in turn has an adrenocortical sensitivity 
to ACTH similar to that of the 24-hour hy- 
pophysectomized rat. it is probable that 24 
hours after hypothalamic lesion a greater sen- 
sitivity of the pituitary to C'RF compensates 
for a submaximal adrenal response to ACTH. 
The increased adrenocortical response to the 
standard 1 mU dose of ACTH. as observed in 
earIy days after hypothalamic lesion, may be 
related to increased adrenal weight. This 
transient increased adrenal weight is likely re- 
lated to trauma involved in surgical procedure 
a t  lesioning : similar adrenal weights were 
noted in animals of the same experimental 
series submitted to sham hypothalamic lesion. 

It is interesting that up to 30 days after hy- 
pothalamic lesion, circulating free corticoster- 
oids are still detectable in peripheral plasma 
(4) .  These levels, however, should not be nec- 
essarily considered as true correlates of con- 
centration of any circulating AC'TH: the)' 
may simply reflect impaired conjugation mech- 
anisms. Taken in conjunction with mainte- 
nance of adrenocortical response to ACTH. 
still significant 30 days after the hypothala- 
mic lesion and considerably higher than that 
observed a t  the same time following hypophy- 
sectomy, these data would indicate some para- 
lytic secretion of adenohypophysial ACTH 
after placement of the hypothalamic lesion. 
This residual secretion appears to diminish ex- 
ponentially with time (Fig. 2 )  and to have 
practically disappeared by the 60th (la>- post 
lesion (no adrenocortical response to ocoge- 
nous ACTH). In animals with this type of 
hypothalamic lesion, the corresponding hy- 

pocorticoidism is therefore unable to elicit the 
well known reciprocal hyper-secretion of 
ACTH. 

Through latest time interval studied here, 
the adrenal gland of the hypothalamic animal 
remains statistically heavier than that of the 
hypophysectomized ; variations around mean 
adrenal weight of each group are however con- 
siderable (Fig. 3 ) .  Since large adrenals as 
late as 60 days post hypothalamic lesion, are 
unable to respond to exogenous ACTH by in- 
creased corticoidogenesis, i t  is difficult to visu- 
alize weight maintenance solely on the basis 
of circulating ACTH. Two likely substances 
of hypophysial origin which might explain 
this ad ren o trop hic effect after hypothalamic 
deafferentiation of the pituitary are prolactin 
and growth hormone. This hypothesis will 
be discussed in another report. 

S14inmary. The adrenocortical response to 
injected ACTH USY Standard has been 
studied as a function of time in rats after hy- 
pophysectoniy or placement of a lesion in me- 
dian eminence of the hypothalamus. I n  ei- 
ther case, there is an  exponential decrease in 
sensitivity to ACTH of the adrenal gland, as 
a function of time. This can be observed in 
the presence of large adrenal glands, in ani- 
mals bearing a hypothalamic lesion. The pro- 
gressive decrease of adrenal sensitivity to 
i-\C'TH in the lesioned animal makes it desir- 
able to use only an acute preparation as a 
test for CRF. 
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