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Spinal Cord and Adrenocorticotropin Release.* (26165) 

EDWARD S. REDGATE (Introduced by George Sayers) 
Department  of Physiology, Il'estcrn Resr r r r  l l 7 n  i w r s i t y  ,Scliool of Medicine, Cleveland, Ohio 

Earlier investigations have provided evi- 
dence that adrenocorticotropin ( ACTH) re- 
lease is under control of one or more chemical 
media tors delivered to adenohypophyseal tis- 
sue via the hypophyseal portal venous sys- 
tem. Assuming this to be the case, the loca- 
tion of site or sites of origin and the mechan- 
ism controlling release of these chemical me- 
diators, often referred to as corticotropin re- 
leasing factors (CRFs) . becomes important. 
The hypothalamus, and in particular the me- 
dian eminence, has been proposed by several 
workers as the site of release. However, sites 
of origin of CRFs located more peripherally 
have also been proposed. These proposals 
have been made on the basis of experimen- 
tally induced increases in ACTH release fol- 
lowing stimulation of denervated structures. 
T o  account for the increase, blood borne 
chemical mediators such as epinephrine, or 
products of tissue destruction, are consid- 
ered to be carried from a peripheral site to 
the pituitary vin systemic circulation ( 1,2,3. 

The apparently conflicting experimental re- 
sults, methodological shortcomings and de- 
ficiency of adequate controls of previous ex- 
periments in cord-sectioned animals prompted 
a reinvestigation of the problem. The obser- 
vations reported here offer no support for a 
peripherally elaborated CRF since applica- 
tion of stimuli below the level of cord section 
failed to increase rate of release of ACTH. 

Methods. Adult male rats (Sprague-Daw- 
ley) weighing 225-275 g, were used follow- 
ing one to1 2 weeks acclimatization in this 
laboratory. The AC'TH-releasing effect of a 
given procedure was evaluated by means of 
adrenal ascorbic acid depletion ( 6 ) .  The rats 
were sacrificed by application of a large surgi- 
cal forceps at the level of the neck. This 
procedure decapitated the rat and prevented 
exchange of blood between head and trunk. 

* This research was sponsored by the U.S.A.F. 
through the AFOSR of the Air Research and l)e- 
vclopnient Command. 

4.5). 

The left and right adrenal glands were re- 
moved and ascorbic acid concentrations were 
determined separately, averaged, and ex- 
pressed in milligrams adrenal ascorbic acid 
per 100 g fresh adrenal tissue. The assump- 
tion is made in these experiments that 
changes in adrenal ascorbic acid concentra- 
tion of the experimental animal reflect in- 
creased rate of release of ACTH from the 
adeno hy pop hy sis . 

Adrenal ascorbic acid depletion was studied 
in unanesthetized intact and in unanesthe- 
tized cord-sectioned rats after electrical sti- 
mulation and after injection of U.S.P. Corti- 
cotropin Reference Standard. Colrd-sectioned 
rats were prepared under ether anesthesia. 
The spinal cord was sectioned at  T Z  and a 
short probe destroyed spinal segments TI to 
T:<. The operated rats were caged individu- 
ally in a room regulated at  30°C t 1.0. 

Unanesthetized rats were prepared for elec- 
trical stimulation by placing electrodes con- 
sisting of a length of soft copper wire either 
on both hindpaws or on both forepaws. An 
electrical stimulus believed sufficient to ac- 
tivate all nerve fibers in the vicinity of the 
electrodes was applied. The stimulation con- 
sisted of a square wave current flow having 
peak value of 4 to 7 milliamperes and a pulse 
duration of 3.2 milliseconds delivered at 100 
pulses per second. The square wave current 
was turned on for 10 seconds, then off for 20 
seconds, by a timer for a total of 12 minutes. 
Current flow was monitored on a cathode ray 
oscilloscope. 

Results. Eflect of spinal cord transection 
on adrenal ascorbic acid concentration and on 
adrenal weight. Adrenal ascolrbic acid con- 
centrations were determined a t  4, 24, and 48 
hours and at 7 days after operation (Table 
I ) .  Four hours after spinal cord transection, 
adrenal ascorbic acid concentration was less 
than normal. At 24 hours, concentration was 
higher but still less than normal. At 48 
hours, concentration was not significantly dif- 
ferent from that of normal animals receiving 
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TABLE 1. Ad1-enal Ascorbic Acid Coiiccntration 
a f t e r S pi ~ i a  1 Co r cl T r R iisec t i on. 

Tim(, after ronl  
transectioii 

A l l  rxts were sacrificed by neck cl:nmp. 
t &lean & staid.  error of rneaii (No. of rats). 
A11 rrbults exprcssctl :IS riig w~lreiial ascorbic acid 

1w1’ 100 g f rwli adrenal tis>,ur. 

no experimental treatment. Rats maintained 
for one week after cord-section exhibited nor- 
mal adrenal ascorbic acid concentration. 

Adrenal weight showed an increase after 
cord section. Adrenal weight of intact 250 g 
rats was 18.49 t 0.8 ( 9 )  mg. Two days after 
cord section adrenal weight was 24.0 t 0.8 
(7) mg and at  7 days, 26.4 t 0.8 ( 7 )  mg. 
Efiect of injected ACTH on adrenal ascorbic 
acid. Dose response to injected ACTH was 
compared in 24-hour hypophysectomized and 
2-  and 7-day cord-sectioned rats. The mem- 
bers of the 3 groups had similar body weights. 
The rats were wrapped in a soft towel and the 
solutions in acid-saline (1 ml volume) were 
injected into a saphenous vein. One-half, 1.0 
and 2.0 milliunits of U.S.P. ACTH Reference 
Standard, were employed (Table 11).  Re- 
sponse to ACTH was the same in the 3 
groups. The sensitivity of the adrenals of 2- 
and 7-day cord-sectioned rats equals that of 
the 24-hour hypophysectomized rat. 

TABLE: 11. ACTH Dose Respoiisc in 24-Rr Hypo- 
phpsectomizcd Rats and in 2- and 7-T)ay Corcl-sec- 

tioiicd Rats. 

Cortl-sectioned rats Exp. 24-br 
treatment hypox rats %-day 7-day 

* Mean f stand. error of inwii. 
t S o .  of rats. 
All results expressed as  ing adrenal ascorbic acid 

per 100 g fresh adrenal tissue. 

Coinpiwison of response to  forepaw stimu- 
lation aivd hindpaw stimulation in cord-sec- 
tioned avLd in intnct Pats. Two importani- as- 
pects of the electrical stimulation procedure 
were tested with intact rats: 1) the plossi- 
bility that forepaw and hindpaw stirnuladtion 
may induce different amounts of ACTH re- 
lease, 2 )  the possibility that sham stirriula- 
tion ma,)’ elicit ACTH release in absence of 
electric current flow. The parameters of the 
electrical stimulus chosen resulted in moder- 
ate ACTH release in the intact rat. Applica- 
tion of this electrical stimulus to forepaws or 
to hindpaws of intact rats resulted in equiva- 
lent adrenal ascorbic acid depletion. Sham 
hindpaw or sham forepaw stimulation did not 
result in significant ascorbic acid depletion 
(Table 111). 

TABLE 111. Adrenal Ascorbic Acid Concentration 
after Sham Stimulation or  Electrical Stimulation 

of Forepaws or Hindpaws of Liitact Rats. 

Untren tecl 
Sham forepaw stimulation 
Forepaw electrical stiniulatioii 
Uritrcn ted 
Sham lliindpaw stimulation 
H i n d p w  electrical stimulation 

427 2 16 (6)*  
422 & 10 (6)  
260 2 18 (6)  
424 f 23 (6)  
419 2 20 (6) 
254 2 10 (6) 

Meaii 2 stand. error (No. of rats). 
A!l rats sacrificed by neck c1:niiip. 
All results expressed as mg adrenal ascorbic acid 

pry 100 g fresh aclrenal tissue. 

TABLE 1 V. Adrenal Ascorbic Acid Concentrations 
after Sh:tm Stimulatioii or Electrical Stimulation 
of Forrp:-lws or  Hindpaws of 1-Week Spinal Cord- 

Sectioned Rats. 

Uiitrr: ted 432 10 (5)*  
Sham forepaw stimulation 
Forep:trv electrical stirnulatioil 
Ur 1 t rc z1 t e d 
Sham liiiiclpaw stiniiilatioii 
Hindpan- electrical stimulation 

404 -+ 23 ( 6 )  
310 -+ 19 (5 )  
444 2 1 4  (8)  
435 -+ 11 ( 9) 
410 & 18 ( 9 )  

* Mean 2 stand. error (KO. of rats). 
,411 rats sacrificed by neck clanip. 
All results expressed as m g  adrenal ascorbic acid 

per 100 g fresh adrerial tissue. 

The results obtained above in intact rats 
may be compared with results obtained in 
one-wedk cord-sectioned rats (Table IV) . 
Ascorbic: acid concentrations in untreated 
groups and in sham stimulated groups were 
similar to those obtained in intact rats. IHow- 
ever, in contrast to the results obtained in 
electrically stimulated intact rats, only fore- 
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paw stimulation elicited significant adrenal 
ascorbic acid depletion in the cord-sectioned 
rat. Consequently intact spinal cord paths 
are essential for mediation of ACTH release 
following electrical stimulation of the peri- 
phery. 

Ilisrussion. The results indicate that in- 
tact neural paths in the spinal cord are es- 
sential for mediation of ACTH release follow- 
ing hindpaw electrical stimulation. S o  
ACTH release was observed following 
hindpaw stimulation even though con- 
siderable directly and reflexly elicited mus- 
cular activity and elevation of blood pres- 
sure occurred during stimulation. This evi- 
dence supports the view that CRF is released 
by neural structures located in the brain plus 
cervical cord portion of the central nervous 
system, probably the hypothalamus, rather 
than from the periphery. These conclusions 
conflict with the interpretation of experi- 
mental results supplied by others ( 1.2.3.4.5). 
I t  is believed that this discrepancy is the re- 
sult of methodological shortcomings and the 
failure of previous investigators to carry out 
sham control experiments to define the effec- 
tive factor in stimulation procedures leading 
to A4CTH release. 

The results of indirect assays of blood 
ACTH levels by measuring activity of the 
adrenal of chronic preparations must be in- 
terpreted with caution. I t  is possible that 
altered adrenal metabolism under the pecu- 
liar conditions existing in certain chronic 
preparation may be misleading. Precautions 
have been taken in these experiments to avoid 
some of the common failures: 1) only spinal 
cord rats with adrenal ascorbic acid levels 
similar to unoperated controls were used, 2 )  
responsiveness of the adrenals of the spinal 
rats was defined with a 3 point dose-response 
curve to U.S.P. Reference Standard ACTH. 
3 )  capacity to release ACTH was established 
by demonstrating ascorbic acid depletion fol- 
lowing stimulation above the level of cord 
transection. 

After hindpaw stimulation in cord-sec- 
timed rats adrenal ascorbic acid depletioa 
was absent. After forepaw stimulation, as- 
corbic acid depletion occurred but wits less 
than that observed in intact rats. The possi- 

bility was considered that the decreased de- 
pletion following forepaw shock was due to a 
reduction in adrenal sensitivity to ACTH in 
the cord-sectioned rats and that this reduc- 
tion masked a small response to hind-paw 
 tim mu la ti on. Sensitivity of adrenals of cord- 
sectioned rats to exogenous AC'TH was in- 
vestigated. Dose response to injected ACTH 
demonstrated that adrenals of 2- and 7-day 
cord sectioned rats responded similarly to 
adrenals of 24-hour hypophysectomized rats. 

Other evidence obtained recently also sup- 
ports the view that there is a depression in 
ACTH release in cord-sectioned rats which 
is independent of adrenal gland function. 
The difficulty of interpreting data obtained 
in chronic preparations in which altered 
adrenal sensitivity to ACTH may occur was 
eliminated by measuring blood ACTH levels 
in adrenalectomized rats. Furthermore, since 
the view is held that depression of ACTH re- 
lease in cord-sectioned preparations is due to 
lack of a supporting secretion from the 
adrenal medulla, the adrenal medulla was 
eliminated. Under these conditions blood 
ACTH levels were depressed after colrd-sec- 
tion in comparison to levels in control and 
sham operated adrenalectomized rats. 

Spinal cord section results in 
early adrenal ascorbic acid depletion. Re- 
covery of normal levels occurs after 48 hours 
and is maintained for at least one week. Cord- 
sectioned rats (2 -  or '/-day), exhibiting nor- 
mal initial adrenal ascorbic acid levels, re- 
spond to injected ACTH with ascorbic acid 
depletion similar to that observed in 24-hour 
hypophysectomized rats. Adrenal ascorbic 
acid depletion response was employed as an 
index of blood ACTH levels. Intact rats re- 
spond to electric current flow through either 
forepaws or hindpaws with equivalent ACTH 
release. Cord-sectioned rats respond to fore- 
paw stimulation with ACTH release, but do 
not respond to hindpaw stimulatioa. Sham 
stimulation of intact or cord-sectioned rats 
does not release ACTH. 

Summary. 

Marion D. Lipscomb rendered valuable technical 
assistance. 
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Pharmacologic Demonstration in Man of Increased Thresholds to Tooth 
Pain Following Carisoprodol and other Analgesics. (26166) 

S. MARGOLIN 
Wallnce Laboratories, Cranhury, N .  J .  

Most methods for evoking experimental 
pain in humans trigger a t  the same time adja- 
cent sensory fibers which interfere with pre- 
cise perception and measurement of pain. 
Brashear (1) has observed that thermal, me- 
chanical or chemical stimulation of a normal 
human tooth triggers pain only. No1 other 
sensation is experienced. Only pain fibers en- 
ter the pulp accompanying larger vessels and 
form an almost complete mantle around the 
arteries. The practicability off an algesimet- 
ric method based upon this neural structure 
is enhanced by constant conditions of stimu- 
lation afforded by a suitable electronic stimu- 
lator(2,3,4). 

Met h ads. With a Bur toln “vitalome ter ,’,* 
current was delivered to the base of the upper 
right incisor for 2 seconds, and increased by 
small increments at 5 to 10 second intervals 
until unequivocal recognition of pain was re- 
ported by the subject. One threshold meas- 
urement was made at  each hourly trial. The 
contacting electrode was kept moist by fre- 
quently dipping it in 70%) alcohol. Twenty 
normal men and women, 2 2  to 52 years of 
age,, participated. Neither observer nor sub- 
jects had knowledge of the assignments of 
placebo or drug. One week elapsed between 
tests. On test days subjects reported to the 
laboratory at  9 : O O  a. rn., when a control pain 
threshold record was obtained. Each subject 
then received 2 capsules of drug olr placebo 
immediately after this test. Every subject 
received placebo 3 times during the series of 

-- -- 
* Burton Mfg. Co., Santa Monica, Calif. 

trials. No1 foods or drinks were consumed 
until after all threshold tests had been com- 
pleted. One hour after the drugs were in- 
gestedl a second tooth pulp pain threshold 
was determined. A final threshold measure- 
ment was made 2 hours later (1 1 : 00). With 
initial readings (9:OO a. m.) as baseline, 
changes in tooth pulp threshold were calcu- 
lated, and means computed far one-hour and 
2-hour intervals. Biometric tests for signifi- 
cance of differences between groups are based 
upon “F” values derived by the analysis of 
variance( 5 ) .  

Reszdts. Carisoprodol a t  a single oral 
dose of 350 mg in gelatin capsules produced 
a statistically significant increase in pain 
threshold (130 t 12.7% at one hour; 132 
t 12.4% at  2 hours) (Fig. 1). A single dose 
of 30 mg of codeine phosphate orally also 
raised pain threshold (128 t 8.370 a t  one 
hour; 138 t_ IQ.l% a t  2 hours). Placebo 
response did not differ significantly from 
baseline thresholds (96 t 4.2% 104 r+ 
4.5%). Meprobamate in a single oral dos- 
age of 800 mg failed to show any analgesic 
effect; the threshold value of 1010 t 7.476 
did not differ significantly from placebo or 
baseline responses. In a single oral dose, 
acetylsalicylic acid a t  1200 mg/persan ele- 
vated pain threshold significantly a t  one hour 
( 12 1 ::‘r 14.5% ) . This response, however, 
was of relatively short duration since <a sta- 
tistically significant increase was not found 
at 2 hours. With 600 mg of acetylsalicylic 
acid, pain threshold was elevated (1019 _t 

9.2%):, but not significantly. An oral dose 


