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Abstract. Previous studies established that naloxone reverses hypotension in endotoxin, hem- 
orrhagic, and spinal shock. We studied endotoxin shock in hypophysectomized (Hx) rats, which 
have little circulating &endorphin. Hx or intact rats received surgically implanted jugular catheters 
for drug injection and aortic catheters for arterial blood pressure (MAP) recording. On the second 
day after implantation, rats were pretreated with either naloxone or saline. Two minutes later 
each rat received endotoxin. Following endotoxin, all rats showed a brief biphasic hypertensive- 
hypotensive response followed by stabilization of MAP near baseline. Within 20 min, all Hx 
rats, regardless of pretreatment, and the saline-treated intact rats, showed progressive hypotension 
( P  < 0.005). Only the naloxone-pretreated intact rats maintained a stable MAP. Plasma endorphin 
measured at 20 min was undetectable in Hx rats in contrast to intact rats (P  < 0.001); plasma 
corticosterone levels were likewise suppressed in the Hx rats (P < 0.01). Thus (1) naloxone 
protected only the rats with an intact pituitary-adrenal-sympathetic system, and (2) pituitary 
endorphin is not required to generate endotoxin shock in hypophysectomized rats. 

Naloxone reverses the depressant effects of 
opiates (1) and similarly reverses the depres- 
sant effects of endogenous opioid compounds 
(2-4). Naloxone reversibility of almost any 
cardiovascular or psychomotor response is 
considered evidence of participation of en- 
dogenous opioid compounds in the patho- 
genesis of that response. The endogenous 
opioid ,&endorphin is thought to be involved 
in the pathogenesis of the hypotension asso- 
ciated with a variety of conditions because of 
reversibility by naloxone, including endotoxic 
and hemorrhagic shock in dogs and rats (5-  
8), spinal shock in cats ( 5 ,  9), and clonidine- 
induced hypotension in spontaneously hy- 
pertensive rats (SHR) (10). Additional evi- 
dence is the finding that plasma from dogs 
made hypotensive by hemorrhage or endo- 
toxin contains markedly elevated levels of 6- 
endorphin ( 1 1, 12). 

Recent work of Holaday et al. (7) showed 
that intracerebrally administered naloxone 
would not reverse the hypotension of hem- 
orrhagic shock in hypophysectomized rats, 
whereas intact rats responded to intracerebral 
naloxone. They concluded that intracerebral 
opiate receptors were probably of major im- 
portance in the generation of hypotension in 
the hemorrhagic shock model. Since @-en- 
dorphin, like other pituitary derived sub- 
stances, disappears from the circulation after 

hypophysectomy ( 13), we also used hypophy- 
sectomized rats as model to determine whether 
circulating @-endorphin should be considered 
necessary for the pathogenesis of endotoxic 
shock. We reasoned that naloxone would have 
no effect in ameliorating hypotension in rats 
without circulating endorphin. 

Materials and Methods. The effect of hy- 
pophysectomy and naloxone treatment on 
endotoxin-induced hypotension was studied 
in four groups of rats ( N  = 4 to 5 per group) 
in a 2 X 2 design. 

Animals. Seven-week-old hypophysecto- 
mized and intact male Sprague-Dawley rats 
were obtained from King Laboratories (Ore- 
gon, Wisc.). They were housed three to a cage 
before surgery and individually after surgery 
at 25°C on a 12-hr light-dark schedule, and 
allowed standard laboratory chow and tap wa- 
ter. Because of the higher mortality of the hy- 
pophysectomized (Hx) rats from respiratory 
infections, tetracycline was added to the 
drinking water of all rats when infections were 
prevalent in the colony. 

Preparative surgery. Arterial and venous 
catheters were surgically implanted 2 days be- 
fore the experiment. To accomplish this, rats 
were anesthetized with sodium pentobarbital 
(50 mg/kg ip) prior to surgery. Hx rats were 
pretreated with dexamethasone sodium phos- 
phate 250 pg/kg ip 1 hr prior to anesthesia. 
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The abdominal aorta was exposed via an ab- 
dominal incision and cannulated with a poly- 
ethylene catheter (Intramedic PE-10 at the tip) 
so that the tip of the catheter was below the 
level of the renal arteries. The tubing was 
brought out anteriorly, threaded subcutane- 
ously, then sutured in an interscapular posi- 
tion with a small exteriorized loop. The tubing 
was filled with a heparin solution and heat 
sealed. The jugular vein was cannulated with 
Silastic (Dow) tubing; the external end was 
tunneled into the interscapular position, filled 
with heparin, and the end knotted and sutured 
in place with an exteriorized loop. On the day 
following surgery, Hx rats received hydrocor- 
tisone sodium succinate 0.1 mg im at 0800 
and 1700, and L-thyroxine 2.0 pg im at 0800. 

Experimental procedure. Two days later, 
between 1000 and 1400 and at least 17 hr 
after the last injection of hydrocortisone, the 
rats were lightly restrained in a warmed plastic 
holder for blood pressure studies. After 5- 10 
rnin of baseline quiet, mean arterial blood 
pressures (MAP) were recorded from the aortic 
catheter using a Gould-Statham model P23dB 
pressure transducer, a Hewlett-Packard 8805C 
pressure amplifier, and a Hewlett-Packard 
7702B chart recorder. Instruments were cal- 
ibrated with a mercury manometer; sensitivity 
was estimated to be <2 mm Hg. Pulse pressure 
tracings were electronically averaged to a mean 
arterial pressure. After stable baseline records 
were obtained, rats were randomly assigned 
to receive either naloxone 1 mg/kg (0.4 mg/ 
ml, Endo Laboratories, Wilmington, Del.) as 
a bolus over 5 sec via the jugular catheter, or 
an equivalent volume of 0.9 saline, given at 
time zero. This dose was chosen as it has been 
suggested as an optimum bolus dose in en- 
dotoxin-treated rats (5). At 2 rnin the rats re- 
ceived endotoxin (Lipopolysaccharide B, 
Boivin method, E. coli 01 11:B4, control 
704385, Difco Laboratories, Chicago, Ill.) 50 
mg/kg (LDSS; 20 mg/ml in 0.9 saline) as a 
bolus over 5 sec. The catheters were flushed 
after each injection. A continuous blood pres- 
sure record was made over the first 3 min of 
the study, including both injections. There- 
afler, a 5-sec record was made at 4, 5, 10, 15, 
and 20 min into the study. 

At 20 min, each rat was removed from the 
holder, decapitated, and blood collected in a 
heparinized tube. Blood was held on ice, cen- 

trifuged, and the plasma stored at -20°C for 
hormone determinations. Completeness of 
hypophysectomy was verified by inspection of 
the base of the brain and skull. 

Hormone determinations. Plasma cortico- 
sterone was assayed by RIA using the method 
of Keith et al. (14). Briefly, the ether-soluble 
fraction of plasma was suspended in buffer 
and incubated with 3H-corticosterone plus 
antiserum. The free corticosterone was pre- 
cipitated with charcoal-Dextran, and the su- 
pernatant, containing antibody-bound corti- 
costerone, was counted by liquid scintillation 
spectrometry. Sensitivity was 0.5 pg/dl of 
plasma. 

Plasma @-endorphin was assayed by RIA 
using the method of Allen et al. (1 5 )  with a 
sensitivity of 10 pg/ml of plasma. Briefly, 
plasma @-endorphin was adsorbed to Vycor 
glass (Coming) and eluted with 30 ml acetone. 
The acetone eluates were dried, reconstituted 
in buffer, and @-endorphin measured by a 
nonequilibrium RIA using antiserum which 
reacts with @-endorphin and @-lipotropin on 
an equimolar basis. Recovery of added @-en- 
dorphin averaged 60%; standards were carried 
through the assay procedure. 

Analysis. Blood pressure in each rat was 
expressed as a percentage of baseline for anal- 
ysis. The significance of the experimental 
treatment on the change in MAP from baseline 
was determined in each group by the analysis 
of simple effects. Differences among means at 
20 min were determined by the ,.lcw/;=lan- 
Keuls test (16). 

Results. Eflect of hypophysectomy. Hx rats 
had no visible pituitary tissue at autopsy. 
Baseline arterial pressures were significantly 
less in the Hx rats compared to intact rats, 
confirming previous observations (7); how- 
ever, in both groups of rats, MAPS recorded 
from the aorta were substantially higher than 
previously reported blood pressures recorded 
with tail arterial catheters (Table I). 

Circulating @-endorphin was absent in the 
Hx rats, confirming previous observations of 
the pituitary origin of plasma endorphin ( 13). 
Likewise, the pituitary-adrenal axis was 
markedly depressed in these rats as indicated 
by the very low plasma corticosterone con- 
centrations (Table 11). There was no effect of 
naloxone versus saline pretreatment on these 
values. 
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TABLE I. MEAN ARTERIAL BLOOD PRESSURES AND 
WEIGHTS OF HYPOPHYSECTOMIZED AND INTACT 

7-WEEK-OLD RATS 

Baseline MAP Weight 
(mm Hg f SEM) (g f SEM) 

Hypophysectomized (9) 86.6 f 4.0 176.6 f 2.8 
Intact (8) 112.9 f 2.7 241.6 f 10.2 
P (two-tailed t test) <o.o 1 <o.o 1 

Note. N in parentheses. 

Blood pressure responses. There was no sig- 
nificant effect of either naloxone or saline 
alone on MAP in either Hx or intact rats. 
With the injection of endotoxin, all groups 
demonstrated a similar rapid transient bi- 
phasic hypertensive-hypotensive response, 
which began during the last part of the injec- 
tion and ended as a discrete trough 6- 15 sec 
after the end of the bolus. Figure 1 shows 
representative tracings of this response, which 
did not appear after injections of saline or 
naloxone. Pilot experiments clearly showed 
that this event did not require a prior injection 
to "volume load" the animal. Following this 
event, MAPs in all groups returned to near 
baseline for the next 3 min, being slightly but 
not significantly lower in the Hx rats (94 vs 
98 of baseline). Subsequent recordings dem- 
onstrated differing effects of endotoxin in the 
four groups: Hx rats, regardless of pretreat- 
ment condition, had a steady decline in MAP 

TABLE 11. PLASMA CORTICOSTERONE AND ENWR- 
PHIN LEVELS IN INTACT AND HYPOPHYSECTOMIZED 

ENDOTOXEMIC RATS PRETREATED WITH 
SALINE OR NALOXONE 

Corticosterone &Endorphin 
(&dl f SEM) (pglmlf SEM) 

Hypophysectomized 
Saline-treated (4) 1.3 f 0.1 <lo" 
Naloxone-treated (5) 1.5 f 0.1 (10" 

Saline-treated (4) 5.9 f 0.5 456 & 30 
Naloxone-treated (4) 5.8 f 0.3 433 f 107 
P <o.o 1 <om 1 = 

Intact 

Note. N in parentheses. 
a 10 pg/ml was the lower limit of the assay. All hypophysee 

tomized rats (except one naloxone-pretreated rat with a level of 
30 pg/ml) had no detectable circulating endorphin. 

I ,  Two-tailed t test, hypophysectomized vs intact. 
' Fisher's exact test, hypophysectomized vs intact. 

I10 
I N  1:; 

110 

IS 
80 

100 
90 

HN g 
60 

100 
90 

HS ;: 
60 

s+-- t 

1 I I I I I  I I 1 1 1 I  

0 30 60 90 2 25 3 4 5 10 15 20 
sec min 

Time After Pretreatment 

FIG. 1. Representative MAP recordings from one mem- 
ber of each treatment group. Rats were injected with 2.5 
ml/kg of saline (S) or naloxone (N) at time 0. At 2 min 
rats were injected with endotoxin (E) (2.5 ml/kg). I, intact; 
H, hypophysectomized. The ordinate is mean arterial 
pressure in mm Hg. The nonlinear abscissa was neces- 
sitated by the switch to an intermittent record after 3 min. 
The brief decrease in MAP after naloxone injection in rat 
IN was not significant and was not seen in other members 
of that group. 

over the recording period, reaching a value 
significantly different from baseline at 20 min 
(MAP 78 of baseline or 68 & 5.2 mm Hg). In 
contrast, intact rats demonstrated a protective 
effect of naloxone pretreatment. Naloxone 
pretreated intact rats maintained their MAPs 
at >96 of baseline (NS) following the initial 
biphasic response; however, saline-pretreated 
intact rats demonstrated the same significant 
fall in MAP over time as did the Hx rats, 
reaching 80.5 of baseline at 20 min (absolute 
MAP 95 f 4.1 mm Hg) (Fig. 2). Newman- 
Keuls analysis confirmed the difference in the 
mean of the naloxone-pretreated intact group 
from the other three groups (P < 0.01). 

Discussion. The objectives of the present 
study were to examine the hypotensive effect 
of endotoxin shock in hypophysectomized rats 
and to determine if it could be prevented by 
naloxone. Several important findings are pre- 
sented: first, hypophysectomized rats do ex- 
hibit a hypotensive response to endotoxin; 
second, as predicted, naloxone was not effec- 
tive in preventing it. A third unexpected find- 
ing was the transient hypertensive/hypotensive 



ENDOTOXIN SHOCK IN HYPOPHYSECTOMIZED RATS 383 

115- 

110- 

% 105- 
2 
g loo- 
6 9 5 -  
.- - 
m 
.c 9 0 -  

8 5 -  

80 

75 

- 
- 

OHS AIS 
OHN AIN 

1 
L l  I I I I I 

0 2 2 5  3 4 5 10 15 20 
PT 

Min After Pretreatment 

FIG. 2. Mean arterial pressure after endotoxin injection 
in each group. Values are expressed as percentage of base- 
line. Rats were injected with endotoxin (E) 2 min after 
pretreatment with either naloxone or saline; P and T refer 
to postinjection peak and trough, which occurred at slightly 
different times in each animal. Analysis of simple effects 
demonstrated a significant (P < 0.005) fall in MAP over 
20 min in all groups except IN. I, intact; H, hypophy- 
sectomized; S, saline pretreated; N, naloxone pretreated. 
Groups HN, HS, and IS could not be shown to differ 
from one another at 20 min (Newman-Keuls test, P 
< 0.01). Vertical bars indicate standard error. Note the 
nonlinear abscissa. 

response in all groups immediately after en- 
dotoxin injection. 

The finding that hypophysectomized rats 
exhibit a hypotensive response to endotoxin 
was not unexpected given the fragile nature 
of these animals, but it could not have been 
predicted from the hypothesis that @-endor- 
phins are of central importance in the patho- 
genesis of shock. 

The fact that naloxone was effective in pre- 
venting endotoxin-mediated hypotension in 
rats with intact pituitaries supports previous 
observations of Faden, Holaday, and co- 
workers. The absence of effect of naloxone in 
the hypophysectomized rat was originally re- 
ported in the hemorrhagic shock model (7), 
and is here extended to the specific situation 
of endotoxin shock. These data are also in 
agreement with work that Faden and Holaday 
presented in preliminary form ( 17). However, 
the hypothesis that @-endorphin is necessary 
for the pathogenesis of hypotension is not 
supported, because hypotension is easily gen- 
erated in hypophysectomized rats lacking @- 
endorphin. 

Endotoxin has a multitude of effects in the 
intact organism, some of which are immediate 

and others of which develop over hours (1 8). 
Endotoxin localizes within platelets and en- 
dothelial cells within minutes after injection, 
and is involved in the release of tissue factors, 
procoagulants, collagenase, prostaglandins, 
and pyrogens. It is involved in activating the 
complement cascade, leukocytes, and gener- 
ating fever (18). The ultimate result to the 
organism is hypoglycemia, respiratory failure, 
diffuse intravascular coagulation, renal failure, 
circulatory collapse, and death. The release of 
@-endorphin in the animal experiencing en- 
dotoxic shock no doubt contributes to the fall 
in blood pressure; treatment with naloxone 
may allow animals with intact homeostatic 
counterregulatory mechanisms to normalize 
blood pressure temporarily. While most stud- 
ies have failed to demonstrate any beneficial 
effect of naloxone on survival of endotoxemia 
beyond several hours (1 9), at least one recent 
report has shown such an effect on dog 7 days 
afier endotoxin insult (20). 

Comparison of two animal models which 
do not respond to naloxone during hypoten- 
sion provides evidence for the mechanism of 
action of naloxone. Hypophysectomized and 
adrenalectomized (2 1) rats are similar in that 
both conditions result in fragile animals with 
low resting blood pressures, decreased plasma 
epinephrine, and increased susceptibility to 
shock. They differ in that hypophysectomized 
rats have absent circulating endorphin and 
ACTH, while adrenalectomized rats have 
markedly elevated levels of these hormones. 
The sensitivity of these animals to shock and 
their lack of ability to normalize blood pres- 
sure with the administration of naloxone thus 
most likely represents their loss of pressor 
counterregulatory agents (e.g., epinephrine) 
rather than the absence of or the overabun- 
dance of a depressor agent, endorphin. Al- 
though we did not measure plasma catechol- 
amines in this study, this interpretation is in 
agreement with a recent in vivo observation 
by Mannelli et al. (22) that naloxone is capable 
of stimulating the release of catecholamines 
by a pheochromocytoma, a neoplasm derived 
from sympathetic nervous tissue, and supports 
the general hypothesis that endorphins mod- 
ulate the release of catecholamines. Further 
substantiation of an interaction with cate- 
cholamines has been shown by Kayama et al. 
(23) who observed a correlation between pre- 
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ganglionic splanchnic nerve firing and nal- 
oxone treatment in endotoxemic cats. 

It is also of interest that a variety of other 
single agents have been found to be capable 
of ameliorating some of the manifestations of 
endotoxin shock, among them, a-adrenergic 
blocking agents (24), glucocorticoids (25-27), 
diphenhydramine (28), indomethacin (29), 
and TRH (30). This reflects the complex na- 
ture of endotoxic shock; there is likely no single 
predominant pathophysiologic mechanism in 
either the generation of or the recovery from 
endotoxin shock. 

The final point regards the specific pattern 
of endotoxin-induced hypotension. We de- 
scribe a brief biphasic change in blood pressure 
in rats immediately after endotoxin injection, 
followed by recovery, then slow decline over 
the next 10-20 min, of which the latter phase 
may be ameliorated with naloxone in the in- 
tact rat. Although this early biphasic change 
may be observed in representative previously 
published blood pressure recordings, it has not 
been emphasized (3 1 ). That we reproducibly 
saw this early fluctuation may have resulted 
from our use of the technique of direct mea- 
surement of aortic blood pressure which might 
allow the detection of transient changes in 
central pressures which are not reflected in 
recordings from more peripheral (e.g., tail ar- 
tery) vessels. The cause and significance of 
this phenomenon is not apparent and will re- 
quire future clarification. 

Our studies were done on lightly restained 
rats, a state known to activate endogenous 
opioid systems. While it is possible that this 
restraint may have increased the stimulated 
levels of ,&endorphin, it seems unlikely that 
it would affect the observation that naloxone 
does not protect hypophysectomized animals, 
or the conclusion that pituitary opioids are 
unnecessary for the introduction of endotoxin 
hypotension. 

In summary, the present study supports 
previous observations of the efficacy of nal- 
oxone in ameliorating endotoxin-induced hy- 
potension in the intact rat, and supports and 
extends previous findings that naloxone is of 
no value in attenuating hypotension in hy- 
pophysectomized rats. The findings are in 
agreement with the hypothesis that the ben- 
eficial effect of naloxone in the intact rat is 
mediated through the sympathetic nervous 

system. We conclude that endotoxin-stimu- 
lated release of plasma endorphin is part of 
the multifactorial pathogenesis of hypotension 
in intact rats, but that @-endorphin is not nec- 
essary for the generation of endotoxin-induced 
hypotension in hypophysectomized rats. 

The technical assistance and helpful discussions of 
Donna Gaudette, Richard Allen, and Donald Keith, and 
the excellent animal care of Robert Shoemake are gratefully 
acknowledged. We also thank Daniel Gray for his helpful 
statistical advice. S. D. Davis is at the Division of Ne- 
phrology, Stanford University Medical Center, Stanford, 
Calif. 94305. D. M. Potter is at the Veterans Adminis- 
tration Medical Center, 300 E. Roosevelt Road, Little 
Rock, Ark. 72206. This research was supported by a grant 
from the Oregon Heart Association and by institutional 
research funds of the Veterans Administration. 

1. 

2. 

3. 

4. 

5 .  

6. 

7. 

8. 

9. 

10. 

11. 

Jaffee JH, Martin WR. Opioid analgesics and antag- 
onists. In: Gilman AG, Goodman LS, Gilman A, eds. 
Goodman and Gilman’s The Pharmacological Basis 
of Therapeutics. New York, MacMillan, 6th ed, pp 

Florez J, Mediavilla A. Respiratory and cardiovascular 
effects of Metenkephalin applied to the ventral surface 
of the brain stem. Brain Res 138585-590, 1977. 
Laubie My Schmitt H, Vincent ha, Remond G. Cen td  
cardiovascular effects of morphinomimetic peptides 
in dogs. Eur J Pharmocol46:67-71, 1977. 
Lemaire I, Tseng R, Lemaire S. Systemic adminis- 
tration of &endorphin: Potent hypotensive effect in- 
volving a serotonergic pathway. Proc Natl Acad Sci 

Faden AI, Holaday JW. Experimental endotoxin 
shock: The pathophysiologic function of endorphins 
and treatment with opiate antagonists. J Infect Dis 

Faden AI, Holaday JW. Naloxone treatment of en- 
dotoxin shock: Stereospecificity of physiologic and 
pharmacologic effects in the rat. J Pharmacol Exp 
Ther 212:441-447, 1980. 
Holaday JW, OHara My Faden AI. Hypophysectomy 
alters cardiorespiratory variables: Central effects of 
pituitary endorphins in shock. Amer J Physiol 

Vargish T, Reynolds DG, Gurll NJ, Lechner RB, 
Holaday JW, Faden AI. Naloxone reversal of hy- 
povolemic shock in dogs. Circ Shock 7:3 1-38, 1980. 
Faden AI, Jacobs TP, Mougey E, Holaday JW. En- 
dorphins in experimental spinal injury: Therapeutic 
effect of naloxone. Ann Neurol 10:326-332, 198 1. 
Farsang C, Kunos G. Naloxone reverses the anti- 
hypertensive effect of clonidine. Brit J Pharmacol 

Bone R, Jacobs ER, Potter DM, Hiller FC, Wilson 

523-525, 1980. 

USA 75:6240-6242, 1978. 

142:229-238, 1980. 

241:H479-H485, 1981. 

67: 16 1-164, 1979. 



ENDOTOXIN SHOCK IN HYPOPHYSECTOMIZED RATS 385 

FJ. Endorphins in endotoxic shock. Microcirculation 

12. Lang RE, Bruchner UB, Hermann K, Kempf B, 
Rasher W, Sturm V, Unger T, Ganten D. Effect of 
hemorrhagic shock on the concomitant release of en- 
dorphin and enkephalin-like peptides from the pi- 
tuitary and adrenal gland in the dog. In: Costa E, 
Trabucchi M, eds. Regulatory Peptides: From Mo- 
lecular Biology to Function. New York, Raven Press, 

13. Guilleman R, Vargo T, Rossier J, Minick S, Ling N, 
Rivier C, Vale W, Bloom F. &Endorphin and ad- 
renocorticotropin are secreted concomitantly by the 
pituitary gland. Science 197: 1367- 1369, 1977. 

14. Keith LD, Winslow JR, Reynolds RW. A general 
procedure for estimation of corticosteroid response 
in individual rats. Steroids 31523-53 1, 1978. 

15. Allen RG, Herbert E, Hinman M, Shihuta H, Pert 
CB. Coordinate control of corticotropin, &lipotropin, 
and @-endorphin release in pituitary cell cultures. Proc 
Nat Acad Sci USA 75:4972-4976, 1978. 

16. Winer BJ. Statistical Principles in Experimental De- 
sign. New York, McGraw-Hill, pp 215-218, 347- 
351, 1971. 

17. Holaday JW, Faden AI. Hypophysectomy inhibits 
the therapeutic effects of naloxone in endotoxic and 
hypovolemic shock. Physiologist 22:4, Abstr, 1979. 

18. Momson DC, Ulevitch RJ. The effects of bacterial 
endotoxins on host mediation systems. Amer J Pathol 

19. Reynolds DG, Gurll NJ, Vargish T, Lechner RB, 
Faden AI, Holaday JW. Blockade of opiate receptors 
with naloxone improves survival and cardiac perfor- 
mance in canine endotoxic shock. Circ Shock 739- 
48, 1980. 

20. Hinshaw LB, Beller BK, Chang ACK, Passey RB, 
Archer LT. Naloxone therapy for LDlW E Coli spesis 
in the day. Circ Shock 10:247, 1983. 

21. Holaday JW, DAmato RJ, Ruvio BA, Faden AI. 
Action of naloxone and TRH on the autonomic reg- 
ulation of circulation. In: Costa E, Trabucchi M, eds. 

1:285-295, 198 1. 

pp 363-368, 1982. 

93(2):527-6 17, 1978. 

Regulatory Peptides: From Molecular Biology to 
Function. New York, Raven Press, pp 353-36 1,1982. 

22. Mannelli M, Maggi M, De Feo ML, Cuomo S, Forti 
G, Moroni F, Giusti G. Naloxone administration re- 
leases catecholamines. New Engl J Med 308( 1 1):654- 
655, Letter, 1983. 

23. Kayama S, Santiesteban HL, Ammans WS, Manning 
JW. The effects of naloxone on the peripheral sym- 
pathetics in cat endotoxin shock. Circ Shock 10:7- 
13, 1983. 

24. Filkins JP. Adrenergic blockade and glucoregulation 
in endotoxic shock. Circ Shock 6:99- 107, 1979. 

25. Casey JP, Short BL, Rink RD. The effect of meth- 
ylprednisolone on hepatic oxygen supply and plasma 
lactate and glucose in endotoxemia. Circ Shock 6245- 
253, 1979, 

26. Emerson TE, Raymond RM. Methylprednisolone in 
the prevention of cerebral hemodynamic and meta- 
bolic disorders during endotoxin shock in the dog. 
Surg Gynecol Obstet 148:36 1-366, 1979. 

27. Figlewicz DP, Filkins JP. Dexamethasone antagonism 
of glucose dyshomeostasis in endotoxin shock. Circ 
Shock 5317-323, 1978. 

28. Krause SM, Hess ML. Diphenhydramine protection 
of the failing myocardium during gram-negative en- 
dotoxemia. Circ Shock (575-87, 1979. 

29. Fletcher JR, Ramwell PW. E. coli endotoxic shock 
in the dog: treatment with lidocaine or indomethacin. 
Brit J Pharmacol64:185-191, 1978. 

30. Holaday JW, DAmato RJ, Faden AI. Thyrotropin- 
releasing hormone improves cardiovascular function 
in experimental endotoxic and hemorrhagic shock. 
Science 213:2 16-2 18, 198 1. 

31. Holaday JW, Faden AI. Naloxone reversal of en- 
dotoxin hypotension suggests role of endorphins in 
shock. Nature (London) 275:450-45 1, 1978. 

Received June 6, 1983. P.S.E.B.M. 1984, Vol. 175. 
Accepted November 29, 1983. 


