
UNCLASSIFIED

AD NUMBER

LIMITATION CHANGES
TO:

FROM:

AUTHORITY

THIS PAGE IS UNCLASSIFIED

AD269121

Approved for public release; distribution is
unlimited.

Distribution authorized to U.S. Gov't. agencies
and their contractors;
Administrative/Operational Use; 08 DEC 1961.
Other requests shall be referred to Department
of the Army, Attn: Public Affairs Office,
Washington, DC 20310.

USAEA ltr 10 Feb 1971



UNCLASSIFIED 

Reptoduced 

if ike 

ARMED SERVICES TECHNICAL INFORIUIM iMHCT 
ARLDfCTON HALL STATION 
ARLINGTON 12, VIRGINIA 

UNCLASSIFIED 



NOTICE:   When govenment or other dnwiiurs   «^ 
flcatlons or other data aw. »=1^ ^r^^ ' 8pecl" 
other than In coSecU^thTdeftn^^L 
«ovenunent procurement operetion, Sfül ed 

Goveimaent thereby incurfno IML^MI JC 
obligation ^t8oeyer;^he STS^S: Z^ 
nent may have fonnuiated, ftolSS.^ i?!?"^* 
supplied the said drawinis^niM«    °r ^ "V W 



.■,■.. 'S ■■■..■ ■    ■     . , ■ ■ ■ ■..,■. 
■ ■•■■■■.■. . ■     ■ .     . 

09 

UNCLASSIFIED 
(Soeurtty CUssif Ication) 

p<? nr 
i      s. 

{ 

Contactor 

BOARD OF REGENS 

University of Washington 

Contract Mo. DA-liHOB-CML-^ 

it 

CD 
SEMJ-AHJlU^l RETORT 12. PART 3 

Covering tho Period 

June I, \St\ - Movcf.ibcr 30* 1961 

Title: 

ANTAGOHISN 0? LYSERGIC ACIO CIETHVLAHIDE (LSO)-INOUCED HYPERTHERMIA 

Prtfared by: 

John T. Eider erd M. Kent Shei ienberger 

Decani er (3, laol 

\   *     ) 

i 

o .v J 
Copy ? of    £0    cople« 

UNCLASSIFIED 
(Security Classification) 

! 

ASTIA 

Iff!  DEC18« 

IIÜQü 



Antagonism of Lysergic Acid Oiethylamldo (LSD)-Induced Hyperthermla 

John T. Elder end N. Kent Shellenberger 
Departmsni of Pharmacology 
University of Washington 
Seattle, Washington 

The pyretogenlc response to LSD has been reported by several workers 

and the influence of several drugs upon this phenomenon has been determined 

(Horlta end Dille, 195^; Horlta and Gogerty, 195Ö, Stahelin and Taeschler, 

IS59. Gogerty et ai.. 1957). The ttudy by Horlta and Gogerty (1958) 

Indicated that the levels of serotonin (5-«T) are Important to the 

pyretogenlc response and that the response may be due to the Indole 

character of LSD mimicking that of 5-HT. Horlta (unpublished experiments) 

has also obtained pyretogenlc responses by means of the administration 

of 3-, ^-dihydroxyphenylalanina (OOPA) In the presence of a monoamlne 

oxldase (MAO) inhibitor. 

In a study of the effects of various pharmacoiogic agents upon the 

LSD-Induced behavioral changes in cats, Elder and Dille (in press) found 

that chlorprotnazlne (CPZ) and phenoxybenzamlne (DBZ) produced the most 

significant changes In the reaction. From these studios It was inferred 

that DBZ might have an action upon the CHS which is not necessarily 

related to its adrenerglc blociclng effect. 

Hethod 

Male albino rabbits weighing from 1.2 to 2.0 kg were used throughout 

the study. The animals were -loused two to a cage and allowed free access 

to food and water at all times. Each animal was used only once. 
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the response, while 22 to Zk hour pretreetmcnt with reserplne attenuated 

the response« 

Figure I shews the highly significant rise in temperature produced 

by reserpine given immediately before LSD in comparison to the LSD 

control response. It also shews that reserpine alone caused a signifi- 

cant rise In temperature from control levels. If these curves be 

examined by the use of difference scores obtained by subtracting out 

the reserpine control temporatures from the resorplno-LSD temperatures, 

and comparing the rise in temperature at each point in time for this 

group with the rises seen in the LSD control group, the only significant 

difference occurs at the l.ü hour period and the LSD control response is 

the greater, in Figure 2 can be seen the antagonism of the LSD response 

produced by reserpine given 24 hours prior to LSD. This attenuation was 

highly significant from the 0.5 hour to the k.5 h>ur period inclusive 

and was not associated with the slightly lower beginning temperature In 

these animals. 

Guanethidine 

This drug also produced a significant reduction In the pyretojenlc 

response to LSD, but differed from reserpine in antagonizing the response 

whether given Immediately before or 18.5 hours before LSD. The 18.5 

hour pretreatment schedule produced a significant reduction in the 

response fron the 0.5 to the 3.5 hour period inclusive, while in the 

group treated immediately before LSD this attenuation existed only from 

the 1.0 to the 2.0 hour period inclusive. Figures 3 and 4 show these 

responses. 

Since reserpine and guanethidine were effective antagonists of 

LSD, it was thought that Interruption of sympathetic outflow might be 



responsible for this effect. However. C-6 failed completely es an 

antagonist to this response. Figure 5 shows that those rabbits treated 

with C-6 responded to ISO In a manner identical to the LSD control 

animals. Similar results were obtained with the use of pentolinium. 

5.0 mg/kg I.v., 30 minutes before LSD. 

Phenowbemamina 

Administration of 0B2 one hour before tSD completely prevented the 

response to ISO as shown In Figure 6. In those rabbits treated with 

OBZ 23 hours prior to LSD the antagonism was not so complete, but the 

response was reduced significantly In the 1.0 to 2.0 hour periods as 

shown In Figure 7. 

discussion 

The hyperglycemlc response to LSD is antagonized effectively 

by the administration of C-6 according to Konmt (1956), and hence 

would appear to be dependent upon intact sympathetic pathway. Since 

the pyretogenic response was not changed by C-6, intact sympathetic 

pathways appear to be unnecessary to this response. Both guanethldlne 

and OBZ on the long protreatment schedule produced some attenuation of 

the response, but only In the period of the maximal rise. Reserpine 

on the long protreatment schedule and DBZ on the short pretreatmont 

produced by far the roost significant changes for the longest time. 

Since Horita and Gogerty (I95Ö) have shown that cross tolerance 

exists between the hyperthermic effects of the 5-HTP-«ft0 Inhibitor 

combination and LSD, it would appear that 5-HT levels are Intimately 

concerned with this response, or that LSD exerts Its effect by mimick- 

ing the Indole character of 5-HT. If this letter case be true, then 

reserpine, by releasing stored 5-HT, should either reinforce or antagonize 

• 



tht LSD response depending upon the relative times of administration 

of the two drugs. Our results Indicate such to be the case. This would 

Imply that LSD and 5-HT act upon the same or similar sites to produce 

hyperthemia. 

The effects In rabbits treated with reserpine might also be 

considered as due to the depletion of peripheral catechol mines, 

thereby preventing peripheral vasoconstrlction. However, the results 

with guanethldlne tend to cast some doubt upon this Interpretation since 

the antagonism was neither as complete nor as long lasting with this 

material. The fact that this material caused only attenuation of the 

response militates against peripheral catechol amine release as the 

means by which reserpine Intensified the LSD response. The apparent 

increase in response In the rabbits given reserpine Immediately before 

LSD was «ery likely due to an Increase In metabolic rate (Johnson and 

Sellers, I96I). 

Several authors (Wells and Rail, 1^9; Plnkston, 1935) have shown 

that Interference with sympathetic discharge did not prevent hyperthermia 

produced by pyrogen, but did produce a reduction In the response. Me 

would tend to agree with these findings on the basis of our experiments 

with reserpine, guanethldlne and 0B2 on the 23 hour pretreatment schedule. 

It has been shown that OB.', and some of its congeners are effective 

antagonists of 5-HT in peripheral tissue (Caddum and Picarelli, I957, 

Vane, 1957, Flngl and Caddum, 1953; Erspamer, 1953). and It is possible 

that DBZ exerts some Inhibitor/ effect upon the action of 5-HT In the 

central nervous system. Another possibility extends from the findings 

of Srrfter end Friedman (I96I) that OBZ Interferes with skeletal muscle 

contraction. This could be Interpreted as leading to a decrease In heat 

• 



production. Experiments designed to elucidate the mechanism of DB2 

antagonism to LSD are now in progress. 

4 Summary 3° 

The pyretogenlc response to LSD was prevented by ao-ninute 

pretreatment with OBZ. Reserpine given 24 hours before LSD and 

guanethldine lÖ.S hours prior to LSD produced the most effective 

attenuation of the response. Reserpine given iranediately before LSD 

caused an increased response to LSD, probably by Increasing th« 

metabolic rate. Hexamethonium had no effect upon the LSD response 
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Legends for Flauraa 

Figure I 

1#_ §tMirPJWii?P' Rescrplne. 2.0 rag/kg I.V., given lamediately before 
LSO, 50 fig/Kg I.V.. caused en apparent Increase In the response to LSD. 
The responses to LSD were significantly different during the time periods 
between the arrows. When these data were examined by the use of difference 
Scores obtained by subtracting the responses in the reserplne controls fro« 
the experlnentai group, no significant differences could be shorn between 
the reserplne-LSD and the LSD groups. The digits In parentheses Indlcete 
the number of animals used. 

Figure 2 

ReserDlne.LSD. Reserplne. 2.0 mg/kg I.V., 24 hours before LSO. 
50 pg/kg l.v.. produced a significant reduction In the pyretogenlc response 
during the time periods between the arrows. The digits in parentheses 
Indicate the number of animals used. 

Figure 3 

Guanethldlne-LSD. Guanethidine. 10 rag/kg l.v.. 18.5 hours prior to 
LSD. 50 fig/kg l.v.. produced significant attenuation of the LSD response 
during the time periods between the arrows. The digits in parentheses 
indicate the number of animals. 

Figure k 

6uanethidine«L^. Guanethidine. 10 mg/kg l.v.. Immediately before 
LSD, 50 pg/kg l.v.. reduced the peak response to LSO. The responses to 
LSD were significantly different during the time periods between the 
arrows. The digits In parentheses Indicate the number of animals used. 

Figure 5 

Hexwethonlum^LSD. The response to LSD in animals treated with 
hexamethonlum, 10 mg/kg i.V.. 30 minutes before LSD, was the s«w as that 
In the LSD controls. The digits in parentheses Indicate the number of 
animals used. 

Figure 6 

PhenoKvbenzemine-LSD. Administration of DBZ. 10 mg/kg l.v.. 60 
minutes before LSD. prevented the pyretogenlc response to LSO. P < o.Ol 
for all points In time. The digits in parentheses indicate the number of 
animals used. 

Figure 7 

Phenttcvhenzmlna-LSD. DBZ. 10 mg/kg i.V.. 23 hours before LSD. 
reduced the peak response to LSO. The responses to LSO were significantly 
different during the time periods between the arrows. The digits in 
parentheses indicate the number of animals used. 
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