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Effect of Lysergic Acid D[ethylamide (LSD-25) on Growth T^m.I.:I.-.Ei:,'v_

Metabolism and the Resistance of Male Rats to Histamine Stress =....... ====

By A. STANLEY _/ELTbIAN and ARTHUR M. SACKLER

Depending on dosage anti time-pattern relationships, the s.c. administration of Gr.ttp .I, _'_I lut
LSD-25 at dosage levels of 500 or 750 mcg./Kg, of body weight in eight sequential =i= S.E
inject/ons to male W/star rats during a 2-week experimental period was found to (_rollp/t, 750 tttC
cause significant decreases in body weight, body weight gain, food consumption, =kS E
and a loss of efficiency in food utilization processes. LD_ analyses indicated an in- (;r,,uI, C s,lit,e
creased ability of treated rats to tolerate histamine stress• The data agree with =kS I';
previous evidence of hypothyroidism and adrenocort/cal hyperactivity in rats in. __ Diff, bt,twt.t,u

jected with LSD-25. and ("
]) vahlt ._

TIlE PSVCIIIC aberrations of nlentation elicited by histamine l)ilosphate (4,_(), {3(10, 7,_), aud 900 nlg. _"; l)ift, bt.tu'l,enaud C
J[L minute doses of lysergic acid diethylanlide histanlitte base/Kg, body weight). Finney's (14) pvahlc

CLASP-25) resemble in nlally aspects those peculiar to tnethod of probit analysis was used to calcuhtte the r)_, l)iff IR,tv,'l.t,n
st_izophrenia (1, o). Previous investigations have LD_ values and dose-respon_ lines, and B

d_tllonstratcd that I.SD-25 stinlnlates adrenal activ- RESULTS AND DISCUSSION : p vahw
it_ and inhibits growth, metabolism and thyroidal, _ _
a_ gonadal fuuetion in [cuttle (3, 4) and male Table I presents tile average I_(ly weigllt anti : " Snvdvc,,,. (; *,_
_tar rats (.5). Tllese fiudings iu rodents agree body weight gain data per test and control rat and
w|th the observation that LSD-25 caused reduced Table I[ tim food consumption and food ntilization TAm.v: l I- Evvl-
fo_l intake, auorexia, and accentuated body weight ratios t conlputed on tile basis of five auinlals per :-._". . .:.
|o_es iu man (6). This study presents further data cage.
nit body growth and food ntetabolism changes Analyses of the data for tile 2-week period indi-
l_t_dtlced by LSl)-25 iu males and reports alterations cated that administration of LSl)-25 at both dose I,,,,t.
ill tile resistance of rats to histamine stress conferred levels caused either marked or statistically significaut (,r, ,tip . l, .'J_"t tilt
by prolouged administratiotl of LSD-25. reductions in the final botly weights, total body a: S I':

weight gains, total food consnmptiou, and food tttil- (;r-up It, 73_t nit
EXPERIMENTAL ization processes of tile test rats when compared with -4- tq I:..

Two huudred anti teu nlale Wistar rats averaging coutrol values. Ill general, tile 7_} nlcg./Kg. (lose (;r-up ('.._alille
110 Gin. in body weigilt were matched by weight and prndnced sonlewh_zt more pronounced decreases than 4- S E
divided equally iuto three gronps. Group A aml /3 those shown by the _'d)Omcg./Kg, dose, althongh the ¢'_ DilT bt'twvetl

rats received a series of s.c. injections containing differences between the two test groups were not A atld ("
fill0 or 750 nlcg./Kg, body weight of LSD-25 dis- statistically significant (i.e., final body weights: p value',_ l)iff b_'lw_'et1
solved in 1 tnl. of normal saline. Gronp C, control, group A, 5.0%, grotto B, 5.4(_o; body weight gains: /3 :rod ("
r_eived an equivaleut volunle of saline. All ant- group A, 13.2(_, gronp B, 14.3_/o, etc.), p v, hn'
tttltls were llcmsed five pvr cage in nletal cages of the Analyses and coulparisons of tile alterations oua ' _ I rift. In twt._.r
f_owing dimensions: IG X 18 )< 11 in.; in a labora- weekly basis revealed, however, that tile per cent .I and B

tory nlaintained at 73°F. Previous studies have iu- decreases induced by the gronp B dose dnring the p x'ahm
dieated that prolouged isolation (7) per se as well as first week were approximately double those showu by
aeessive crowding (8) cart produce metabolic and group A rats (i.e., body weight gains: group A, " ,, ,.mh,., ,,f t',
endoerinological alterations. Similarly, to nlininlize 11.60_/o, group B, 21.6_; food consumption: group

h_an(lliug (9) and auditory stress (I0, 11) influeuces, A, ,5.1e_, group B, ltl.l_, etc.). Tile differences cb;ulg(,- n,,h.rl bt
_1 animals were bandied alike and care was takeu to between the weight gains, food itttake, attd food the gr,ulp t* r;d
I_event tmdue harsh aud extraneous loud noises, utilization ratios of group A and I3 test rats during all;tlyst.s (It'llltdl!

Tlrc average level of the laboratory daytitne back- tile first week either approached significance (p weitfllt gain difft
gltdund noise during the period of experimentation vahles ranging from 0.07-qg.(hq) or were statistically weeks ,,f gr,,up
!_%_68 decibels, significant (body tveight gain: p value <0.01 ). t_n,a contparcd

I11 order to ohserve ehauges iu time-patterning Analyses of the body weight gaiu, food cousutnl)- gronp .I , a II .|
I_|Btiollshi0s canted by 1.SI)-25 anti t. re(htee tile tion, aud food utilizatiou findings dnriug the second (;111.). :\n.dx-t,.,
_'elol)11_ent of tolerance and resistance to the halht- week iu(licated differences between the response t.ttcl._ w(.rt. H_,t
_liogenic age/It (1_, I:]), eight injectiotls of the l)attert_s of gron0 A and B allitllals to the drtlg, oflht, p;tllcrtleh
respective test d,ses were adtninistcred over a 2- Whereas group el verstls control grou 1) per eetlt (lifter- the f,.,d ntiliz_
wt.'ck peri*_d ou alternate days with the exccl)tiou euces at tile first and second weeks revealed temlen- ( -{'-(I.(}_211(_l durit

th0tt on the thirteenth and fourteenth days, the test eies toward progressively gre_tter decreases in those trcatn,cnt x_crt. 1
rats received daily injections. Body weight aud parameters (i.e., body weight gain, grou0 A : first t'Onllmred l,_ gn

" food consmnl)tion nmasurements were determined week, ll.B_/o, second week, 15.1%,), iu group B ehal|gc_ I--t).()_2
weekly during the 2-week experimental period, tile response patterns were reversed, indicatiug eance was fi,t|nd

Twenty-four hours after tile eighth and final dinlinishing effects of the drug on body weight gains, between the gr.
injection of LSI)-25, 60 group A attd /3 experimental food consumption, and food utilization processes as It s}l¢ltl]_] be
rats and 60 control aninmls were selected from each LSI)-25 treatment continued. Although no statis- diminishing cfft'
g_t'oup, and equal aliquots were tested for tile degree tically significant differeuces were noted between tile (l.se during the

of resistance to histamine stress. The aulnlals were group A versus group B body weight gains, food con- [_Htltd in the pc.
challenged intraperitoneally with four (lose levels of sumption and food utilization data for the second (51 Tim,. iub
' week period, comparisons of the pattern-shifts, and tlo._v il_(]nt't.d el
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th "r^,i,.E I.--EFFECT OF LSD-25 ON BODY WEIGIITS AND I{OI)V WEIGIIT GAINS OF MALI_ W1STAR R^'rs DURING
A 2-WF.EK PF.RIOD

Stress
r II¢aly Wt.------_ Body Wt. Gains .... -

2nd Wk. I llft.
Initial, 1st Wk., Final, 1st Wk., 2rid Wk., Total, Between Ist

Dose n Gin. G,m. Gin. Gin. C,m. Gin. anti 2nd Wk.

(;rotlp .4, o(10 nlcg./Kg. 68 109.4 137.6 lfi6.d 28.3 28.7 " 57.0 +11.4
+ S.E. 4.0.,(t 4.1.;3 4.1.8 4-0.9 4.1.1 4.1.6 4.1.1
Grottp B, 750 mcg./Kg. 67 10(,t.3 134.4 165.6 25.1 31.2 ,_.3 +6. !
:ES.E 4-0.9 +1.2 q-I .7 -I-0.7 +1.1 -I-1.4 4-1.1
(;ronp C, saline 67 109.3 141.2 175.0 32.0 33.8 65.7 +1.8
4-S.I';. -4-0.8 4-1.5 4-1.8 4-0.9 4-0.9 4.1.5 4-1.1
_'g Diff. I)etwecn groups A

alld C +0.1 --2.5 --5.0 --11.6 --15.1 --13.2
p value* >0.90 0.{)8 <0.001 <0.01 <0.001 <0.001 013.tt '

900 tug. r'{_ Diff between groups B
and 0

ev's (14) p value >b'.i}() --4.8 --5.4 --21.6 -- 7.7 --14.3- <().0111 <0.001 <0.001 0.07 <O.{XII <il]Ol

'nlatc the ')o Diff. between groups .el
and B -0.1 --2.3 -1/.4 -11.3 + 8.7 --I.'2 '

p vahn. >0.90 0.08 I).78 <0.01 0.11 0.75 <01_')01

'ight ^lid n ,_,ll¢.llect)r, (_. W., ",Statistical Methods," Iowa ,State College Press, Ames, Iowa, 1949.

,l rat and

tilizati.u TAIII.E I I.--I'_FFECT OF LSD-25 oN FOOD CtINSUMI'TION AND FOt)D UTILIZATION PROCESSES OF MALE _VISTAR
RATS DURING A 2-WEEK PERIOD

trials per

-- Food Utilization b -_
dod indi ..... Food C,,nsumed _ --_ Diff.

)ot]l d()sC Dose n° Ist Wk., 2rid Wk., Total, Between l.;t(_m. (;m. Gin. tst Wk. 2nd Wk. Total anti 2nd Wk.

ignifieant C,rotlp A, 500 Incg./Kg. 12 504.8 561.8 1066.7 0.2832 0.2611 0.2717 --{1.0221
tal 1)_(I.v + 8. E. -4- 8.5 4-111.9 4-17.5 4.0.0107 -4-0.0101 4-0.0086 4.0.0108
fond util- Group B, 750 mcg./Kg. 13 478.2 5_'X).2 1028.3 0.2615 0.2821 0.2731 +(I (121_;
aredwith -4- S.E. 2:10.6 4.11.;3 -4-19.6 2:0,0052 4-0.0127 4-0.0084 4"0.0103

Kg. dose Group C, saline 12 531.7 594.3 1125.9 0.3044 0.2823 (I.2929 -0.0221
asesthan 4. S.E. 4- 9.9 4.11.5 4.21.0 4-0.0064 4-0.0068 4.0.0(151 4-0.0086

Diff. between groups
tough the rT°A anti C --5.1 --5.5 --5.3 --7.0 -7.5 --7.2
weren,,t t' valne 0.05 0.05 0.04 0.10 0.10 0.05 >0bb
weights: _ Diff. between groups

ht gains: B and C --10.1 --7.4 --8.7 --14.1 -0.07 --6.g
p valut' <0.01 0.01 <0.Ill <0.001 >0.90 0.06 <0'. 0'1

ions on a _)_ Diff. I)ctwecn groups
per cent A and B --5.3 --2,1 --3.6 --7.7 +8.0 +0.5

^ring the p value 0.07 (I.47 (/.17 0.08 0.21 >0.90 <0".i_'l

5howIl by
a n, nnmher of cages, each containing five rats. b Averages based on five rats.

group A,
l1 : group

ifferences changes uoted between the first and second weeks of the persistent and significant decreases in the food
xnd (Doll the grmtp B rats were of interest. To ilhlstrate, consumption activities of the group B auinmls.

ts during analyses de|||onstrate(l that the +6.1 (;m. bo(ly These chaltging-shifts luay either be attril)uted t¢,
eaucc (p weight gaiu difference betwccu tile first and sccon(I alteratious in timc-pattcru relatioushil)s produced by
ttistically weeks of groul) B rats was statistically significant I,SI)-25 on the metabolic and eudocriue pr,)ccsscs (if
I1). wheu compared to the differences compnted for the test rats or may be due to the possible develol)-
?onsnnlll_ group ,,I (+0.4 (;m.) and the eoDtrol group (+ 1.8 meut of tolerance to the drng. Further studies with
le second (;hi.). Allalyses of group A versus group C differ- the 500 ulcg./Kg. (h|se level will dcnm|lstrate _

resl)mts e ellCCS were not significaut. Similarly, con|l)arisot|s whether tile pattern of changes uoted in grin(l) B e;tll
he drug. of tile pattern chaugcsaud differences noted between be duplicated by contiuned a(hniuistration of the
,ntdiffcr- the ft,_d utilizatiou ratios of group B auiulals drug to group A animals.
1 tendell- (+(I.()2(R_) during the Iirst aud secoll(I weeks of Table III presents the LI);_ (lata anti the regrcs-
in those trcatnlent were likewise statistically significant whelt sion equations for the LSD-25 treated and control
;1 : first conlt)ared to group A ( -0.02211 and group C ratio groups. Analyses of the Ll):,0 values indicated

gronp I_ changes (--0.02211. Again, no statistical signifi- that the 500 and 7,50 tncg./Kg, dose levels caused

adicatil|g cance was found in the comparison of the differences respective 5.9 and 6.,5_ increases in the tolerauec
;hi gains, between the group A and C values, capacities of the test rats to histamiue stress. AI-
,eesses as It should be noted that similar observations of though none of these differences was statistically
io statis- diminishing effects being produced by the higher significant, the relative consistency in the LDr,0's
weeu the dose during the second week period were likewise shown by the two test groups attd the respective low
food con- fonnd in the previous lyscrgic acid male rat study p values strongly suggest that administration of
e second (5). Thus, in both investigations, the 750 mcg./Kg. LS11-25 increased tolerance to Idstamine stress. No

lifts, attd close iuduced comparably smaller decreases in the significant differences were observed between the
body weight (aiDs and food utilizatiou ratios of the slopes of the test and control group regression equa-

consump- test rats (luring the second week titan the 500 tions.
mcg./Kg, dose. These alterations occurred despite It is apparent that depending on dosage, the body
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TAlU._ I1 I.--I';P_'ECTS (W L81)-25 o,_ Tim concept has been derived in part from thyroparathy-
RUSISr^NCB t)F Mat.E W]sraR Rars ro roideetomy (20, 21), thymectomy (22, 23), attd

H1STAMINF STRI_SS gonadectonly (24) procedures which have all pro- N,N'-Di
duced increases in rat tolerance to histamine stress.

1_egression
LI)_, F_qnations and # In contrast, adrenalectomy (25) caused significant

Dose mg./Kg. Values of Slope reductions in tile ability of rats to tolerate histamitte.
(;roup A, 500 meg./Kg. 8.50.6 y i-24.6.5 + 10.12X lu conclusion, depending on time and dosage, _ Several bit
:_ s.1,:. +:1'5 S phenylethy
(_roul, B, 75tl meg./Kg. 8'51"i.I V -- --24._t + 10.00 X administration of LSD-25 has been found to induce for the put
-_ 8.1,;. 4-:;0.0 significant effects on growth, metabolisnl, attd f(_l
¢Dtonp C, saline 803.,5 Y _ --32.30 + 12.84 X

S.1,;. 4-28.5 eonsuml)tion and cause a loss of efficiency in the
• Diff. between grottOS conversion of food energy to body mass. Sugges-

¢)gA nnd C +.5.9 ... "I_ASEI) ON
value 0. t8 0.27 lions of changing time-pattern relationships or the 1 JI3( I ) that et

_. Diff. between I_roups earlier development of tolerance were noted in iB and C +6.,5 , tnnlor activit
/_ va|ne 0. 14 0.'3"1 attiutals treated with the heavier dose during the
% Diff. between groups secoml week of the study. Suggestive evidence of and a scries t,

A and B +0 6 yl-4-piperidill
p value 0.88 >6166 increased capacities to resist histamine stress was :

likewise indicated. _ reported. PI
I obtained in o

weight, food intake, food utilization, altd resistance REFERENCES [ have a high
data intlicate that LSI)-25 eau induce significant (I) F,,r,-er, G. R., anti Gnhlner, I¢.. I)., Arch..Year,,I. ascites f,_rlllS

idterations in the metabolic processes of the test Psychiat., 65, ,581(1!151). et_lnpotllnls r
(2) l.in_jaerde, P., and Skang, O. F,., d. Nert,oa_s ,llrata

animals which ntay be related to altered endocrine Disease, 124, ,578(19,56). propionyl del
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