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CHAPTER 23 " '

w

Metabolic Effects of Psychoacivc Drugs
. . .."

By D. V. SIVA SANKAR, PH.D., ELEAIq0R. GOLD, B.A., • "
AND D. BAIKBAKA SANKA2,, B.A.

m

The adventand widespreaduse ofosychotomimeticand psy- ..,A '.. .

chotherapeutic drugs, while of indisputablevalue, pose certain ,-.
questions as to their effects on several sbmatic and metabolic

functions--grov_h in children, resistance _o in/ection, production

of antibodies,etc. Furuherrnore, there is a great need for in-
: vestigations aimed toward an elucidation of the action of _hese <

drugs at _e biochemical,cellular,and molecularlevels.With -
{. this in view, we have attempted to study the metabolic effectsof

/ some psychoactive drugs. We have previously reported [I]the
ent study, results of the administrationof 2-bromolysergic acid

._ analogue (BOL), phenylisopropyl hydrazine (JB 516 or Carton), ,

_ and chiorpromazine are presented.

• MATERIALSANDMETHODS __

• For purposes of convenience and reproducibility/of results,
the albino rat was chosen as the experimental animal. Adult rats •

of our stock colony, which were ori_.na!lyof the Wistar strain, -
were used. A totalof 16 rats were used for the studieson LSD, - :

w_le 12 were used for each of the other drugs. The values for "

,, each group were averaged (TableI, [i,and Ill).The rats were . ,

placed in metabolism cages in advance of the actualexperiment .... ..
• to acclimatizethem to the cage.

. '. "i'neamount of food consumed was estimated by carefully ,

weigDing T.hefood placed in the food cups and the residue at the

end of every 24-hour period, The technique of paired feeding
' was not used because of (i) possible metabolic changes in_he.

•: : control animals and (2)_he differencebe_ceen the experimental
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TABLE I

Metabolic Effects of LSD and BOL in Pats -"" " "
(meanValues) .-_. "

•" "LSD BOL

, ¢-1

Metabolic "_ _,_ _ _ m _ 0 ."
Entity 0 _ _" _- 0 -

Food intake(g) 19.26 16.26 -15.6 14.8 15.8 6.7 '

%Vaterintake(ml) 34.4 33.2 - 3.5 -- -- -- •

, ,Weightof feces ,'- --
(%food intake) '22.0 22.8 3.6 20,0 20.0 0.0

- ' Urinary N (rag/day) 422 348 -17.5 443 453 2.2

Urea N (_urinary I_ 72.4 61.2 -15.5 75.4 79.7 5.7

Urinary inorganic

phosphate (;_M/day) 535 487 - 9.0 544 530 -2.6

. Totalurinaryketo

acid (;_M/day) 68.1 56.0 -I?.8 58.2 64.2 10.3

" - ." Keto acid/g food
" intake 4.0 3,28 -18.8 3.97 4.1 2.8 --

l

C_?eati_ne (O.D."

units) 35.8 32.2 -I0.0 34.1 35.6 4.4 _ ,

Total Brat-ton-

Marshallamines _
• (O.D.units) 48.7 41.2 -15.4 34.2 42.6 24.6 ..-

Diazotizedsulfanilic

acidpositivesub-
stances (O.D. units] 76.5 64.0 -16.3 73.6 77.8 5.7

Phenolic substances/g .,
• food intake(O.D. units] 1.08 1.22 13.0 -- -- -- .)

• . , .

5-hydroxyindole
> aceticacid(O.D.

, units) 29.5 46.5 57.6 -- -- -- _ .

• -Op_ic.._lDensi_.

} •
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TABLE !I

i Metabolic Effectsof JB 516 and Chlorpromazine "

(dose40 mg/kg)

JB 516 . Chlorpromazine
_J
t.o

r- _" $4 _ " "

O

Metabolic _ _ _ 0 o

Food intake(g) 15.2 3.4 -77.6 13.9 1.4 -89.9

Creatinine rag/day 21.2 9.6 -54.4 21.6 7.2 -66.7

Weight offeces (g): 3.8 0.9 -76.3 3.36 0.71 -78.8 :

Total urinaryN* 20.8 17.9 -14.1 20.4 20.0 - 2.0

Urea N (_urinary N) 64.4 " 60.2 - 6.5 -- -- --

::_ - Totalphenolics* 8.5 9.9 16.6 "/.6 8.2 7.9
t :'

Diazotized sulfanilic

acidpositive
• substances" 4.0 2.9 -27.5 4.4 2.4 -45.4

• .Nitrosonaphtol-.

positivesubstances* 0.165 0.15'/ - 4.8 -0.138 0.231 6"/.4 .

Bratton-Marshall

totalamines* 0.41 0.35 -14.6 0.39 0.33 -15.4 41

Ninhydrin-positive "_
substances (cal-

culated as glutaml¢
acid') 48.8 69.8 43.0 46.0 59.8 30.0

Urea* 30.7 23.1 -24.7 29.5 27.5 -67.7

•' l<eto acid* 3.58 2.90 -19.0 3.09 2.27 -26.5 • .

Inorganicphosphate*32.0 70.9 121.6 32.0 46.9 46.6

• Exc.rotl_a _ subsr._nce ¢.alaul_t_ pe= mg af _at_ai_o ox_omd ia the urlm_.• . . ......... ............... (
• . . , .

.... u" ' ' _ ,'_, :' . _!f'. - - ' -'':,. " _ , _ %£ '- " '' "" . " ':" . .....
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TABLE IlI ...

.... Metabolic Effects of JB 518 and Chlorpromazine :

t -. , (dose 10 mg/kg) • . _ _-
," ++ i - _ +

• : JB 516 Chlorpromazine

- + .+ " . CO _ C3 . .

o o '. .Enr/t'y _ _ _ -_ L) _-

Food intake (g) 15.15 3.14 -79.3 15.21 13.59 -10.65

: "_ ;

• Weight of feces (g) 3.19 1.73 -45.78 3.59 3.37 - 6.12

, Croat/nine (mE) ' 21.3 14.45 -32.15 22.2 21.6 - 2.70

• Urea N (mg) +319 176 -44.8 331 315 - 4.8

Urea N* 15.15 12.4 -18.1 15.2 14.8 - 2.6

':: Brarton-Marshall '

" total amines 10.45 6.68 -36.1 12.21 ii.0 - - 9.9
; • +. o .

Brat-ton-Marshall

amines" 0.496 0.471 - 5.0 0.553 0.513 - 7.2
.- . : .',

• ' - inorganicphosphate

' , (pM/day) 723.7 579.5 -19.2 737 .831 12.7

Inorganicphosphate* 33.9 40.9 20.6 83.4 38.3 14.7

Keto acid" 4.26 3.22 -24.4 4.10 4.08 - 0.5

Ammonia" 3.59 3.24 - 9.7 3.56 3.47 - 2.5 ,#

Urinary N* 30.9 15.2 -50.8 - -- --

• Ninhydrin-posir/ve 89.0 87.6 - 1.6 73.7 89.0 20.8

substances" 89.0 87.6 - 1.6 73.7 89.0., 20.8

' Diazotized sulfanllic .,

':- ", " ." acid positive .... "
'_ substances* 4.15 2.68 -35.4 3.76 3.19 -15.1 . "

.. - ". -,_:. Nitrosonaphr_hol

" positive ':• " " L

, substances" 0.12 0.09 -25.0 0.13 0.I0 -23.1

.A.. eExmre_kmofsubsmnr_ca/¢u/amdparrnE_'.u_'£nar'yr.r_aatnhm.
i

,"_ j ,

;'_ _" :'+-'. " i
.-;. • . .

-.. "."_i.,.• +,i ............................... " "i . .... --' "-, ""< _ . ': _.... _..... _+-_++"..... " " +
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and control animals was quite large in some of the experiments

(Table It). Urine and feces were carefullycollected according - '...:- '_.-.

to a standardized procedure of rinsing the cage_ by the same

person. The procedure employed for washing was the same from • -..

..- day to day with respect to the amount of wa=erused to wash the - • "
cages and with respect to rinsing the cages and other operational .. ..
details. -.

' Urine, while being collected, was preserved from microbial "
decomposition by the use of 3 ml ofhydrochloric acid. The urine

and feces were collectedfor two days without administrationof • :.- '

any drug. These specimens served as controls. A/zer the two

-. days, each rat received the drug each day by the intraperitoneal
route.The amounts used were as follows:LSD 500 tzgper animal.

' BOL 500/_g per animal, JB 516 40 mg/kg in one set of experiments "-

and i0 mg/kg in another set, and chlorpromazine 40 mg/kg in oneJ

see and, 10 mg/kg inanother set of experiments. Afterthe admin-

istrationof the drug, urineand feceswere collectedexactlyas

•. " before for two more days. The collectionsfor each day were kelx

and analyzed separately.
';" The feces were dried in a steam oven. The urines were made

up to volume and analyzed for totalurinary llitro_enand ammonia

, according to standard procedures uslnE Kjeldahl digestionand

" : " - Nessler's reagent methods. Inorganicphosphate was estimated

",_ * according to Fiske and Subba Row [2]and totalketo acids accord- -

_ - ing to Friedman and Haugen [3]. Creatininewas estimated by re-

._ acting it with picric acid followed by an alkali[4].Urea was

estimated gravimetrically by precipitatingas the xanthydrol
: derivative. Total amines were estimated by the Bratton-Marshall

test [5].Phenolic substances were estimated with the Folin phenol

reagent after the additionof the alkalinecopper solution(reagent ..97
, C) of Lowry et al. [6]. The nitrosonaphthol-positive substances ._.

" were estimated according to the procedure described by Udenfriend
" and his associates [7]. The diazotized sulfanilic acid positive

substances [8] and 5-hydroxyindole acetic acid were assayed ac-

cording to methods described in the literature [9]. For purposes
• " . . ' of calculation, the individual data for each rat were first calcu- .,- , .

: " " : . fated and then were divided by the number of ratsto compute the , ,.t

average. . • =,

-_ RESULTS ':
. ' . ,

• . . ' |

.'[ _ The values presented in Tables I, II, and III represent the

. ?.. " average for the animals in each group. The effectsof LSD on

I

_..- - , = -: ..... : ..... ........ :.•- 7 7 . .

• . , ,,... " ... " . . - .
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the intact rat include piloerection, ngidity of the limbs, increased .. : .
sensitiviDyto stimuli, a crawllng-like gait,etc. However, t_his

conditiondisappears in two to three hours, and the rat beans to

behave normally. On the other hand, the administration of BOL

" does not produce any ofthesesymptoms. Furthermore,inth_ :- . .
two-day experiment period we did not notlceany increasedtol- .

erance to LSD, This is probablyowing tothe shortexperimental .

period. .o
While LSD and BOL did not decrease the food intakeof the

rat drastically,chlorpromazine at a levelof 40 mg/kg and jm516 ,_
even at i0 mg/kg have done so. This effectof JB516 is interest- "

ing inview ofthe enhanced activityof the animal afterthe admini-

stration of JB 516. This effectis probably comparable tothe

action of amphetamine, wi_ichis structurallyrelatedto JB 516....

We have shown the similarityof actionof amphetamine and JB 516

on liver alcoholdehydrogenase [I0].A strikingdifferencebetween '
J

the actionof LSD on the one hand and of JB 516 and chlorpromazine

on the other is that the effectof LSD lastsonlya few hours. So,

in the 24-hour metabolic experiment the animal is under the acute

influenceof LSD for only a few hours, while the effectsof JB 516

and ofchlorpromazine are longer lasting.

• The urinary creatinine level is supposed to fallin diseases

affectingthe muscular system. Inthepresentexperimentthe de-

crease in the urinary creatinineafterthe administrationof both

" - _' JB 516 and chlorpromazine (Table !I) is marked in spite of the -
.... fact that one drug causes sedation and the other excitation with

' . ; increased movements. At the lower dose of chlorpromazine

(Table IH) and in the experiments with LED and B0L (Table I) the

: effect of the drug on the excretionof creatinine_s not marked.

In view of the extreme decrease infood intakefollowingJB 516

• " "- and chlorpromazine, all values in Table II and some in Table III :,:,_

have been expressed as amounts excreted per milligram .of 7,:
urinary creatinine. Actually, in the experiment cited in Table II,

- ' the urinary nitrogen was higher in many cases-_ter the admini-

stration of the drug than the nitrogen ingested in the food. This

- shows catabolism of the tissue nitrogen after a higher dose of
.... Am516 and chlorpromazine. However, the relative amounts of urea, , .

,. _ :: excreted are affectedby LSD and by JB 516 only. We have pre- -
• .. °

." viously discussed the effectof LSD on urea excretion[I].Inview

..._, of the inhibitory effect of JB 516 on the oxidation of ethyl alcohol :

..: .. and vitamin A a,lcoholby liver alcohol dehydrogenase [i0],itis : '

• . . . .. _ [

- . - ,-

t•.::j .
i
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• plausible to postulate altered functioning of the liver and changes " -
- in the metabolism of visual pigments subsequent tothe administra- ')_.. i-: /:i {:-"

- tion of JB 516 .... :
..... Another interestingmetabolic aspect is the excretion of in- . ......-.

i . organic phosphate. LSD, as shown in Table I, decreases total '-. .... ..-
'" ' urinaryinorgamcphosphateoutput.Chlorpromazineenhancesthis " : -.

output(Table III).JB 516 decreases the total amount of urinary :

phosphate, But if expressed as micromoles.per milligram creati-
nine, the effect of chlorpromazine at lower levels diminishes while . - ./ •_

jB 516 actually enhances the amount (Table III).Thus, there ...
seems to be a relationbetwc_.nbehavioral aspects as relatedto

activityofthe animal and the excretionofcreatinineand phosphate.
Keto acid excretlon is decreased by LSD, JB 516, and chlor-

promazine, a finding suggesting that this aspect may not have a
... directbearing on the actionofthedrug. However, as in some other

' estimauons, in the present study determination of the totallevel "

• of a group of compounds (fbrexample, amines, keto acids,amino . , ,

" acids) may tellus only a part of the story. Experiments on the
• determination of the unnary levels of individualcompounds, like

': noradrenalin or indoleacetic acid,are in progress. An interest-

: -.: _ ing result in this connection is the increased excretionof 5-

" :;"" : ' hydroxyindole acetic acid after the administrationof LSD to the - :
" " - rat (TableI). This may indicateincreasedmetabolismof5-

" : ' hydroxytryptamineIn the LSD-treatedratand corroboratesour -

••7 .- investigationson the effectof psychoactive drugs on the levels
"' ' of serotoninindifferentpartsofthebrainand body (TableIV). The

"

•" experimental details of the study presented in Table IV have been

presented elsewhere [8].The question whether the effectof LSD

in mobilizing serotomn is specific to serotonin only or whether

,"• .•i LSD increases the levelsof other neurohormones, likenoradrena- ._
.... linand acetylcholine,is being furtherinvestigated. .:

'-.. The excretionof nitrosonaphthol-positivesubstances increases

" " - ' much more after chlorpromazine than a_er JS516 (Table II).

The resultscitedin Table IIIshow thatwhile chlorpromazine does

not affectthe excretion of Bratton-lvlarshallpositiveamines sig-

nificantly,JB 516 causes an appreciabledecrease. But, ifex- ,.

.:'. .:" I pressed on the creatinine basis, this decrease diminishes to a " .¢,

" .' I large extent. This may suggest a positive correlation(direct - :

:.-.(:, proportionality)in the excretion of creatinineand these amines.

."":"./.-- On the other hand, JS516 caused .a decrease (TableLII)inthe ,.-i
"...... urinary inorganic phosphate .from-723.7 /_M to 579.5, phl-When

I

• t

% s " i i

- . . - . .
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TABLEIV :.... .

EffectofSome PsychoactiveDrugs on Serotonin Levels inthe Kabbi_ " -_- ... .

(percentchangeovercontrol)

Effect of
" OrganTissue

LSD B0L Chlorpromazine

Liver 50.6 28.7 3.4

Lung 43.1 37.3 17.6

• - K_dney 71.2 i00.0 5.S " " ' "

:- Spleen 30.8 - 8.9 25.3

, Hea_ 188.1 -28.4 -50.7 -
i

m

Brain

Cerebrum -6.25 -37.5 -54.2

,.: , Cerebellum 38.7 - 4.8 - 4.8

Stem 38.7 - 2.8 -27.4
. . . [ •

i .

Rest of brain 28.8 -21.2 -38.5 "

, expressed on the basis of creatinine,these values become 33.9

' and 40,9 respectively. This may denote a negativecorrelation

between the excretion of creatinine and inorganic phosphate.

, : Since creatine and phosphate (as phosphocrea=ine, and adeno-

sine triphosphate)are intimately involved in muscular activi_'y

and since animals receivingchlorpromazine and JB 516 differ ?

_ greatly in their motor activity, th-_ effect of these drugs on S

enzymes involved in muscular ac=iviv/ should be of inter=s=.

DISCUSSION

The metabolism of phosphate seems to be related in more than

" " one way with the affectsof LSD. This may, as mentioned earlier, -

have a bearing on thehallucinogenicactionof LSD or may simply ',

) be a reflectionof the stresscreated in recipientanimals. We have ._

il" - " also investigatedthe e.tfectol LSD, BOL, insulin,and glucagonon ' i

• :i. ","

1

i
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rabbit serum inorganic phosphate content. For this purpose, blood "[ . , .r .

was drawn from a rabbit by means of a heart puncture, and the

rabbit was then administered the drug by the intravenous route.

After an hour, blood was drawn from the animalby thesame

method. This way, each experimental animal served as its own con- "

trol. Details of this experiment will be published elsewhere• How-

ever. the resultsconcerning the phosphate levelsare presented in
Table V.

TABLE V

Effectof Insulin,LSD and BOL on RabbitSerum Inorganic

Phosphate (valuesexpressed as change over control)

Drug No.Animals %Change
m

Insulin 6 -24.4D
_. ...

LSD 6 64.3

BOL 3 3.7

TABLE VI

Blood InorganicPhosphate Content in SchizophrenicChildren

, (meanvalues)

SchizophrenicNonschizophrenic

¢G O

C_ t-S

Test ZO < v_ Z!O < u_ PT :::

Plasma inorganic

phosphate (_M/ml) 78 0.9_7 0.30 29 0.16 0.15 0.01

KBCinorganic less

phosphate (#M/g than .

hemoglobin) 80 5.15 4.28 26 2.8 1.34. 0.01
•Standarddeviation.
TSignfft¢ance.

(

I

• %

. . , .- . . . .
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-' it may be seen that insulin decreased the amount of inorganic "

phosphate, while LSD increased it.The action ofinsulin may be due . : _ '

to increased esterification of inorganic phosphate to form glucose- _

6-phosphate and possibly further production of high-energy phos- - -. -

phatecompounds. Ithas been reportedbyAbood and hisco-workers - :

[12]that LSD uncoupled oxidative phosphorylation. This action of

LSD may explain the increased levels of inorganic phosphate in the

serum of rabbits administered LSD. Itis'of interestto note that

BOL didnotshow a similareffect(of.TableV). •

It is possible that the effect of LSD may be related to its psy- "-

chotomimetic action in so far as the inorganic phosphate content of " " "

both serum and erythrocyte hemolyzates is elevated in childhood

" schizophrenia, as shown in Table VL The differences between the

schizophrenic population and the control hospitalized children are

statistically significant. Thus it is possible that one of the bio-

chemical malfunctions both in psychosis and in psychotomimetic
action may be related to the metabolism ofphosphate and dependent

J:_:/'exergonic processes of the organism.
,.
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