
STUDIES ON ENZYMATIC DEALKYLATION OF 
I>-LYSERGIC ACID DIETHYLAMIDE (LSD) 

IT WAS shown by Axelrod CT al. ’ ’ that r>-lysergic acid diethylamide (LSD) was trans- 

formed to 3-oxy-LSD by an enzyme in guinea-pig liver mi~rosonles stlpplement~d 
with NADPH and oxygen. Slaytor and Wright4 found that administration of LSD 
to rats resulted in the biliary excretion of two mctabolites which were fi-glucuronides 
of a hydroxy-LSD and a hydrosy-isoLSD. hydroxylation occurring in the benzene 
ring. Szara” stated without proof that I.?-hydroxy-LSD was formed by rat but not 

guinea-pig liver tissues. 
We have now examined enzymatic attack at positions 6 and 8 of LSD, since an 

N-methyl group at the 6 and a side chain at the 8 position seem to play an important 
role in psychotomimetic action.” The present paper d&Is with dealkylation of LSD 
by animal liver preparations. 

MATERIALS AND METHODS 

!~~ffr~~~~~~l.s. LSD and u-lysergic acid rnt~noethyl~~rnid~ (LAE) were prepared from 
t,-lysergic acid by Garbrecht’s method.’ and I,-X”-demethyl-lysergic acid diethyla- 

mide (norLSD) was prepared from LSD by the method of Nakahara and Niwagu- 
chi.’ For the inhibition studies. the following substances were used: 5-hydroxytrypta- 
mine creatinine sulfate (5-HT). t.-norepinephrine bitartarate (NE) and acetylcholine 
chloride (ACh) (Wako Pure Chemical Industries. Ltd.): chlorpromazine hydrochlor- 
ide (Yoshitomi Ph~irm~~~~Lltical Industries, Ltd.): rescrpine (CIBA Products Ltd.); 
meprobamate (Daiichi Seiyaku Co.. Ltd.); nitrazepam (Sankyo Co.. Ltd.); iproniazid 
phosphate (Tokyo Chemical Industry C.‘o.. Ltd.) SKF 525-A was kindly supplied by 
Professor Kitagawa, University of Chibu. 

P~q~urtrtio!r of’.s~rh~r~llu/~1r,fi~rrc~tior~.s. Wistar male rats weighing 150-200 g, Hartley 
male guinea-pigs weighing 250 300 g or Albino male rabbits weighing 2-5-33 kg 
were stunned. exs~~ngL]in~~ted, and the livers were yuickIy removed and chilled in 
isotonic KCI. The homogenate was prepared by hand in a glass homogenizer with a 
Teflon pestle using 2 ml of isotonic KC’1 per 1 g of liver. The 9000~ supernatant 
fraction was prepared by centrifugation of the homogenate for 20 min in a Marusan 
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50-B refrigerated centrifuge. This supernatant was then centrifuged at 105,000 y for 
1 hr in a Marusan 5OS-2 ultracentrifuge in order to prepare microsomal fraction. 
and the pellet obtained was washed with isotonic KCl, and recentrifugcd at 105.000 (1 
for I hr. The microsomal pellet \vas resuspended in isotonic KC1 to give a con- 
centration of 1 g of liver in 2 ml. All procedures were carried out at 0 4 Microsomal 
protein was determined by the method of Lowry (‘t trl.” 

P~~~?f~~~~fj~)j~ (?~ji~~~~~~~~~~~~~ ~~~;.~~~~~~~. A typical incubation mixture consisted of 3 ml 
of 9000 6~ supernatant fraction. O&? /mole of LSD. (k 2 /moles of NAD or KADP. 
100 /Imoles of nicotinamide. 100 /moles of M&l,. 0.5 ml of 0.X M phosphate huffcr 
(PI-I 7.4). and water to make a final volume of 5 ml. As ;I complete system I pmolc 
of NADP was used. Inc~ibations \vcrc conducted in 30 ml F.rlcnmcqcr ifasks for 2 
hr. at 37 , with shaking. 

,4na/~~ictrl ~~r~~c~/u~s. The incubation \vas terminated 17) cooling to 0 and adding 
3 ml of I N aqueous ammonia. Unchanged LSD and metabolitcs wcrc extracted with 
CHCl,. The extraction was repeated until the organic layer no longer showed fluor- 
esccncc. The combined extracts were dried over anhydrous sodium sulfate ant1 ~‘\a- 
porated to dryness irl WOW. The residue obtained \vas dissolved in 500 /II of C’H(‘l,. 
of which 5 ~II was applied to determination of unchanged LSD and mctnbolitcs b\ 
quanti~~~tive i,l siflr RLlorometry on thin-layer ~~~r(~rli~~togl.alns as prfviouslq 
reported.‘” Thin-layer chromatography (t.1.c.) was carried out on 350-jrrn Iaycrs of 
Silica Gel G (E. Merck). Solvent systems used for development were (A) M&H- 
CHCl,+~-hexane (1 :4: 2, v;v). (B) MeOH-CHCl, ( 1 :4. v%), and (C) acetone CHCl, 
(4: 1, viv). Chromatograms were visualized under U.V. lamp (365 nm) and by spraying 
with Van Urk’s p-dimethylaminobenzaldehyde reagent.” Metabolites obtained by 
a large scale experiment were separated, and purified by repeated column chromat- 
ography and preparative t.1.c. Column chromatography was carried out using neu- 
tral alumina as adsorbent and benzene-MeOH as eluting soIvent. For the prepara- 
tive t.1.c. the solvent systems (A) and (B) were used. T.1.c.. u.v. spcctrometry, I-luoro- 
metry and mass spectrometry were carried out for identification of metabolites. 
Ultraviolet spectra were recorded in EtOH on a Hitachi Model EPS-3T 
spectrometer. Fluorescence spectra were obtained in EtOH with a Hitachi MPF-7 
spectrophotofluorometer. Mass spectra were determined on a JEOL JMS-01 SG 
double focusing mass spectrometer. 

l~zlli~jrjo~ srudies. In all cases inhibitors were added to the complete system at the 
beginning of the incubation. The difference of the amounts of LSD unchanged with 
and without inhibitor was taken as a measure of inhibition. 

RESULTS AI\;D DISCUSSION 

Mrtcrholisnt c$ LSD h_v rot liw. Time-course studies shoaed that conversion of 
LSD ceased after 100-120 min (Fig. 1). Accordingly. subsequent incubations were 
carried out in 120 min. 

~~lrthermore, on thin-layer ~hrom~~togran~ of the extracts of iIlcLlb~~tior~ mixture 
from 20 to 120 min, two spots (M, and Ml) which gave lduc fluorescence under LLV. 

lamp and fast reaction with Van Urk reagent were observed besides the spot of un- 
changed LSD (Table I.). 

These facts suggested that LSD was nl~tab~~l~z~d by ill~Llb~~ti(~t~ in the complctc 
system. with maximal activity occurring between pH 7.2 and 7.6. The requirements 
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FIG. I, Time course for the metabohsm of LSD by rat liver 9000 ;f supernatant fraction. Incubation mix- 
ture contained 3 ml of YOOO 6, supernatant fraction. 063 pmole of LSD. I pmole of NADP, 100 jtmoles 
of nicoti~am~d~. ID0 ~rmoles of MgCI,, 0.5 ml of 0.8 M phosphate bt#er (pH 7-4). and water to make 

a final volume of 5 ml. 

TABLE 1. Rf VALUES OF THE: EXTRACT OF INCUBATIOK MIXTURE 

OK THIS-LA,‘ER CHROMATOGRAMS 

Solvent system 

Compound (A) (W (Cl 

LSD unchanged 0.47 0.73 0.36 
M, 0.38 0.61 0,20 
M, 0.2 1 050 0.i 1 

for the enzymatic transformation of LSD were determined in rat liver 9000 y super- 
natant fraction and in microsomes. Maximal enzyme activity was obtained in the 
presence of 2 pmoles of NADP and nicotinamide with the supernatant fraction 
(Table 2). 

When NAD was substituted for NADP. the activity was diminished. Incubation 
under the anaerobic conditions resu‘tted in negligible activity. Oxygen was required 
for the enzymatic transformation of LSD. The substrate was little transformed with 
the heated extract. L.ittle activity was observed in the microsomes, but when 
NADPH was added to the microsomes enzyme activity was restored. From the 
above facts it was concluded that LSD was converted by a drug metabolizing enzyme 
in rat liver microsomes. 

Mrtaholites of’ LSD by rtrt liwr 9000 g supcmataut .frrrctiorr. The fluorescent spot 
with the highest R, on thin-layer cllromatogranls in any solvent was identified as 
LSD and it was concluded that the other two spots (M, and M2) were metabolites 
of LSD (Table 1). Furthermore. the fluorescence observed under U.V. lamp indicated 
that the 9-10 double bond of the D-ring in these mctabolites were intact and colour 
given by metabolites with Van Urk reagent shows that the 2 position in the indole 
ring is ul~substituted. 

The CHCl, extract of incubation mixture obtained by a large scale experiment was 



chromatographed on alumina. The tirst fuorcscent rrxtion eluted with benxnc 
MeOH (99.X:0.2. TV) gave unchanged LSD. the second clutcd with bcn/ene MeOH 
(996:&I. v/v). the metabolite M, corresponding to the R, 0.38 spot in the solvent 
system (A), and the third cluted with benzene MeOH (094: 1.0. 1 \,). the metabolito 
M, corresponding to K, 0.21 spot. The isolated metabolites M, and M2 awe puri- 
tied by preparative t.1.c. Comparison of the data of M, and M2 with those of authen- 
tic LAE and norLSD ga\c cxccllcnt agreement. Mass sptxtra arc shown in Fig. 1. 
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From these data it was concluded that M, was LA&formed by an enzymatic N- 
deethylation of a diethylamide radical in the side chain at the 8 position of LSD. 
and that M, was norLSD obtained by an enzymatic TV-demetllyI~~tion at the 6 pos- 
ition of LSD. It was considered that LSD was partially detoxicated by drug metabo- 
lizing enzyme, as it has been confirmed that hallucinogenic activity of LAE is I& 
l/10 that of LSD.’ 

Species ~i~~~~~~~~s irz ~~~~t~b~~~~~~~ oj LSD. When both guinea-pig and rabbit liver 
9000 CJ supernatant fractions were used for the incubation with the complete system, 
the same metabolites. LAE and norLSD, were formed. In any species the amount 
of LAE was much more than that of norLSD. The enzyme activity was 
rat > guinea-pig > rabbit as shown in Table 4. 

TAKE 4. SPECIES LXFF~RENCES 
- -..-- 

Guinea 
Rat pig Rabbit 

- 

Enzyme activity* 
(nmole,‘mg protein/l 20 min) 27.3 25-4 21.7 

Metabolites formed 
LAE (nmoh’mg protein) 9.4 4.7 3.2 
no&SD (nmole:mg protein) I.4 06 0.8 

* Enzyme activity was expressed as nmoles of LSD metabollzed~mg microsomal pro- 
tein/l 20 min. 

Inhihitim of the ntetabolisn~ uf‘LSD. SKF 525-A at a concentration of 1 x IO- ’ M 
completely blocked the enzymatic dealkylation of LSD and the inhibition at a 
concentration 1 x 10mm4 M was 77.8 per cent. The facts supported that LSD is 
transformed by NADPH-dependent microsomal enzyme. The effects of tranquillizers. 
monamines in the brain and monoamine oxidase inhibitor on the metabolism of 
LSD were examined. The results are shown in Fig. 3. 

An antagonism between LSD and clliorpromazine has been confirmed in the field 
of behavioral science’ 2,*3 and many investigators’” lh have studied on biological 
interactions between LSD and tranyuillizing agents. In this experiment chlorproma- 
zine, nitrazepam and meprobamate inhibited markedly the enzymatic conversion of 
LSD, while little inhibition was observed by rescrpine. Iproniazid inhibited 
moderately. 

The facts that adn~inist~~tion of LSD to animal increases 5-HT in the brain” ” 
and diminishes NEZZ.‘” suggest biological interactions between LSD and the chemi- 
cal transmitters. In the experiment, 5-HT and NE inhibited the transformation of 
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FIG. 3. Inhibitory effects of tranquilliring agents, monamines m the brain and monoamine oxldasc inhibi- 
tor on the metabolism of LSD. (O-01 Chlorpromazine: (t--O) nitrazepam; (f% m-n) meproba- 
mate; (a----@) reserpine: (A A) 5-hydroxytrvptamine; (O 0) L-norepinephrine: (A ~~ A) ace- 

tclcholine: (A--A) ipromazid. 

LSD but ACh did little. These results obtained by use of a peripheral organ may 
be related to the interactions between LSD and some tranquillizers or transmitters 
in the brain. 
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