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S U M M A R Y  

Covalent antide linkage of glycine-2- H t o  the non-hatlucino- 
genic derivative,  d-lysergic acid ( l S A I ,  by carbodiimide ac t iv -  
a t ion  re su l t s  i n  a lysergic acid analogue which has potential  use 
i n  biochemical studies o f  the mode of acticn,  metabolism and 
i m n o t o g y  of &lysergic acid diethylamide (LSDI. 

d i t ions  f o r  the reaction a d  i so la t ion  of the product, N-(carboxy- 
n~ethy l -~H)  -2-lysergamide, were detemrined. 
analyzed by radioimnae assay and by equilibrium d ia l y s i s  d t h  
highly spec i f ic  antibody t o  the  tysergyl moiety. 

3 

Optimal con- 

The product was 

INTRODUCTION 

The diethylamide group, benzene ring A and the N-6 nitrogen on lysergic 

acid are essential for the hallucinogenic properties of LSD (Figure 1) (1). 

However, the interrelationahip between these structural features and the 

physiological effects of LSD are not known. 

actions (2,J) and LSD:protein interactions (4-8) have received considerable 

attention, information describing biochemical modes of action of the psycho- 

tomimetic drug renains conjecture ( 9 ) .  

In order to trace the biochemical events associated with LSD metabolism, 

While LSD:nucleic acid inter- 
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Figure 1. - d-lysergic a c i d  diethylamide (LSD). 
numbers, 1 - 24, i s  based on accepted nomenclature (25). 

Diagramt ic  s t r u c t u r e  of : ( a )  &-lysergic a c i d  (LSA) and ( b )  
Designation of r ings ,  A - D, and 

it i s  useful  t o  have a rad ioac t ive ly  labe led  form of t h e  drug. 

labe led  (%) LSD i s  d i f f i c u l t  t o  synthesize by t h e  c l a s s i c a l  Wilzbach reac t ion  

(10) because of  a c i d  l a b i l i t y  of  the  indole  r i n g .  

t o  assess  biochemical events  assoc ia ted  with LSD metabolism u t i l i z inp ,  eerier- 

a l l y  labeled compounds. 

Generally 

In addi t ion ,  i t  is d i f f l c u l t  

I n  t h i s  paper we repor t  t h e  synthesis  of a s p e c i f i c a l l y  labe led  LSA 

analogue which has proven usefu l  i n  s tud ies  of i n  v i t r o  LSD:protein i n t e r -  

ac t ions .  

means of a two-step, water soluble  carhodiimide a c t i v a t e d  rpnr t ion  resulting! 

i n  N-(carboxymethyl-%)-d-lyserearnide [ (CI.-?-I)-lysergamide, Figure 21. Opti- 

mal  condi t ions for the  reac t ion  and removal of  by-products a r e  descr ibed,  as 

well  a s  an immunochemical charac te r iza t ion  of t h e  i s o l a t e d  product. Applica- 

t i o n s  of t h e  product t o  biochemical s tud ies  r e l a t i n g  molecular s t r u - t u r e  t o  

b io logica l  funct ions of LSD a r e  discussed. 

Glycine-2-% was l inked  by amide bond t o  the  lysergyl  moiety by 
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R,R'-corbodiimidc + d-LSA t N-(corboxyme?hyl-3H)-~-lysergomide 
glycine-2- H 

Figure 2. 
t o  $-lysergic aci'd. (f ind ica tes  loca t ion  of t r i t i u m  l a b e l ) .  

Scheme of  c a r b o d i u d e  a c t i v a t e d  amide l inkage of  glycine-2-% 

MATERIALS 

The 2 isomer of l y s e r g i c  a c i d  (C-I11 grade 11) was procured from Sigma 

Chemical Company, St. Louis, Mo., and g-LSD was a product of Sandoz Pharm- 

c e u t i c a l s ,  Sandoz, Switzerland through the  National I n s t i t u t e  of Mental 

Health, N I H ,  Bethesda, Maryland. The 1-ethyl-3- ( 3-dimethylaminopropyl) 

carbodiimide (R,R'-carbodiimide) was obtained a s  a hydrochloride s a l t  from 

Pierce Chemical Company, Rockford, I l l i n o i s .  

- d-LSD-(G)-% (1.9 C i / m o l ) ,  "Aquasol" s c i n t i l l a t i o n  f l u i d  and "Protosol" 

t i s s u e  s o l u b i l i z e r  were purchased from New England Nuclear, Boston, Massa- 

chuse t t s .  "Bio-Solv-BBS-3" and 2,5-diphenyloxazole (PW) were obtained 

from Beckman I n s t .  Corporation, Ful le r ton ,  Cal i forn ia .  Sephadex C-10 was 

purchased from P h a m c i a  Fine Chemicals, Pistacaway, New Jersey.  S i l i c a  

g e l  chromatogram shee ts  with and without f luorescent  ind ica tor  were obtained 

from Eastman Kodak Company, Rochester, New York. Highly s p e c i f i c  antibody 

t o  t h e  lysergyl  moiety ( r ings  A-D Figure 1) and normal r a b b i t  immunoglobulin- 

G (IgG) were prepared as previously descr ibed (11,121. 

Clycine-2-% (5.9 Ci/nmol), 



478 Jeffrey L. Winkelhake a d  E h r d  W. VOEE, Jr. 

I ~ ~ I I O D S  

U s e r g i c  a c l d  (1.0 me) and 10.0 mg R,R'-carbodiimide were dissolved 

i n  1.5 m l  d i s t i l l e d  water  i n  a l i g h t  protected vessel .  

s t i r r e d  f o r  30 min. a t  room temperature, a f t e r  which t h e  pH was adjus ted  t o  

8.0 with 1 . O N  NaOH. 

s t i r r e d  f o r  20 h r .  shielded from l i g h t .  

and mock carbodiimide reac t ions  (absence of LSA, absence of glycine-2-%) 

were performed a t  equivalent  molar concentrnt ions of r e a c t a n t s .  

The mixture was 

Clycine-2-% (100 PCi) was added, and t h e  reac t ion  

An LSD containing cont ro l  reac t ion  

After  conjugation, each reac t ion  mixture was s t reaked on s i l i c a  ge l  

sheets  (without f luorescent  i n d i c a t o r )  and resolved by ascending chromato- 

graphy i n  a ch1oroform:ethanol:ammonium 

2 hr. Reaction products were de tec ted  by scanning the  sheet  with a short  

wavelength u l t r a v i o l e t  lamp (W). 

harvested from a segment of t h e  sheet  corresponding t o  an Rf of 9.15 by d i s -  

so lu t ion  i n  0.5 m l  methano1:monium hydroxide (9: l  v/v). 

hydroxide (15:10:2 v/v) solvent  f o r  

The primary W absorbing product was 

The mixture of  lysergyl  products was f u r t h e r  resolved by rechromato- 

graphy on s i l i c a  g e l  shee ts  i n  a ch1oroform:ethanol:glacial a c e t i c  a c i d  

(18:10:2 v/v) solvent  f o r  6 hrs .  A small  dupl ica te  chromatogram with 

f luorescent  ind ica tor  served a s  cont ro l  f o r  de tec t ion  and pos i t ion ing  

of a r o m t i c  compounds by W absorpt ion.  

determined by comparing chromatograms of mock carbodiimide reac t ions  

(absence of LSA and absence of glycine-2-%) with chromatograms of t h e  

reac t ion  mixture. 

i n t o  0.5 cm s t r i p s  f o r  an lays is  of ?-I l a b e l  content .  

d i r e c t l y  i n t o  8.0 m l  s c i n t i l l a t i o n  f l u i d  (10% Bio-solv-BBS-3, 0.5% PPO 

i n  toluene)  and b e t a  emission monitored i n  a Beckman Ls-150 l i q u i d  s c i n t i l -  

l a t i o n  spectrophotometer. 

The Rf of (CM-%)-lysergamide was 

Chromatograms were analyzed by W absorpt ion and cut  

S t r i p s  were placed 

The labe led ,  W absorbing compound was harvested from chromtograms 

(xl thout  f luorescent  ind ica tor )  a t  an Rf of 0.30, dissolved from the  s i l i c a  
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g e l  i n  0.05E.l potassium phosphate, pH 8.0 buffer  and s tored  a t  0" pro tec ted  

from t h e  l i g h t .  

molar ex t inc t ion  coef f ic ien t  o f  8300 a t  310 m (13). 

Radiochemical Pur i ty  by Column C h r o m t o g r a p h ~  

Spec i f ic  a c t i v i t y  of t h e  product was ca lcu la ted  usine a 

One-tenth U C i  of t h e  labe led ,  i s o l a t e d  product (7.3 Ci/mmol by absorbancy 

a t  310 run), LSD -(C)-?i, glycine-2-% and a complete carbodiimide reac t ion  

mixture were each appl ied  t o  a 1 . 5  x 30 cm ( 1 . D )  Sephadex G - 1 0  molecular 

s ieve  column e q u i l i b r a t e d  i n  d i s t i l l e d  water. Fract ions (0.5 ml) were 

co l lec ted  i n t o  v i a l s ,  and 8.0 ml s c i n t i l l a t i o n  f l u i d  (2% Bio-solv-RBS-3, 

O.'f% PPO i n  toluene)  was added for be ta  rad ia t ion  a n a l y s i s .  

lmunochemical Character izat ion 

To determine t h e  quant i ty  of labe led  contaminants (e.g. glycine-2-% 

or polyglycine-2-%) i n  t h e  i s o l a t e d  compound, an a l i q u o t  was t e s t e d  aga ins t  

an t i - lysergyl  antibody i n  a radioimnunoassay based on t h e  method of Farr 

(14,15) and previously descr ibed i n  d e t a i l  (11). 

i s o l a t e d  compound was mixed with severa l  concentrat ions of t h e  antibody a t  

4" f o r  16 hrs. 

s a t u r a t e d  ammonium s u l f a t e  was added t o  p r e c i p i t a t e  t h e  antibody-ligand 

complex. 

so lubi l ized  in 1.0 ml of 0.5M HC1,  1.0 ml "Protosol" and 5.0 m l  "Aquasol" 

s c i n t i l l a t i o n  f l u i d  f o r  % l a b e l  ana lys i s .  

antibody binding of LSD-(G)-% and glycine-2-%. 

were mixed with normal r a b b i t  IgG at  t h e  same concentrat ions (!#/id) a s  

was used with an t i - lysergyl  antibody i n  order  t o  d e t e c t  non-specif ical ly  

bound o r  t rapped l igand  i n  t h e  ammonium s u l f a t e  p r e c i p i t a t e s .  

Br ie f ly ,  50 11 of the 

After  incubat ion,  an equal  volume of cold,  f i l t e r e d ,  

The p r e c i p i t a t e  was p e l l e t e d  (12,000 xg, 10 min.) and t h e  p e l l e t  

Resul ts  were compared with 

I n  addi t ion ,  a l l  l igands 

To f u r t h e r  e s t a b l i s h  t h e  p u r i t y  and molecular s t r u c t u r e  of t h e  

i s o l a t e d ,  l abe led  compound, average i n t r i n s i c  assoc ia t ion  c m s t a n t s  (K. ) 

were determined for an t i - lysergyl  antibody u t i l i z i n g  JSD-(C)-% and the  

i s o l a t e d  compound i n  equi l ibr ium d i a l y s i s  experiments performed a s  pre-  
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RESULTS 

Mock glycine-2-% carbodiimide reac t ions  (absence of LSD) yielded 

reac t ion  by-products which remained a t  the  or ig in  during chromatography 

with a l k a l i n e  s d v e n t .  Mock LSA carbodiimide reac t ions  (absence of 

glycine-2-%) r e s u l t e d  i n  W absorbing mater ia l  with an Rf of 0.5 by t h i n  

l a y e r  chromatography i n  t h e  a l k a l i n e  solvent .  Complete carbodiimide reac- 

t i o n s ,  however, exhib i ted  U i l  absorbing mater ia l  and %I l a b e l  a t  an Rf of 

0.16. This mater ia l  was harvested and re-chromatographed i n  a c i d i c  solvent .  

A dupl ica te  chromatogram on f luorescent  ind ica tor  s i l i c a  g e l  afforded sen- 

s i t i v e  W detec t ion  of unreacted LSA ( R f  = 0 .55 ) .  lysergyl  hydrolyt ic  

products (Rf = 0 . 9 )  and a compound which contained % l a b e l  (Rf = 0 . 3 0 ) .  

This labe led  compmnd was not present  on the  chromatograms of carbo- 

diimide reac t ions  lacking glycine-2-%. 

suscept ib le  t o  c a r b o d i M d e  catalyzed linkage only under l imi ted  condi t ions.  

For example, a t  10 molar carbodiimide excess it is poss ib le  t o  s u b s t i t u t e  

t h e  r i n g  ni t rogen of deoxyguanosine-5'-phosphate but  not t h e  adenosine or 

cytosine moiet ies  (lo). 

vated by 10-fold molar excess R,R'-carbodiimide s ince  LSD carbodiimide 

reac t ions  contained no W absorbing mater ia l  co-chromatographed with %I 

l a b e l .  

carbodiimide reac t ion  would be pred.icted t o  e s t a b l i s h  condi t ions favoring 

linkage of the  p r i m r y  amine of glycine-2-% with the  carboxyl group on 

LSA (Figure la). 

Aromatic secondary amines a r e  

S imi la r ly ,  t h e  indole  ni t rogen of LSD i s  not a c t i -  

In  addi t ion ,  1500-fold molar excess of LSA over glycine-2-% i n  the  

Based on o p t i c a l  dens i ty  a t  310 nm, t h e  i s o l a t e d  compound had c spe- 

c i f i c  a c t i v i t y  of 7.3 Ci /mol .  

glycine-2-% was 4.8 Ci/mol ,  t h e  measured s p e c i f i c  a c t i v i t y  of t h e  

i s o l a t e d  compound was within 1% of what would be pred ic ted  f o r  a 1:l 

Since t h e  i n i t i a l  s p e c i f i c  a c t i v i t y  of 
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molar s u b s t i t u t i o n  of g l y ~ i n e - 2 - ~ H  t o  LSA. 

concluded t h a t  the i s o l a t e d ,  l abe led  compound was (CM-~~)- lyser tamide .  

Radiochemical Furi tL 

From these evidences, it was 

The p u r i t y  of the  compound was assessed by column chromatopraphy on 

Sephadex G-10 equi l ibra ted  i n  water, which excludes compounds of' g rea te r  

than approximazely 700 dal tons.  Compounds l e s s  than 700 daltoris a r e  

e l u t e d  sequent ia l ly  by decreasing molecular weight and s i z e .  Figure 5 

shows t h e  e l u t i o n  p r o f i l e s  of (a) LSD-(G)-% and glycine-2-.%, (b) thc  

carbodiimide reac t ion  mixture p r i c r  t o  t h i n  layer  s i l i c a  ;;el chromat,o- 

graphy and ( c )  t h e  compound i s o l a t e d  by double t h i n  layer  s i l i c a  p1 

chromatography. Comparison of r e l a t i v e  peak s i z e s  i n  Figure 5h indice t c s  

t h a t  t h e  carbodiimide reac t ion  y i e l l e d  approximately .&7,: rcoct.ior product ( s l  

of the  approximate molecular s i z e  of LSD and 2c$ unreacted, l a i x l e d  con- 

taminants. By t h i s  w i t e r i a ,  l e s s  than 0.1% o r  t h e  labeled corit.aminnrit:, 

seen i n  3b could be detected i n  the  i s o l a t e d  compoiind--l~i(:ure 5c. 

Inmunochemical Character izat ion 

Anti- lysergyl  antibody bindine of l?'neled, i s o l a t e , l  conpoiimt W.C' com- 

pared with antibody binding of LSD-(G)-% and glycine-2-'?ii j r  a raf l io-  

immune assay  (sumrrarized i n  Table I ) .  

glycine-2-% added was t rapped non-specif ical ly  i n  ammonium s u l f a t e  pre- 

c i p i t a t e d  pro te in ,  60% of t h e  90 pmol LSD-(C)-% avd %$ ol' thc  J!> pmol 

(CM-%) lysergamide was s p e c i f i c a l l y  hound by  arti-lysertc:;l entibod:/. 

These r e s u l t s  ind ica ted  a lack of contaminatior of' the  i so la ted  coq)oucd 

with non-lysergyl labe led  products. 

While only 5-L,;; .  of t he  3'1 pmol 

To f u r t h e r  e s t a b l i s h  t h e  absence of unlabeled LSA or  lj.ser(;!{l derived 

reac t ion  products a s  w e l l  a s  p o t e n t i a l  r i n g  a l t e r a t i o n  (rirics A - D ,  F i g r e  l), 

a n t i - l y s e r g y l  antibody binding of (CM-%) lysereamide was compared with 

binding of LSD-(C)-% under equi l ibr ium conditio1.s f o r  severa l  l i eand  con- 

cent ra t ions .  Equilibrium d i a l y s i s  a f fords  a s e n s i t i v e  method f o r  de tec t inp  
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mixture and ( c )  N-(carboxymethyl-%)-d-lysergemide. 
were isolated by thin layer chromatography prior to Sephadex G-10 analysis. 

Se hadex G-10 molecular sieve chromato sm of : (a) LSD-(G)-% 
(*-a 7 and @.yche-2-% ( 0 -  - - o 1, (bythe carbodiMde reaction 

Compounds i n  (a) and ( c )  
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minor a l t e r a t i o n s  i n  t h e  o r i z i n a l  haptcnic immuno&en (La) (19,201. Diffrr-  

ences between bindine parameters f o r  I S D - ( G ) - %  and the  i s o l a t e d ,  labeled 

compound would he predicted i f  the  i s o l a t e d  compound contained e i t h e r  un- 

l abe led ,  c ross - reac t inp  lysercyl products o r  i f  r ings  A-D (Figure 1) were 

a l t e r e d  i n  any way. 

lysergyl  antibo&y for LSD-(C)-% and (CM-%) lysereamide a r e  shown by 

Binding curves and assoc ia t ion  constants  ( K - )  of a n t i -  

Scatchard p l o t s  i n  Figure 4 (11,17,21) The average i n t r i n s i c  assoc ia t iop  

1 8  
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1 2  . 
s 
‘f 10 
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I I I I I /  I l b  

0 2  0 6  1.0 14 1.820 
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0.2 0 6  10 1.4 1 8 2 0  

r 

Figure 4. 
dialysis to  : (8)lLSD-(G)-%, K. = 3.5 x lo5 14-l, (b)  N-(CM-%)-c-lysergamide, 
K,- 3.6 x lo5 M- . 
mole of antibody, C = concentrat ion of free ligand,and K, , t h e  average in-  
t r i n s i c  assoc ia t ion  constant ,  was determined a s  t h e  rec iproca l  of C which 
caused saturation of one-half of t h e  antibody nc t ive  s i t e s .  

Scatchard p l o t s  of an t i - lysergyl  antibody binding i n  equi l ibr ium 

Symbols correspond to  : r = m l e s  of l igand bound per  
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constant  of t h e  antibody for LSD-(G)-% was 3.5 x lo5 14" and f o r  (CM-%)- 

l y s e r g h d e  was 3.8 x 105 M-I. 

DISCUSSION 

The carbodiimide a c t i v a t e d  amide l inkage of glycine-2-% t o  LSA 

r e s u l t s  i n  a high y i e l d  of % l abe led  product e l u t i n g  from Sephadex G - 1 0  

molecular s ieve  columns a t  t h e  same molecular s i z e  l c c a t i o n  as LSD 

(Figure 3).  

ori s i l i c a  g e l  re.sulted i n  recovery of  a compound containing l e s s  than 

0.1% detec tab le  lahe led  contaminants. 

secondary m i n e  i n  t h e  indole  por t ion  of t h e  lysergyl  skeleton (r ing8 A-D) 

was i n s e n s i t i v e  t o  water soluble  carbodiimide a c t i v a t e d  h d e  l inkage of 

glycine-2-%. 

i s o l a t e d  compound indica t ing  a 1:l molar r a t i o  of glycine-2-% t o  LSA 

allowed f o r  t h e  molecular assignment of N- (carboxymethyl-%)-dlysergmide 

f o r  t h e  i s o l a t e d ,  l abe led  compound. 

I s o l a t i o n  of t n e  product by double t h i n  layer  chromatography 

A t  t h e  molar concentrat ions used, t h e  

This evidence and t h e  s p e c i f i c  a c t i v i t y  measured f o r  t h e  

To e s t a b l i s h  t h e  homogeneity of the  compound and t h e  absence of un- 

reac ted  LSA o r  lysergyl  by-products a s  wel l  as t h e  absence of unreacted 

elycine-2-% and polyglycyl reac t ion  products ,  (CM-%) -1ysergmide was 

analyzed immunochemically with highly s p e c i f i c  antibody t o  t h e  lysergyl  

moiety (11). 

measured assoc ia t ion  constants  f o r  a given antibody populat ion between 

cross- reac t ing  l igands r e f l e c t  d i f fe rences  i n  l igand  s t r u c t u r e s  (e.g. 

s i d e  groups) (13,20,22). 

was r a i s e d  aga ins t  LSA l inked  t o  l y s i n e  residues i n  a c a r r i e r  pro te in  and 

was shown t o  be highly s p e c i f i c  for t h e  lysergyl  skeleton ( r ings  A-D, 

Figure 1) (11). 

It has been wel l  es tab l i shed  t h a t  minor d i f fe rences  i n  

Anti- lysergyl  antibody u t i l i z e d  i n  t h i s  s tuQ 

Anomlous s ide  groups on the  lysergyl  moiety o r  an 
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a l t e r a t i o n  of the  r i n g  s t r u c t u r e  m u l d  be expected t o  s i g n i f i c a n t l y  a l t e r  

the KO of t h e  antibody f o r  t h e  a l t e r e d  l igand  when compared with LSD-(C)-%. 

Similar  measurable d i f fe rences  would be expected i f  an unlabeled,  cross-  

r e a c t i n g  l igand  (e .g. LSA) were present  i n  (CM-%)-lysergamide. Because 

the  o r i g i n a l  hapten was LSA, there  would be no antibody s p e c i f i c i t y  toward 

the g lycyl  moiety on the  i so la ted  cmpound o r  toward t h e  diethylamide 

moiety on LSD-(G)-%. Based on the  s i m i l a r i t y  i n  binding constants  of the  

antibody f o r  the  two l igands (Figure 4 )  i t  can be concluded t h a t  there  was 

l i t t l e  contamination of (Cf,-?H) lysergamide with unlabelecl LSA or  lysergyl-  

l i k e  carbodiimide reac t ion  by-products. S imi la r ly?  it can be concluded t h a t  

there  was no s u b s t i t u t i o n  of extraneous groups t o  o r  a l t e r a t i o n  of t h e  bas ic  

lysergyl  skeleton ( r ings  A-D, Figure 1). 

Speci f ic  antibody i s  gaining wide popular i ty  i n  various c l i n i c a l  assays 

f c r  LSD ( 2 3 )  a s  wel l  a s  i n  experimental ana lys i s  of t h e  b i o l o g i c a l  modes cf 

3-tion of t h e  drug (5-8,24). 

of in  v i t r o  LSD:protein i n t e r a c t i o n s  i n  our laboratory.  The compound has 

yielded r e s u l t s  analogous t o  those reported f3r LSD-(C)-% (7)  i n  t h a t  it i s  

found a t tached  t o  pro te in  during de novo pro te in  biosynthesis  by hyperimmune 

sp len ic  lymphocytes. 

general ly  labe led  LSD i n  t h a t  the  inves t iga tor  knows t h e  loca t ion  of t h e  

tritium l a b e l .  Such information i s  important i n  s tud ies  t r a c i n g  biochemical 

phenomenn d i r e c t l y  involving t h e  lysergyl  moiety (e.g. drug metabolism). 

compound may a l so  be usefu l  t o  neurochemists and pharmacologists in te res ted  

i n  t h e  r o l e  of the  diethylamide s ide  group of t h e  LSD molecule. 

it i s  not known i f  t h e  new compound, N-(carboxymethyl-%)-d-lysergamide, is 

hal lucinogenic .  

(CM-%)-lysergamide llas been used i n  s tud ies  

(CPl-%)-lysergamide has an important advantage over 

The 

A t  present ,  
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