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red analysis are required to detect and determine with con-
Abstract [] A simple and convenient radioimmunoassay system was fidence tile nanogram or picogram levels, for example,

en- develol_d for the qualitative detection and quantitattve detcrmina- Of IVb or t11etabolites fleetingly present in urine or
eet tion of lysergide (LSD) in illicit drugs, human plasma, serum, or

.bl¢ urine. The method utilizes a commercially available tritiated lyser- plasma after ingestion of the drug (11. A radioimmuno-

the gide and specific antiserum. _hich can he obtained in large quan- assay system (3) for ]Vh appears promising in this re-

tities from sheep after immumzation with a lysergic acid-human gard and was reported by one research group (4). This
teal serum albumin conjugate. Quantities of l_sergide as low as I ng./ method (4) utilized rabbit antiserum to a lysergic acid-of ml. can be determined in plasma, serum, or urine, and lower levels

t by can be detected qualitatively. The sensitivityof the assay is limited polylysine-hemocyanin conjugate, along with a specially
Jm- by the specific activity of the commercially available tritiated'com- synthesized lysergic acid--amino acid copolymer con-

pound. Antibody cross-reacuvity and. thus. interference m the taining _-"'q. and a double-antibody technique for the
assay were observed with other highly similar ergot alkaloids, such separation of free and bound IVb in the assay. Although
as ergonovine, methylergonovine, and ergotamine, but not with details have not yet been reported, a commercial kit
simpler indole structures.

abi- appears to be based upon similar methodologyL

Keyphrases [] Lysergide--radioimmunoassay of illicit drugs and This paper reports the development and evaluation
biological fluids [] LSD--radioimmunoassay of illicit drugs and of a workable radioimmunoassay systcm for IVb. Tile

,eri- biological fluids [] Radioimmunoassay--lysergide (LSD) in illicit

'ago drugs and biological lluids [] Hallucinogens radioimmunoassay system promises to be useful in the assay of illicit drug
oflysergide (LSD) in illicit drugs and biological fluids products or samples of biological fluids. The assay

.D. utilizes a commercially available tritiated IVb and
specific antiserum which was obtained in large amounts

tern. The qualitative detection and quantitative determina- from sheep after immunization with a direct covalent
tion of lysergide (LSD) in illicit drugs and in biological conjttgate of lysergic acid (11and human serum albumintrm.
fluids have been a major interest in recent years because (Ill. Separation of free and bound forms of 1Vb is

'liol. ofthe medical and social implications attendant its use. achieved by tile adsorption of unbound drug on dex-
Chemical. spectral, and chromatographic methods for

640 • the determination of lysergide (IVb. Scheme I) were
Bio. reviewed previously (1, 2), and it has been generally , Informatic, n supplied ,,.ith kit from Collaborative Research Inc.,

Waltham, MA 02154: A. Taunton-Rigl'L_, S. E. Shot, :rod P. R. Kelley,
agreed that certain fundamental advances in micro- "Radioimmunoassay for D-Lyscrgle Acid Dicthylamidc."
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O waler. 4 A! KCI. a bulfer of pi-I 7.-I(h. 15 AI NaCI and 0.01 ,'_!phos-
" H pilate), and Ihially _;ller. All dialysates were me:lsured in volunle

HO--C.,.. j_.,,,Ci{J_N I F and absorbancc,, 'were u_,..'a,,u|ed at 30g nnl. Iptl 7.4 bull'cr), the

X,,_, for lyscrgic acid. Fr0nl ahsorbance n]easurements, it v,as calcu-
lated lhat about 5 6 rag. of I_wer_6eacid wa_ coupled to 30 rag. of
hnnmn serum albumin. "Fins corre,,ponds to a conteut of about dO-

human serum 50 moles of lysergic acid/mole of albumin in the conjugatu. "lhls
+ albumin NH: value may be sub 100t I(i a rather large error due to the rather low

[[ solubility of lysergie acid m the dial_ sate mixtures: w_lh the possibil-
] Ity of prectpitallon, although this could m)t be vi,_ually observed.

H After dialysls, the contents of the bag were lyophilizcd to a l|ulfy off-

I while powder t IV.).
Preparalion of Lysergie Acid-I luman Serum Alhumin C'unjugate

for Injection iuto Sheep-- A solution of 4.0 rag. conjugate in 0.5

pH5.5 CHJ:H_N_t'_N_(('tt k_N_C'll_)/tlt'l ml. pH 7.4 bulfct (0.15 ,_I NaCI and O.t)l ),/ phospttale) was aS-
III sorbed slowl) into 0.8 g. partially dch._dratcd 7% pol)acr)lamide

gel, which had been ,,hreddcd by pas_ing through a No. 25-gauge
hypodermic needle from a s.xrmge. The linal prodt,ct was des|c-

O cared to approximately0.8 g. and placed ina 5-ml.disposable plastic

II syringe. Then Freund's complete adjuvant was drawn in through
the needle to a volume of 4.0 ml. Immediately after vigorous sbak-

R,--N_Cx. A /CHa
I "_ N" IVa: RI =H ing to resuspend the shredded gel, the mixture was injected into a

sheep, using approxim_,tely 1 ml. at each of four intramuscular in-

I_ _N -'q human serum jection sites in both shoulders and llanks. A second sheep was in-

R,, = albumin jected similarly with a thoroughly emulsified mixture of 4.0 rag. of
the conjugate in 1.8 ml. buffer and 2.2 ml. Freund's complete

IVb: Rt = R.,=C_,H,(LSD) adjuvant.

] Bleeding and Booster Immunization Schedule--Blood samples
H were collected from each animal initially, immediately prior to each

booster immunization, and approximately 7-10 da)s after the
Scheme l--Corale,t cottplitl.¢ of I3"sergi¢ acid (I) to httm_ttl sertm! booster. Boosters were composed of 1.0 mg. of conjugate in 4.0 ml.
albumin (il) by a water.soluble carbodiimide reagent (i111, produci,g adjuvant-gel or emulsilied adjuvant butt'or and were given at 4, 6, 10,

atlligen (IVa) and 36 weeks after the imtial injection of conjugate. Clotted blood
was centrifuged after clot retracuon, and the serum was decanted

tran-coated charcoal. To date, a sensitivity in the andkeptfr°zen(-10)afterlheaddti°n°f005"5°s°diumazide"
Radioimmunoassay Procedure: Determination of Standard Radio-

quantitative sense of about I ng. has been achieved immunoassa_" Curve for IVb All samples each day were run in
using the commercially available tritiated IVb. Qualita- duplicate to obtain two consistent figures. In a typical experiment,

tively, picogram levels may be readily detected. 0.8 ml. pH 7.4 bult'er (0.15 M NaCt and 0.01 ;*! sodium phos-
phate) was added to each of 22 5-ml. polystyrene test tubes (12

EXPERIMENTAL X 75 mm.); that is, I1 sets of duplicates were run. Then 0.2 ml.
buffer (or buffer containing test compound) or plasma, serum, or

urine was added to make a linal volume of 1.0 ml. To tubes contain- ht
Materials--The following were used: human serum albumin: ing plasma, 50 ul. of 0.2 N sodium citrate solution was also added, dt

(crystalline, B grade), a coupling reagent N-ethyl-N'-(3-dimethyl- Next was added 10 /_1. of 95% ethanol containing 1.0 ng. of
aminoprop_,l)carbodiimide hydrochloride ._, Freund's complete ad- randomly (nonuniforml)) labeled aH-IVb (speciiic activity 1.9 c./ cl

juvant _, lysergide 5(0.1 mg./ml, in ethanol), dextran 0 (radioimmuno- mmole). This corre._ponds to about 13.000 d.p.m./tube or about I._

assay grade), charcoaF' (radioinamunoassay grade), 5-hydroxytrypt- 3(X10-4000 c.p.m, at the normal observed counting efficiency of 25- ol
amine (serotonin) creatini,ae sulfate co,nldex 7, 5-hydroxy-L-trypto- 3()'_. fo

phan 7, tryptamine laydrochloride 7, N-moth)Itr) ptamineL 5-methoxy- To obtain a standard calibration curve. 0-25-ng. quantities of cold al
N,N-dimethyltryptamineL octoxynol s, 2,5-diphenyloxazole 9, and lVb in a maximum of 100 _1. of 95 % ethanol were added to selected of

Si
2,2-phenylenebis(5-phenyloxazole)L tubes. Again to desired tubes was added 10 /_1. of diluted or un- th

The D-lysergic acid r (i)employed in the con.iugation to albuntm diluted antiserum. After vigorous stirring for 5 scc. on a mixer fr,
was found to be homogeneous by TLC [silica gel, R/0.5, butanol- (Vortex). the tubes were allowed to stand at room temperature for

acetic acid-water (3:1 :l)]'Theradi°labeled l)sergide_°wasgenerally exactly 2 hr. After chilling to (Y for 15 rain. in ice. 0.5 ml. of cold (It
labeled with tritium and had a specific activity of 1.9 c./mmole, and _ell-mixed dcxtran-coated charcoal su,q3cnsion tL was added _:
General labeling refers to a randonl, i.e., nonuniform and undeter- to each tube and the tube contents _:re mixed thoroughly once
mined, distribution of tritium at various nonexchangeable positions, again. The tubes were then incubated for 15 ram. at 0 and centri- an

b)
Coupling of Lysergie Acid to Human Serum Albumin--To a solu- fuged in the cold (4") for exactly 5 rain. (50/10 r.p.m.). Then the in

lion of 24 rag. of lysergic acid (I) in 20.0 ml. of water containing supernate was decanted carefully' into 10 nd. of scintillation counting in,.
10_ by volume ethanol was added 3.0 ml. of water containing 30 _olution containing toluene (2 1.), octoxynol s (I 1.), 2,5-diphen31-

tul
rag. human serum albumin (il)(Scheme 1). To this was added in one oxazole ( 12 g.). and 2.2-1_henylenebis(5-1)henyloxazole) (300 mg.). Ft:
portion a solution of 34 rag. N-etlayI-N'-(3-dinaetl_ylaminopropyl)- The samples _ere then counled t'-'. fo:
carbodiimide hydrochloride (111) in 2.0 nal. _ater. The pH of the Typical data on the composition of incubation mtxtt,res, observed
solution was adjusted from 6.01 to 5.50 with 1 N HCI. and the counts lbr a 10-rain. period, and percent bound IVb are summarized tot

mixture was stirred magnetically in a dark. stoppered vial at 250 in Table !. The channels ratio method was emplo)ed to determine aftbe
for 42 hr. The reaction mixture was then placed in a dial)sis bag counting efficiency disintegrations per minute, and final percent bi_:

and exhaustively dialyzed at about 5 ° for 1 _eek against distilled binding ligurcs. Ftgure 2 shows t)pical standard immt,noassay jec
i , curve._ obtained by plotting data of Table I or similar data. Aside

WC,

= Caibiochem Corp. from counling time. the entire procedure can be completed in about ad,
s Aldrich Chemical Co. 4 hr. and involves only about "_hr. of actual working time.

Difco Labs. - Th
Saodoz Corp.. obtained from Dr. M. Braudc, Center fi_r the Studies ity

of Narcotics anti Drug Abuse, National htstitute of Mental Health. tic
_._hv,'arz/Mann. _ The charcoal suspension wds prepared ilnmcdialcl._ prior to use IV,'
_Sigma Chemical Co. by the.dilution of 2 ml. of a stock stiN_cn_ion _ith 18 ml. hull'or, lhe

Triton X-100, Fisher Chemical. . stock susp,,:nsiou ¢out,liuing 2.5 g. charcoal and 62.5 nag. dcxtran iu 25 dd;
Fisher Chemical. ml. buffer, drt

_ New England Nuclear Corp. _- Packard model 3320 scmtillatiou spectroluctcr. Fin

Iglg _ Journal of Pharmaceutical Scie,ces



Talde I--Data for T) pical Determinali,m_ of Standard Lysergide I-

Radioimnmnoa,e_a). (.'urvc', at l'_a,l),\nlv,urunl lhlullon',," _ 80 II_,-"_'*-'-L_I

Lyscrgide Net Ach_ty ICOUln_/10 _-_ - 0/
Tube (IVh) mIn.. Correcled for _ - 60 /"
Nnm- Staitdard. Qut,nchint_ "rod l)ercet'd 13ound _-_ /

l_r rig. BackgroundI Ly,,crgidc (IVb) u._ - /0_"40 x

Final Diiulion of Antiserum = 1:100 g_ -
, 1 0 I, 260 3.8 20

3 1.0 27.558 28 lSl g42; 83.8
4 2.0 26.434 25.11_ 79.5:72.5 , ,,I ....... ) , ,
5 3.0 22,029 23.982 65.9; i)9.4 1 : lO,OOO 1 : lOOO l : 100
6 5.0 19,032 19,763 54.8; 58.1 FINAL DILUTION OF ANTISERUM
7 7.0 16.419 45.7
8 I0.0 12.921 12.718 38. I ; 35.8 Figure i _--Bimli,g oftriliat('d lysert, ide ( 1.0 ng...'ml.) hi" antiserum Io a
9 15.0 10.4t)9 I(1.524 30.2 : 30.0 l.t'._ergtc achl-/ntntatt ._ertml _dhlmlin co,iu _,,te. Key: IAO_.Z X, data

!0 25.0 6. 689 6. l 61 21 . 8 ; 18.2 as Rice, in F_tble i and Fig. 2." arid II. addiliotud e.vperimental results.
11 0 39.763.38.225 100.0; 99.3

Final Dilution of Antiserum = 1:400 curve between 1 and 10 ng.; ml. If conditions of the assay were ad-
! 0 1,123: 1.150 3.7; 3.7 hered to rigidly, the standard curve varied only very slightly;
2 0 23,990; 24. 370 67.8; 67.5 however, a series of standards was alwa)s incorporated into each
3 i.0 18,747:18,427 53.5:53.2 day's work.

; 4 2.0 12.580; 12. I10 36.2:34.4 The addition of up to _0"_ "',, (0.2 ml./ml.) normal sheep serum,_. 5 3.0 9.723; 9.403 27.8;25.8
i___ 6 4.0 7.711; 7.799 22.8; 22.4 pooled normal hunmn serum or normal human plasma, or human

7 5.0 7.153: 6.(I23 19.6; 19.8 urine to the as,_ay tubes did not appear toaffect the shape or post-
8 6.0 5.956: 5,973 17.0; 16.0 tton of the intmunoas.,ay curves stgnilicantly. Blanks in the absence

- 9 8.0 4.744; 4.783 13.8; 13.4 ofantiseruna anlounted to 3-5"o in allcases, and counts correspond-
! I0 10.0 4,142 l l .3 ing to this amount would ha_e to be subtracted from unknowns.

II 0 35.219: 35.46.R 1i30.0; 97.2 However. in all tubes containing human plasma. 50 el. of 0.2 N
sodium citrate was added to prevent clotting. ,.,,latch appeared to be

,, The data arc for samples contaimng pooled normal humm_ serum triggered by the addition of the sheep anuserum. Observed binding(see text). Samples designated 1 comaincd no antiserum. All samples
oonlaincd 0.8 ml. buttor. 0.2 ml. serum, and 10 #1. ethanol containing appeared to be independent of time between 0.5 and 3 hr. ; however.
!.O rig. :tll-lVh. Duplicate samples wcrc as_,avcd as indicated by the two 2.0 hr. was; elrlplo)ed routinely. Tenlpcr;.iture and incubation time
ligurcs for col.lllts of radioactivity. ] hc cot,_ti))g channel data only are proved to I_ quite critical dttrmg adsorption of the free lVh to

, shown. No dcxtran-coatcd charcoal was added to Tu_c II; this, dextran-coated charcoal, and a 15-rain. incubation time at 0 "_fcl-| therefore, represents a standard of total counts added.
lowed by 5 min. ofcentrifugation at 4 > was optinaum.

; When using the assay procedure as described, the practical lower
RESULTS AND DISCUSSION limit for quantitativc determination of IVb appears to be about 1 ng.

This limit is determined by the relatively low Sl}ccilic activity ( 1.9 c.t

As shown in Scheme 1 and as outlined in detail in the Expert- mmole) of the labeled IVb available commercially; material of
menlrd section, lysergic acid (I) was covalently coupled directly to higher specilic activity ss too unstable for storage _a. The use of

" human serum albumin (lit by the water-soluble carbodiimide smaller amounts of labeled lVh enabled detection and rough esti-
derivative N-etlwI-N'-(3-dimethytaminoprolwI)carbodiindde hydro- mation of much smaller guantlties of lVb. but the uncertainty arts-

' chloride (III). The conjugate (IV(t), which presumably contains ing from the decreased count measured increased dramatically.
lysergic acid residues coupled primarib to side-chain amino groups

: of lysine, thus contains all of the structural elements of IVb except

' for the two amide eth)l groupings. Calculations based upon the UV ii_'_

i absorption maximum at 308 nm. for lysergic acid indicated binding 80
of 40-50 moles of lyscrgic acid/mole of Ira)rim1 serum albumin. •

_ Since the lysme content of this protein is about 58 residues/mole.

this figure seems rather high. An abnormally high value may result _ 70
; from the rather low _,olubility of lysergic acid in aqueous buffers

(filtrates from the cour, hn_ reaction), since the quantity coupled ,2
o 60 \_was calctdated by ddi'erence. \"

Injection of the purified conjugate (4 rag.) in polyacrylamide gel a: •

and adjuvant at each of four injecuon s,tes tn one sheep, followed _ _ \ A
by a booster injection with I rag. of conjugate after 4 _ecks. resulted >_a50 \

.in an antiserum even after only 6 weeks which was capable of bind- _ B \
, ing 35--45_ of I rig. of radioactive IVb in I n'd. of incubation mix- _ 40 X•

7 o
ture at a final dilution of I : I()0tl and 75-85°_ at dilutions of I :100. _ ,\
Figures I and 2 show percentage binding Iigures at various dilutions z %

: for serum obtainetl after II'te lirst booster immunization (6 weeks _ 30 _ xo \l!

total). The binding capacity of anuseruln taken l'rom this sheep _,_

after the third nnd fourth boo'_tcrs at I0 and 36 weeks appearcd to Z0 N X_'_ be only slightly higher than that obtained at the 6-week period. The
binding capacities ofantiseruna obtained lrom the second sheep (in- _ _N_
jectcd with antigen in adJuvant onl,,, w,th no pol_,acrylamidc gel) l0 I ,_, .... ,,"N,, , ,

] ,_.ere slightly lower than those of the lirst sheep but _ere equally 1 2 3 4 5 6 8 to 15 20 30
adequate for use m assa._s at the same dilL,tions (Figs. 1 and 2). QUANTITY OF NONRADIOACTIVE LYSERGIDE

: The antiserun_s ar)pear to have completely retained binding capac- Figure 2--Typical slanthtrd radioimmtmoetssay c,rves .lbr the de-
] ]ty after 18 months storage ;.it - lit _'. Three t) pical standard calibra- termitmtion of lysereide ,t Ilm,e anti,_ermn dihttions (A, 1:100: B.

lion curves are rer)rodttcetl in Fig. 2. I)i',t_lacenlent of the labeled 1:400: and C. 1:1000}. Key: _. OA. and "<_" indicate duplicate

IVb t 1.0 ng./nd.) by nonradioacti',e IVh from anu.,,eruna of lin:tl assuy rt,_ldts. The c,rces shown hat'e riot bt, ett ntttt/tem(tticallrflt.
: dilution 1:1(}0 began at a concentration of about I n,_.,'ml, and

dropped olt" most.drantatically bct_vccn 2 and about 30 ng.,ml.

} Final ._rurn dilutions of I :4()0 lesulted in a reproducible standard _ A Petty, Nov,' England Nuclear Corp., personal cotlmlunl,,:dtton.
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Scver:d cOnll_Otlnd,; xlructurally relalcd to IVb were examined metabolism, and excretion of iVb. tlowever, even in its current state

"" e. for their abilil,, to cr_v,,,-r,:ac( ,.,.t(l__hc :uv, l',.,'rutl_ ol_tain,,'d. I._'.. tl_etr the I1'le_lI,L_,,.l l_ro|llP,,k.',_ t_ I'_e o|" eC, n,.,id_2r;Ib]e klll]lty II1 the a",",Lly Of

abijity to dinlflace r.mjlolabt'lL'd IV/_ iron! illllil_ody I*qllding site';. Illicit drutz samph:'_ and in ann'n;tl investigation_; v, here large| tltli|ntl-
I Antibodies _,tCrL' IIl|;IbiL' I_) ¢.li%|ltl_,lt'_j| _llIH,)ll_._ IV/'). |. _lllL[ [tic slruc- i lies of lyScrgid." IVb are employed.

rurally similar erg_t alkaloids er_onovme and meth_lcrgonovme.

['rgolallllne also exhibhed crov,-rt':+cli+ hv, btll :tl al+l+rt+ximalelv Ill- REFERI.INCES_4
fold higher coJ_ccnlrala)llS. The Iblh)wing indolcs did nol cxhd_it

t ;my ability to displace radb,)labdcd IVb from antibody bir_ding sWcs (I) A. S. Curry, "'Advance,i in I-:orcnsle altd Clinical Toxicology,"

! at collccntratlons t)l ill least 1(7nlcg.tml, of incul_ation nllxtLIre: CR(_ Press, Clevchmd. ()hip. 1972, chap, 4, Pp, .tl -19,
tryptamhle, N-mcthyltr)l_tanmle, 5-mcthoxydillleth._ltr_l_tan]me. (21 S. Udenl'riend. "l'luorencence Assay Jn Bh]logy and ,Mud-

}: 5-hydroxytryptophan. and 5-hydrox_tr_puu_m_e (serotonm). No icine.'" vol. 2, Academic. New York, N. Y., 1971. pp. 527, .528.
! exhaustive study of cross-reactivity _as completed: howevel, these 586-58_.

results comf_are in general _,.ilh tho,,c reported hy Vunakis et ,I. [4). _3) D. S. Skelley, L. P. Brown. and P. K. lJesch, eli,. Clwm., 19.
! Judging from information supphed aa a commercial kitL antt- 14611973).

serum produced by other methods may exhibit somewhat greater (4) H. V. Vunakis, J. "I'. Farrow. H, B. Gjika, and L. Levine.
specilicity. One outstanding cxan_ple appears to be that these Proe. Nat. Mead. Sci. USA, 68, 1483(19717.
authors report little crons-rcacltvny _ith I at concentration levels

similar to. IVh, while thcsc two compounds appear essentially in-
distinguishable using our antiserum. ACKNO'_;LEDGMENTS AND ADDRESSES
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Identification of a Blood Metabolite of Methsuximide by
GLC-Mass Spectrometry
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in blood, provides useful metabolic information for
Abstract [] The chemical structure of a prominent methsuximide practitioners. Many drugs used are actively metabolized
metabolite was determined by combined GLC-mass spectrometry, ill vivo (1-3). and the identification and quantitation ofThe experimental data indicate that the melabolite is an N-de-
methylated methsuximide. A simple GLC method is described tbr these metabolites are of considerable clinical impor-
simultaneous estimation of metl_suximide and its metabolite in tance.
bloodsamples. A general procedure for the determination of anti-
Keyphrases [] Methsuximide--identification of N-demcth.vlated convulsants in blood was recently described (4). When
metabolile in blood, man and rabbits, GLC-mass speetroscolLV [-'l the method was applied to patients who had been re-

GLC-mass spcctroscopy--ide,_titication, methsuximide N-de- ceiving naethsuxinddc (N.2-dimctlayl-2-phcnylsuc-
methylated metabolite in blood [] GI,C--analysis, methsuximide cinimide), it became apparent that the dru,.z, had beenand N-demethylated mctabolite in blood

rapidly metabolized both in humans and in rabbits and
that the major mctabolite had GLC characteristics

An important aspect in the treatment of patients with different than the parent drug.
epilepsy is the dctcrtnination of an effective and safe Thc purpose of this investigation was to dctermine the
dosage schcdule of anticonvulsant drugs. The cstima- chemical structure of the naethsuximide metabolitc.

tion of these drugs in physiological fluids, particularly The GLC properties of both the human and animal
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