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Port iots of' t.his wur'; i:hve .,opeared in. abstract form: Th)e I'harmacologist (in

press).

"'he views or' the authurj do not purport to ref'lect the positionls of' the

Department of' the ormv or' the Department of" Def'ense (para. 4-3, AR 3bU-5). In

conducting researcn d,5scrib,:J in this report, the investigators adhered to the

"Guide for the Care and Use of' Laboratory Animals," as promulgated by the

Cummittee on tMe ,:are m•ad Use of" Laooratory Animals or the Institute of'

Laboratory Animal ilouurces. NJational Research Council. The f'acilities are

fully accredited by the American' Association f'or Accreditation of' Laboratory

Animal Care.



!N. A. ROBINSON, G. MIURA. C. MATSON. R. E. D)INTERAN. and J. G. PACE.

Characterization o! ,n:emically tritiaced microcystin-LHi 3na its distribution

;rn mouse. Toxicon 19 Chemically tritiated microcystin-LR

(specific activity IuJ rnCi,mmol), purified to >95% by C-18 reverse-phase high

performance liquid chromatography, exhibited the same retention time and

ýJitraviolet absarpt:on orotile as unlaoeled to'xin. Acic-tYdrolyzed I -•ltoxin

yielded tritiated glutamate ~and 8-methylaspa.rate. Stability of the

nonexchangeable I JII toxin in saline and urine was '93•, after 42 day's stored at

22°, 40, or -20 0 C. 1n. blood the breakdown of tQxin. was temperature- and time-

,eDendent (b3' :it .- l'. at davs). Unlabeled toxin was Jtaole "or 42 days

stored at either 40 or -4O0 C in saline. The LD50 (mouse, i.p.) olf

311tmicrocystin-Lit and unlabeled toxin was the same (75 ug/kg. [65-90r and 65

ug/kg [53-801, respectively). From 3-90 min after i.p. injection of 70wg/kg

[3111microcystin-LR there was a slow absorption of toxin from the peritoneal

cavity and efficient accumulation in liver. The elimination half-life of the

plasma concentration curve 'was 29 min. Tritium distribution in tissue at

death or 6 hr post injection was similar for all doses (13-101 ug/kgY., At 101

.g/kg, liver contained 56 ± , intestine 7 ± It, kidney 0.9 ± 0.2% and

carcass 10 ± 1% of' the injected dose. Heart, spleen, lung and skeletal muscle

contained <1Z of' the radiolabel.
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I rNTRODUCT ION

Microcy.tin-Li (MCYST-[h). a member of' a fl'amilv of' blue-green algal

toxins tBOIES ,-t Ji. , 1985). iJ a cyclic heptapeptide hepatotoxin (.for review

see CARMICHAEL, 1986). Little is known about the disposition and fate of

these environmentally import~ant toxins. rhese types of' studies require

radiolabeled toxin of' high specific activity.

Two methods For radiolabeling MCYST toxins have been reported:

I 12SI JMCYST-YM (RUNNEGAI OL .Ja. , 1986, FALCONER et al. , 1986) and 1 '14(JMCYST

UBROOKS and CODD, 1987). FALCONER et al. (1986) measured the distribution and

biological half-lives (a phase 2. I min, 8 phase 42 min) and the distribution

of' radiolabel (20% 'in liver, 61 in kidney,. 9% gut contents, 3% in urine) in

rat tissues after an i.v. injection of the iodinated toxin. Recovery or

radioactivity was low (38% of dose) and deiodination of the radiolabeled

compound was not addressed. The disadvantages or the iodinated compound are

that the half-life of 1251 is short (60' days) and the iodination procedure is

specific for the YM variant. BROOKS and CODD'(1987) measured the disposition

of biosynthetically labeled [14CIMCYST in mice at '-120 min post i.p.

injection of a sub-LD5 0o. They reported an extraordinarily rapid accumulation

of radiolabel in liver, 70% by I min, but did not measure plasma

concentrations. Also the question of toxin metabolism and excretion was not

addressed, probably because the biosynthetically obtained [14C]toxin had a low

jpecif'ic activity, 2.6 uCi,'mg.



Our goal is to define a kinetic model describing the disposition and

metabolic fate or' M;YST-Lhi in mouse. rhe information derived from these

experiments should aio in cesign of therapeutic treatment for MCYST

in-toxication and diagnosis of' toxicosis. Reported here are the purification

and characteri zet ion ul" chemicaliv radiolabeled I 31I1MCYST-LR, the stability of

the compound iti biol•glcal l'!uids, and the plasma c,.;rccntration and

distribution of" radioactivity in mouse tissue after i.p. injection.



MAT'ERIALS AND METHODS

Unlabeled MKYST-LR 95% purity), isolated from Microcystis aeruginosa

jtrain 7820, was supplied bv [Dr. Wayne W. Carmichael (Wright l3tate University,

layton, OH). '"'MCY-L (40o'. radiochemically pure), was prepared by

Amersham Cor'i.. or In raLton lf_ i jts , IL), by an exchange procedure (MATSUO arid

NARITA. 1975) oy using 'Hi20 in the presence of' acetic anhydride and pyridine.

Male VAFiplus C0-1 mice (Cr1:C[-1(ICR)BR, Charles River, Wilmington MA)

weighing 19-25 g werie maintained on a 12 hr light,'darK cycle. Mice were

fasted the rnigt u,2tor'e t'tuci•s nut allowed water ,,l I•ibitum.

IIPLC puritication ot I 3 HJMCI'ST-LR

The radiolabeled toxin was purified with a Waters high performance' liquid

chromatography (HPLC) system (Milford, MA) equipped with a Waters 490

multiwavelength detector, essentially by the method of KRISHNAMURTHY et al.,

(1986). A C-18 column (Adsorbosphere HS, 14.6 x 250 mm, 5 urm, Alltech,

Deerfield, IL), had a flow rate of I ml/min of 75% 10 mM ammonium acetate, pH

6.0, and 25% acetonitrile for 2 mrin. Elution of toxin was monitored at 240

rim. The ratio of' solvents varied from 77/23 to 73/27 and was selected to give

a retention time r'or" MCYST-LH1 of' 8-12 min. Toxin was collected manually after

injection of' 6o tig or' If 1IJMCYST-LR. After each injection, the column was

washed for 10 min with a gradient from 25-10.0% acetonitrile. The gradient was

held for another IQ min at 1)0% acetonitrile, tnen returned to starting

conditions with d 1() min reverse gradient. Purified toxin was pooled and

dried under a stream of' rJo. Water was added to dried toxin, and the solution

(I mg/mI) was itored at -1IJJC. The specific activity of' the purit'ied

material, measured by liquid scintillation and IIPLC was o.20 mCi/mg or 194

6



::i/ri.mol. kadioL, ... ,at ourity, 95%, was measured with a Flow I s-

raaiodetector, R!•iiomat:c Iil t:,L.ment- and Chemical Co.. Iampa, FL), outfitted

with a 5 ml cell witn F.o-Scint '11 scintillation fluid ([tadiomatic) pumped at

I ml/min. The e;ficiency was 41p.

,:haracterization vi '"!IMCIST-!.R

(a) Acid exchange: ourified radiolabeled toxin in ]( glacial acetic acid

(pit 2.35) was rcpetitively cried under a stream of N2 at room temperature.

Residual radioactivity was measured in a Beckman model 5800 liquid

.:cintil lat.ioi cofritnt , *:.rklev, ,A). (b) ultraviolet ('"') ry ti ile - tritiated

(20 ug/ml) and unlabeled (25 wg/ml) toxin in,.H2 0 were scanned From 195-335 nm

with a DU-8 spectrophot-,meter (Beckman, Berkley, CA).

HPLC determination of I 3 lllamino acids from acid hydrolyzed ( 3 H]MCYST-LR

[3HIMCYST-LR (10 wg) in 6N HCI was heated for 2/4 hr at 110 0 C to hydrolyze

the toxin to constituent amino acids. The mixture was dried in a rotary

evaporator'and 0.2 M sodium citrate, pH 3.28, was added to the dried sample.

IIPLC analysis was pqrfOrmed on a Beckman (Bcrkley, CA) system with System Gold

software. The sample was in ected onto a Sperogel AA-Na* column (3.0x250 mm)

at a flow rate of 0.6 ml/min. The solvent system was 0.2 M sodium citrate, pH

3.28, for 19 min Followed by 1.0 M sodium citrate, pH 7.14. Radioactivity was

detected with a BecKman 171 Vadioisotope Detector outfitted' with a 200 Pl

liquid flow cell.
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Stability ot I 3
Ii1MCYST-LR

Saline, and humnan ,rir and blood from a healthy i45 year old male, were

:Diked with purified i l1MCY•'-L'FF (3.5xlb D)PM/ml). Blood was collected in an

evpcuated tube containing NJaF bv venipunctare, and NaF (2.5;) was added to

urine. Each sample was divided into three portions. One aliquot was stored at

room temperature, une at 4"C, and the last was divided into 0.1 ml portions

and stored at -20 0 C. After I, 3, 7, 28, and 42 days, 1.00 ul samples were

removed and 200 ui of" methanol was added. Samples were placed on ice for 1 hr

and centrifuged at 4,o 0 0O X ý. in an Eppendorf microfuge. The supernatant from

saline and blood samples was analyzed directlv by thin layer chromatography

(TLC) on silica gel high performance TLC SG-6u 254F plates (EM Science, Cherry

Hill, NJ) by the method of IhARADA et al. (1988, solvent system, 2). Urine

samples were chromatographed on C-18 Sep Pak columns (Waters, Milford, MA)

equilibrated with water. The toxin fraction was eluted with 100% methanol and

dried under N2 before to TLC analysis (recovery >95% of radiolabel). Plates

were scanned for radioactivity on a BID 200 radioisotope scanner (Bioscan,

Washington, DC) with an efficiency of 0.6%. [3H]MCYST-LR (1 mg/ml), stored in

water at -100C, was the standard. Unlabeled MCYST-LR (0.1 and 0.01 mg/ml

jaline) stored at 11o or -2U"C was analyzed by HPLC as described above.

LD 5 0 determination

Fasted mice (five animals per group) received an i.p. injection of either

unlabeled or tritiated toxin. The doses were 0, 13, 20, 30, 45, 68 or 101

ug/kg toxin in saline. The LD5 0 for both forms of' the toxin was calculated by

the method of moving averages (WEIL, 1952).' Mice were selected ait random for

histological analysis oa' liver, Either at death or 6 hr ai'ter. injection and

Co2 euthanasia, tiss-ues were removed, weighed, minced and digested in 2N KOHl

2



for 48 hr at b5OC. he!sidual carcass was digested for 72 hr at 65*C. After

digestion, li0) L'l ,i' each sample was added to 2()Q ul 2N IICI and 10 ml

Hydrofluor (National Liagnostics, Manville, NJ). Nadioactivity was measured

in a tieckman 5j,)O Il:cuid scintillation counter.

rime course ot rjuj•jlbei di(tLrjbution

Fasted mice were injected i.p. with 70 ug/kg I 'jIMCYST-LIN. Two min prior

to obtaining blood samples, unimals were anesthetized with 50'mg/kg each

Xylazine and Ketamne by i.m. injection in the hind !.imb. Whole blood was

collected after :;eve : . r.._ oracnial artery ?',fom a" skin :,ouch formed below

the t'orelimb. !heparln (1000 U/ml, 50 ul) was added to the sample arid plasma

was collected by centrifugation at 700 X g for 10 min. Tissues were, removed

and treated as desc.ribed above. Time points were 3, 6, 10, 15, 20, 30, 40, 60

and 90 min post-injection.

RESULTS

('haraccerization or I -HIMCYST-LR

[he chemically radiolabeled [ 3HJMCYST-LR, as purchased, was 40%

radiochemically pure. After HPLC purification, the toxin was .'95% pure (Fig.

la). The 'tritiated toxin exhibited the same retention time (Fig. Ib and Ic)

and identical UV absorption prot'ile (data not shown) as the unlabeled

compound. The tritium I.abel was not exchangeable after repeated treatment

with acetiL acid followed by evaporation under a stream of nitrogen. Complete

hydrolysis of' the I J1t1toxin yielded I 'Hj8-methv1Asp and I 3HIGlu 1.5:1,

respectively (data riot shown).

' ' !



.SL.bilittj ot I 'if MCYS'T-1,

Hadiolabelcud ,,t;xin waj stable For t) weeks in urine arid saline under all

temoerature conditions tested (Table 1), us was the stock< solution of

!IIMCYST-Lh (' mg,mi. ii 2 O, -'O"C). In whole blood, 3tored at room

temperature, 611. or" the ,'adioactivi'ty was associated with the w'YS'-Lil peak

.tter 3 days t•ri b4..,t ) week. When stored :t 'I C for 112 days, b6% of the

radioactivity co-migrated with toxin. The best storage condition was -201C,

which showed 10%. .breakdown.

.",X ic(?iy (,r r hdljv ibit't nid :ijbcild MCYST-tt?

Dhe LD 5 0 of unliabled ;arld radiolabeled MCYST-LI, were b5 tig/kg ("3-80, 95'%

confidence limits) ýnd 76 ug, kg (65-90), respectively. The liver, weights of

inice that died were double those of animals that survived 6 hr post

injection. Histologically, the livers from animals that received the same

dose of tritiated or unlabeled toxin were indistinguishable.

The distributio.n of radiolabel in tissues, calculated as percent of

injected.dose, was similar' for all doses. 'Figure 2 presents the data from

sublethal (415 wg/kv) and lethal (101 ug/kg) doses. Heart, spleen, lung and

jkeletal muscle contained 1 or the dose, liver 50%, residial ýarcass -10;,

intestine (small arid large) "10%, and kidney -10. Recovery was 70-80%. A

later experiment (see' below) indicated that the unaccounted radiolabel'

remained in the peritoneal cavity.

1 o



"Time course of rjdi-,l.jbt.i dIz.r",bution

IThe dijtr.ibut.:•c or rW ' i.:iabi tc liv.er. z.')ail .Ind lr', rtestine,

-idney, plasma and r',srdLaI Ajrcass was examineid over time after' a '10 wgikg

o... inJection of' 'II!MC'"01 .. i 'At WO and 90 m:n, 51" (;,' the mice exhibited a

.oubling in !iver iiIit. . e uercent or' dose found ;ti k~dney (0.92 ± 0.08),

small intestine tfj.a .3 .i ,rla Lirge inntestirne e2. .1 ) did riot c~hange

!'rom 3-90 min. The recoverv was 7U-8uZ. in a separate ,.xueriment, when. only

plasma, liver aria carcass $containing all other o,'gans) were sampled, and the

liver removed such that .the site o, inject'ion was no'• d'sturbed (see F'Ig. 3

. cnd)c. .... cr . ,, . . "re'.rass Lina ':iv r -A:. t: . reciprocai

time-dependent changes (Fig. 3)ý. Mhere was a linear accumulation in the liver

for 30 min at a rate of' 1.bZ.,mi (r ' 0.99) an'd a corresponding decrease in

carcass. From 3-30 min, 5.5-85 of the dose was in plasma (Fig. 4). The

climinztion phase of' the log plasma concentration-time curve (Fig. 4 inset)

yielded a straight line (r 0.94) with an elimination halt-life of 29 min.

IDISCUSSION

Chemically radioluabied'f I tlMCYST-LH was shown to be indistinguishable

!'rom biologically synthesized toxin with respect to UV absorption spectra,

IIPLC retention time, and toxicity. Racimization of the 8-methyl-D-Asp and D-

Glu residues could have occurred during the labeling, process. Since the

configuration or the amino acids in the MCYST toxins is conserved in all the

variants (BOTES et al., 1982) and may be key in the toxiiity of these

compounds, it was important to compare th2e '.."icity of the Iabeied compound

aind the original material. The tritium, as expected, based on the work of

ii0'TES et al. (1985), was found only in the 6-methylAsp arid Glu residues, but,

n1



t te r-:jt o I, !b: I s 3tu ,-.~rsu3S iý.62: 1, r'zo.eCtve Iy)0 v.f I:to Izabel I n

th e re!; I UCus wds d

Liartitita~tiv rt~covetv ()I rsjdlojctivity al'ter r..'oeated ajcid troitment.

:'oli wed t~v evaporatio or iov.Ž,i the tt ILIU unWas tionexch~atgeable'? l

riddioilde1.*d toxin, al Lhotiý'n :;tjbf? si ti iirrie ttid :aI inie, *2xhi~ba t#d a t ime- anid

*~rL~r~at~C-e~vn~E~I.r t r~kdowr, iti )! ood . :'i !j jmji etcc,nttjnt*ioii u curve,

!iowever *.;now#vd th ht I I t tI e tox an ;itpeared i n v! .sm~a ird *the~rmf orm' , itial Y3i S

,,A bluod .; riot ai II'jon~at I appro..ch For d a agrlo:J s of, mcyar intoxa ~i ion.

*rissue distribution of' rad~lolabel, presented as percent of' injecte'd dose,.

Wais Zami Ill- ,)I- I "th.1 Ifid r'ri~thal dose3 (.juialyuij 6 f-r posit- iii jwct Ion) with

5f-tbuz *ccum iata ing :niIsver.r YANJEGAR cc -ol. ( 1986) however, s tated that

relatively usidamamgt~d I iv'or: did riot retaint r-adioactivity 2L4 hir a*ster I .p.

inJection or (I I Is jMCY"Jr-YM. This dirrerence c olld be due to the later

anilysis time, or to dfelodiniatlani or the ( 1 211Ic ~mpounad by undamaged livers.

The time ccur:;e or radilo~bel accumulation In liver (70 ug/kg, LD 50 ) was

linear for 30 min arnd reiached a maxrimum value or 60% by 60 min: 'The liver was

efficient at Conceritratini toxin and plasma containied a small percent or the

rinjected do.-Se IIIcratoat :,ist to out.re 'sul ts, UK~ i(S *td (, ODD (1987) a rported ail

.41mo~t, 1 nis tat)tasrloo'oj. "11l ii) icetimulfat ion of '70t of' dose ( I p. *10)0 ug /kag) in

tho liver , itdiacit I ria thaIt atsUiorpt on from the p'or Itone3 Ca .v ity W-13 raip d.

,he reason for th is (Iaffforp'rice i3 not cilear.

*!he el~imrnartior ti044 'W f-I X'~f toxiin Ini the plasma was cst.lrriited to be 29

mirn, whý.ch is anI ;,i.roolmort with the ~42 lf Iamin oimtiain p~haseCi In *v. -injected

nit LAICONF.H et j.11 1, ¶ It. Titerpr't~at io-, of !he (Murva', h~owe've~r w,-

oo ini 1I114( C. t q by ; Irw i.ahorp! Ion It (,n t hf' .itoa of I iii cl lo. Ai .. jdv ."pioy ing

I.v. ;"tcJd A, I 'p. 110oct ')Il wouldI of jotlfrilet ttir; d1IflICulty.



II conclujiOn. '! i!jMoyr tijs h roven to be jti excellent tool to

investi 1 3te th-.- t)xicosi;i (i . c.y-r toxins. ;he raidiolabeling procedure can be

!Jsed wit i Ally oIr ttie mr(:Ysr t Iants s, ince they dli contain a-methylAsp ano I u

in IJo-lInkage. F'he I'flItoxiOri was stable irn asa lfie .iiad ur ine and was riot

r'ead I Y exchantgeable; I:however, its speclrlc activity, i lthough more than

.AdeS ULe' for the JLudy QeserI ued, was onilv (.1k4 t:. nmol. Ujiirg thia

,mat~eril, we h:av b"gifm, Atudwes on the metabolism arid elearance of' M•YST-LH by

the perfused rat liver (IACLE e.t ij., in press) ind i.v.-iiijected mouse model.

'JUWLEI,(;A MEJ I:;

ahe dutthor's thank Wade Lawrence I'or hijtological analysis, Everette Lucas

for excellent technical assistance and Jackie Chaco-Farley and Edward IHauer

for manuscript preparation.
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LEGENDS FOR FIGURES

FIG. I. 1PLC ANALYSIS OF UNLABELED AND [3I1IMCYST-LH. Unlabeled and

[(i14toxin were ehromatographed on a C-1B Adsorbosphere 11S column.

Fiadioactivity was measured with a Flow I Beta detector' (panel A). UV

absorption at 238 rim was monitored with a Waters 490 multiwavelength detector;

panel B-( 3 H]MCYST-LR, and panel C-unlabeled MCYST-LR. The time axis for panel

A was adjusted to account for the time delay between the two detectors. The

peak at 13.3 min in panel C was identified as demethylated MCYST-LR (MEREISH

et .ii. in press).

FIG. 2. DISTRIBUTION OF RADIOLABEL IN MOUSE TISSUE AFTER SUBLETHAL (45

pg/kg) OR LETHAL (101 pg/kg) INJECTION OF [ 3HIMCYST-LR. At death or 6 hr post

injection, organs were removed, minced and digested in 2N KOH. Radioactivity

was measured byliquid scintillation and presented as percent of injected

dose. Values are mean - SEM, n:5, a Liver, Intestine, Carcass

and Kidney.

FIG. 3. TIME COURSE OF DISTRIBUTION OF RADIOLABEL IN MOUSE. Mice received

an i.p. injection of 70 ig/kg ( 3HJMCYST-LR. At 3, 6, 10, 15, 20, 30,.4o, 60

and 90 min post injection, liver was removed from a horizontal incision Just

below the diaphragm. Liver and carcass (containing all organs except liver)

were placed in 2N KOH and the radioactive content of the digest measured.

Valuej are mean ± SEM, =,3 f'or carcass (6-6-) arid n: 9 (3 arid 6 min), or 6

for liver (0-4). Data from a previous experiment In which abdominal organs

were removed were included in the calculated liver values.



FIG. 4. TIME COURSE OF RADIOLABEL IN PLASMA. Mice were treated as

described in Fig. 3. Radioactive content of' plasma was measured by liquid

scintillation. Values,are mean t SEM, n=9 (3 and 6 min) or 6.
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TABLE I. S'r .ITY OF [JHIMCIS'r-LR IN BLOOD,

URINE AND SALINE

SfADIOACTIVITY rHAT CO-MIGRATES WITII MCYST-LR

"VTORAGE

TEMP ("C) !DAYS

3 7 28 42

BLOOD 22 100 81 59 37 33

4 100 100 100 88 86

-20 100 100 100 91 100

URINE 22 100 100 100 100 100

4 100 100 100 100 100

-20 100 100 100 100 100

SALINE 22 94 100 95 100 94

4 100 100 94 100 100

-20 100 100 100 100 100
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