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Xeyworda: Cyclic pqeodes. cyclosporine. depsipeptdcs. the method of Elligct and Kolaja [81. After overnight incuba-

enniaun, gramicidin-S, hepatocytes. hcpatotoxicity. micro- non. hcpatocytes were labelled with I'tC~adc~nmc (0.2 pCi. 4
00 cystin, valnornycin tiM) as dasQ. Ded by Shirham and Kuishna [7). Aliquots from
vo the SUpen>araio of prelabeled cells incubs,@d with the cyclic
N I ntedatlm`A o a-weight (MW), cyclic ppt-des peptides were analy•ed for the release of labelled-nudeotides

(peptides linked drough an amnid linkage) and depsipcpidas aud LDH at sel-cted time intervals. The cells were lysed with
(peptidews linked through an ester linkage) comprise a small I mL of 0.05% digitonin and an aliquat of the cell tysate was
group of metabises proditced by fungi, algae or bacteria. analysed for radioactivity (Beckman sciatillation counter.
AmonS these cycic pepides are cyclosporine (MW 1203). model LSSU, Fullerton. CA), LDH and protein content

L.. gramicidin-S (MW 1141) and microcysun-LR (MW 994), (Pierce protein reagent, Rockford, IL).
-while valinomycis (MW 1111) and enniatin-B (MW 63Y) [`C-Adcninc 5'-nucteotid-s (AMP. ADP, ATP, IMP).

t cyclic tepepies These cyclic compotids poas adenine and adenosine of hepatocyte mperants were
varied pharmacolagical properties, ranging from antimicrroial detcyoncd by thin layer chromatography on PE-cellulose
avayf~f4yalinmyan. enmatn-B. gramnicidin-S, microcysun- plarcs as described by Bochner and Ames [91 and compared

LR) and strong immnmosuppressive activfty-fZ (cyclospo- with standards- The regions corresponding to the csromato-
rine), to antimalarial zivityQ[ (vaiinomycin. cyclaoponne, graphed standards were scraped from the plate and counted
gramicuin), Many of tkese small cyclic peptids possess for radioactivity. Control and treated lepaiocytes were

tczhibiting differences in bon selectivity examined under phase contrast microscope (Nikon Diaphot
tn.1kfea f 11. -nIKZ~ -/ - vcertephase cntrast microscope) for maiphologiml changes.

c.he toxicity (LEW) f theo e3(c . in the range of In conducting the research described in this report, the
microgram (microc'sto-LR. •_ g, ip., mice) 44 to authors adhered to the Guide for Laborak ,,yAmin, Facilifies
milligram (cyclospormle. 107 cc), i [.v _ 121 quant- aotd Car as promulgated by the Coommittee on the Gun* for
ties. Altbough naim treated with 200 of.g-/da-f rostory Animal Resources, NASINRC
cyclosporine A-OF subinetlal doses of miLrocys R -LRM-,
developed hepatic vasculLar coageston and fatty Liver. thfer is Resul td discs a lepazocyuts incubated w•h I IAM (or
no information availabloe n the hepatotoxk'ity of the othcr 10 pM. data not shown) of valmomycia. grasnuicidi-S,
cyclic peptides and desiupep6des. Microcysbn-LR induces n-,iaats-3 or cyclosponne over a 24 hour incubaion period
liver damage in maxe-4j and necrasi of cultured hepatocytes did not resease [1

4 C)adeoine ucleotides or LDH (Fillurm IA
after vcral hours of i n with the tomin p,-- and 1 B) pater than cntrol levels or induce my morpho-

This study was dsined to compare cell injury induced by logical cianges (data not shown). Howevu, bepetocytes
these cyclic pejades aid depapeptides using the releas treated with I pM micrevystnLR released significat
of LDH and/Madessie n•ucodedes d-ý from cultured ansrount of Labelled-nucleotide and LDH (Figures IA and
hepa ,toC r5 IB) over time as compared to the release by cool cOls.

M it N ý V-ua n'rFurbtheore. msrocystin-LR (0.1-50 [LM) induced dose,4ým i gatcal~cre~awcd and tims-dependent ree of [ 4  aimumidotides
commercally from the indicated sources: gramicidin-S (Figure 2) and LDH (data am shown). In addkion, I ;&M
(Chemical Dynamics Corp.. South Field, NJ). valinomycin mcoYNsLR caused defirmnabon (romundsg and blibbing)
(Calbiochem. La Joa. CA), (UXladenine (50 mCi mmol-', in cell morphology (data not shown) coswitaie with the
New England Nuer. Bos. MA), tissue culture medium observion of an earlier report [101.
and foetal bovine am alumit (GIBCO, Grand Island, In order to determine whether the other cycic papides and
NY). tibase cukiure om ( Dickiumoa 1-abware, Lincoln depepeptides induced toxicity us cultured rarlepatocytes at
Park, "J). rut tail cohl eis. allseae type IV. 5'-adenosmne levels > 10 ILM, cells were izý with 50 pM of valinowy-
monophosphste (AMP), S'-ad mae diphosphate (ADP). cin, cycsspouine. or gramicidin4 for a too] of 24 h.
5'-a : :ipne t plo (ATM. 5'-4nos monophosphatc Enmiatia-B was not tested at 50 pM due to inadequate
(IMP). &aenosn, d aleisioe (Sigma. St. Lo$is. MO). supplies. At 50 IA, valinom .in€cdoqineind and icdiss-S

Male FW.LEW, ampoc, inbied rat (G. Anderson. induced a ipican• • timne-dependet relkse of b labelled-
USAMRJID, Fort DasIn, Federick, MD) weg"hi bctween nucleodfs asd LDH from bepatocytes a compared to
250-300 S were med for al experiments. Micncyxsn-LR (> control tls (Figures 3A and 35).
95% purity by HPLC) wmasbuied from Dr W. Caitrnchacl. Differm== in the pefret of marke release were obeevd
Wright State Uni•kmy. Dayton. Ohio. The following in cells treated wth cyclic peptides and depsipeptide.
materia were fts boas the awkwed sources cycloqsxoe Graamcitm-S micr-- -LR tr vaiinomym tremed cells
( du Labmura•ri. Eaw Hoover, NJ, and enniatin-B (> releascd apprmxmately 80% of the total nucieoddes (Fig
95% purity by TLC) howm Dr H.IL Bunseiner, Northern 3A) witb the first 2 h of inaubabion. Cyclospr i ced
Regoeal Research CQser. USDA, Peoria. IL. 90% mriem of la d nucetides from hepamocytis between

Rat hepacneyta woe i-olased and cultured according to 4-6 h of incubation (Figure 3A). The rate of LDH release
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F~3A and 38: Effict olW 1PM uuerecYsm-LR (*.-*). cydoeporf (0-0). srumwidbv-S (-Sor vanuonuwci (,-). tr dew of
P uicCl kade mme f eA) mad LDH 038) tfomcumiu.m mat hepimcxm a wa do w to Arf (v-v). Eacd powi ,wraena At mmof.m

dernwmwmr wwh.,.4% dns.,, Vdalaafor dw rem Oftankm ofem AS~u $c wo~~aa (p <0.03. Samicat' t. smu) frm. warwiajgWa for aml
wa'lka .cg for LDH re & 2 6 m iahmomyco and cydaporvw wemm SkvWnrd devw.o ban war , di a o clugy.

fron gramicidin. treated celia um parallel to the releas of i . Oor&w., Y.A_ amd tma-o. v.?. 17 U~WA chin 1.,* 23.
htbeled nauceondics (Fqipaus 3A and 3B). ". i A.W. P.4. ,--•r .G. Ii

There wasa 2 h tagin the em- of LDH anpredto .
the release of •uceoides from calls treated with vsllnemycin 3. wi.. 0.• D .Wm. 0. --d Cpwi- A. "S6. -E, Pw_. 4. 1246

or with cyclospin. The p•rates of LDh released at 2 '. wmW.. MWT. wd Falmm'r. I..19M1. Is: Comide. W.W., (ed.).

and 4 h ftom cea neat•d with sic'ocysn.LR, vaiiaomycin The m Yora
and cy oipof,1ne were siiudif* y less than the percentages 5. Dad, i.. A". K_ Bam K.. a a 19K Pntldl., 1& 117-123ofn F A 6. FOR T.L --,d Sen Jr.. JJ. 19.H W, amwme. w... (ad-).,n
of nucltides released at the sae timse points jFigure 3A Wdo Eo~wwwamapvAd Tomuw~ 1961NA IUCaM 369W...(ed).7k
and 3B). NEW Y'.

nhe R t vlsa for AM P, A DP. ATP, [IMP and a, " L ILV. K oWd Ki . 1. 1. ?bo 5 , 1 ,41 .8.10-4
were 0.69, 0.34, 0.1, 0 -9 O - res, ive . D u e. Cc .K .A . sad ,Alu .. Gi. M 1 1.J. 7 hm . 3 .•, 14i

9•••p•t. Sam. S. -- Am. 8.74 h• J. T4 Crows. 20. Y7, 74
poor resolution in separating admenoine from DAP. the butda 10. Ame. T. mad Lows. IL IN&J. Tauaca F4.u ML.. 1. 323-M7
coempooding to dwa to cosposmmib wr quanfid as one T wim and amm.,mms ,M I a. do P, vi,, 01 th

and reporteds IMP. Tbc z.disbton of labefled nuckWn &dm a d~ wc am to be coamuird as oficm or 'as fms the 'iiý ut LL.
released in to madum (Ib k3S pM) wa the sameinw oonvol Dv Of 0dmla 7Ue -"k imihd b~mm awls a v do 2 M

amm! sm. Somq of Taimn.p. FvomW 27 - kh 3. Mg. m.and toin td aek (AMP. 0%: ArP. 8%; ATP, 0.5%). AZbA. GA.
In conclslion, the release of LDH sad ademnineouwd

rom cuiured nit bepatt W iiacd tla at 0 MM, the Repm m Dr. LA. Me Im. Pumloilw Dhimam U.S An"
cyClIc peptides ad depsqWw sate n s std were~ M~k Fmwe~bmm I C-o tiesaami Dbm. Fen Dtune. Pcsdwmit
hepamtotxi. Comp . at, bolw owm ition (I pM), - llmyi 21701-Ii, 1. USA,

mitci. LR eitMbised the greatest cytotaxicify amo"
thmi hepalototcuis. Paper vckrmiw 21st hin. 109.9 amwmWi Ift Stpoasler 1969,


