Med. Sci. Res., 1999, 17, 869-8T1 O B

Comparitive toxlctty-of cyclic peptides and depsipeptides in

DISTRISUTION STAYEMEWT A |

Approvad fcr public releaset
Disrrisunon Unizmited

AD—A218 355

cultured rat hepatocytes

i
K.A. Mereish, R. Solow, Y. Singh' and R. Bhatnager®

Pathophysiclogy Division.” Bacieriology Divixion and * Pathology Division. U.S. Army Medical Reseasch Instinge of Infectious
Diseases, Fort Detrick, Frederick, Maryland 21701-5011, USA

Keywords: Cycic peprides. cyclosporine. depsipepudss,
enmatin, gramiadin-S. hepatocytes. hepatotoxicity, mucro-
cystin, valinomycin

lmw-wigh( (MW), cydic pepuides

(peptides linked through an amide linkage) and depsipeptides
(peptides linked throogh an ester linkage) comprise a smalt
group of metabalites prodaced by fungi, algae or bactena.
Among these cyclic peptides are cyclosporine (MW 1203),
gramicidin-S (MW 1141) and microcystin-LR (MW 994),
while valinomycis (MW 1111) and enniatin-B (MW 639)
ltptum cyctic depsapeptides. These cyclic compounds possess
varied pharmacological properties, ranging from antimicrobial
mmmmmm-a gramicidin-S, microcystin-
LR) and strong immunosuppressive activity-f& (cyclospo-
rine), to antimalarial activityq@] (valinomycin, cyclosponne,
granua&n)\ Many of these small cyclic peptides posscss
cxhibiting d;ffcrenou in jon selectmty
M[” - nc YR
gm toxicity (L) of W‘é&ﬂo_u_nd; &in thc range of
microgram (microcystin-LR, “., |p mux)m to
milligram (cyclosporime, 10'7 iv, qmlu-
ties. Although mice trested with 200
cyclosporine 5%, or subicthal doses of microcystin- LR:M—-
developed hepatic vascular coagestion and fatty liver, there i
no information availablc on the hepatotoxiity of the other
cyclic peptides and depsipeptides. Microcystin-LR induccs
liver damage in oice §3] and nccrosis of cultured hepatocytes
after several hoars of incobstion with the toxin {#—
This study was designed to compare cell injury induced by
these cyche ides and depsipeptides using the release
of LDH ademine nucieotides {3 from cultured

R ) \\:9_‘".S°f\ !mE
?r\ - mwﬁnﬁ 8§ matcrials were obtasncd

conm«ully from the indicated sources: gramicidin-S
(Chemical Dynamics Corp., South Field, NJ), valinomycin
(Calbiochem, La Jolle, CA), [*Cladenine (50 mCi mmol ™',
New Eoagland Nuciear, Boston, MA), tissue culture medium
and foetal bevine sum albamin (GIBCO, Grand 'sland,
NY), tissue culture waye (Becon-Dickinson Labware, Lincoin
Park, NJ), rat tsil collagen, colisgenase type 1V, §'-adenosine
monophosphate (AMP), 5'-sdencsing diphosphate (ADP),
$'-adenosine triphosphate (ATP), 5'-inosine monophosphatc
(IMP). adencsine, aad adenine (Sigma. St. Louis, MO).

Male FW.LEW, cmgesic, inbred rats (G. Anderson,
USAMRIID, Fort Detrick, Froderick, MD) weighing between
250~300 g were used for all experiments. Microcystin-LR (>
95% pusity by HPLC) was obissmed from Dr W. Carmichac).
Wright State University, Deyton, Ohio. The following
materials were gifts from the mdicated sources: cyclosporine
{Sandaz Laburatonies, East Hasover, NJ, and cnniztin-B (>
95% purity by TLC) from Dr H.R. Bumneister, Northern
Regional Research Cester, USDA, Peoria, IL.

Rat hepatocytes were isolated and cultured accotding to
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the method of Elliget and Kolaja [8]. After ovemnight incuba-
tion, hepatocytes were labelicd with (' “Cladeaine (0.2 pCi. 4
pM) as desc, ‘oed by Shirharti and Krishna {7). Aliquots from
the supernatants of prelabeled cells incubeiad with the cyclic
peptides were anslysed for the release of labelied-nucieotides
aud LDH at selected time intervals. The celis were lysed with
1 mL of 0.05% digitonin and an aliquat of the ceil tysate was
analysed ‘or radioactivity (Beckman scintillation counter,
model LS800, Fullerton, CA), LDH and protein content
(Pierce protein rcagent, Rockford, IL).

["*C}Adenine 5'-nucicotides (AMP, ADP, ATP, IMP),
adenine and adenosine of hepatocyte supernatants were
deterpuncd by thin iayer chromarography on PEl-cellulose
platcs as described dy Bochner and Ames [9] and compared
with standards. The regions correspoanding to the chromato-
graphedsmndnrdswer:scrapedfmmthepim:ndemmtcd
for radioactivity. Controt and treated
cxmmedundcrphascconuaszmmmccpe(mkonbupho(
inverted phase contrast microscope) for morphological changes.

In conducting the research described in this report, the
authors adhered to the Guide for Laboratary Animal Facilities
and Care as promulgated by the Committee on the Guide’ for
Laborstory Animal Resources, NAS/NRC.

Resalts and discasslon: Hepatacytes incubated watk 1 uM (or
10 uM, Jdata not shown) of valmomycin, gramicidin-S,
cariatin-3 or cyclosporine over a 24 hour incubetion period
did not rescase [“Cladenine nucleotides or LDH (Figures 1A
and |B) greater than control levels or induce ssy morpho-
logical changes (data not shown). Howewver, hepatocytes
treated with | puM microcystine LR relcased significant
amounts of labelied-nucleotide and LDH (Figures 1A and
1B) over time as compared to the relesse by comtrol cclis.

Furtbermore, microcystin-LR (0.1-50 uM)mdnceddooe—
and time-dependent release of [* sucicotides
(Figure 2) and LDH (data not shown). In addition, | uM
microcystin-LR caused deformation (rounding and bicbbing)
in cell morphology (data not shown) contistamt with the
obscrvation of an carlicr report {10).

In order to determine whether the other cyclic peptides and
depsipeptides induced toxicity in cultured ral iepatocytes at
Icvch>lOuM.ceﬂsmmcabondmch50pMdey—
cin, cydosporine. or gramicidin-S for 8 tota) of 24 h.
Enniatin-B was not tested at 50 pM due to madcquate
supplics. At S0 pM, valinomycin, cyclosporine and gramicidin-S
induced a sigaificant time-dependent reicase of both labetied-
nucicotides and LDH from hepatocytcs s3 compered o
control acils (Figures 3A and 3B).

Differences in the percent of marker release were obeerved
inccllsmced-‘thcycﬁcpepddamdw.
Gramociln-$. micrctystin-LR Of vaiinomyan trested cells
reicascd approximately 80% of the total nuckeotides (Figure
3A) within the first 2 h of incubstion. Cyclosporise induced
90% relemse of labeled nucicotides from hepatocytes between
4-6 b of imcubstion (Figure 3A). The rate of LDH reicase
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Figures 1A aad 1B: Effect of | pM microcysain-LR (%—%), cyclosporine (O-—0), gramicidin-§ (—@), vakinomycin (8-—8), or ennictin-B{a....4,
0nt the reiease of ['‘Cladenine nucieotides (1A) and LDH (1 B) from cultured rt iepasocyses a3 compered 10 control (v—¥). E:':h'obunp:m)
the meen of six desermingsons, with 5-7% deviacon. VM/wmmqmmwmmma@p
microcystin-LR treapuens afier 4 & (p < 0.05, Student’s t-ier) Suwedard & jon bers were ¢fi d foe clarity.
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Figure 2: Effect of microcystin-LR .1 - 50 uM) on the release of | ‘CI““MMMWW#ZM)
ehinsinated

4({a—a), or 6 h (O-0). Each point represents the masn cf three destrminetions, wish 2-5% devigsion. Sumdard devistion dbary were
for clarity.
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t{ulujAaldJB Effect of S0 pM microcystin-LR (w—#), cyclosporine (O—O), gremicidin-S (8—8), or velinowycin (w—a) on the release of

['“Cladenine nucteoddes (1A) and LDH (318) from cultured rat Aepatocyres a1 compared 10 corarol (v—v). Each poou represends the meen of six

deserminations, mknmvmwkmdmmmfpdw Saudem’s (- tast) from control figures foe all
cyclosporone

reasmencs except for LDH release at 2 b in valinomycin end

from gramicidin-S treated cells was paralicl to the release of
labelled nucleotides (Figures 3A and 3B).

There was 3 2 h lag in the relesse of LDH 23 compared to
the release of nucleotides from cells treated with valisomycin
or with cyclosporine. The perccatages of LD relcased at 2
and 4 h from cells trested with microcystin-LR, valinomycin
and cyclosporine were significantly less than the percentages
of nucleotides released at the same time points (Figures 3A
and 3B).

The Rf values for AMP, ADP, ATP, IMP and adcnosine
were 0.68, 0.34, 0.1, 0.58 and 0.54, respectively. Due ¢o the
poor resolution in separating adenosine from IMP, the bands
correspoading to these two compounds were quantified as one
and reported a8 IMP. The distribution of labetled nuclcotides
relcssed into the medimm (8 b, S0 kM) was the sane in control
and toxin trested ceils (AMP, 8% ALP, §%; ATP, 0.5%).

In conclusion, the relesse of LDH and ademne sucicotides
from cultured rat hopatocytes indicated that at 50 pM, the
cyclic peptides and depsipeptides tested in this study were
hepatotaxic. Comperatively, & low concentration (1 uM),
microcystin-LR exhibited the greatest cytotoxicity among
thess hepatotoxing.
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