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ABSTRACT

L3

The genet1c act1v1ty of several anthe]m1nt1c drugs that are used
»

'XY718 1A, and 7854- 1A) P1peraz1ne citrate, ~p1pe azine ad1pate meben-
i dazole, th1abendazo]e and pyrantel pamoate did not appear to Qe act1ve'
\"‘“~“’§enetica11y in yeast Pyrvinium chlorid fﬂpyrv1n1um 1od1de, and all of
| the med1ca1 grades of pyrv1n1um pamoat:-were recomb1nogen1c in strains
D5 and D7, and mutagenic 1n stra1ns XV185 14 5 XY718 1A, and 7854 1A.

The degree of genet1c activity var1ed cons1derab1y among the med1ca1
’grades of pyrvinium pamoate that were tested S1m11ar1y, these medical
grades also var1ed in the degree of mutagen1c1ty when they were tested
gin stra1ns'TA98 and TA100'of Salmonella typhimuriun but some of - the
medical grades of per1n1um pamoate were mutagenic in the presence and
in the absence of thelmetabo11c transformat1on system, /whereas other
--med1ca1 grades of* the drug requ1red such act1vat10n to be mutagenic.
Monopotass1um pamoate was not mutagen1c in yeast L1ght -catalyzed
) ’degradat1on did- not enhance the genet1c act1v1ty of pyrv1n1um pamoa{gj
the degraded samples of pyrv1n1um pamoate were not mutagen1c |
W1th the use of a thin-= 1ayer chromatograph1c detéction techn1que,

samp]es of pyrv1n1um pamoate from severa] sources were found to contain

different numbers and quant1t1es of 1mpur1t1es " In addition, the medi -

- cal grades and dosage ?orms of several brands of pyrv1n1um pamoate were)"(

‘-ana1yzed by f1uorescence h1gh pressure 11qu1d chromatography ‘to deter—




In genera1 there 1s a corre]at1on between the degree of genet1c\act1v—
ity and toxicity, and the number and relat1ve quantwty of 1mpur1t1es in
each medical grade of pyrvinium pamoate '

An 1nvest1gat1on of the structura] requirements for the mutagenic ,
'act1on of pyrvinium sa]ts was carr1ed out w1th the use of the 6-chloro- .
and 6 methy1-analogs of pyrv1n1um 1Qd1de The . genet1c activity of theJe

analogs was studied 1n diploid- and haploid yeast in order to gain t@for— .

mation about the structura] features that are required for the genet1c
act1v1ty of pyrvinium. A methy]— or a d1methy1am1no subst1tuent at tdﬂﬁal‘ibg
6- poswt1on and the cationic site at the methylated ring n1trogen are e
requ1red for mutagen1c act1w1ty The cationic site appears to be\e§sen—
tial. Petites were 1nduced 1n Saccharomyces cerevisiae (Stra1ns D5 - and
N123) with the pyrv1n1um salts and the analogs. The d1pyrv1n1um salt
(pyrvnn1um pamoate) was more éfficient than the monopyrv1n1um salt ' ~__
(pyrv1n1um 1od1de) and its analogs at 1nduc1ng pet1tes The pr1mav}
mechanism &f act1qn of these anthelmintic drugs may be the destruct1on
of the m1tochondr1a& DNA of helminths. ' ) |

The genet1c act1v1ty of pyrvinium- pamoate was a1so eva1uated in
vivo, and the drug induced e]evated 1eve1s of m1cronuc1e1 in the bohe |
marrow cells’ and nuclear damage in the co]on ce]]s of mice. Low 1€ve1e
- of nuclear aberrat1ons were observed in the colon ce11s of mice after‘
the administration of oral suspens1ons of pyrvinium: pamoate (Vanquwn

Lk

and Pyr-Pam ) that a?e ava1ﬂab1e‘commerc1a11y in Canadian pharmac1es.

.

~
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A her1tab1e change in ceTT reguTat1on is a character1st1c property

of a cancer ceTT and ceTT reguTat1on can be altered by mutat1on Muta— A

©

gen1c1ty assays wh1ch can be performed rap1dTy onTy in m1crob1a1 sys—'"

"‘ tems are used to 1dent1fy potent1a1 mutagens " One of the f1rst “and

}the most frequently used of the short term mutagen1c1ty assays utilized
the enter1c bacter1uq;8a2monella typhtmurtum (Ames, 1971 Ames et aZ
“'1972) Each stra1n in the SaZmoneZZa typhtmurtum tester series conta1ns‘
V;.a d1fferent°type of mutat1on in the h1st1d1ne operon, ‘the h1st1d1ne |
»operon has a cTuster of 9 genet1c Toc1 HtSG encodes the enzyme phospho—
,r1bosyTaden051ne tr1phosphate pyrophbsphory]ase wh1ch med1ates the
product1on of phosphor1bosy1adenos1ne ¢r1phosphate from adenos1ne tr1-
vphosphate and phosphor1boSyTpyrophosphate this is the Ffirst step in
h1st1d1ne b1osynthes1s HtsD is the stru\tu\aT gene for the enzyme .
h1st1d1noT dehydrogenase which converts L= h1st1d\noT to L- h1st1d1ne S
o The m1ssense mutat1on hisG46 1n stra1n TAlOO resuits\lnhthe subst1- ’
tut1on of proT1ne (- -GGG~ ) in pTace of Teuc1ne (C ~GAG Y, and t‘ls\has.been

-CCC- -CTC-

.determ1ned by DNA sequence anaTys1s (Barnes et al. 1982). ,The'iaimﬁugi\;;

1mutat10n in stra1n TA98 1s a -1 base pa1r deTet1on (Isono and Yourno,-,a

&

”1974) The s1te of th1s framesh1ft mutat1on is near a ser1es of aTter-.
tnat1ng guanine and cytos1ne res1dues with the sequence gggggggg_ " h1s
- strain usually reverts by -2 base- pa1r de]et1ons wh1ch reStore'the .

: reading frame. The revers1on to hts+ in these stra1ns of SaZmoneZZa ‘
typhimurium'can oceur. at the locus (the site of the or1g1na1 mutat1on) |
or at a suppressor (WaTker 1982). | TA

SaZmoneZZa typhtmurtum has a T1pepo1ysacchar1de coat that is reTa-
t1veTy 1mpermeab1e, part1cu1ar1y to compounds of h1gh moTecuTar we1ght

Q .
in the wild-type bacter1um>l The rfa mutat1on, or "deep rough" character,



‘ causes ‘a part1a1 Toss of the T1popo]ysacchar1de surface of the bacter1a1wﬁ

J;membrane and this fac111tates the entry of Targe moTecuTes that norma]Ty

(.

-do not penetrate the ceTmeaTT (Maron and Ames, 1983) The tester‘

s

‘stra1ns have 3 defect1ve 11popoTysacchar1de core, ’d 1ch the prox1maT _

| and d1staT heptoses ‘are not present and th1s is a resuTt of a mutat1on;h

that 1nvoTves the rqu and rfaF Joci' (Ames et aZ 1973b) The bacter—‘

1a1 tester stra1ns a]so conta1n a. mutat1on that e11minates the'accuratei

"repa1r of 1es1ons in the DNA and th1s enhances the sens1t1v1ty of the

v

test. The mutat1on (AuvrB) is a. deTet1on of the gene that encodes an- ¢ '

endonuc]ease that is 1nvoTved in exc1s1on repa1r Th1s endonucTease

. recogn1zes Te51ons that d1stort the DNA he11x and the absende of . the -

’m,enzyme resuTts 1n the 1ncreased mutagen1c repa1r of these Tes1on§

(WaTker, 1982 Mar0n and Ames, 1983) The deTet1on (AuUPB) extends «;
through the b1ot1n operon, thus ‘the tester stra1ns have a nutr1t10na1

requ1rement for b1ot1n

Bacter1a1 cells that harbor the pKMlOl pTasm1d are more. suscept1b1e

”to framesh1ft and base subst1tut1on mutagenes1s The pTasm1d conta1n1ng '

ceTTs appear to have an 1ncreased ab111ty to undertake the error- prone

. reépair of DNA Tes1ons The pKMlOl pTasm1d conta1ns the' bZa gene wh1ch

encodes the enzyme B~ Tactamase Jh1s enzyme is respons1bTe for the

ant1b1ot1c res1stance to amp1c1111n and other pen151111ns with a Tactam

b

‘ r1ng system Th1s plasmid also conta1ns the muc genes,_ which are- be-'

"11eved to encode an endonuc]ease that is act1ve on S1ngTe— and doub]e—

stranded DNA (Langer ot aZ ,.1981) . The pKMlOl pTasm1d confers in-

»vcreased suscept1b1]1ty to UV and chem1ca1 mutagenes1s resu1t1ng 1n
- 1ncreased frequenc1es of trans1t1ons and transversions. Th1s,pTasm1d

_ appears to encode prote1ns that are 1nv01ved in error-prone repa1r



(Na]ker, 1982) . Analyses of the mechan1sm by wh1chAt e pKMlOl p1asm1d

———

DNA damage 1nduces the express1on of both the mucA/B and
Strams TA98 and TAlOO of S&ZmoneZZa typhz.murtwn carry the pmml
p]asm1d wh1ch enhances the capacaty for mutagenic repa1r and when
coup]ed w1th the reduct1on in the funct1on of the excision repa1r system“
(AuvrB), produces ‘tester. stra1ns that are sens1t1ve to a w1de array of |
) mutagenso - |
The bacter1a1 tester stra1ns are useful in determ1n1ng the mechan-
1sms of mutagenes1s of chem1ca1s A d1ff1cu1ty that arose w1th these
assays was that bacter1a do not have the enzymes that are 1nv01ved in
the metabo11sm of drugs in mamma]s, therefore Tiver microsomes were
added to the bagter1a, in vitro, to detect mutagenic metabo11tes (Ames
et al., 1973a) The prototype for the metabo11c act1vat1on of chem1ca1
J“d carc1nogens is 2- acety1am1nof1uorene (Flgure 1). This aromat1c amwne is
i a: carc1nogen and it 1nduces tumors in all an1ma1 Spec1es that have been
' ,_tested except the gu1nea pig, which cannot convert 2 acety]am1nof1uorene:»
_ 1nto the act1ve metabo]1te (Bates, 1977) 2= Acety]am1nof1uorene is . |
metabo]1zed to N- hydroxy -2- acety1am1nof1uorene by hepat1c enzymes
(Cramer et al.. 1960) and this metab011te is converted 1nto the u1t1mate
carc1nogen 2- acety]am1nof1uorene—N su]fate by 'sulfate conJugat1on 1n
‘the Tiver (DeBaun et al., 1970a,b; We1sburger et al. 1972) The ulti-

 mate carcinogen, 2- acety1am1nof1uorene5N~su1fate,'was demonstrated to be -
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' a mutagen 1n Bactllus Subttlts, but 2 acety]am1nof1uorene and 1ts N-~ :

;‘hydroxy1ated metabo]1te were not mutagen1c (Maher et aZ 1968) this’

" were ndt mutagen1c un]ess 11ver m1crosomes wer,

- McCann et aZ 1975) E1ectroph111c meta

) typhtmurtum, 2- acety(am1nof1uorene and N- hyd

*5 assay d1d not 1nc1ude the add1t1on of mamma1ian enzymes In‘SaZmoneZZa;~

'"tes such as 2- acetylam1no—

$‘f1uorene-N sb]fate appear to be the act1ue forms of most chemaca] £ars

c1nogens and many chem1ca1 mutagens These e1ectroph111c reactants com-
]

b1ne cova]ent]y w1th nucFeoph11es in DNA RNA and prote1ns The ce]]u—'

lar target of mutagens s the DNA 3

T1ssue homOgenates from mamma1s, usua]ly rodents,.Prov1de the

metabo1lsm 1n the bacter1a1 assays. Th1s ‘in vttro act1vat1on comp]ex

’

- (the S9 fract1on) For max1mum enzymat1c act1v1ty, the mamma11an 11ver

‘~m1crosomes must be 1nduced w1th aromat1c hydrocarbons such as Aroc]or~

'1254 wh1ch is a m1xture of po]ych]or1nated b1pheny1s The standard1zed

kY

' method for the prepar&twon of t1ssue homogenates as descr1bed by Maron :

°9

and Ames (1983), invo]ves the adm1n1strat1on of an enzyme 1nducer

”‘(200 mg of Aroc]or 1254/m1 of corn 011) to ma]e Sprague Daw]ey rats by a
vs1ng1e 1ntraper1tone31 1n3ect1on The rats are k111ed by cerv1ca1 d1s-

}1ocat1on 5 days after the 1n3ect1on, the des1red t1ssue (usually the

liver) is homogenized and the homogenate is centr1fuged at 9000 g’ for
10 minutes. The supernatant (the S9lfract1on), wh1ch'conta1ns the
m1crosoma1 enzymes, 1s decanted frozen 1mmed1ate1y, and stored at -80°C.

}—_/

&”
Most xenob1ot1cs undergo oxygenat1on (Phase 1 metabo11sm) and con-

3ugat1on (Phase II metabo]1sm) to produce po]ar metabo11tes that are

suff1c1entJy»water—so1ub]e for renal excretion. Po1ysubstrate ‘mono-

L&

: requ1res an NADPH,generat1ng system p]us an extract of. ]1ver m1crosomes oo
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- oxygenases afe,Phase I enzymes~that'me£abo1ize most c:::k;%gens and
mutagens; cytochrome P-450 is a membrane-bounde mulficomponent enzyme
sys¥em“that nequires mo]ecu1ar”oxygen and NADPH.

The yeast Saccharomyces cerevistiae 1S an ideal 0rgan1sm for study-
1ng the effects of mutagens and carc1nogens since it is able to act1vate
promutagens via its cytochrome P-450 system (Ca11en and Ph11pot, 1977,
Callen, 1978). Yeast has a true nucleus, 17 chromosomes (Mortimer and
LSchi]d, 1981), introns, and mitochondria. As.ia result of the haploid
and/oioloid‘celltcyc1es, yeast‘can be representative of prokaryotes
(bacteria)’and'higher eukaryotes (animals) in many respects. An addi-
x,t1ona] advantage is that the diploid cell can undergo meiosis.

In order to detect as many different types of mutational lesions
as poss1b1e mutant a11e1es of var1ous genes in several metabo11c path-
ways were assemb]ed in one strain of Saccharomyces cerevisiae. Stra1n
'XV185:14C (constructed by SfKu Quah and R.C. von Borste], cited in von
Borste]A 1981) has the genotype

| a ade2- 1 arg4- 17 Zysl -1 trp5-48 hmsl 7 hom3-10.

’ADEZ (on 11nkage grou6-15R) encodes phosphor1bosy]am1no1m1dazo]e car-
boxy]ase wh1ch is involved in purine metabol1sm ARG4 (on 11nkage group
8R) encodes L- arg1n1nosucc1nate lyase, which c]eaves L- arg1n1nosucc1nate
to produce L-arginine; Ys1 (on linkage group 9R) encodes saccharopine
dehydrogenase, which mediates the oxidation of saccharopine;‘With the
release of a-ketoglutarate, to yield L-lysine; TRPS (on- Tinkage group
7L) encodes tryptophan synthase, which mediates the condensation of
L-serine with indole-3- g]yceroT phosphate, w1th the re]ease of glycer-
aldehyde-3-phosphate, to produce L- tryptophan, HISJ (on ]1nkage group :

a

5R) encodes ATP-phosphoribosy1transferase, which is involved in the



condensation of the ribosylphosphate moiety of phosphoribosylpyro-
phosphate onto ATP to'y1e1d phosphoribosy1-ATP; HOM3 (on Tinkage group
5R) encodes L- aspartate k1nase which mediates the react1on between

L- aspartate and ATP -to produce B~ aspistylphosphate The homo 10 mutant
requ1res L-homoserine or both L-methionie and L- threon1ne because of\the
existence of a common pathway, via homoser1ne for the biosynthesis of ‘
these amino, ac1ds

Strain XV185-14C was censtructed spec1f1ca11y to encompass the
features of several mutant a]]e]es: ade2-1, arg4-17, lys1-1, and trps-48
are suppressible, cha1n term1nat1ng mutants, hisl- % is a missense mutant
that is not suppress1b1e by externa1 suppressors, and homo 10 s be11eved
to be a frameshift mutant.

The chain-terminating mutants are known to be of the ocher (UAA)
type. This has been determ1ned by back translation from a;nno acid
sequences of revertant iso-cytochrome e (G11more et al. 1971) and by
noting the eff1c1ent read1ng,,zn vitro, of an “ocher nonsense codon con-
tained in a messenger RNA (Gesteland et al., , 1976). The DNA of an ocher
nonsense suppressor, SUP4-0, was sequenced (Goodman et aZ , 1977) and
the mutant site was found to be at the wobble position of a tRNATyr
Th1s provided the biochemiCal evidence that confirmed the genet1c arqu-

. ment for the aSSOCIﬁtlQﬁ*Of yeast nonseﬁZe suppressors with mutant
~tRNAs, wh1ch was put forward by Magni et al. (1966) The mutant s1te
that was 1dent1f1ed by Goodman et aZ (1977) had a thym1ne in place of
'guanine,,and this suggests that the base in the wobble position,,uhich
was responsible for the ocher-suppressing phenotype, was a modified p
pyrimidine such as a 2-thio-5-carboxymethyluridine derfvatiVe or a

5-carboxymethyluridine (Sherman, 1982). From the considerations. that



have been outlined, the types of reveratan of ade2;1, arg4-17,.and
Zysl-g can be deduced: 'the 5'-UAA-3' ocher nonsense codon could revert
to either 5'-UAU-3' or S'-UAC-3', both of which are tyrosine codons, and
the anticodon of the tRNATY™ would mutate-from 5' -GyA-3' to 5 -Z¢A-3",
where Z 1S the.unknown modified uridine and ¥ is pseudouridine. 'There-
fore, reversions at the locus comprise AT-»TA and AT-CG transversions |
(von Bbrsteiret'alo, 1973), whereas reversions in the anticodon of the
suppressor tRNATYT are GC-TA transversions; '

’ The missense mutant hisl-7 has a spontaneous reversion rate that is
nearly the same as the forward spontaneous mutation rate from canavanine
senSitiVity to re51stance (Gottlieb and von Borstei, 1976) Most of the
reversions occur by second—site mutations in the HISI 1ocus-(Lax and
Fogel, 1978). Th% reversion of hisl-7 by intragenic missense suppres-

o4 :
sion is also evident from the phenotypic heterogeneity of the rever-

tants, since man} of them are feeder colonies. Missense mutants are \
believed to'arise by base-substitution mutations. The hisI-7 mutant is
osmotically remediable by 1 M KC1 when grown at 18°C, but not at 25°C‘
or 33°C (Hawthorne and Friis;31964); the his1-7 mutant has’the same
spontaneous reverSion rate during mitosis and meiosis (S. FOgei and
D.D. Hurst, unpubiished data);-and hisi-7 is highly revertibie With
ethyimethane sulfonate (Shahin and von Borstel, 1978), which primari]y
induces transitions in phage T4 (Krieg, 1963) and in Neurospora crassa®
(Maiiing and de Serres, 1968). In yeast, hisl-7 is also reverted by
the mutator mut?,8, which appears to induce. preferentiaiiy AT-TA and~
AT-CG transversions (D.S. Bendiak and J.M. Tyler, unpubiished data).

The evidence, when compiled, indicates that hlsl 7 is a missense mutant

that can revert by transitions or_transversions,
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The hom3-10 mutant was.postu1ated to be a frameshift_mutant because
its spontaneous reversion rate during meiosis is about 30 times higher
than during mitosis (Magni, 1969). Invaddition;‘homJ-JO responds to
frameshift suppressors (G. Lucchini Bohomihi, unpublished data). |

Strains XY718-1A (genotype a his4-5619 Zeu2-3) and 7854-1A (genotype‘;
a hisd-38 leu2-3) are particu1ar1y user]AfoF detectihg the specjficity
of frameshift mutégens; HIS4 (qn linkage group 3L) epcod?s a trifunc- i
tional poly pept{de:‘ HIS44, phosphoribosyl-AMP cyc1ohydro1ase; HIS4B,
,phosphoribosyl-A;b pyfophosphohydro]ase; and HIS4C, histidinol dehydro-
genase. The mutations ﬁapped to the HIS4A region and are desjgnated'as
hisdA-519 and his4A-38 (Culbertson et agl., 1977). LEUZ (on Tinkage |
group 3L) encodes B-isobropy]ma]ate dehydfogenase, whichvconvérts g-iso0-
propylmalate to a-ketoisocaproate; | |

The frameshift mutants hisdA-519, his4A-38; and 1942-3 were induced
by mutagenesis with ICR4170, which is an~a¢r1d1ne'ha1f-mustard (Culbert-
son et al., 1977). A1l 3 mutants have +1 pase-péir (6-C) additions in
regions of DNA with»multip1e G-E base pairs; and these,frameshift muta-
‘fions can be suppreésed by framefhift suppreséors that recognize 4-base |
glycine codons (Donahue et az.;‘1981} 1982). The conéomitant reversion
‘to a HistLeut phenotype occurs: by the 1nquctjon'of externa] frameshift

suppressors (Culbertson et al., 1977, 1980), and altered tRNAs (tRNAgégc

and tRNAgéZA) mediate frameshift suppression by reading these 4-baseb

codons (Donahue et al., 1981).
Diploid strains of Saccharoryces cerevisiae are used to detect the

genetic activity of mutagens via chromosome breakage that leads to mi-

totic recombination. Strains’' D5 (genotype = trpl-1 ade2-40 MALI 1 ..,

‘ a ade2-119 + MAL4":
o ade2-40 trps-12 1lv1-92 : S
3 Gde5-719 trp5_27m5751:§§) are particularly useful

and D7 (genotype
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(Zimmermann, 1973; Zimmermann et al., 1975). The designations a and o
represeht complementary‘méting-type alleles; trpl-1 (on linkage group
4R) is an ambeh (UAG) nonsense mutant that terminates the production of
phosphoribosy]anthrani]ate isomerase; MALI (on linkage group 7R) and
MAL4 (on linkage group 1IR) are characterized by constitutive maltose
fermentat?on, and the gene products are be11eved to be involved in the
regu]at1on of a-glucosidase synthes1s

« ° I1LVI (on linkage group 5RO encodes theonine deam”nase whidh medi-
ates the deam1nat1on of threonine to y1e1d o= ketobuty ate in the first
step of isoleucine b1osynthe51s, the {lv1-92 mutapt is used for detect-
1ng the induction of reverse mutat1ons Strain D7 is heteroallelic for
the noncomplementing a]]e]es trps- 12 and trps-27, and prototrophs can
arise by reciprocal 1ntragen1c rechb1nat1on or by nonreciphoca] mitotic
- recombindtion (referred to as gene eonversion), which are indistinguish;
able phenotypjca]ly. For practical purposes3\21mmermann et al. (1984)

ﬁ suggest that‘the generationrof‘tryptophan prototrophs should be referred
to as gene conversion. /

Strains.D5 and D7 are heteroallelic for two comp1ement1ng mutations
of the ADEZ locus: an allele with a red phenotype and an absolute
‘requ1rement for adenine, ade2-40, and a slightly Teaky allele w1th a
p1nk phenotype ade2-119. The red pigment that accumu%gtes in aded
mutants resu]ts fr?m the polymerization of phosphor1bosy1am1no1m1dazole,
“which is the substrate for the gene product of the ADE2 locus. When the
ade2-40 and ade2 119 a]]e]es are present in the same diploid strain,
they complement each other and, as a result, white eo]onJes are formed.

- A mitotic crossover event between the centrome#e and the ade2 locus

results in the-formation of a twin-spot, which is a colony with red and

/
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pink sectors. An entirely red or an’entirely pink colony can arise when
mitotic gene conversion, mutation, or nondisjunction has taken place.
Other aberrant colonies, such as those with red-pinkfwhite, red-white,
or pink-white phenotypes may be prdddced when mitatic Fecombination,
mitotic gene conversion, mutation, or npndisjunction has taken place in
one of two or more cells together in a cluster at the time of mﬂtageni-
zation.

The “information on the gene products that are encoded by the various
genetic loci, and the b1osynthet1c and metabolic pathways, of the yeast
Saccharomyces cerevisiae has been obta1;:d from the data that was com-
piled by Plischke et al. (1976), and by Jones and Fink (1982).

Just as the in vitro activation syste;'that is used with Salmonella
'typZimurium does not contain the particu1ar enzymes or cofactors that

arewrequired for all of the possible activations that would take place

in VIVo, yeast cannot carry out the ent1re spgctrum of drug metabolism.

/ bAR)

that would be expected in mammals, in vzvo‘ The suscept1b111ty of a
tissue to a partlcular carc1nogenxn»mutagen may be determined by the
‘type of metab011z1ng enzymes that are present in that tissue. The
differences in the activating capab111t1es of S9 ffayf‘UnSafrom differ-
ent tissues, as well as from different species, aétest td this tissue
specificity (Haroun and Ames, 1981). N

. . \
Carcinogens that are difficult to 1dent1fy in microbial systems

’that are unique to an1mals For examp1e the act1on of hor-.

——

. are those
mones or ana1ogs of hormones (1 e s d1ethylst11bestro1), are unique to
animals as they must 1nteract with specific receptors, and th1s resu]ts

—1n more stringent structure-activity re]at1onsh1ps than those for an

interaction ‘of an electrophilic reactant with DNA.
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It is not poss1b1e for one assay to detect every mutagen or carc1n—
ﬂ;ogen therefore it 1s des1rab1e to. use a battery of - tests that 1nc1udes
'bacteria, yeast, mamma11an ce11s in culture, and anlmals Generally,
 the resu1ts that are obta1ned with yeast are 1nd1cat1ve of those that
m]ght be obtalned w1th mamma11an cells in cu]ture . In fact, yeast is
preferab]e because a yeast ce]] is a s1ng1e organ1sm whereas t1ssue
 cultures ex1st in an env1ronment that \s removed from the 1nf1uences of |
.adJacent t1ssues and organs that are present in 11ve animals. vAs‘a' 7
resu1t of the art1f1c1a1 env1ronment of mamma11an cells in cu]ture

tissue cu]tures are prone to the generat1on of artefacts and th1s must

'be taken into account when mutagens and carc1nogens are be1ng eva1uated

Ty



STATEMENT OF THE PROBLEM -

It has been estab11shed that pyry1n1um pamoate (Figore 2) is a
mutagen An bacter1a Th1s anthe]m1nt1c drug induces. framesh1ft and
_\base subst1tut1on mutat1ons in SaZmoneZZa typhtmurtum, but only when
the metabo11c actkf§t1on system (the S9 m1crosoma1 fraction of mamma11an
liver) is added to the assay (MacPhee and Podger, 1977).. Since pyrvin-
Fum- pamoate is not absorbed apprec1ab1y from the gastro1ntest1na1 tract
(Ro110, 1980), it cannot reach. the Tiver, where the metabo11sm of pro-
mutagens t0‘mutagens takes p1ace. Thus, it is believed that the muta-.
‘gen1c effects of th1s drug on mamma]s are neg11g1b1e n
k The mutagen1c1ty of pyrv1n1um pamoate in bacter1a was cons1dered
to bﬁybf suff1c1ent 1mportance to examine the drug in a m1crob1a] assay-

that. cou]d detect chromosome breakage as’ wel] as framesh1ft and

- reverse mutat1ons The yeast Saccharomyces ‘cerevisiae, wh1ch is capab1e

of act1vat1ng promutagens into mutagens via its cytochrome P 450 System /
.(Ca11en and Philpot, 1977 Ca]]en 1978) “is an 1dea1 organism for |
study1ng the genet1c act1v1ty of chem1ca1s Pyrv1n1um pamoate 1nduced
framesh1ft and base- subst1tut1on mutations 1n hap]o1d yeast conf1rm1ng‘
the resu]ts that were obta1ned with the bacter1a1 assay, and the drug
a]so induced chromosome breakage in d1plo1d yeast

The med1ca1 grades of pyrv1n1um pamoate that are marketed in
~ Mexico, and one med1ca] grade that -is marketed in Canada, are mutagentcu
in SaZmoneZZa typhtmurtum in the absence of the metabo11c transforma-
tion system (Cort1nas de Nava et al., 1983; Hennig et al., 1984); ;The
_enhanced genetic act1v1ty of these. med1ca1 grades was thought to be ‘due

to the presence .of one Or more 1mpur1t1es. Thls required an evaluation

1
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of the chem1ca1 pur1ty of the med1ca1 grades of pyrv1n1um pamoate that
are ‘used to. formu1ate the dosage forms of the drug A]so, the identi-
f1cat1on and- quant1tat1on of the mutagen1c 1mpur1t1es were’ of 1mpor— v

: tance. Mutagen1c 1mpur1t1es have been reported for other chem1cals
'(Mccann and Ames, 1977). . - e e

' Due to the ex1stence of medical grades of pyrv1n1um ‘pamoate that

_do not requ1re metabo11c activation to be mutagenic (Cortinas de Nava
vet aZ 1983; Henn1g et aZ 1984), 1t was essent1a1 to study pyrv1n1um
pamoate more c1ose1y for its mo1ecu1ar action, 1ts effect on cell
organe]]es, and its act1v1ty in mamma11an ce11s in vtvo. Chromosome
" breakage in yeast is an 1nd1cat1on that pyrv1n1um pamoate may also.
?damage ‘the genet1c mater1a1 of mamma11an ce11s gb compar1son to. the
'other anthe1m1nt1c drugs that are ava11ab1e yrv1n1um pamoate »wh1ch
i1s an over the counter product has the fewest s1de effects In ch11-
qdren pyrv1n1um pamoate is the, malnstay of oxyur1asws therapy, thus it
. was 1mperat1ve to ana]yze th1s drug for potent1a11y harmfu1 effects
Pyrv1n1um pamoate was not act1ve genet1ca11y in mamma11an ce]]s in
culture (Lake and de 1a'Ig1es1a,,1981) -and mamma11an (human and mouse)‘
fh%%he samp1es‘that were taken after oral doses of the drug-werevnot
mutagenic in SaZmoneZZa typhtmurtum (Lake and de la: Iglesia, 1981;
Cortinas de Naya et aZ. 1983) - A]though these - resu]ts Suggested that
the drug was not harmfu1 1t was 1mportant to eva]uate pyrvinium pamo-
ate in vzvo in mamma11an assays that ref]ect both the metabolism and -
the tissue spec1f1c1ty that this anthe1m1nt1c drug would undergo in
_humans.‘ ’ |

-The ‘shotgun‘ treatment of mice, by intraperitoneai injecttion

rather than by oral intubation, with pyrvinium pamoate and other drugs'
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"in the bone marrow assay is carr1ed out to ga1n an 1mmed1ate response
or answer as-to whether or. not a drug is act1ve genet1ca11y in mamma1s.
As1de from being a valid procedure for exam1n1ng the genetic effect of
‘ monopyrv1n1um sa]ts, which are absorbed system1ca11y, the resu]ts of a
shotgun treatment can prov1de enough 1nformat1on to fac111tate the
des1gn ‘of future an1ma1 exper1ments Exper1mentat1on with an1ma1s is
usua11y undertaken on1y when there 1s a reasonab]e expectat1on that the
resu]ts will Tead to an 1mprovement in the health and we]fare of peop1e."
The resu]ts of exper1ments us1ng pyrv1n1um ‘pamoate in 11ve an1ma]s
‘bappeared to va11date the resu]ts that were obtalned with the bacterial
~and yeast assays Th1s is essent1a1 since the use of re11ab1e m1crob1a1
‘systemS'm1n1m1zes the requwrement for the use of 1arge numbers of |
animals 1n va11dat1on exper1ments.

M1crob1a1 systems, even w1th the concom1tant use of the in vitro
liver homogenate cannot be a subst1tute for the absorpt1on, d1str1bu-
~tion, metabolism, and excretion that occurs in. animals. An 1mportant

amp]e is the ana]ges1c drug phenacet1n wh1ch is metabo]1zed to the :
ultimate carc1nogen/mutagen via conJugat1on that is med1ated by su]fo-
ftransferases Most mamma]s do not ut111ze su]fate conjugat1on as a°
primary | mechan1sm in Phase 11 metabo11sm however if h1gh doses of
phenacet1n are g1ven chron1ca11y, su1fotransferases are 1nduced and
»undertake a 1arge proport1on of the congugat1on react1ons | Hamsters:
ut111ze su]fate conaugat1on as a pr1mary method of metabol1sm thus
phenacet1n is mutagen1c in. SaZmoneZZa typh%murtum when hamster S9,
rat S9, 1s added (we1nste1n et al., 1981) 7 B

An exam1nat10n of ana]ogs and the probab]e metabo11%es of a poten-_

tial carc1nogen such as pyrv1n1um pamoate is 1mportant because the
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' ’ - -
‘mutagen1c propert1es of most chem1ca1 mutagens are related to their

e1ectroph111c reactivity, wh1ch is assoc1ated w1th spec1f1c funct1ona1

f—

P

groups | The 6- d1methy1am1no subst1tuent of pyrv1n1um pamoate”(see
‘F1gure 2) is a potent1a1 site for the convers1on to an e]ectroph111c
metabo]1te fo e |

The mutagen1c potenctes of chem1ca1s in bacter1a and yeast may
'.para11e1 the1r carc1nogen1c potenc1es in. mamma1s - According to McCann
| and Ames (1977) 90% (157/175) of the. carc1nogens that have been tested_
in SaZmoneZZa typhtmurtum were mutagen1c, and 87% (94/108) of the non-
.carc1nogens were nonmutagen1c Th1s 1nd1cates that the Sa]mone11a/—

, m1cr&some test has an accuracy of approx1mate1y 90% 1n the detect1on of

)

'carc1nogens as mutagens An accuracy of 90% for th1s bacter1a1 assay

suggests that the results of ‘a comb1nat1on of bacter1a1 yeast and

,an1ma1 stud1es can ‘be extrapo]ated to humans to pred1ct the toxicity of

a drug such as pyrv1n1um pamoate with an acceptable degree of certainty.

4
) o



‘2-amin¢fluofeng,(MW 181 ._22)‘f

. OCH,CHg

phenacetin (MW 179.21)

FIGURE 1 « The prototypes for the metabolic . act1vat1on of chemical
' ’ carc1nogens in. mamma1s are 2-aminofluorene, its metabo-
o 1ite 2- acety]am1nof1uorene, and the analges1c drug
phenacet1n '

S



FIGURE 2. The stru‘cturg of the di»py;r'vi'nium »sa]t,‘ 'pyrviniuni-pam'oate_
(MW 1151.44). Pyrvinium chloride (MW 417.99) and
pyrvinium iodide (MW 509.45) are monopyrvinium salts.
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REFERENCE STANDARDS AND DOSAGE FORMS

The USP reference standard of pyrvinium pamoate (Tot F2) was
purchased from the Drug Standards Division (Us Pharmacopeia1 Convention,
Incorporated) the medical grades of pyrv1n1um pamoate were supplied by
Parke Davis Canada Incorporated Char]es E. Frosst & Company, ICN
Canada Limited, and Laboratorios Columbia. Vanqu1n (Parke-Davis
Canada Incorporated), Pamovin® (Char1es’E Frosst & Company), and Pyr- -
Pam® (ICN Canada L1m1ted) were provided by the manufacturers of .these
products. The 1abe1ed strengths of the dosage forms are 75 md pyrvin-
ium pamoate/tablet (equiva]ent to 50 mg of pyrvinium base) and 15 mg
pyrvinium pamoate/ml suspension (equivalent to 10 mg of pyrvinium base).

'Origina1 samples of pyrvinium cnloride (Rarke—Dayis Canada Incor-
porated) and pyrvinium iodide (Delmar Chemicals, Montrea]) were gifts
from H.D. Beckstead (Drug Identification Laboratory, Health and Welfare
Canada); these salts of pyrvinium are manufactured no longer. 2-Acetyl-
aminofluorene, pyrviniumypamoaté, pyrvinium 1odide, and the 6¥cn10ro-a
and 6-methyl- ana]ogs of pyrvinium 1od1de were custom synthes1zed by
Lancaster Synthes1s,L1m1ted &Eastgate, White Lund, Morecambe, lLanca-
shire, England); this comoany guarantees“the'puritynof its products to
99.6%. | |

Monopotassium pamoate, cyc]ophosphamide,'ethidium bromide,
7,12-dimetny1benz[a]antnracene; and 1,2-dimethylhydrazine-2HC1 were
purchased from the Sigma Chemical Company (Saint Louis; Missouri,

U.S.A.).
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REAGENTS AND CHEMICALS

A1l chemicals and reagents employed 1ﬁ the experimental procedures
were either A.C.S. or reagent gré&e in qqa]ity, un]ess.specified other-i
wise. Double-distilled, deionizéd watek'(Miijiné water purification
system from Millipore) was used in the prepafﬁtibn of all media, buffers,
and solutions. | | (
| Mechanical top-{dading balances (Sarforius) were used for weighihg
large quantities of ingredients in the pfeparation of buffers and media;
etectronic top-loading analytical balances (Mettler AC100 and AE163)

were used for weighing small quantities of amino acids,‘drugs, and

reference standards.



PROCEDURES

A. Ana1ytiéa1 Methods

Monopotassium pamoate, pyrvinium chloride, pyrvinium iodide, the

USP reference standard of pyrvinium pamoate, and a 1ight-degraded.samp1e

of pyrvinium pamoate were examined for purity by TLC and HPLC:

1. Thin-Layer thromatography

The USP reference standard of pyrvfnium pamoa%e, medical grades I
and IT (each from a different manufacturerj of pyrvinium pamoate, a
sample‘of medical grade I of pyrvinium pamoate (dissolved in hethano])
that hadvbeen exposed to room and window 1ight for 9 months, and mono-
potassium pamoate were analyzed by theqTLC methbd’deve1oped by Beckstead
and Smith (1967). '

Coa. “Qualitative Thin-Layer Chrohatograbhy

Eastman Chromagram Sheets were spotted with 10-u1 aliquots of
‘each sample so1Ution, the spots not exceeding .2 mm in diameter;
each samp]e had been d1sso1ved in methoxyethano1 to a f1na1 concen-
trat1on of approximately 1 mg/ml. These chromatographic sheets

a

(20 cm x 20 cm) are precoated with silica gel adsorbent containing
a fluorescent indicator. The adsorbent EBSE?ng of 100-um thickness:
is on an inert, flexible poly(ethy]eneterephtha]ate) supporf of
200-um th;ckness, po]yacry11c acid has been added as a b1nder and
the fluorescent 1nd1catorv1sv1ead-manganese -activated ca1c1um
silicate.

The chromatographic sheets were developed, in the dark, for

2 hours in an Eastman Chromagram Developing Apparatus that

!
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contained chloroform:ethanol (7:3) as the developing solvent
system. The developed chromatographic sheets were air-dried and
examined under long-wave (354-nm), ultraviolet light; the visual-

ized spots were marked and their Rf values were calculated by the

convent1ona1 formula

Re = distance trave]ed by solute
f distance traveled by solvent -

-

Preparative Thin-Layer Chromatography -

-

Glass plates (20 cm x 20 cm) were coated with a layer of

silica gel of 500- pm‘thickness (a s]Urry of-50 g silica gel G,

DF-5 [Camag] mixed with 90-100 ml of d1st111ed water) The TLC

p]ates were air-dried and activated at 100°C for 1 hour before

"use. A 2-ml volume of a stock golution of medical grade I of

pyrvinium pamoate (1 mg/ml of methoxyethenp1) was applied, in a
5-mm bandwidth, about 2 cm‘from the bottp;\of each TLC plate.

The p]ates were deye]oped, in the dark;}f;}‘4-5 hours in
ch]oroform ethanol (7:3). Preparative TLC plates of 500-um thick-
ness that have been loaded with such a large quantity of sampje
require more time to separategthan TLC plates of 100-um th1cknee§w~\
that have been Spotted w1th 10 ul of samp]e The separaeipn in
the preparative TLC was not .as well -defined as in the qua11tat1ve
TLC plates apd, therefore, tailing and contamination among the
Qarious sections was expected. ‘

The developed, preparative TLC plates were divided %nto
sect1ons correspond1ng to the separations obsg;xed in the quali-
tat1ve TLC procedure; ‘the components in these sect1ons of s111ca .

gel were extracted with methanol and the .supernatants were

\"’11



concentrated by fhe removai'of the solvent. The residues were
reconstituted in 15 m1 of methanol and centrifuged (Servall
refrigerated-automatic centrifuge) for 10 minutes at”15°C but this‘
resulted in the retent1on of the pyrvinium pamoate by the silica
ge]. The high aff1n1ty of this drug for the silica gel made it
difficult to extract this layer further yet a speed of at least
1500 rpm'was required to ensuﬁe an extract solution free of s11nca
gel. Qua11tat1ve TLC ana]yses of the methanol extracts conf1rmed
the expected contam1nat1on among the various sections of the pre-

parative TLC plates.

2. High Pressure Liquid Chromatography

- L4

‘The high affinity of pyrviniumepamoate for §i1ica gel prec]uded‘
the use of a normal-phase chromatographic eo1uhﬁ,in the HPLC studies.
In reversed- phase TLC, the silica gel is coated W1th dich]oromethy1¥
silane and, with th1s modification, the Rf values of nonpolar compounds
will increase as the 11poph111c1ty of the solvent is increased; w1th
the use of a polar solvent, nonpo]ar'compoundsrare expected to rema1n
at the origin. This brincip?e ef revefsed—dhase TLC is directTy‘trans;“
ferable to HPLC and, fherefore, separations can‘be achieved using the
lgreater speed and eff1c1ency of HPLC.

Reversed-phase HPLC involves the use of a nonpo]ar (hydrophob1c)
stationary phase rather than the polar (hydroph111c) stationary phases
utilized in normal-phase HPLC; a hydrocarbon stationary phase iseusua11y
employed and the polarity of the mobile phase is chosen according to the’
particular properties of thevcompqund under investigation. The e]dtion

of compounds from a reversed-phase column occurs in the order of
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decrea51ng polarity, with the most polar compound eluting first and

continuing in sequence unt11 the least polar substance has been eluted,
In view of the difficulties inherent in the use of silica gel as

a stationary phase in the TLC analyses of pyrv1n1um pamoate, reversed-

phase HPLC was the me thod of cho1£e for the separat1on of”fﬁe~c0mponents

of pyrvinium pamoate. i

a. EQJETE
The analytical column (qundapak C1s) was 30 cm in length,
w1th an inside diameter of 3.9 mm and an average particle size of
10 um. This reversed-phase co]umn consisted of a monomolecular
1aye# of organosilane, bonded p%rmanent]y to a pe111cu1ar silica

pack1ng | .

[} | i
-S:‘i-OH + -Sli-(CHz)nCHs > —Sli-O-S:i—(CHz)uCHa

SIEICA OCTADECYLSILANE ‘uBondapak Cis

b. Instrumehtatioh

L

Reyérsed phase HPLC was pefforméd utilizing a high pressure
1iquid chromatograph (Waters AMC 202/401) equipped with a solvent
f

de11veryssystem (Mode1-6000A) and an injection system (UBK Uni-

\
1

versa] ijector). The absorbance of the column eluent was

mea§ured§with a photometric, ixed-wavelength (254 nm) detect5:
and theéf]uorescent intensity of the column eluent was monitored
-gontinuéUS]y?(Schgeffe1 FS 970 LC fluorometer); the absorbance
and re?}tive fluorescence were recorded (Fisher\Recorda11 Seriesu

5000 récorder with an inpu

»

range of 1-10 mv).

¥
v
v
v
v
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j Chromatographwc Cond1t1ons _ o
: The f]uorometer was equ1pped w1th‘an entrance f11ter (Corn1ng
,_7 -59, lrange 300 480 nm) and a 389-nm em1ss1on f11ter (range 375 405
nm); the excitation wav;]ength was Set at 355 nm and the range and
' sens1t1v1ty were ma1nta1ned at 1.0 uA and 4.00, respect1ve1y _The»
sens1t1v1ty of the UV detector was set at an absorbance of 0.167 |
) ful]‘scale (a'range of 16).v The most eff1c1ent chromatodr;ph1c
. so]vent system was methano] water (90 10) the so1vent £low rate
was'O 5 m1/m1n at an inlet pressure of 2500 ps1g, and the chart
speed ﬁas set at 0.5 cm/m1n | | :

Monopotass1um pamoate and se]ected samp]es o? pyrv1n1um
pamoate were ana]yzed by reversed phase HPLC us1ng various so1vents

and comb1nat1ons of so]vents Methano] and acetonwtr11e prov1ded

the best e]ut1ng capac1ty and due to the 11m1ted so]ub1]1ty of

‘pyrv1n1um pamoate in predom1nant1y aqueous so1vents, h1gh percent- . -

'ages of these powerfu] e]uents were emp1oyed as solvents in the .
,HPLC procedures Methanol a]one comb1nat10ns of methano] and
hwater (90 10, 80: 20 70 30, and 65 35) comb1nat1ons of methano]
and aceton1tr11e (90 10 and 80 20). aceton1tr11e a]one, and comb1n-‘
”at1ons of aceton1tr11e and water (90 10 and 80: 20) were tested to
f;nd the most eff1c1ent so]vent or comb1nat1on of so]vents for
the S parat1on of the components of pyrv1n1um pamoate
M nopotass1um pamoate absorbs uv 1ight more readily than |

pyrv1n1um at a wave]ength of 254 nm and this is certainly expected .
s1nce the pamoate moiety has a system of conjugation that 1is more

extended than that of the pyrv1n1um mo1ety The structure of

pamo1c acid cons1sts of two pa1rs of fused’ benzene r1ngs that are‘

o

J .
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' ,_“Jo1ned by a, methy1ene group (F1gure 2) “benzene has an absorpt1on

" band atv254 nm (Emax 204 ~in water) (Dyer 1965) The 1ntense:
‘absorpt1on of pamo1c acid at 254 nm, wh1ch is due to w+ v*
“transitions, is augmented by the hydroxy] and carboxy1 subst1tu—
ents. A]though pyrv1n1um a]so conta1ns a conJugated = e]ectron

system it does not absorb s1gn1f1cant1y at 254 nm. The high

: 1ntens1ty and broad range of absorption of the pamoate mo1ety may

‘_'over1ap w1th the. absorpt1on of the pyrvinium mo1ety and may a]so a

‘mask 1mpur1t1es in the pyrv1n1um pamoate samp]es Th1s d1ff1cu1ty '

vwas compounded by the f1xed wave]ength of the detector which does
enot pernit the search for a more 1dea1 wave1ength of absorpt1on
Reversed -phase f1uorescence HPLC has been found to be the

“ most su1tab1e method for the. detect1on of 1mpur1t1es in these

samp]es‘of pyrv1n1um.pamoate.

Drugs and Dosage Forms

: Monopotass1um pamoate pyrv1n1um ch]or1de pyrvinium iodidevl
the USP reference standard (A) of pyrv1n1um pamoate, and severa1
med1ca1 grades of pyrv1n1um pamoate (8, C, D, ‘and’ E) were
Aprepared for HPLC ana]ys1s by d1sso]ut1on in methanol “to a f1na1
concentrat1on of 1 mg/m] |

One tab]et of each of 3. brands of pyrv1n1um pamoate (B C,
and D) was f1ne1y powdered w1th the a1d of a mortar and pest1e,
d1sso1ved-1n 15 ml of methano] ag1tated manua11y for 5 minutes,
_and then a]]owed to: sett]e The tab1et exc1p1ents prec1p1tated

on standlng and the supernatants were used in the HPLC ana]yses
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‘The tabTets were ‘not assayed for drug content and the Tabe]ed
' strength of each tabTet (75 mg of pyrv1n1um pamoate) was assumed
For. the quaT1tat1ve HPLC anaTyses the concentrat1on of pyrv1n1um

‘pamoate in each methanol supernatant was est1mated to be 5 mg/mT

- B. BacteriaT'ASSays'

Fresh cuTtures of stra1ns TA98 (genotype hstBOSZ rfa AuurB) and
TA100 (genotype htsG46‘ r'f'a suvrB) of SaZmoneZZa typhtmurwm were pre—-
pared from frozen permanents that are stored at 70 C. These stra1ns.y*'
. were streaked for s1ngTe coTon1es onto nutrient agar plates and incu-

lbated (F1sher Econotemp 1ncubator ModeT 30D) at 37°C for 24 “hours.
n'Each single coTony was. 1nocuTated into 5 mT of L- broth and these
"cuTtures were 1ncubated at 37 C 1n a waterbath (Gyrotory Water Bath
’-FShaker, ModeT G76, New Brunsw1ck Sc1ent1f1c Company, Incorporated) for |

| 'about 16 hours to atta1n stat1onary phase cells. The methodoTog1es

‘1nvoTved 1n conf1rm1ng the genotypes of the tester stra1ns and the

- mutagen1c1ty assays, are s1m1Tar to those descr1bed by Ames et aZ

(1925), and_by Maronaand Ames_(1983).

1.  Checking the Stra1ns

1%

The genet1c markers of the bacter1a] stra1ns were checked rout1neTy '
fOr h1st1d1ne auxotrophy, sens1t1v1ty to crystal v1oTet sens1t1v1ty to

.uTtrav1oTet rad1at1on, and amp1c1TT1n res1stance { %Qij‘

a. H1st1d1ne Requ1rement
The bacter1aT cud tures. grew on m1n1maT gTucose agar (VogeTé

Bonner E ‘medium plus dextroseyand agar) only 1f 0.1'm} of a
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so1ut1on of h1st1d1ne p1us b1ot1n (O 5 mM h1st1d1ne HC1- 0.5 mM

biotin) had been ‘spread onto the p]ates, this 1nd1cated auxotrophy

.

for histidine.

;Deep Rough Character

Approx1mate1y 10a bacter1a (0 1 m] of ‘the stationary- phase’
‘cu]ture) were spread onto nutr1ent agar and 3 filter paper d1scs-'
‘were placed on top.: About 10 ul of a so1ut1on of crystal violet
(1 mg/m] of water) were app11ed to each d1sc and the p]ate was

'1ncubated at 37°C for 12 hours. A clear zore of inhibition around

each disc indicated the presence of the rfa mutation.

f
..

.Presence of R- Factor

Th1s test was carr1ed out 1n the same manner as the test for»
the rfa mutat1on except that 10 ul ofa so]ut1on of amp1c1111n
(8 mg/m] 0.02.N NaOH) were app11ed to the filter paper discs and
the nutr1ent agar plate was 1ncubated at 37 C for 12-24 ‘hours. »;f“
The absence of. a zome of 1nh1b1t1on around each d1sc 1nd1cate'

~ampicillin res1stance, thus the pKMlOl p]asm1d wasnpresent in the

strains.

Sens1t1v1ty to UV- Radiation

- Each bacterial culture was. spread onto nutr1ent agar (0.1

: m1/p1ate) and half of each plate was irradiated with a germicidal
Tamp (Genera] E]ectr1c G30T8, 30 watt bu]b) for about 30 seconds,
at a distance of approx1mate1y 40 cm, The time of 1rrad1at1on was .
determined empirica11y. The plate was 1ncubatedvat 37 C for 12-24°

hours. Since strains TA98 and TA100 containkthe wvrB.deletion,
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growth was observed only on the unirradiated side of the 6ﬂate,

2. Mutagenicity Assays

lnStock'so1utﬁons (2.5 mg}m]) of cyc]ophospham1de, 2- acety]am1no-
f]uorene, the USP reference standard of pyrv1n1um pamoate, and each
med1ca1 grade of pyrv1n1um pamoate were prepared in d1methy1su1fox1de
'(DMSO); when requwﬁéd these stock so]ut1ons were diluted with DMSO.

Stra1ns TA9éCand TA100 of Salmonella typhtmurzum were cultured in

L-broth at 37 C for -16 hours to atta1n stationary- phase ce11s Each
‘treatment tube conta1ned 0.5 ml of S9 mix or 0.5 ml of 0.1 M sodium -
-phosphate buﬁ{er (pH 7.4), 0.1 ml of stat1onary phase bacter1a1 cu]ture
(approx1mate1y 108 bacter1a), 0. 1 m] of drug solution -or O 1 m1 of DMSO,
- and 2. O m] of molten top agar that conta1ned 0.2 ml of a so]ut1on of
‘0t5 mM h1st1d1ne-HC1—0.5 mM‘b1ot1n. The contents of each tube were ]
poured onto mintma1 gTutosevagar'piates (Voge] Bonner E med1um p1us
kdextrose and agar), each assay was performed in quadrup11cate Once the

top agar had so11d1f1ed the p]ates were incubated at 37°C;: after 48

‘hours of tota] 1ncubat1on t1me, the hzsf revertants were scored.

3. Media, Buffers, and Solutions

©L-Broth (1.2% tryptone, 1.0% NaCl, 0.5% yeast extract, and 0.1%
‘dextrose),_soft-agar‘(OQG% agar and 0.5% NaCl); nutrient agar (0.8%
| Difco- Baoto‘nutrient broth, O'S%vNaC1 and 1.5% agar); and minimal-
Ig]ucose agar (Voge] -Bonner E medium [0 030% MgS0O,- ‘7H,0, O. 300% B
»HOC(CHZCOOH) COOH'H20 1.500% KzHPOu, and 0. 525% NaNHqHPOa 4H20] p]us
2.0%. dextrose and 1.5% agar) were prepared with double-distilled,
deionized water and sterilized (Amsco steam-powered autoc]ave) at 121°C

for 20 minutes. Inrthe'preparation of the various media, the solutions

L4
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of dextrose were autoclaved separateTy and added to the med1a wh11e hot.
Similarly, the soTut1ons of the Vogel- -Bonner saTts (VogeT and Bonner,
1956) and the agar were' ster1T1zed separate]y in the preparat1on of the
\m1n1maT gTucose med1um
‘ The sod1um phosphate buffer {pH 7 4) cons1sted of 6.0 ml- of O. 1 M
monosod1um phosphate - (1.38 g NaH; POq H 0/100 mT water) pTus 44 0 ml of
0.1 M disodium phosphate (1.42 g NazHPOu/IOO ml water) to make 100 ml
of buffer The salt solution (1.65 M KC1/0.4 M MgCl,) for the 59 mix

" was prepared by the d1ssoTut1on of 6.15 g KC1 and 4.07 g MgC1,+6H, 0 in

50.0 ml of water. The buffer and the saTt so]utTOn were autoc]aved at‘,f

;121 C ‘for 20 m1nutes .

{ The soTut1on of h1st1d1ne/b1ot1n was prepared by the d1ssoTut1on
5 of p-biotin (30.9 mg) and L- h1st1d1ne HCL (24 0. mg) in 250 mT of
sterile water. The h1st1d1ne/b1ot1n soTut1on and soTut1ons of 0.1 M
gTucose -6- phosphate (282 mg/10 ml ster11e water) and 0.1 M n1cot1nam1de:
aden1ne dinucleotide phosphate (38.3 mg NADP/S ml ster1Te water) were
f11ter ster111zed and stored at 20 C '
(obta1ned from the Br1t1sh CoTumB1a Cancer: Foundat1on Carc1nogen
‘Testing Laboratory) 0.03 ml of0.1 M NADP, 0.03 m] of 0.1 M gTucose-
6—ph05phate; 0.02 m1 of salt solution (1.65 M KC1/0.4°M MgCl2), and =
0.82 mil OT'sodium.phosphate buffer (pH 7;4).



t. Yeast Assays

 The éenotypes of the hap101d4and’dip101d strains of Saccharomyces .
Serevisiae that were used in the mutagenicity assays are listed tn
Table 1. Stocks of” these stra1ns were stored, at 4 C, on YEPD -agar
(1.0% yeast extract 2 0% peptone, 2.0% dextrose, and 1.5% agar)
' supp1emented w1th extra amino acids plus adenine and urac11 (L- arg1n1ne
L- h1st1d1ne, L- 1so]euc1ne L 1ys1ne L= meth1on1ne, L- tryptophan,
L-valine, aden1ne,.and uraciJd, each.at.20 mg/1; L-leucine at 30 mg/];"'

and L-threonine at 350 mg/T).

- 1. Haploid Reversion Assay

Stra1ns XV185 14C, XY718- 1A and 7854-1A of Saccharomyces cere—
visiae were streaked for single co1on1es onto YEPD- agar and incubated’
at 30°C for 48 hours. A s1ng1e colony of each strain (spec1f1ca11y
a pink co]ony for stra1n XV185 14C) was selected, streaked onto YEPD--
u‘agar supp]emented w1th extra amino acids p]us adenine and nrac11, and
incubated at 30 c for 48 hours. .

A cell suspens1on of each yeast strain was prepared in"5 ml of
1iquid YEPD ‘medium and the cell concentratwon of a 100-fold dilution.
(0.1'ml of ce]] suspens1on p]us 9.9 ml of buffen or water) was
est1mated by counting the actua1 number of ce11s on a hemocytometer
(all 25 squares of the gr1d) under a ‘1ight microscope (Le1tz WetZIar
632717 Germany; supplied in: Canada by Walter A. Carveth L1m1ted
' Sc1ent1f1c Instruments and Photographic Equ1pment) The ce]] suspenQ
sions were adjusted with 11qu1d YEPD to achieve inocula of 5x10°
ce]]s/m1 for stationary-phase cultures and 5x10° cells/ml for loga-

rithmic-phase cultures; 1.0 ml of an adjnsted cell suspension was
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fhocujated into 49.0 ml of a culture medium that consisted of 46.5 ml
v of’11quid‘YEP6 supp1emented’w1th 2.5 mT of a stock solution of amino
acids. p]us aden1ne (L- arg1n1ne, L-histidine, L- 1so1euc1ne L- 1ys1ne,

. D~ meth1on1ne L- -tryptophan, L- va11ne, and adenine, each at 2 mg/m]

’ )

L- 1euc1ne at 3 mg/m1, and L- threon1ne at 30 mg/m1) to achieve a f1na1
concentration of 1x107 cells/ml for stat1onary phase cultures and

1x10s ce]]s/m] for 1ogar1thm1c phase cu1tures The cultures, contained
1n 250- m1 Er]enmeyer flasks, were incubated for 15-17 hours in a water-
bath shaker (Amer1can 0pt1ca1 Corporat1on, Scientific Instrument
D1v1s1on) at 30°C to obtain- 1qgar1thm1c- or stat1onary phase ce11s

‘ The cel]s were harvested by centr1fug1ng (Damon/IEC Division
c11n1ca1 centr1fuge) each culture at full speed - for 10 minutes; the
supernatant (1iquid YEPD) was d1scarded the pe]]et of cells was recon-
stituted in 50 m] of 0.1 M sod1um phosphate buffer ‘(pH 7.0), and the
cells were washed by centr1fug1ng for another 10 m1nutes at full speed
-The supernatant (buffer) was discarded,’ the pellet of cells was resus-
~ pended in 50 ml of buffer,\the ce]] concentration of a 1OQ—f01d
‘dilution (0.1 ml of cell suspension plus 9.9 ml df‘buffer or uater),
was estimated by eounting the actuat number of ee115 on 25 squares of
a hemocytometer grid under a light microscope (this also enab]ed the
d1scernment between 1ogar1thm1c and stationary phases of growth by

the percentage of budd1ng ce]ls), and the buffered cell suspension was
adjusted to 5x107 - 1x108 cells/ml (or to 2x10a cells/ml when tox1c(
compound54were‘to be ana1yzed) with 0.1 M sodium phosphate buffer

~(pH 7.0). |

The 0.1 Mrsodium phosphate buffer (pH 7.0) wasvprepared'by combin-

ing 39.0 ml of a solution of 0.2 M monosodium phosphate (27.80 g



34

NaHZPOQ'HZO/lodO m1xwater) and 61.0 m1 of a solution of 0.2 M disodium
phosphate_(53.65 gTNazHP0u'7H20/1OOO m1 waterL and diluting to a total
volume of 200.0 m1;,as described by Gomori (1955). |

Glass test tubes (18 mm x 150 mm), which already contained the
substantes to be tested (0.1 ml of sterile water, 0.1 ml of DMSO,

0.1 m] of a stock solution of a drug dissolved in DMSO, or crysta111nel
drug plus 0.1 ml of DMSO), each received 3.9 ml of the buffered cell
suspension. The tubes were capped, sealed with laboratory film
(Parafilm »M"®  American Can Company), and incubated at 30°C in a
waterbath shaker; cei1 samples (0.9 ml for each of 4 sampling times or
1.2 m1 for each of 3 samp]ing times).were taken atxthe appropriate
time intervals and added*to plastic test tubes (12 mm x 75 mm){which
conta1ned enough 0.1 M sod1um phosphate buffer (pH 7.0) to make a tota]
voTume of 4.0 ml for strain XV185 14C and 4. 5 ml for strains XY718-1A
and 7854-1A. The p]ast1c tubes were centr1fuged (Damon/IEC Division
HN-SII centrifuge) at full speed for 15 m1nutes to wash the cells;

3.5 mi {strain XV185—14C) or 4.0 ml (strains XY718-1A and 7854-1A) df
the supernatant were removed w1th as m1\p1pette and the cells were
resuspended with the addition of 3.5 m] or 4.0 ml of buffer. This
wash1ng procedure was repeated and the f1na1 volumes of these cell
suspens1ons (des1gnated as Do) were 4.0 m] for strain XV185-14C and

4 5 ml for stra1ns XY718-1A and 7854-1A.

Serial dilutions (one 100-fold, two 10-fo]d, andione 4—f01d) were
prepared in buffer and 0.2 ml of the‘appropriate dilution was spread
onto each of 4 plates of YEPD-agar or Mortimer complete (MC) medium
for the survival est1mat1on MC medium consists of minimal medium

(0 67% Difco yeast nitrogen base without am1no ac1ds, 2 00% dextrose,
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and 2.00% agar) supplemented with selected amino acids plus adenine:and
uracil (rn-arginine, L-histidine, L- lysine, L- meth1on1ne, L- tryptophan,
adenine, and uracil, each at 20 mg/1; L- 1euc1ne at 30 mg/1; and .
L-threonine at 350 mg/1). In the preparation of all the media’used in
the yeast assays, the solutions pf dextrose and the solutions of the
.amino ac1ds plus adenine and uracil were autoclaved seﬁarate]y at 121°C
for 20 minutes and added to the media wh11e hot; the 'solution of
L-threonine, which is heat-labile, was filter-sterilized.

Und11uted aliquots of Do were spread onto omission media as
follows: 0 2 m1/p1ate on 8 plates of MC minus threonine and on 4
plates each of MC m1nus arginine, MC minus h1st1d1ne and MC m1nus
tryptophan for strain Xv185-14C; 0.5 m]/p]ate on 4 plates each of MC
minus histidine ahd MC‘minus leucine for strains XY718-1A and 7854-1A.
The plates were incubated at 30°C for 4-6 days (strain Xv185-14C) and

10-14 days (strains XY718-1A and 7854-1A).

»

a. Nonsense Suppression

This ‘analysis was carried out with strain XV185-14C by’
spreading aliquots of the do suspension (0:5 ml/plate) onto 5
plates of MC minus arginine medium with 1imiting adenine ‘

(5 ug/mi). The plates were incubated at 30°C for 4-6 days and
pink revertants were recorded aé events at the arg4 locus, whereas
white revertants were considered to be events at the honsense

< .

suppressor Jloci.

b. Coreversion Analysis
" The HIS* and LEUt revertants obtained with strains XY718-1A

and 7854-1A were patched onto MC minus histidine and MC minus
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: 1euc1ne plates, respectively; the p]ates were incubated at 30°C
for 4 days These #Ist and LEU* revertants were rep11ca plated
onto -MC minus leucine and MC minus histidine media, respectively,
and incubated for another 4 days. Corevertanté (His*Leu® pheno-
type) were recorded as events at the frameShift suppressor loci,
whereas Sing1e revertants (His*Leu‘ or His-Leu* phenotypes) were

considered to be reversion events at the his4 or leu2 loci.

2. Diploid Intragenic and Intergenic Mitotic Recombination Assays

Strains D5 and D7 of Saccharomyces cerevisiae were‘stfeaked for
. single colonies onto YEPD- agar and incubated at 30°C for 48 hours. A
single colony of each stra1n was selected, streaked Onto YEPD- agar
(strain D5) or‘YEPD—agar'supp]emented with extra am1no adesb(1so-
leucine and valine are required) plus adeninenaHA‘urac11 (sfraan D7),
and incubated at 30°C for 48 hours.

The procedufeé for these assays were simf]ar to those described
for the haploid strains except that_the cell suspensions (in 1iquid
YEPD medjum) were adjusted to 5x107. ce1|s/m1 for stationary-phase
cu]tures_jhd 5x10° cells/ml for 1ogar1thm1c phase cultures; 140 ml of
an adjusted cell suspension of strain DS was inoculated into 49.0 ml
of liquid YEPD medium and 1.0 ml of an adjusted cell suspension of
strain D7 was 1nocu1ated into 49.0 ml of a cu]ture med1um that consist-
ed of 46.5 ml of liquid YEPD medium supplemented w1th 2.5 ml of a stock
so]ution of amino acids (isoleucine and valine are required) plus
adenine, to achieve a final concentration of 1x10® cells/m1 for
stationary-phase cultures and 1xi0“_ce1ls/m1 for 1bgarjthm1c—phase

cultures. These cultures were incubated for 15-17 hours in a waferbath

E4

—~—



chaker at 30°C to obtain logarithmic- or stationary-phase qe11§.
:
The cells were harvested, washed, and resuspended in 50 m1 of
" buffer; the buffered cell suspensions were adjusted to 5x107 - 1x108

cells/ml (or to 2x10° cells/ml for the analysis of toxic compounds)

with 0.1 M sodium phosphate buffer (pH 7.0). The buffered cell suspen-‘

sions were added (3.9 ml/tube) to the control and treatment tubes’,
which contained 0.1 m1 of DMSO and 0.1 ml of a stock so]ution of a drug
(disso]ved in DMSO), respectivé]y;bthese reaction mixtures were incu- |
bated §t 30°C in abwaferbath shaker. Generally, the procedures for
these assays were similar to those described for the haploid strains
except that the Do suspensions of strain D5 (4.0 ml in volume) weré

transferred directly into the dilution series without being washed.

S a. Intragenic Mitotic Recombination

" The Do suspensions of strain D7 (also 4.0 m1 in volume) were
washed twice in buffer and undiluted aliquots were spread (0.3
m]/p]gte) onto an omission medium (MC minus tryptophan plus iso-
Jeucine and valine, each at 20 mg/l); the plates were incubated

at 30°C for 4-6 days.

R 3

b.- - Intergenic Mitotic Recombination ,

Dilution series for strains D5 and D7 were prepared in buffer'

and the appropriate dilution was spread (0.2 mT/p]ate) onto 10
plates of MC medium with 11m1t1ng adenine (5 ug/ml) plus isoleu-.
cine and va]jne (gach at 20 ug/ml), or onto YEPD- -agar, to obta1n
100-200 co]onies/51ate;~YEﬁD-agar contains a low concentration of
adenine, which'pérmits the red and pink color development of

adenine-dependent colonies. The plates were incubated at 30°C

e
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for 4 days and then stored at room temperature for at least 6 days
to allow time for an adequate color development before the colonies

were scored.

3. Induction of Petites in Growing Cells-

- Str‘ain‘s" D5 and N123 of Saccharomyces cerevisiae were streaked for
singie colonies onto YEPG-agar (contains 2.0% glycerol as the carboﬁ
source instgad of the 2.0% dextrose used in YEPD-agar) and 1ncubated\
at 30°C-for 48 hours; a single colony of each strain was selected,
,étreaked onto YEPG-agar, and incubated at 30°C for 48 hours. A cell
suspension of each yeast strain was prepared in 5 ml of liquid YEPG
medium-(conta{ns 4.0%'glycero1) and inécu1ated into liquid YEPG medium
to achieve 50-mt cultures of 1x10* - 1x10° cells/ml for s£rain D5 and
1x10° - 4x10°% cells/ml for strain N123; these cultures were 1;cubated
for 16 hours in a waterbath shaker atv30°C. “The cultures were centri-
fuged for 10 minutes, the supernatant (1iquid YEPG) was discarded, and
_the pellet of cells was resuspended in 50 ml of liquid YEPD. The ce]i
suspehsions were adjusted to lxlo7 cells/ml with 1iquid YEPD and added |
(3.9 m1/tube) to the control and treatment tubes, which already con- |
tained the substances to be tested. Ethidium bromide was the positive
control (Slonimski et al., 1968).

The tubes were incubated at 30°C in a waterbath shaker; cell
samples (0.1 ml for strain D5 and 0.8 m1 for strain N123) were taken at
the approp?iate time>intervals (0, 0.5, i; 2, and 3 hours for strain b5
and 1, 2, 4, and 8 hours for strain N123) and added directly to the
- dilution series. fhe dilution serﬁes wére prepared in 0.1 M sodium-
phosphate buffer (pH 7.0) and each appfopriate dilution was spread

(0.2'm1/p1ate) onto regular YEPD-agar (contains 2.0% dextrose) and
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ontq/fort1f1ed YEPD-agar (contains 10.0% dextrose). The plates were
1n¢ubated at 30°C for 3-4 days and the proportion of petite colonies was
determ1ned by the tetrazol1um overlay method (Ogur et al., 1957), which
‘fnvo1ved pouring about 20 ml of tetrazolium top agar (0.1% 2,3,5-tri-
fpheny1tetrazo]1um ch]orlde p1us 1.5% agar, each dissolved in 0.1 M sodium
,/ ﬁhosphate buffer at pH 7.0) over the p1a§es;~the colonies were €examined

for color changes at 3, 6, and 24 hours after the over]éy procedure.’

The plates of strain DS were not subjected to the overlay procedure
until an adequate color development of the adenine- dependent c010n1es
had taken place; since these red and p1nk colonies could not be scored
as petite or grande by the overlay method, they were samp]ed with a

sterile toothpick, patched onto YEPD-agar,gid rep11ca -plated onto

YEPG-agar. 'f}

D. In Vivo Mamma]iah Assays

The genetic act1w%$y of pyrvinium pamoate was assessed by the level.
‘ of chromosoma] damage caused in the erythropoietic t1ssue and colon

"ﬁ¢p1the11um of mice. The experimental procedures.and the care and treat-
ment of.the animals used were in accordance with the principles outlined

by the Canadian Council on Animal Care (1980).

1. Induction of Micronuclei in Mouse Bone Marrow

The LDso/7 (the dose that kills 50% of the animals within 7 days)
of pyrvinium pamoate (dissolved in DMSO) was estimated for the intra-
peritoneal route of injection in 2B6C3F1 micé (The Jackson Laboratory,
Bar Harbor, Maine, U.S.A.). This established the dosé‘range (0.8 mg/kg
was the highest dose that permitted 24 hours of survival) and the

animals were treated accordingly.
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‘The mice were weighed (Ohaus triple-beam animal balance) in groups

T ¢

of 5 and the average we1ght of each mouse (20 g) was used to determine

the dosage schedu]e The® so1ut1ons of pyrv1n1um pamoate {Parke- Dav1s

+

_Canada Incorporated lot C434662) 1, 2—d1methy1hydraz1ne-2HC] and

7,12- d1methy1benz[a]anthracene were prepared in DMSO and transferred

to amber serum v1a1s, the v1a1s were topped w1th flange- type rubber

e

stoppers and secured w1th aluminum seals that were app11ed with a hand-

 operated cr1mper. The drugs were 1n3ected (Becton- D1ck1nson 26- gauge

'Ya1e needTes with 1ntraderma1 beve] attached to Plast1pak 1-ml

|

tubercu11n syr1nges) 1ntraper1tonea]1y (0 1 m]/mouse) : The negat1ve
contro1s were. DMSO treated mice (0. 1 m]/mouse) and untreated mice.

| The an1mals were sacr1f1ced by cervwca1 dls1ocat1on, carbon
d10X1de (COz) gas or exposure to COZ vapors from dry ice.. Bone marrow

samp]es were taken at 24, 48, and 72 hours after the 1ntraper1tonea1

« 1n3ect1ons, a femur was removed from each mouse, a sma11 p1ece of the

. samp]e was p]aced onto a m1croscope s11de mixed with a drop of fetal

iliac. end of the bone was cut w1th a pa1r of sc1ssors, and a pin (about
12 5 cm in 1ength) was inserted 1nto the marrow canal from the ep1physea1

-end of the femur to push the exudate from the canal. Each bone marrow

calf serum (ster11e newborn- Bov1ne serum from F]ow Laborator1es), and

the preparat1on was spread across each slide; the s]1des were a11owed

‘to air- dry overn1ght E S ) | \

The s11des were f1xed in abso]ute methanol for 5 m1nutes, air- dr1ed

for 20 minutes to remove the methanol, and stained in 5%tG1emsa,(5 m]

of G1emsa S sta1n/100 ml of 0.01'M phosphate buffer [0. 71 g NaoHPO, plus

0.68 g KH2P0§/1000 ml water] at pH 6.8) for- 20 minutes. Giemsa 's stain

: (BDH‘ChemieaTs) contains 6.65 g oféGiemsa dyes ‘(about 5.0 g azure II- R



'mounted w1th a neutra] mount1ng preparat1on (DPX mountant from BDH
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eosin and 1.6 g azure II) 1 75 ml gT&cer01, and 823 m1l methanoltper

11ter of the commerc1a1 dye preparat1on -The sta1ned s11des were

r1nsed once51n the phosphate buffer for 30 seconds and once in d1st111ed

. N
~ water for 5 seconds, air- dr1ed for 1 hour, and the covers]1ps were v

Ji
Chem1ca]s) The details. of the s11de preparat1on and sta1n1ng proced-

ures have been described by Hedd]e et al.” (1984)

A light m1croscope (Le1tz Wetzlar~??1770 Germany; supp11ed in

) Canada by Walter A. Carveth Limited, Sc1ent1f1c Instruments and Photo-\_

graph1c Equ1pment) w1th oil- 1mmers1on obJect1ves was used to score the -

sTides. As a resu]t of the G1emsa sta1n, white blood cells were deep

" blue, red b]ood ce11s were pink to pa]e red, po]ychromat1c erythrocytes

Were 11ght b]ue and t1nged w1th purp]e, and m1cronuc1e1 were deep purple

spots that could be identified eas11y

2. Induct1on of Nuc]ear Aberrations - 1n Mouse Colon.
g

~The dCS?BL mice (The Jackson Laboratory, Bar HarbOr Maine, U. S.AL)

were we1ghed in groups éf 5 and the average we1ght of each mouse (25 g)

- was used to determ1ne the dosage schedu]e The solutions of pyrv1n1um

pamoate (Parke Davis . Canada Incorporated lot C434662) and 1,2- d1methy1—

hydraz1ne -2HCT ~were prepared in Dﬁgo the dosage forms of pyrvinium

pamoate (Vanquin ® ora] suspens1on from Parke- Dav1s Canada Incorporated

.and’ Pyr—Pam onalvsuspens1on from ICN Canada Limited) were used as

‘vsupp11ed by thekmanufacturers

Accurate doses of the drugs were adm1n1stered to the mice, wh1ch |
had been denied access: to food and water for 4 hours prior to dos1ng,

by ora1 1ntubat1on (0.2 m]/mouse) with Perfektum® (Popper & Sonss

&

.:Incorporated) animal feeding needles (22- gauge, 1-inch long, straight

&

b
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cannuTa with a-baTT diameter‘of 1.25 mm) . vThe negative controls nere
DMSO- treated mice (0.2 ml/mouse) and uhtreated“mice v
The animals were sacrificed by cervical d1s]ocat1on 24 hours after
° the treatment, ‘and their coTons were ‘excised and fTushed w1th phosphate-
buffered sa11ne (2.7 mM KC1, 137 0 mM NaCT 10.0 mM NazHPou, and 1.4 mM ,.
KHZPOQ) at pH 7 2. Each colon was cut open from the cécum to the anus -
~and roTTed from the prox1maT to the distal end the - roTTs of tlssue
' were anned ‘onto corkboard and~f1xed for 20 hours n Formalde-~ Fresh.
| (F1sher Sc1ent1f1c)‘ which COnéiets of 10% buffered formalin phosphate
(pH 6 9 - 7. 1) prepared w1th A% w/v. forma]dehyde, 0.4% w/v NaH POa H, O
0.65% w/v NazHPOu, and 1. 5% w/v methanoT The t1ssue sampTes were then
rinsed and stored 1n 70% ethano] The dehydrat1on of the t1ssue spec1-_
mens was. ach1eved w1th one: 2 hour bath in 80% ethano] one Zﬁhour bath 1
in 90% ethano] two 1-h0ur baths 1ntabso]ote ethanoT and one’ bath overf
”T n1ght in absoTute ethano] C | | |
The dehydrant was. c]eared frot the t1ssue spec1mens w1th one 2- hour, '

one 4-hour, and one overnight bath 1n the cTearlng soTut1on Hemo De

‘(F1sher Sc1ent1f1c)} wh1ch contalns terpene m]neraT o1T, and butyTated

T

| hydroxyan1so]e °Parap1ast (F1sher Sc1ent1f1c) tissue embedd1ng medium ¥

(peTTets of pur1f1ed paraff1n and plastic poTymers of reguTated molecu-

Tar weight) was prepared in a vacuum 1nf11trator/paraff1n d1spenser
A
(Lipshaw Model 224) set at 56° C The ttssue spec1mens were transferred

°

from Hemo- De® to stainless- steeT t1ssue capsuTes, 1mmer§ed in the
T1quef1ed embedd1ng med1um %ﬁdggﬁ%ﬁ #in a Napco paraff?n oven (Model
: 5350 National AppTlance Company)%%t 70° . The embedd1ng procedure
.1ny91de three 2 hour 1mmeas1ons, pTus one overn1ght 1mmers1on, in the v.

s1iquefied ParapTast fresh embedd1ng med1um was used at each stage

- g [

B - )

o)
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, Thevt155ue samples were removed from the tissue capsules and each
vcoTon Spec1men was placed into.a stain]ess-stee]‘mon' the molds were
f1]1ed w1th 11quef1ed embedd1ng medium from the paraff1n d1spenser/
vacuum 1nf1Ttrator and allowed to soT1d1fy into b]ocks H1sto]og1c
sect1ons of 6-um thickness were cut from the paraffin- embedded t1ssue
with a Spencer “820" m1cr0tome and depos1ted on the surface of the
f1u1d (water plus geTat1n) in a f]otatwon bath (Lipshaw eTectr1c T1ssue

Float, Model 375) ma1nta1ned at the ]owestrtemperature sett1ng, th1s

’ f]otat1on f]attened the sections and e&'; ‘ vy
;.“i't”, *}
sections were ‘placed onto microscope slides and prepared for the sta1n-

‘_‘1ng procedure by a success1on of dewax1ng and hydrat1on steps. “The -
E sect1ons were dewaxed in Hemo-De® “(two 1- m1nute baths w1th agitation)
and hydrated in absolute ethanoT for 2 m1nutes, in 95% ethanol for 1

' m1nute, in

ethanoT;for 1 mdnute, and”in:distiTTed Waper for 3 min-

jtation at 30- second intervals in each solvent.

lgen method for sta1n1ng the sections 1nvoTved the immersion

: waxed and hydrated tissue sect1ons in 5 N HCT, wh1ch had been

' “.pre eated co 50°C, for 2 mlnutes, the . slides were rinsed in two changes

| of d15t111ed ‘water and immersed in Schiff reagent (F1sher Sc1ent1f1c)

. for 30 m1nutes The commerc1a1 preparation of Schiff reagent contains .
basic fuchsin (pararosan111ne HCT), sodium metab1su1f1te, and hydro-
chloric acid; th1s reagent stains the nucTear chromat1n and chromosomes
purple. The procedure used in sta1n1ng the slides was an adaptation of
Mthe protocoT for the Feulgen method described by Kiernan (1981).

- The slides were rinsed in severaT changes of distilled water for
2-3 minutes and counterstained for 3 m1nutes with’ aqueous 0° 5% fast

green FCF. The stained t1ssue sect1ons were immersed in distilled
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water for-3 m1nutes in 70% ethanol for 1 minute, in 95%%3thano1 for
1 anute and in absolute ethano1 for 2 m1nutes, the dehydrat1on pro—
cedure was comp]eted w1th two 1 m1nute baths, with agltat1on, in
Hemo-De®. F1na11y, ‘the coverslips were ‘mounted with DPX mountant and .
a light microscope with oil-immersion objectives was used to exam1ne
‘the tissue sections. for nuclear aberrations. |

“\_c}\

\,
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ARTICLE 1

The Genetic Activity in Saccharomyces cerevisiae and Thin- 1ayer

Chromatoqraph1c Comparisons of Medical Grades of Pyrv1n1um Pamoate

“

and Monopyrvfnium Salts

T

f 4.
Excerpts of Article I haye; been published

¥

by .

R.D. Mehta, U.G.G.- Hennig, R.C. von Borstel, and L.G. Chatten
in Mutation Research 102: 59-69 (1982). °

!

47 .



ey : | 48
ABSTRACT -

The pamoate, chloride, and jodide salts of pyrvinium, which is a
cyanine dye‘with]anthelmintic’properties, were studied in a diploid -
mitotic recombination and gene conversion assay (sfrain D5 of Saecharo-
myces cerevisiae) and in a haploid yeast reversion assay (strain
XV185-14C). With the Use of a thin-layer ehromatoéfaphic (TLC)
detection technique,”samples of pyrvinium pemoate from several sources
were found tokcontain-different numbers and quantities of 1mpuf1ties.

"A11 of the samples of pyrvinfum pamoate and the monopyrvinium salts
were recombihogenic in strain D5 and mutagenic in strain XV185-14C, and
the degree of genetic act1v1ty varied among the medical grades of pyr-
winium pamoate that were Pested. Monopotassium pamoate was found to be
inactive genetice11y in beth yeast strains. Light-catalyzed degrada-
tion did not enhance the genetic activity of pyrvinium pamoate in

o

either of the yeast strains; the degraqed sampies were not mutagenic.

INTRODUCTION

TN
//f \

The cyanine dye pyrvinium chloride was observed to be highly

effective against the natural pinworm (Entérobius [Oxyuris] vermicu-
Zar@s) infestations in mice and rats (Weston et al., 19?3),‘and in the
treatment of oxyuriasis in hpmans (Sawitz and Karpiqeki; 1956). The
chloride salt of pyrvinium was not we11~to1era£ed aslit eaused gastro-
intestinal upset and renal damage fhat was believed to be reversible

upon the withdrawal of the therapeutic agent (Hales and Welch, 1953).

id
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Per1n1um ch10r1de was eventually replaced by the equally effective
pyrvinium pamoate, wh1ch produces less gastrointestinal upset and is
not absorbed systemically (Rollo, 1980).

Pyrvinium pamoate (Figure 2) has been shown to be mutagenic in
the Salmonella typhimuriﬁm ﬁicfosoma1 test system (MacPhee and Podger,
1977; Espinosa et al., 1981; Lake and de Ta Iglesia, 1981). The drug
was also found to be active genetically 1n a haploid yeast reversion
assay (Ga11ndo 1979' Galindo et al., 1979; Hennig et aZ., 1981) and
in a d1p101d mitotic recombination and gene conversion assay (Hennig
et al., 1981), in both logarithmic- and stationary- phase ce]]s

In this investigation two medﬁca] grades of pyrvinium pamoate,
which fulfilled the specifications of the "United States Pharmacopeia"

(USP XX, 1980), have been combéred to the USP refereqte standard of

the drug in the mutagenicity tests.

MATERIALS AND METHODS

TLC Studies'

Monopotassium pamoate, the USP reference standard of pyrvinium
pamoate (lot F2), medical grqdes I and II (each from a different manﬁ—
facturer) of pyrvinium pamoate, and a sample of médica] grade I fhat |
‘had been exposed/to 1igﬁt were analyzed by the TLC method that was
“developed by Beckstead and Smith (1967). Each sample was disso]vedain
methoxyethanol to a final concentration of approximately 1 mg/ml.

- For the qué]itative TLC analyses, Eastman Cﬁ?ﬁﬁghram Sheets were

spotted with 10-ul aliquots of each sample solution, the spots not
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exceeding 2 mm in diameter. The chromatographic sheetsﬁwere developed,
in the dark, fdr‘z hours in a chloroform:ethanol (7:3) solvent system,
air-dried, and examined under long-wave (354-nm) ultraviolet light.
For the.preparative TLC procedure, glass plates (20 cm x 20 cm)
that were coated with a layer of silica gel'(SOO-um.thickness) were
~activated at 100°C for one hour before use. A 2-ml vd]ume of a stQék
solution of medical grade I of byrvinium.pamoate that was dissolved in
methoxyethanol (1 mg/m1) was applied, in a 5-mm band width, 2 cm from
the bottom of each TLC plate. The piates were developed, in the dark,
for 4-5 hours in chloroform:ethanol (7:3). The separation in the pre-
parative TLC plates wa; not as we]]-defined as in the qualitative TLC

plates and, thengfore, tailing End contamination among the various

sections were expected.

bl .

Thqhdeve1oped prépa;atiye TLC‘pfétes were divided into ‘sections
'_correspénding-to the separations that were observed 1nrthé qua1iﬁative
TLC procedure. The silica gel fractions were extracted with methanol
and the extraéts wére conéentrated by the removal of the §o1vent. The
concentrated methanol extracts were centrifuged at 1500 rpm for 10 min-
utes at 15°C but this resulted in the retention of the pyrvinium pamo-
ate by the silica gel. The high affinity of the drug for the silica

- gel made it difficu]t to extract this layer further. TLC analyses of
the methanol supernatants cpnfirmed fhe expected contaminétion among .
‘the various sections of the preparative TLC plates. In addition, the
three fraétidns of medica]'grade I of pyrvinium pamoate that had been
separated in the preparatiVe TLC procedure did not exhibit genetic
activity in strains D5 and XV185-14C of Saccharomyces cerevisiae

(Mehta et al., 1981).
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Pyrvinium Salts

Stock sdiutions of’monopotassium’pamoate (6.2 mg/ml), pyrvinium
chloride (18.4 and 13.4 mg/ml), pyrvinium iodide (18.4 and 16.3 mg/ml),
and all samples of pyrvinium pamoate (18.4 and 11.1 mg/ml) were pre-
pared in dimethylsulfoxide (DMSO). The solutions were stored in glass-
ware that was wrapped with aluminum foil to prevent photodegradation
(Beckstead and Smith, 1967) and when required, the stock solutions
were di1uted with DMSO. A1l of these expekiments were conducted with
a minimum of exbosure to visible light. |

A crystalline gamp]e of medical grade~I of pyrvini&m pamoate was
‘exposed to room ahd'window light for a period of two years. A second

.samqle of medical grade I was dissolved in methanol and the solution
was ‘exposed to light for nine months; the solvent was removed and the
residué was used in all of the testing procedures. Stock solutions
(18.4 mg/ml) of the residue and the photodegraded crysta]]ihe material

were prepared in DMSO.

Yeast Strains - »

. The haploid strain XV185-14C of Saccharomyces cefevisiae was used

for studying reverse mutations. This strain has the genotype
a aded-1 argd-17 lysl-1 trp5-48 hisl-7 hom3-103
hisi-?_is a missense mutation, kom3-10 is a putative frameshift muta-
tion, and ade2-1, arg4-17, lysl-1, and trp5i48 are supressib]e ocher
nonsense mutations. | |
The mitotic recombinatidn and gene conversion studies were carried

- out in the diploid strain D5 of Saccha}omyces cerevisiae (Zimmgrmann,
a trpl-1 ade2-40 MALI _ +

1973). The genotype of this strain is 3 T Sdeii v WALZ

ok
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The allele ade2-40 confers a red coloration to the colonies, whereas
the leaky allele ade2-119 causes the colonies to be pink. When these
two alleles of the ade2 gene are present in the same diploid strain,

they complement each other and, as a result, white colonies are formed.

Reversion Assay (Strain XV185-14C)

Cells that had been grown.én YEPD-agar plates (yeast extract 1.0%,
peptone 2.0%, dextrose 2;0%, and agar 1.5%) for 48 hourgiwere inocu-
lated into 1liquid YEPD medium to achieve a concentration of 1x10’
cells/ml and the culture was incubated for 15-17 hours in a waterbath
shaker at 30°C until the cells reached stationary phase. The cells
were harvested by centrifugation and washed twice in 0.1 M pho%phate
buffer (pH 7.0).

For the mutagenicity assays, which have‘been described previously
(von Borstel et al., 1981c), a cell suspension (5x107 - 1x10° cells/ml)
of each culture was prepared in buffer and dispensed into glass test
tubes (3.9 ml/tube). A 0.1-ml aliquot of an apprbpriate di]ution'(in‘
DMSO) of the stock solution of a drug, or 0.1 ml of DMSO, was added to
~‘each tube and the reaction mixtures were incubated at 30°C,‘jh the
dark, in a waterbath shaker. Cell sémpjés were taken at predesignated

-

time intervals and washed twice, By centrifugation, in phosphate
e} . f

buffer. Each sample was then resuspended in 4.0 ml1 of phosphate

i - . }
f’

Serial dilutions were made in phosphate buffer and 0.2 m} of cell

buffer.

e
suspension from each of the control and treatment- tubes was spread onto f
YEPD-agar plates. for the survival estimation. Und11uted samples were g

spread onto omission media (0.2 ml/plate). The plates were 1ncubated“i

B te k’“.m
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at 30°C for 4-6 days. The complete medium from which the omission
media were derived consisted of 0.67% Difco yeast nitrogen base without
"amino acids, 2.00% dextrose, 2.00% agar, plus a11mof the required
nutritional supplements. The details for the breparation of these
media have been described by von Borstel et al. (1971). In the compo-
sition of an omission medium the nutritional requirement, histidine in

this investigation, for which revertants are sought, is omitted.

Mitotic Recombination and Gene Conversioh,Assay (Strain D5)

The'procedures for this assay were similar *to those described‘for
the hap]bid strain XV185-14C except that the initial inoculum that was
used for growing stationary-phase cells was 1x10° ce]ls/mT.

At the termination of a treatment period, cell samples were
washed by centrifugation and re;Lspended in 4.0 ml of phosphatekbuffera
A dilution series was prepareq for each sample end 0.2 ml of cell
suspensiog from each of the control and treatment tubes was spread

onto YEPD-agar plates to obtain 100-200 colonies per plate. YEPD

medium contains a low concentration of aden1ne wh1ch permits the red

-

/‘
@@nd p1nk co]or development of- aden1ne dependent cq13%1es The plates
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* RESULTS AND DISCUSSION o
The TLC plates in Figures 3»and 4pi11nstrate the,separation that
| }was achieved for two side- by-side trials of severaT’medicaT grades. of
pyrv1n1um pamoate, the USP re\erence standard of pyrv1n1um pamoate,
monopotassium pamoate, and the 11ght exposed sample of med1ca1 grade I
of pyrv1n1um pamoate Med1ca1 grade iy separated-lnto three components
| < whereas the-USP reference standard separated into four components
These results were 1n agreement ‘with those that were obtawned by Beck-
v' stead and Sm1th (1967). Med1ca1 grade II had seven components and. the
_sampTe of’ medical’ grade I that had been exposed to light had twelve
. components The Rt vaTues for the compOnents of the separat1ons that
are. dep1cted in Flgures 3 and 4 are T1sted in Tab]es 2 and. 3.
| In the TLC anaTyses monopotass1um pamoate had an Rf vaTue of
vO 96 (Tab]e 2 ‘and F1gure 3), and this same component ‘was observedégn
the UsP reference standard med1ca1 grade I, med1ca] grade II, and the
Tight- exposed samp]e of pyrv1n1um pamoate (Tab]es 2 and 3 F1gures 3
and 4. An 1ntense1y red spot with exten51ve ta111ng was observed at
Rf'6.65 in the USP reference standard and_med1ca1 gnade I of pyrvinium
‘ pamoate (Tab]e 2 and P1gure 3). This componentbrwhich.is the‘pyrvin—
ium mo1ety, is-a maJor component of pyrv1n1um pamoate
It 15 ev1dent from the chem1ca1 structure-of pyrvinium pamoate ©
(F1gure 2) that the ex1stence of geometr1c isomers of pyrvinium is -

. o
,gposs1b1e.» The a- and B hydrogens of the. v1nyT bond could be in’ cts—

]

configurat1ons or in tran —conf1gurat1ons The results that were

'obta1ned with fTuorescence high pressure. liquid: chromatOgraphy indicate
|

that one of these isomers is more abundant (Figure 5; this voTume

’
-
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p 82 ), and nuc1ear magnet1c resonance Spectroscopy has estab]1shed
that the trans-isomer is the more abundant of the geometr1c 1somers of
pyrv1n1um (th1s volume, P- 129) On this bas1s the 1ntense1y red
component at Rf 0.65 1n the USP reference standard and med1caln

_of pyrv1n1um pamoate can be 1dent1f1ed tentat1ve1y as the t'ﬁf;“”

/ o

of . pyrv1n1um ..
The less intense components at R¢ va]ues of 0.52 and 0.42 in the
USP reference standard and med1ca1 grade I of pyrv1n1um pamoate (Table
2 and F1gure 3) are probably the 1ess abundant of the geometr1c 1somers

of pyrvinium The USP reference standard of pyrv1n1um pamoate contains

_an addwt1op@1 component at Rf 0.26 (Table 2) and, Judg1ng from the 1ow

1nten51ty of th1s spot (F1gure 3),/ it may be another jsomer of pyrv1n—

jum. - The existence of these geometr1c isomers in the USP reference
I

standard and in medical grades of pyrv1n1um pamoate has been a11uded

to by Beckstead and Smith (1967) ” |
It is apparent that med1ca1 grade II of pyrvinium pamoate con-

;ta1ns severa] 1mpur1t1es, as we11 as hdgher relative quantities of the
v,1somers of pyrvinium (Tab]e 3/and Figure 4) “in fact, medical grade 11
~ probably contains a11 of the ?eometr1c isomers of pyrv1n1um that are
'posstb1e. Both the pyrv1n1ur mo1ety and the pamoate m01ety appear to

have been degraded tn the 1yght-exposed sample of medical grade I of

. v ] MR

perintum.pamoate (Tables Zfand'3;‘FigureS'3 and 4).
. / ' . . "i'

Mutagenicity Studies

The data that are reported in Tab]es 4-8 are for stationary-phase
cells of Saccharomyces‘cerevasmae, S1m11ar results, with respect to

the genetic activity of the drugS°that had‘been tested, weré obtained

55"

e
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with, 1ogar1thm1c phase cells (von Borstel et al. 1981a) o
aﬁr
An enhancement in the ce11 v1ab111ty was obServed in the presence -

of’pyrv1n1um,pamoate the monopyrv1n1um sa]ts and monopotass1um‘£amo—
S oue

ate (Tab1es 4-8).  This is an artefact that was due to the effect of a

: sem1so11d drug matr1x which prec1p1tated during centr1fugatton because

of the Timited aqueous so]ub111ty of these. drugs The mat(1x trapped

many of the ce1ls and prevented the1r removal in the subsequent wash—‘

'1ng procedure The contro1 tubes d1d not exhibit this matrgx formatwog -

and some of the cells. were. lost at each washing, . thus ‘the apparent
uenhancement of ce11 surV1va1 is not real. |
‘Most mutagens cause ce11 death as we]] as genet1c change, ‘nd \
‘these two effects must be- separated if mutation 1nduct1on is to be .

quant1f1ed The quant1f1cat1on of mutation 1nduct1on is expressed as

o a relative revers1on frequency, wh1ch is calculated by d1v1d1ng the

tnumber of genet1c events that were detected by the number of surviving
us

cells.: The concentrat1ons of tox1c chem1ca1s are chosen to perm1t ‘a

L 3

reasgnab]e survival rate W1thout e11m1nat1ng a s1gn1f1cant mutagen1c

effect, and this is 1mportant becausé the ca1cu1ated ré&ers1on fre-i

‘\quenctes may be exaggerated when the surv;va1 rate is 1ow quQ%the

so]ub111ty 11m1ts~of a compound are exceeded, a dose response re]at1on- ;" 3
ship can be obta1hed by extend1ng the durat1on of the treatment.
'Compounds that show reversion frequenc1es or percentages of aber-
rant colonies that are at least 2-fold higher than those of the nega-
vt1ve control are cla s1f1ed as mutagen1c whereas compounds - that con-
,s1stent1y show 1ess/than 1. 5 t1mes the revers1on frequenc1es of the
negatiVelcontroliar‘ c1ass1f1ed as nonmutagenic. When the reversion

|

frequencies are con istently higher (about 1.5-fold) than the negative
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control;.the_conpound is classified as weakly mu%agenic (vonfBorste;//
et at., 1981c) Theyiowest‘1im1t of detection is’a doubling of the
reversion frequency over the concurrent negative contro] which is the
vehicle. Reproduc1b111ty can be demonstrated by a mutagen1c effect in
several para11e1 cu]tures, or in several 1ndependent experlmentst The
interpretation of the data that is obta1ned in the test1ng of chem1cals
for genet1c activity in Saccharomyces cerevisiae has been rev1eWed by
Zimmermann et al. (1984).

The UéP referencebstgadard anddnedica1 grades I and II of pyrvin-
1um pamoate induced mitotic recombwnat1on and aberrant colonies in =~
strauﬁlD5 of Saccharomyces cerevcszae (Table 4), and these samp1es of
pyrv1n1um pamoate 1ncreased the frequency of HISY revertants above the

+

spontaneous level in stra1n XV185—14C (Tab]e 5). These effects were
observed oz]y after 24 hours, of exposure to therSP reference standard
‘and medical grade I, whereas a s1gn1f1cant increase in genet1c act1v1ty
“was observed for med1ca] grade II after shorter (2. hours),-as well as
longer .(24 hours), treatment per1ods (Tables 4 and 5). In addftion,
medical grade II was toxic, as is ev1dent from theksurviua] data'for f
. strains D5 and XV185-14C (Tab]es 4 and 5) N |

-In order to determ1ne whether or not the 11ght cata]yzed degrada—
,t1on of pyrvinium pamoate contributed to the- enhanced genet1c act1v1ty
and tox1c1ty of medical grade II (see Tab]es 4 and 5), a samp]e'of
med1ca1 grade I that was dissolved in methanol and a crysta111ne samp]eﬁ
“of med1ca1 grade I were exposed to room ‘and w1ndow llght%at room tem-
perature for nine- month and two -year time spans, ﬁgbect1ve1y The
so]ut1on gradually darkened in co]or and once the methano] had evapo-

rated “the color of the res1due was 1nd1st1ngu1shab1e fromvthat of
» P
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medical grade II. The crystalline sample aTso darkened in color but

; "not to the'same degree as the sample that was(d1ssoTved in methanoT

| Monopotass1um pamoate and the reS1due of the Tight- -exposed soTu—

tion of medical grade I of per1n1um pamoate were not seen to be active

genet1caTTy in eﬁther the d1pTo1d (strain D5) or the haploid (strain
(V185 14C) yeast assays even after a 24-hour treatment per1od (TabTes

4 and 5) a The T1ght;exposed crystaTT1ne sampTe appears to have 1nduced'

a 2 fon 1ncrease 1n the frequency of aberrant coTon1es after 24 hours

of exposure (Table 4) and, although,this genet1c effect 1s not as |

strong as that caused by medical, grade'T after a 24-hour exbosure

period (Table 4), the results aggear to. be consistent w1th the observa-

tion that pyrvinium pamoate‘deg; es more rapidly in soTut1on than in

crystaTT1ne form (Beckstead &nd Sm1th 1967) These data indicate

that the 11ght—cata1yzed degradat1on of pyrv1nium pamoate is-not

respons1b1e for the genet1c act1v1ty that was observed with the. UsP

. reference standard and the med1caT grades of pyrv1n1um pamoate In

- fact, the genet1c act1v1ty of the drug appeared to decrease graduaTTy

, as a consequence of photodegradatwon o » |

The monopyrv1n1um saTts, pyrvinium chTor1de and pyrv1n1um 1odade, )

__were found to be h1gh1y tox1c at concentratwons greater than 18.40

ug/mT therefore Tower concentrat1ons and a shorter ‘exposure t1me

(1 hour) were-used in these experxments (TabTes 6 and 7). At concen-

: trat1ons of 18.40 ug/mT and 3.68 ug/mT pyrv1n1um jodide and pyrv1n1um
chTor1de 1nduced mutat1ons in strain XV185 14C (Table 6) and m1t0t1c
recomb1nat1on and aberrant coTon1es in stra1n D5 (Table 7), w1th fre-

‘ quenc1es s1gn1f1cantTy hlgher than the controT vaTues

Med1caT grade Il of pyrv1n1um pamoate, at concentrat1ons of 0.74,
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3;68, and 18.40 ug/ml, was used as an addttional control in these
ekperiments.‘ The relative genetic response to the monopyrvinium salts o
was significant]y stronger than the response:to thesei1ow doses of
nedical grade II, which did not'fncrease theifrequencies of genetic
a]terat1ons above the spontaneous Tevel (Tables 6 and 7) Pyrvinium
iodide ‘and pyrv1n1um ch]or1de were more tox1c and exhibited stronger
genet1c activity when they were compared to equimolar concentrat1ons
-of pyrv1n1um pamoate (Tab]e 8).

In the compar1son of equimolar concentrations of several pyrvin-
ium sa1ts, stra1n D5 was exposed to twice the c0ncentrat1on of pyrv1DF/
1um jon when it was treated with. pyrv1n1um pamoate yet pyrv1n1um
ch1or1de and pyrv1n1um jodide were more tox1c and elicited stronger
genet1€ hesponses (Table 8) rPyrvinium’pamoate 'which'is not absorbed.
systemically (Rollo, 1980), is the sa1t of a weak ac1d and a weak base,
therefore it 1s not unexpected that th1s d1pyrv1n1um salt does not ’
dissociate read11y at phys1o1og1ca1‘pH values. In contrast, pyrv1n1um
chloride and pyrvinium jodide, wh1ch are salts of strong acids and a
weak base, jonize to a greater extent Ion1zat1on results in 1ncreased
so]ub111ty and’ the solubility of a drug at phys1olog1ca1 pH affects
1ts‘ava11abj11ty for @bsorpt1on¢and its passage across cell membranes.
The monopyrviniun saﬁts:are‘aosorbed Systemica11y_(Ha1es and Welch,

”1953) | The avai]abi]ity forloe11u1ar uptake appears to be an important
factor in the degree of genet1c act1v1ty that is exh1b1ted by the
‘various pyrv1n1um sa]ts

Pyrv1n1um sa1ts, 1nc1ud1ng pyrvinium pamoate from all sources,

1nduce m1tot1c recomb1nat1on ‘and aberrant co]onles in d1p1o1d yeast,

and they are mutagenlc in the haploid yeast revers1on test. The
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monobyrvinium salts are more toxic and they are stronger mutagens than
the USP reference standard ahd the medical grades of pyrvinium pamoate[
e The 1ight—cata1yzed degradation.of pyrvinium pamoate is not the factor

that is responsible for the g¢ ?c activity of the drug. The enhanced

. ﬁ’fﬁ m“'

: 35 genet1c act1v1ty -and tox1c1ty of med1ca1 grade II may be due to one or
.‘“} more of ;ﬂe numerouf impurities that were revea]ed in the TLC analyses.
"~ "The absence of a mutagenic response to monopotassium pamoate and the
strong mutagen1c response to the monopyrv1n1um salts indicate that the
pyrvinium mo1ety itself is involved in the genetic act1v1ty of pyrvin-

ium pamoate.



61

abueuo 0 . "2°G
abueuao 26°0 9
(w'y'6 - 0°L
paJ . G9°0 wou) burytel) z°s v a7eowed wniutAdAd jo
(abut} abueao) usaub Jubty G6°0 . 6°11 1 apesb (eoipauw
, ’ ugaub 96°0 021 * apeowed wnissejodouout
abueJo : $0°0 G0
uaaub ubL| L0°0 60
abueuo 81°0 £°¢ '
usaub 3uyb1| 92°0 €€
abuedo 3ubtLy 62°0 9°¢
. pa4 3ybLdq 2r°0 | Ak
usaub ybr| £5°0 ! L9
I abuedo '99°(0 AR
i : abuedo SL°0 v°6 -
abuedo... ¥8°0 G'01 . syjuow 6 404 3ybLl 03
abueuo .~ ¥6°0 - 6°11 pasodxa ajeowed wniulAdAd jo
udaub ybr{ 16°0 221 o 1 apeab [eoiLpaw jO uOLIN|OS
3ybt7 AN wu-$Se g°"LeA ty p(Wwd) 9INnLos Aq 9 | dwes
J3puUn 40109 , paAOW ddue3st(
x 97 eowed

Es_mmmwbaocms pue 33eowed wniulAdAd jo sadu

es | e4dAds 40 sitsA|eue 494e|-ULlyl 8y} 404 eIEp 33 30 Aaenmuns y

S e 2 38vL



62

‘WD 9°ZT 1B SeM U0y qU3AL0S 3Y3 pue (g£:/)

¢ a4nbL4 uL pajoLdap se ‘sfetdl apLs-Aq-apLs oM} jo dbeuare 8yj st an|eA 3y sumu,u
[OUBY]B:WMO0JOU0[YD SBM wa3SAS JUSBALOS 8YL

abueuo ubLy 92°0 b€
abueuo : ..2p°0 £°g
abuedo 15°0 . 9°'9g
(w2 ¢°6 - 2°L ‘
. paJ G9°0 wod} Buryirey) ¢°8 ajeowed wniutAshd jo
(sbuty sbuedo) uaaub ubLy 86°0 v 21 pARpURYS 32URUBJAA dSN
JBLY A wu-psE - ANLEA Y H(wa) 3inios Aq a{dues

A3pun 40(0)

PaAON 3ouelsig

)

(PanuL3u0d) Z 318YL



63

-y aunbL4 uL pajordap se ‘s|eLdl apLs-Aq-spis OM3 3O abedane ayjy SiL anjea 3y yoe3 q
‘WD 0°GT 1© SBM JUOJ} JUIALOS ayy pue (£:/) LOURYJD:WAOJOA0[YD SeM W3ISAS JUBALOS BYL ,

- abueuo _ - 05°0 L L
abueuo £9°0 2°0T
paJ 28170 0°21 ajeowed wniutAdAd 30
uaaub bt 56°0 G ¥1 I spesb [edoLpau
abue.o 1170 9°1
usa4b ubty 8€°0 9'g
abueso 05°0 G/
paJ 3yblruag - 09°0 6°8
pad 3ubruq 890 2°01 ,
paJd 3ybLuq 08°0 021 ajeowed wniuiAdAd jo
(sbuty abueuo) usaub qubty 86°0 G ¥l 11 apedb [eolpauw
abuedo 80°0 1
-u3aub qubtiy 8170 272
" abueuo 92°0 0'v
ugaub ubt| 6€°0 -8
abueuo £v°0 - p'9 ~
. - abueuo $5°0 A 2°8
uaaub Jubty : "99°0 0°0T - - ' : y
abueuo 8.0 9'11 oo sujuow 6 404 3ybL| 03
abuedo 88°0 2°¢1 pasodxa ajeowed wniutA4Ad jo
usaub 3uybl| 1670 ) 9'y1 [ apeab [estpau 30 uOLIN|OS
£ 61T AN Wu-pGE Pnen By (W) 33n10S Aq a| dues
43pun 40(09) , ~_ PaAOW ddueisiq

apeowed wniutAuAd o sa|dues |BUBAIS JO sisAjeue adhe|-utyy ayl 404 ®1Rp u:p 40 Adewwns y

-

ISERLL A



64

g1 85°0 o1 v § 2 9 [ 19 . £€22 2 . pJaRpURYS
50 b0 o0 1T T 0 9 €61 1L91 Z | du3U34ad dSN
09 2 0, ¥¢ 0 € 0 T 900" €9 b2 “
21 Z 9 ¢ 11 L € 1 . €0 092 2 11 apeab [edoLpaw
| qybL| 03 pasodxa
1°0 90°0> I 0 I 0 O O vy1 1881 vz . 1 apeab jeoipauw
£0°0 L0°0> 0 0 1 0 0 O 6S1 1261 4 40 uoLIN|os
. . : ayz 40 anpLsad
1°0 1°0 o 0 0 0 I O 001 8001 12 (OSWa %5°2)
2°0 800> 0 0 € 0 0 0 001 L121 4 : L043u02
. 1ybL{ 03 pasodxa-
v 1 2°0 € L 0 9 0 ¢ 911 €421 t2 I apeab Lesipau
11 90° 0> 1 L ¥ 9 0 0 vl - G6GI ¢ aut|1e3shud
p°2 9°0 € g £ € 0 S - w €08 b2 |
¥6°0 90°0 1T L ¥ € 0 1 28T 74! 2 I 9pedb [eotpauw
L0 60°0> 1 2z 2 ¢ 0 O 001 €601 . 12 (OSWa %6°2)
9.°0 80°0 I 9 0 2 0 1 001 1€l Z ~ 1043u0d
(%) (%) M d M8 N dE () (sanoy)
,S2Lu0[0) uoLjeurquoday - mma>po:m:a Auojo9 [RALAANS . S3LU0|0) =TI . puswieady
JueAAdqY P 51070 B 4 Leiol a4nsodx3 ! L
Lejo]

mumosmamszw:w>gxd 40 sa|dwes [eJ43A3dS pue ajeowed wnlssejodouow YjzLm Juawiesdy
A393 40 2018102490 seofwoapyoopg JO GO ULBJAIS UL SBLUOLOD juedJaqe pueR UOLIBULQWODAJL DL30%3LW 30 uoL3dnpul

+ ~

v 379v1



65

N

S3LUOL0D Md Pu® ‘d- ‘MY ‘Y ‘MdY ‘dd SIPNLIUIL,
S9LU0[0D MdY pue (3ods-uiMl) dy Aq vmucomw;awaw

»

*A{anL3oadsau .mmwcopou‘mpw;r-x:?a

pue “yutd “a3Lym-pad ‘pad ‘a3 Lym-juid-pau ‘jurd+paJ 03 49354 Md PUR ‘d MY ‘Y ‘MdY ‘dy suorieiAadqqe Byl

-guLuape 340

UOL3RUIUIIUOD MO| B SULBIUOD ey} (debe-(Qd3IA) wnipaw 313(dwod e uO SBLUOLOY BULALAJNS JO J3qunu [e30) m;p@

~

*quautuadxa

a1e4edas © ul Pa1SIY UM | apeub (eotpaw jo 3jdwes auL | [e15A40 pasodxa-3ubL| sy3 pue | apedb [ed1pay
-aqeowed wniutAdAd Jo ajdwes yoea Joj W ,-0TXpy pue ajeowed wnissejodoucw 40} W ,-0TX9°E S43M SISOP 3yl

20 v0°0> 0o € ¢ 0 0 0 ovt 2vve ve - 33 eowed
0 90°0> o 1 1T 1T 0 O A YA 4 wntssejodouou
(2) Md 4 M4 4 MdY dY (%) . (s4noy)
,S3Luo(0y wco_amc_nsoumm umaxpocm:a Auo|0) [ BALAUNS Qmm_co_ou auwL) . o pjuswiead)
jueUIDqQY 2170%1W . 1e10} aansodx3
{ejol _

(panutjuod) t 378Vl



b
!

.

se “SaLuo|od jueludsAdJL JO J49qunu

. uo saLu0]0d BulALAANS JO J43GQUNU |30

mpmmu sem | wvo;m {edLpaW " d1eoured wnLuLA4Ad
d E:mempoaocos 403 W ,-0TX9"€ 948M SISOPp 9yl

““quauaadxa dj3ededas e ut p
30 ajdwes yoea 40} W ,-0TIXy pue Ijeoue

.me::ou 91e]d Aq pauluualap
| 303 3Y3 93NILISUOD mwmw;pcm;ma UL SJaqunu dy

*aebe- oau> 10 sajeid y

13w mp:ufpmcou sasayjuaded uL sdaqunu YL,

(212) ¢ (629) G6 ve 3 eouwed
(012) S¢ (€58) €61 4 wnissejodouow
qyb1|. 03 pasodxa
(1L1) 22 (8LL) 81l 24 1 apeuab [eoLpaw 40
(981) 2¢ (6v21) 881 2 uoL3n|os dY3y O ANpLsd
(¥S€) 28 (vew) 99 e pJaepueys
(622) 62 (vLl) /1 4 9UBUB43L dSN
(9) 0002 (v¥1) 6070 2 _
(6¥5) t¥1 (1£6) 98 2 11 apedb |eoipauw
- (L£2) 9¢ (699) 001 24 (0SWa %5°2)
(€12) 8F (evt) 001 2 1043U02
(621) 68 (19G) 96 1/
(08) ot (v95) 811 2 I spedb jedLpaw
(€9) ¢¥ (yeg) 001 e (0SWa %5°2)
(€8) ¢€v- (o8y) 001 2 1043U0)
(SAOALAUNS hoﬁ\mu:mu;m>mg +SIH) (%) (s4noy) swt] o
ummpu:m:cmgu UOLSAIANY Q_m>_>gsm aansodx3 pluswiead]

a3 eoued wnLutAAd jo mm—asmm [e4DADS pue mumo&m
2D18IRI2D soofwoapyoo0s 30 JH1-G81

d wnissejodouow YiLm p:msamm;p Ja14e

AX ULBALS UL vmu:ucp

(4SIH) mmru:mscmgw UOLSADADY

: 5 319v1



BN

* . o : A .mp::\ou_wufg AQ paulLwidlap
S ©S3LUOL0T JURIUIAIL JO J3QUNU |e303 3BYJ 33NILISUOD sasayjuaded uL saaqunu AL,

) . ‘wnipaw JW 40 sejeld ¢
O $3LU0[0D BULALAANS JO J3QUNU [BI0} BYF 9INILISUOD SISIYIURIRD UL SIIGUNU BYL,

& "9pLpoL wniutA4Ad 40y ,_0TX0°6 pue ‘n-01%8°1 .m-on.@..m
pue $3pL4o|yd wniuiAdAd 404 _OIXT'T pue €.-01%X2°2 ‘o-0TXt"Y tajeowed wntutAuAd 404
,-0TX0 "y Pu® “ _0TX0"'8 ‘g-0TX9"T 3340 S3ISOP 33U} 404 S3L3Lae|oW BuLpuodsautod 3yl

©#(tu/ (o GZ) OSWQ SeM [043u0d 3yl

(v6€) 216 . . (L12) L 0t 81

h (599) t11 BN (285) 16 89'¢ - , |
e . (2%¥) s6 - . (9tt) St vL°0 .. @pLpoL wntuLA4Ad
e~ . B \.v e
(98L) €12 | (882) S A )
(¥95) 961 (s09) 66 -~ ~ 89°€ : N
@ (19%) 8¢ (465) €6 70, T SPHAOLYI YNLULAJAD
s\ : T . o '
(€55) 92 o {9er) e BT o
e(L€8) 2L e bww) L11 89'¢ _ (II apedb edipauw)
.. (€€9) ¥L (zze) €1l vifos - @3eowed wntulAdAd
. (¥5) 1L Cfozn 001~ e - Lodquod
° (SA0ALAUNS ,OT/SIURIIBARL L STH) (%) (luybrty oo - "7 e
) . saLouanbau 4 :2@2% _|eALAURNS - [ < usl} eak:
» p . or mm T ey D . .
il ‘ s31es E:E...i@, Leddnes 0] mg‘zmoaxm,ﬁo Aoy T 49340 \
- \ ap18100d20 $20AWOIDYOODS 4O JPT-GBTAX ULeUds UL pIonput (4SIH) salouanbaJd} UOLSUIAY
ﬂ, P 9 MAvL .



68

. - o v |  syes E=F=_>L>a |e43A9S 0] a4nsodxa 30 anoy -

- N .mmpco~ou Md ncm ‘d 3m Y- 3am am mmvzﬁucH%
, .mmrcofou Md¥ pue (20ds-utml) d¥ >n vmucwmwgamm

- o >~w>~puwammg 'S9LU0|0D maﬁsz juid -
 pue xc,g 9 LYM- um; vw; mppsz-xcra vmg xcfa cm; op ;mmw; Md w:m a ‘MY Y MAY CdY mco_me>anam m;pw

"( Lw/autuspe 6 g gppz uzv
9ULUIPE JO UOLFRJIUIIUOD mcpuﬁsrﬁ e mcﬁcpmpcow wnpau mpwﬁasou e co mmpco_ou mcﬁ>_>gsm 30 LwaE:: 12303 3yl

.
N - K.

: . < " apipol E=~:P>;>a

Low :-ono 6 pue m -onw ﬁ |ono m ocm mcﬁLoﬁsu Ejpc~>;>a 404 m-oﬁxﬁ H pue ¢, _0T%2°2 ‘¢-01X¢'t¥ .
.mumoEma E:F:—>;>a ;om :-oﬁxo . pue - -ono 8. -onm H 194 S9SOp 9S3Y3 40} SaLLJELOW m:_v:oamw;»ou wcha .

AL TAR 0SWa SeM [047U0D aul,

20 w1 owet

a2 3 o v /1 € £ € ST
€2 1°0 . 6T 6 et 9 1 L .. ST 6vL1 - 89°E e
¥0°0> %0 °0>. 0 0 0 0 0 0=" "ZoU ez . w0 apLpoL wniutAuAd
9°8 G 1° L €1 02 26 2 vo 8L ob8L s
20 1°0 .2 1.0 0 1 2 961 - . 6¥82 ~  89'€ R S o
10 p00> . 0 T ¢z 0 0 O o/r 2wz w70 PPHIOLW unLuy adAd
0 ¥0°0> €10 0 0 0 002 . ISbz- . Op'8T .
$0°0 00> 0 0°0 10 O .22 - 68 . 89¢ AHH wumgm Leo1pau)
2’0 £0°0> I Z2:0 0 0 0 . L82 - TI6ET pr0 @3eowed wniuiAdAd
2°0 90°0 11 0 0 1 0O 001 - 9¥9T R | _ogpcou
ANV . . ) ANV 3& d Md Y 3Qmﬁ dd- - ANV o ' . A—.E\@JV . ) ,
%momco—ou LuoLtjeuLquioddy adAjoudyq Auojo)  LBALAUNS. . S3LUO|O]- 950Q" : cp:oegmm;P
JuRLIBQY - O130%W p T R 42 1M § o T
rmwokq‘ o | S - R - 4.,v S T

Ja33je mcem@amswo mmomsogcxoucm J0 mo cFmgum ut mopcoﬁou juRILBqR pue :opumcpnsoumx 21303 U wo :oppuzccﬁ

i e
X . e ]
§ < . . > . <

N SR LI T e RS T

- Loe s - : T



69

pue ‘juid ‘a3LymM-pad ¢

r . -551u0[0> Md PUB ‘d MY ‘Y ‘Md¥ ‘dy SIPNLOUI;

‘o SR _.mw_:o_ou Mdy” pue (30ds-uimi) dy Rq pajuasaaday
SRR e >_w>_pumame $S3LU0| 0D 3ILUM- yutd.
pa ¢33 LUM- xcra Um; xcﬁg -pad 01 ;mwm; 3& vcm ‘d ‘MY Y “MdY “dy SuolieLAsuqqe; m;pﬁ
5 S ‘ ‘ Aﬁe\mcpcwvm Bt G y3LM M) -

‘auLuape jo :owam;u:mucou m:wuwswpkm m:_:wmu:ou.ss+ums 913dwod e uo mmpcopoo mc_pJ>L:m 40 adaqunu | 303, BYL,

N

——

RN —

uwmoaxm 3JaM $11932 33 ;ufsz 0}

‘syes wniuLAdAd 3y 30 sumw.wo,wwwp_;mmos nmum_r,mzn ;ow vmpmﬁsuﬁmu ‘uol wntuiAsAd. jo. p;mpmz u:mﬁm>P:cua

o A_E\F1 52) OSKQ_SeM 1043u0> YL,

.

1 e1 v

i

oy . T’ 8 0T 9 7 | . 6T 4 0D
b€ 21 1T or 9 8 § vl . -~ Of 9°L .0lxg  8pLpoL
02 L L9°0 y 21 9 § € 11 - &b 8'€ e 0TXT L wnLuLAdAd
9°¢ €1 y G2 v1 8 2 92  6F £°ST c0TX¢ -
v e 1 21 ¢ L L 1 8 -9 97/ ¢-0IXZ . ®pLaOlud.
Y2 6870 IT €T 6 § v 8L 18 8"¢ ¢-0IXT - L wniutAdAd.
6°1 G0 ST Ol T & O0°€L 15 9" 0% 5-0TXp (11 opedb
§'1 19°0 8 8 6 9 2 91 L6 €°61 ,‘,QAXN - Leotpauw) ¢
L1 €0 1T 21§ S N 9 6L 4 97 -onﬁ / mwmosaa E:F=p>gxa
470 20 gy L2 -1 1.8 ot v RS SRR A . Lod3u0d
(%) () M ¢ MY MR g T (qubny  (1/satow) I
%mmpco_ou puotieu mazuo:m:m x:o_ou ~ T reALAang Ummw:o—ou‘ wnLuLAdhg . uoLledl s ’ uwcmEpmew
“3ueauaqy -1quooay p 1 ©-usduo) Ll i

fejol L3I0}

B L)

. . . .n L i ' . s

‘sq(es wnLuLAsAd _agm>mm 10 m:oppmgp:mucou Lm_osrzcm 01 94nsodxa 4O Sunoy 2

NEAIL mu@m@nm&mc sooAwoaryooDg 40 GQ ULBU}S UL SILU0L0D u:m;;wnm pue :oﬁpmcrasoumx 91303 1w 30 :opuu:ccH

S &
SR w u4m<b



-FIGURE "3. ?D1agram of a thin-layer chromatogram (Eastman Chromagram

o Sheet) developed in chloroform:ethanol (7:3) when v1ewed

under 1ong-wave (354-pm) UV light. The numbers 1, 2, 3, he

and 4 represent the light- exposed samp]e of medical

grade I, monopotassium pamoate, med?cal grade 1, and the

USP reference standard of pyrv1n1um,pamoateﬂ respectively.
A

a
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FIGURE. 4. Diagram of a th1n -}ayer chromatogram (Eastman Chromagram
| Sheet) developed ‘in chloroform: pthanol (7 3) when viewed
under long-wave (354-nm) UV 1f§ﬂ%. The numbers 1, 2,

and 3 represent ‘the light-exposed sample of med1ca1
grade I, medical grade 11, and me41ca1 grade I,
respectjvely, of_per1n1um pamoate '
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ABSTRACT -

‘The geneticfactivity of séveraﬁ medical grades of the-anthe]min—;.v

tic drug pyrvinium pamoate was. studied .in a dip]oid mitotic recombina-
1

. tion and gene convers1on assay (strain D5 of Saccharomyces cerevzszae)

Rt

and 1nysevera1 haploid yeast revers1on assays (strains XV185 14C
XY7]j8-1A, and 7854-1A of Saccharomyces cerevisiae). AT1 of the samples
were*reCOmbinogenii in strain D5 and mutagenic in the hap1oid strains,
however the degree of genet1c act1v1ty varied“considerably among the
med1ca1 grades of pyrv1n1um pamoate that were tested. S1m11ar1y, these

samp1es a]so var1ed in degree of mutagen1c1ty when they werg&;gsted in

.j”stra1ns TA98 and. 5&&00 of Salmonella tuph?mur?“m: but some ofpthe

medical grades of pyrv1n1um pamoate were mutagen1c both in the pre@bnce

a

and in the absence of the metabolic transformat1on system whereas
other grades of the drug requ1rei*ghch act1vat1on to be mutagen1c In
addition, the med1ca1i9rades and dosage forms of severa1 brands of

pyrv1n1um pamoate were examined for purity by fluorescence h1gh

. pressure J@qu1d chromatography (HPLC) using a methano].water (90: 10)

solvent system. The tablets were not extracted quantitatively because
Lo ”"

:the major purpose of the HPLC analyses was to determine the number .of

impurities, and their relative quantities,spresent in these ‘pharma-
_ : BN ' - ¥ '

ceuticals. In genera], there is a correlation between the degree of

genetic activity and toxicity, and the number and relative quantity of

impurities® found in"each sample.

NI
o
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4

INTRODUCTION

Pyrvinium pamoate (F1gure 2) is an anthe1m1nt1c drug that is used.
1n the treatment of p1nworm 1nfestat1ons but the drug is not absorbed
'istem1ca11y (Ro]]o, 1980) ‘Two doses of the drug (each dose at'™ ’

‘ 7.5 mg/kg body weight) are adm1n1stered ora11y in a two- -week 1nterva1
.. &
' to eradicate the adult worm, Enterobius (O@y%{zs);vermtcularzs.fwTQe

“\

ﬁﬂg%,tncrease in parasit1c d1seases (The Medical Letter, 1982) such as pin-

worm 1nfestat1ons and%£e1nfestat1ons, particularly among school chil-
B8 EY e
déEn has resu%ted 1n extén51ve prophy]act1c use of pyrv1n1um'pamoate

This type of therapy is 1neffect1ve as pyrv1n1um pamoate is not actwve

aga1nst the ova, nor is it active against adu]t p1nworms when low doses o

. ) "f:"g’-

of the drug,are,used. In’ Canada,vseveral branq’ﬁﬂ’pyrv1n1um pamodte ‘,
are ava11ab1e to the general public as over-the- counter medications,
whereas in the United States a prescr1pt1on is requ1red ﬁpr this drug.:
Mexico does not have an~officia1 pharmacope1a and most drugs are
i?readi1y accessible for self-medication. | |
Perinium pamoate has been shown to be mutagenic in the Salmonella
"*ﬁfm$mzm reversion assay, and the S9 liver microsoma] fraction was
| requ1red to 1ﬂduce genetic act1v1ty in th1s test system (MacPhee and
B Podger, 1977 Lake and de 1a Iglesia, 1981); however, the medical

Sg” grades of pyrv1n1um pamoate that are marketed in Mexico are a]so muta—

'g . . genic 1n the absehce of the metabolic act1vat1on system1‘E5p1nosa et
T . S

at., 1981 Cort1nas de Nava et al., 1983): The drug was ;bso mutagenic

in a hap1o1d (strain XV185-14C) yeast revers1on‘test~LGa]1ndo 1979;
Galindo et al., 1979;.Hennig et al., 1981; Mehta et aZ 1982) and in

a d1p101d (stra1n D5) mitotic: recomb1nat1on and gene convers1on assay
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(Hennig et al., 1981; rehta et al., 1982). Pamoic acid was nonmutagen-
ic in strains TA98 and TAL00 of Salmonella typhimurium (Lake and de la
Iglesia, 1981) and monopdtassium pamoate was found to be nontoxic and
nonmutagen1c 1n strains XV185-14C and D5 of Saccharomyces cerevisiae

(Mehta et az.ﬁi1982). The monopyrvinium salts, pyrvinium ch10r1de and

~ pyrvinium iodide, are strong mutagens 1in bofh the haploid and d1p1o1d

yeas}qgssays (Mehta et al., 12@2), thus it is evident that the pyrvin-

jum moiety is responsible fortthe genet1c activity of pyrv1n1um pamoate.
Several medical grades of pyrv1n1um pamoate which fulfilled the

spec1f1cat1ons descr1bed 1n;fﬁ¥4mun1ted States Pharmacope1a" (USP XX,

19%%) andhhhe'USP reference standardmgf the drug were exam1ned for

~ -genetic activity and chem1ca»fﬁe;jty. L\

METHODS AND MATERIALS

.
e

H1gh Pressure Liquid Chromatographg

ReversedMPhase HPLC was performed ut111z1ng a h1gh pressure 11qu1d |
chromatograph (Waters ALC 202/401) that was equipped w1th a uBondapak
C1s column. This, reversed-phase: column cons1sts of a monomo]ecu1ar
layer of organosiTane that is bonded to a pe111cu1ar silica pack1dg.
The chromatograpﬂic solvent system was methanol :water (90:10), the ,
solvent flow rate was 0.5 mi/min at an inlet pressure of -2500 dsig, and -
the chart speed was set at 0 5 cm/min. |

- The fluorescent 1ntens1ty of the column eluent was measured cont1n-.f
uously with a f]uorometer that was’ equ1pped with an entrance Fﬁ]ter |

(range 300-480 nm) and a 389-nm em1ss1on filtter (range 375 405 nm)

e 5

“
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The excitation wave19ngth was set at 355 nm and the range and sensi-

tivity were maintainéd at 1.0 pA and 4.00, respective1y.

wa®

Pyrvinium Pamoate

Monopotassium pamoate (Sigma Chemical Company), pyrvinium iodide
(Delmar Chemica]s),‘the USP reference standard (A) of pyrvinium pamoate
(1ot F2), and H‘?ical grades B,}CivD,;and E of pyrvinium pamoate were
used as supplied by tha manufacturers aﬁd prepared for HPLC analysis .

by dissolution in mefhoxyethano] tqfa final concentration of approxi-

mately 1 mg/ml. The medical grades and dosage forms of pyrvinium pamo-

ate were supplied by Parke-Davis Canada Incorporated, Charles E. Frosst
& Company, ICN Canada Limited, and Laboratorios Columbia.
For the mUtagenicity assays, 16 mM stock solutions (18.4 mg/ml) of

)
the USP reference standard and each medical grade of pyrv1n1um pamoate

~ were prepared'1n dimethylsulfoxide (DM802 when requared the stock”

solutions were diluted with DMSO. The solutions were stored in glass-
ware that was wrapped with aluminum foil to prevent the light-catalyzed"
degradation of pyrvinium pamoate (Beckstead and‘Smith, 1967; Mehta et
al., 1982). |

Dosage Forms

one tablet of each of three brands of pyrvinium pamoate (B, C, and

,D) was f1ne1y powdered with the aid of a mortar and pest]e d1sso1ved

in 15 ml of methanol, agitated manually for 5 m1nutes, and then a]]owed

-

- to settle. The tablet excipients prec1p1tated on standing and the

supernatan‘ﬂ was used in the HPLC analysis.

The tablets were not assayed for drug content and the- 1abe1ed )

‘strength of each tablet (75 mg. pyrvinium pamoate) was assumed. In the

+

o
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]
qualitative HPLC analyses, the concentration of pyrvinium pamoate in

the methanol supernatant was estimated to be 5 mg/ml.

Yeast Strains

Strain XVi85-14C of Saccharomyaes cerebisiae has the genotype

/ a ade2-1 arg4-17 lysl-1 trp5-48 hisl-7 hom3-10;
hisl-7 1S a missense mutatioﬁ, hom3—15yis a putative frémeshift muta-
tion, and ade2-1, arg4-17, lysl-1, and trp5-48 are ocher nonsense mquta-
tions. Strains XY718-1A (genotype a his4-519 leu2-3) and 7854-1A
(genotype a his4-38 Zeu2-3)'contain the ffémeshift mutations his4?5£9,
, fhis4-38 and'léuz-s (Gugbertson et als 1qu) '
¥ The d1p101d strain D5 Of Saccharomyces cerevisiae (Ziﬁmermann

1973) 1s heteroa]le]wc for two comp]ement1ng mutations of the adel

locus: ade2-119, which is a slightly leaky allele with a pink ph

: e
. . i
‘type, and ade2—40, which is a non]eak)‘? allele with a red phenotype'

| . . o trpl-1 ade2-40 -MALI 4% '
The genotype of this strain is = —5% ade2-119 + MALZ'

N v
Bacterial Strains

The Salmonella typhimuriunm Stréiné TA98 (genotype hisD3052 rfa
Auﬁ;B) and TA100 (genotype hisb46 rfa AuvrB), bothfnf\which carry the
bKMlOl plasmid, were donated by Dr. Bruce N. Ames (Upivers%ty‘of Cali-
fornia at Bérke]ey).' The straﬁns.werefstored at -40°C and their-génet-

ic marké;\\ ave been checked routinely for histidine auxotrOphy, sensi-

tivity to cry tat~yiolet, sen51t1v1ty to u]trav1o1et radiation, and

ampicillin rep e, as desgr1bedrby Ames et al.. (1975) and by Maron
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Mutagenicily Assays

Yeast assays. Stationary-phase cells of strains D5, XV185-14C,

XY718-1A, and 7854-1A were suspended in phosphate buffer (2x108‘c§1ls/
ml), as described by Mehta et al. (1982). Either 0.1 ml of a stock
solution of byrvinihm pamoate, 0.1 ml of DMSO, or 0.1 ml of double-
distilled water was added to 3. 9 ml of the cell suspens1on of each
yeast strain. The reaction mixtures were incubated at 30°C in a water-
bath shaker and aliquots Were withdrawn at 2-, 5-, 6-, 10-, and 24-hour
intervals. These samples were washed twite and a.series of dilutions,
wherever necessary, were prepared in phosphaté buffer (pH 7.0).

The various media that were used have been described'previoUsly
(von Borstel et al., 1971). Mortimer comp]etev(MC) medium with a
growth-limiting concentration of adenine (5 ungT) was used to score
for mitotic recomb1nat1on and gene converslon in strain D5, whereas \
omission media were used to detect revertants in strains XV185-14C,
XY718;1A, and 7854-1A. The plates were incubated at 30°C and scored ’\
after 5-10 days. Coreversion analyses were carried out with sfraiﬁs |
i??lS-lA and- 7854-1A by replica-plating the arst and LEUt revertants
onto MC minus leucine and MC minus histidine media, respective]y."é

\ Bacter1a1 assays. Strains TA98 and TA100 of Salmonella typhimir-

N

zum were cultured in L-broth (tryptone 1.2%, NaCl 1 0%, yeast extract
0.5%, dextrose 0.1%) at 37°C for 16 hours to attain stationary-phase

cells. The mutagen1c1ty assays were performed as described by Ames et

. (1975), and by Maron and Ame (1983) Each treatment tube conta1ned '

0.1 m] of stat1onary phase bacter1a1 cu1ture (approximately 108 bac-
ter1a) 0.1 ml of drug so]ut1on (d1sso1ved in DMSO) or DMSO, O. 5 ml S9

mix or 0.5 m] of ‘0.1 M sodium phosphate buffer (pH 7. 4), 2.0 ml of

/
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molten top agar (0.6% Difco agar and 0.5% NaCl), and 0.2 ml of 0.5 mM
histidine-HC1-0.5 mM biotin solution. .

The contents of the treatment tubes were poured onto minimal-
glucose agar plates (Voge1-Bon:er E medium plus 1.5% Difco agar’and
2.0%‘g]ucdse): Once the top agar had solidified, the plates were incu-
bated at 37°C and, after 48 hours of total incubation;time, the hist
revertants weré scored.

Each m1 of S9 mix contained 0.1 ml rat liver homogenate, 3.0
umoles NADP, 3.0 umoles glucose-6-phosphate, 8.0 umoles ngflillég;ﬂ/
umoles KC1, and 84.7.umo1es‘of 0.1 M sodium phosphate buffer (pH 7.4).
The activity of the S9 liver microsomal fraction; was confirmed with .
”apositive controls that required metabolic activatioh’to pe nutagenjc;
cyc]ophospham1de’($1gma Cﬁem1ca1 Company ) 1nddces base-pair sUbstitu-

.¢
t1on5 and 2~ acety]am1nof1uorene (Lancaster Synthes1s L1m1ted) causes

%
{
“J

frameshift mutat1ons.

\R(ES_ULTS

at3 fhe\aifference in,the physica1'appéarance of the various medicaI

grades of pyrvinium pamoate was apparent 1mmed1ate1y The USP reference

o A
o

standard (A) and medical grades B and C weve br1ght Yed in color,

2

whereas the co]or of products D-and E was a dark brown The mono-

. ,/ )
pyrv1n1qm sa1ts, pyrv1n1um ch]or1de and pyrv1n1um Jod1de, were also

. S1m11ar1y, a samp]e df‘med1taJ grade B that had

AR
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of the tab1ets, except that the extract of tablet C was a much darker :

red color than that of ta%}et B‘and in add1t1on, it had acqu1red a- ;,

3 \«
. o N\

" brownish hue. R B p L
#

HPLC Ana]ys1s o QQ; -

-so]vent such as methano] ‘and a so]vent flow rate betwe

Although norma1 -phase th1n layer chromatography (TLO) us1ng a
ch1oroform ethano] (7:3) solvent system provided an adequate separation
of the components of pyrvinium pamoate (Beckstead and Sm1th (1967'
Mehta et al., 1982), TLC was not - a suitable separat1on techn1que for a
compound as unstable as pyrvinium pamoate because the preparathve TLC
procedure 1tse1f appeared to promote the rap1d breakdown of the various

b
components. The high affinity of pyrv1n1um pamoate for the s111ca ge]

»

rendered a quant1tat1ve extract1on difficult to achieve (H.D. Beckstead f

and C.H. Barnstein, persona1 communications;‘Mehta-et al., 1982) and

-
i
Y

N ’ ! . [N
excluded the use of normal-phase HPLC. Revemsed-phase HPLC has been
p P ~ [2e8-k

‘found to be\fﬁ‘ most suitab]e’method for sepérating.thevimpurities in-

_medical grades of pyrv1n1um pamoate B

The optimum cond1t1ons for the HPLC analysis of pyrv1m1um pamoate

_/

1nc1ude a sotvent system that conta1ns at Teast 80% of a o1ar organic

i 0'5 ml and

e

1.0 m]/m1n If less than 80% of organ1c solvent was s dy the co]u[
a—.

requ1red frequent rinsing w1th 100% methano] and 1eng y re- equ111b

tion. per1ods with the e1ut1ng so]vent system ..

/ -

The separat1on of’ the pamoate mo1ety from the/pyrv1n1um mo1ety was .
achieved readily w1th a methanol water {90:10) so]vent system Thé

identities of the pa@bate and pyrv1n1um mo1et1es were conf1rmed w1¢h

the f1uorescence high pressure 11qu1d chromatograms of the appropr1ate

.

i



reference standards, wh1ch were monopotass1um pamoate and pyrv1n1um

B

1od1de (F1gure 5) The trans ~isomer of pyrvinium 1od1de wh1ch appears

<.

to be the most abundant of the geometr1c 1somers (th1s vo1ume P 129)
'had a retent1on time of 8 m1nutes (F1gure 5)

In the separat1on of the components of pyrv1n1um pamoate the pam-'
'oate fract1on had a shorter retent1onqt1me (4 m1nutes) than d1d the :
.pyrv1n1um mo1ety (8 m1nutes), ‘and it was a1ways the f1rst component
" that was e]uted from the co]umn (F1nges 6 and 7)q} The add1t1ona1 peak .
ﬂat a retent1on time of 10 m1nutes) 1n the USP- reference standard of
‘-pyrv1n1um pamoate (F1gure 6, A) appears to\correspond to the add1t1ona}
:spot at R¢ 0.26. (see Tab]e 2 and F1gure€3) that was observed when the
.USP referehce standard and a med1ca1 grade of. the drug were compared by
TLC ana]ys1s (Beckstead and Sm1th 1967 Mehta et aZ 11982). .An exam-
r:1nat1on of the HPLC data (F1gure 6) reveals that med1ca1 grades C D,
and £ conta1n greater quant1t1es of the pyrv1n1um moiety than do
samp]es A and" B Th1s is apparent when the peak he1ght s compared to
‘the quant1ty of pyrv1ndum pamoate that had been 1n3ected
» Med1ca1 grades B and C of pyrv1n1um pamoate (F1gure 6) and the :

, methano] extracts of thelr respect1ve dosage forms (F1gure 7) did'not:
vdlffer s1gn1f1cant1y in chromatograph1c character It is. ev1dent in-

~(F1gures 6 and 7 that med1ca1 grades C and D and.ghe1r tablets, as we11

. as med1ca1 grade £, conta1ned a greater number of separab]e components'

' than d1d med1ca1 grade B and its tab]ets The number and re1at1ve -

’fquant1t1es of the 1mpur1t1es were muCh greater in tab1et D than in the

,,correspond1ng med1ca1 grade and the component at a retent1on t1me oﬁ

10 m1nutes (F1gure 7) was espec1a11y prom1nent Med1ca1 grade B of

pyrv1n1um pamoate and 1ts tab]ets exh1b1ted the fewest 1mpur1t1es
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Mutagenicity Studies

Sy The usp reference standard (A) and medical grades B and C"of’pyr-‘
| v1n1um‘pamoate d1d\not exh1b1t genet1c actl\Jty in the d1p1o1d stra1n 4
e » .
D5 of Saccharomyces cerevtStae after a 2- hour\treatment per1od but

f

after 1onger per1ods of exdosure (6,10, and 24 hours) these three

. l

samp1es of the drug 1nduced m1tot1c recomb1nat1on and 1ncreased'§he
frequency of aberrant\colon1es (Table 9).; In contrast med1ca1 grades B

3D and E of pyrvinium pamoate induced sign1f1cant 1ncreases in m1tot1c

‘ recomb1nat1on and aberrant\phenotypes after both shorter and longer

S

1ncubat1on per1ods As is demonstrated by the surV1va1xdata in Tab]e 9

s

, sampﬁes D and E welp: qu1te tox1c to the ce]ls, however great]y

enhanced 1eve1s of aberrant c010n1es and m1tot1c recomb1nat1on\yere<
' /‘

‘ produced even . as the survival. dec11ned "w' A

]

In the hap101d Stra1n XV185 14C of Saccharomyces cerevtszgg},the’*

. . 4+

_ USPvreference standard (A) and. medical grade§ Band C of pyrv1n1um pam-

oate did no\\nncrease the frequency of HIS+ and HOM+ revertants unt11
g the cells had ‘been treated for 24 hours whereas cons1derab1e 1ncreases

" in' the frequency of HISY, ARG+,/and HOM+ revertants were observed W1th

“’med1ca1 grades D and E after12=hours or more of treatment (TabTe 10)
Med1ca1 grades D and E are potent mutagens and, as 1s 1nd1cated by the.
surv1va1 data in Table 10 both samples were h1gh1y tox1c,‘the rever-

\\ sion frequenc1es cont1nued to 1ncrease w1th pro]onged 1ncubat1on'

| per1ods desp1te th1s drastlc decrease in surv1va1 |

\\ o In Stralns XY718 lA and 7854 1A of Saccharomyces cerevzsaae the;

USP reference standard (A) and medical grades B and c of'pyrv1n1um pamfi..‘
%te 1ncreased the frequenc1es of HISt and LEU* revertants above the |

&
spontaneous~1eyels~(Tab]es 11 and 12). An enhancement ‘of these

Y

\ ‘ L o T



reversion frequencies was observed as the time of exposure tU samp]es
A, B, and C was 1ncreased Stra1n 7854 1A appeared ‘to.be more sensi-
_ tive to the tox1c effects of pyrv1n1um pamoate s1nce ﬁt had a 1ower

v ; survival rage than stra1n h/;lB 1A at 10 hours and 24 hours of exposure

“to tpe drug The resu]ts of the corevers1on tests that were performed .

on ‘the HIS* revertants 1nd1cate that ‘the frequenc1es of 1ocus and
L suppressor events were not s1gn1f1cant1y d1fferent (Tab]es 11 and 12),
however there is a d1scern1b]b trend toward reversaon at the 1ocus in
v straln 7854- lA a]though th1s tendency 1s not ent1re1y consistent
(Table 12). The corevers1on ana]yses of the LEU+ revertants revea]ed ;
that the ma30r1ty of the reversion events had occurred at the Zeu2 3
1ocus w1th very few Suppressor events (Tab]es 11 and 12) Med1ca1
grades D and E of pyrv1n1um pamoate 1ncreased the HIS* and LEU+ rever-
sion frequenc1es cons1derab1y and appeared to 1nduce 1ocus and. suppres-
N sor events w1th equa] frequenc1es (Tab]es 11 and 12) Due to the tox-

; 1c1ty of med1ca] grades D and E,no revertants were obtained-at 24

hours of exposure/ It 1s p0551b1e that 1ower concentrat1ons of med1ca1

Y
a

| grades D‘Fnd E wou]d 1nduce detectabl‘\]eve]s of revertants in, stra1ns

xms 1A and 7854-1A at 24 hours. -

ce

A noteworthy observat1on is the apparent increase 1n v1ab111ty

L ’ the ce]] samp]es that had been treated with- med1ca1 grades A, B, or,C ,

of pyrvinium pamoate (Tab]es 9 12) Th1s 1s a//artefact that was due :
}ofh

e effect of a sem1so11d matr1x wh1ch formed in each of the treat-

ment tubes dur1ng centr1fugat1on because of the 11m1ted aqueous so1ub11-

ity of pyrv1n1um p\moate (Mehta et al., 198? _ The drug matr1x trapped

’ many of the cells, thus fewer ce11s were 1o%t from the treatment tubes,

Y

N

as compared to the contro1 tubes,'1n the’ subsfquent wash1ng procedures
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The USP reference standard (A) and medica] grades B and C of'pyr—

h.‘ vinium ggmoate did not 1ncrease the number of hzs+ revertants ab0ve‘ e :

the spontaneous Tevel in stra1ns TAlOO and TA98 of Salmonella typhzmur- |

tum when the metabolic act1vat1on system was absent“' In fact these

,ipartzcular samp]es appeared to be tox1c s1nce a‘cont1nu0us"bacter1a1

:Jawn ‘was not V1s1b1e on the p]ates, and the number of revertants

_V1nduded by DMSO the negat1ve contro] was 3- fo]d h1gher hh straln ‘

_ TA100 w1thout the S9 fract1on (Tab]e 13) Metabo]1c act1vat1on was

_ requ1red to elicit an: approx1mate1y 5-fold increase of revertants 1n’ BER

stra1n TAL00 and a 7 fo]d 1ncrease in stra1n TA98 when samp]es A B

and C of pyrvinium pamoate are compared to DMSO (Table 13) In compar-‘

1son to the small:number of his*t revertants that were 1nduced by

Samp]es A, B and C in the absence of mamma]1an m1crosomes the add1-

"t1on of the 59 mix-to the bacter1a] assay resu]ted ina 10 fo1d »

increase of revertants 1n stra1n TA100 and a 2- fo]d 1ncrease in stra1n

TASS (Table 13). BN

" In stra1ns TAlOO and TA98 of SaZmoneZZa typhtmurtum med1ca1

hbgrades D and E of pyrv1n1um,pamoate 1ncreased the number of hts+ rever-t g

tants 2 5- fo1d over. the controT 1n the absence of rat 11ver m1crosoma1 :

enzymes and 4-fold " 1n thé presence of the “S9 m1x (Tab1e 13) l

mutagen1c1ty of samp]es D and E in stra1n TAlOO was not enhanced by rat

| 11ver m1crosomes, and 1ess than a 2- fo]d d1fference tn the number of
h1st1d1ne prototrophs was eV1dent in stra1n TA98 when the 59 m1x was

d present (Tab]e 13) Med1ca1 grades D and- E of pyrv1n1um pamoate were

h1gh1y mutagen1c both in the presence and in the absence of the meta-

b011cltransformat1on system.
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T .2The results of the expet1ments in Saccharomyces cerevaszae | \
:‘(stra1ns b5, XV185 14C, XY718 lA and 7854 lA) and. SaZmoneZZa Eyphzmur-f
 Lum (stra1ns TA100 and TA98) have demonstrated that med1ca] grades b
Xand E of py$v1n1um pamoate are potent mutagens in, and h1gh1y tox1c to,
yeast and bacter1a. A]] of the samp]es of pyrv1n1dm pam0ate 1nduced
dramatic 1ncreases in the frequency of m1tot1c recomb1nat1on' when “com-
pared with the frequenc1es of other types of aberrant céfon1es, in l
stra1n D5 of Saccharomyces cerevtstae M1tot1c recomb1nants represent
iapprox1mate1y 50% of the tota] aberrant phenotypes after 6 hours and

~ 10 hours of exposure,.anG about 75% of the genet1c eVents after 10

o

hours and 24 hours of exposure (Tab]e 9) ‘4;.—J”'"”; ,

The USP reference standard (A) and med1ca1 grades B and C of pyr-
vinium pamoate requ1red a long. treatment per1od (24 hours) to e11c1t a
5cmutagenlc response in Stra1n XV185 14C of Saccharomyces cerevtstae,
whereas med1ca1 grades D and E were powerfu]]y mutagen1c at on]y 2
hours of exposure (Table 10) A]l of the samp]es of pyrv1n1um pamoate E
°.were mutagenwc 1n 'strain XV185< 140 1nduc>ng base-pair- subst1tut1on ,

: :mutat1ons at. the htsl 7 1ocus and framesh1ft mutat1ons at the homS 10
Wocus ARG+ revertants are be11eved to ar1se pr1mar11y from thé - 1nduc-
, tion of base pa1r subst1tut1ons of the transvers1on c1ass (von Borstel
get al. 1973) As is evident in Tab]e 10 whenever mutat1on 1nduct1on
akes p1ace the frequency of ARG+ revertants 1s qu1te 1ow when compared
':w1th the frequency of HIS+ revertants. Since revers1on to HISt can f

'occur through base pa1r trans1t1ons, 1t seems 11ke1y that most of the

~'}mutatmns that are 1nduced by med1ca1 grades A, B and C of pyrv1n1um

'
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pamoate are base -pair subst1tut1oni of the transition class..

A]] of the med1ca1 grades of pyrv1n1um pamoate 1nduced framesh1ft

- mutat10ns in Stra1ns XY718 1A and 7854 1A of Saccharomyces cerevisiae.

~“tThe resu1ts og the coreversxon tests performed on the HIS+ revertants
.indftate that per1n1um pamoate causes 1ocus and suppre;sdr events with
':equa1 frequenc1es whereas the corevers1on ana1yses‘of the LE’U+ rever-
.tants revealed predomwnant]y Zeu2 1ocus events .-
“In Salmonella typhtmurtum, the USP reference standard (A)‘and

medical grades B and C of pyrv1n1um pamoate induced base- pa1r subst1tu- ERE
‘t1on:mutat1ons (detected with: straln TAlOO) and frameSh1ft mutat1ons
(deteoted:with.stra1nVTA9§3vonlyy1n the presence of the rat liver meta-
_oo11c,transformation system, Therefore, pyrv1n1um pamoate as charac-
T terize:Aby samples A, B' and C is’ a promutagen that is converted to a -
mptagen by mammalian 11ver microsomes.

X :
In the presence of . the 9. mix, med1ca1 grades D and E were 44

X 4 .
-9 A . \

" times as mutagenlc as samples A B and C in strain TAlOO, and 32 t1mes

as mutagen1c 1n stra1n TA98, when the1r spec1f1c potenc1es (revertanfsf\\\\\\
ug med1ca1 grade) were compared (Tqble 13) Med1ca1Agrades D.and E.of |
pyrv1n1um pamoate 1nduced framesh1ft and base- pa1r subst1tut1on~muta-

| t1ons in Salmonella typhtmurzum, both w1th and w1th0ut metabo11c acti-
vation. C]ear]y, these med1ca1 grades of pyrv1n1um ‘pamoate contain a
contamnnant (or contam1nants) that does not requ1re metabol1c act1va-

t’t1on ‘te be mutagen1c ~A11 . of the samp]es of this drug exhibited 'v;15~
genetic act1v1ty in the yeast assays because yeast has po]ysubstrate ’
'_monooxygenases (cytochrome P-450), wh1ch can metabo11ze promutagens

into mutagens (Ca11en and Ph11pot 1977)

Oy
In genera] the apparent correlat1on between thevdegree\o%Z%iﬁetic'

B : ,‘,s~'\ N
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act1v1ty and tox1c1ty of .the med1ca1 grades of pyrv1n1um pamoate, and
‘the number and re]at1ve quantlty of 1mpur1t1es found in each samp]e,.
s part1cu1ar1y str1k1ng A1though these 1mpur1ttes may account for

the enhanced genet1c act1v1ty of med1ca

. there is. compe111ng evidence tha“]”&& """ he pyrv1n1um concen- .

trat1on 1s the maJor contr1but

% R
o owH

"estab11shed that 11ght -catalyzed- degradat1on,'hence'the improper stor-

age of the drug; 1is not respons1b1e for the genet1c‘act1v1ty of pyrv1n-
ium pamoate (Mehta et aZ | 1982) ’ Second the highly mutagenic sample
of pyrv1n1um pamoate wh1ch is comparable to. med1ca1 grades D and £ in
Qenet1c act1v1ty, was nearly as act1ve genet1ca11y as the monopyrv1n1um
salts, per1n1um ch10r1de and pyrv1n1um jodide} in ‘strain D5 of yeast

(Mehta et al., 1982). ' Thlrd the d1screpancy"between the peak he1ght

: and the relative quantity of pyrv1n1mﬁ pamoate that had been "injected

fs particu1arTy strik1ng. For examp]e, 10 1g of B and 5.5 ug of D were

ana]yzed under 1dent1ca1 exper1menta1 cond1t1ons (Figure 6), yet D
appears to conta1n tw1ce as much pyrv1n1um when compared to B It
seems obv1ous that th1s d1screpancy/ﬁs due to the presence of honopyr-'
v1n1um sa]ts in some of the medical grades of pyrv1n1um pamoate.

A pub11shed method for the synthesis of pyrv1n1um pamoate involves-
the reaction between pyrv1n1um methy]su]fate and d1sod1um pamoate

(Sw1nyard and Harvey, 1970; Swinyard, 1980) ~An incomplete chemical

react1on between a monopyrv1n1um ‘salt and a pamoate salt durxng the

'synthet1c procedure could be expected and th1s would account for the

'presencekof monopyrv1n1um sa1ts in certain medical grades of pyrvinium

{ e -
pamoate

E Med1ca1 grade C is not more mutagen1c than samp]es A and B (Tab]es



©9-13), yet it is obvious thaf medicpl grade C has a highér pyrvinium

¢ 89

content (Fidure 6), thus it wou]d be. expected to exh1b1t enhanced muta-
gen1c1ty, a]though not to the levels of medical grades D and E. Until
more 1nformat1on is ava11ab1e on the 1dent1by and purity of the

reagents and precursors that are used in the synthe51s of pyrv1n1um

, pamoate the quest1on ofuthe low genet1c act1v1ty of medical grade C | |

-

must remain unresolved

+

Monopyrv1n1um sa]ts, such as pyrv1n1um ch]or1de and pyrv1n1um

iodide, are absorbed system1ca11y and cause renal damage, f‘“l
be11eved to be reversible ypon the w1thdrawa1 of the drug (HaTes and
We1ch 19535 wes;on et al. 1953) . Pyrvinium pamoate is not absb(bed

s1gn1f1cant1y from the gastro1ntest1na1 tract (Ro]To,'1980) and it is

less “Zctive genetically than either pyrvinium chloride or pyrvinium

\

jodide (Mehta et dZ., 1982). Monopyrvinium salts may be present as
contaminaﬁts or incomplete reactants in some medica1'gradés of pyrvin-
jum pamoate and this could account for the enhanced genetic activity

of medical grades D ‘and E (Tables 9-13).
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FIGURE 5. F]uorescence h1gh pressure 11qu1d chromatograms for mono-
potass1um pamoate (1nJect1on vo]ume 5 u1) and. pyrvinium
jodide (1nJect1on volume 10 ul), respectwve]y The
‘methanol :water (90.19) solvent flow rate was 0.5 ml/min .

" for each sample. T\



* FIGURE 6.

. * H

‘F1uorescence h1gh pressure 11qu1d chromatograms for the = ¢
UsP reference standard (A) and the manufacturers “house

. .standards (B E). of pyrv1n1um pamoate The methano1 water '

“smo1et1es, respect1ve]y

- (90: 10) solvent f]ow rate was 1.0 ml/m1n for C and 0.5
” ml/min for.the other samp1es InJect1on vo]umes were
10 w1 for A'and B, 5. ul for C and D, and 2 pl for E.
fThe numbers 1 and 2 represent the pamoate and pyrv1n1um
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AFIGURE{7. F]uorescence h1gh pressure 11qu1d chromatograms for the
' methano1 extracfs of commerc1a1]y ava11ab1e per1n1um

: ;pamoate tablets. The letters B, C, and D correspond to
“the manufacturers -of the house standards in Figure 6.
lInJect1on volumes were 10.u1 and the methanot :water

”190 10) so1vent flow rate was 0. 5 ml/m1n for each

L fsamp]e._ The numbers’ 1 and r represent the pamoate and o
| pyrv1n1em mo1et1es, respect1ve1y

e

S
B K



103
>

. _ (senuiw) mE:. uonualay
o~ 9.7l 8 v 0 OroL Tl 8 ¥ oz 8 v 0
ObX<_ - _ JEN 02X

@ pajoalu|
(qV]




ARTICLE III

An Evaluation df the Genetic Acti’v1ty of Pyrvinium Pamoate
and Severa'ly Other Anthelmintic Drugs

in Saccharomyces cerevisiae

104
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ABSTRACT

Several anthelmintic drugs that are used routinely in oxyuriasis
therapy were analyzed for potential genetic actiVity in a diploid
mitotic recombination and gene conversion assay (strain Ds“qf'Saccharo- :

myces cerevisiae), and in a haploid yeast reversions/assay (strain

| Xv185-14C). Piperazine citrate, piperazine adipate, mebendazo}e;

thiabendazole, and pyrantel pamdgteAdidfnot appear to be active.

_genetically in either‘yeast stﬁgin, whereas pyrvinium pamoate was

mutagenic in strain XV185-14C"and recombinogenic in strain D5.

[ 4

INTRODUCTION
. ( ;

*

Pyrvinium pamoate, pyrantel pamoate, piperazine citrate, piper~\

azine adipate, mebendazole, and thiabendaiq]e are anthelmintfc drugs

-

that are used routinely in the treatment of pinworm~ihfestatiohs., A1l

of. these drugs have prescription-only status in the United States,; how-
\ .

~ever, the U.S. Food and'prug Administration has made a tentative

decision to accebt'the recommendation to;recategoriie pyranté]xpamoate
as a nonprescription drug (Federal Registé%% 1980; Pettinato, 1985).

In Canada, mebendaio]e and thiabendazole caﬁ be proéured ohTy,with a

- prescription, whereas'pyrvihiumipamoate, pyrantel pamoate, and the

pipérazine salts are over-theatouhter products-that are available for
self-medication and they can be obtained only in pharmacies. Mexico

does not have an official pharmacopeia and there is ready access to

" most drugs, including ahtheTmintic drugs,'for self-medication by the

<
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general public. |

Several anthelmintic drugs have been evaluated for mutagenicity in
bacterial assays. Tutikawa et al. (1978) found pyrvinium pamoate and
.pyrantel pamoate to be nonmutagenic when tested in a recomhination-

deficient strain of Baczllus subtilis, however, DNA damaging ducts

were generated when each compound was m1xed with sodium nitrite in a
acidic medium at 37° C. These mixtures gave positiye results for muta-
gen1c1ty in several strains of SaZmoneiZa typhtmurtum and Escherichia
coli, Since nitrites act on DNA to produce miscoding lesions (Stein-

.berg and Thom, 1940a,b; Vielmetter and Schuster, 1960a,b; Laval and
Bo1teux, 1983), the mutagenicity observed in the system of Tut\kawa ’
et al. (1978) need not be attributed to pyry1n1um pamoate‘and pyrantel
pamoate

MacPhee and Podger (1977) reported that pyrante] pamoate, thia-

. bendazo]e, piperazine citrate, and piperazine ad1pate were not mutagen-
icbin Salmonella typhimurium and that pyrviniLm pamoate was mutagenic
bn1y when the S9 liver . m1crosoma1 fraction was added to the assay.
S1m11ar1y, Lake and de la Iglgsia (1981) noted that pyrvinium-pamoate
induced mutations in Salmonella typhimurium only in the presence of rat

‘or human 1iver micrdSomes.. N

Cort1nas de Nava et al. (1983) tested mebendazole"pyrantel pamo-.
ate, and pyrvinium pamoate in SaZmoneZZa typhzmurzum and found that
mebendazole. and pyrante] pamoate were not mutagen1c, but all of the
batches of pyrv1n1um pamoate were mutagen1c with. and w1thout activation
by the S9 liver microsomal fraction. S1m11ar results were obta1ned by
HennigAet al. (1984), but-only for two brands of pyrv1n1um pamoate; the

remainder of the brands that were tested required metabolic transforma-

®
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tion to be mutagenic in stréins TA100 and TA98 of SalmoneZZa typht-
murium. The samp]es‘of pyrvinium pamoate that were tested by MacPhee
and‘Podger £1977) and La and de la Iglesia (1981) required activation
to be mutagenic in Salmofella typhimuriwm. A possible explanation for
the contrad1ctory resu]ts is that the genet1c activity of the brands.
of pyrv1n1um pamoate that are, marketed in Mexico may be due to impuri-
ties that do not require metabolic.activation to be mutagen1c Evi-
;dence for-impurities in medical grades of‘pyrv1n1uw pamoate has been
disclosed by Mehta et al. (1982) ahd Hennig et\al. (1981, 1984)

Pyrv1n1um ch10r1de pyrvinium iodide, and several brands of
pyrvinium pamoate have been tested in Saccharomyces cerevisiae (Mehta
et al., 1982; Hennig et al., 1984; These. studies indicated that |
pyrvinium sa]ts aremetagenip in haploid yeast and increase the fre-
quency of aBerrSnt colonies in diploid yeast.

Iﬁ the present investigation, the anthelmintic drugs that are used
routinely 1n.the trektmeﬁt of infestations of the common pinworm,
A,Enterobzus (Oxyurﬁs) vermicularis, were eva]ﬁatedkfor genet1c activity
in Saccharomyces cerevisiae. Mebendazole, piperazine c1trate and
pyrvinium paMOate are the products that are used most commonly for oxy-
uri;sis therapy in humans, thds samp]es’from severah'pharmaceutica1

companies-have been tested.

|
|
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' MATERIALS AND METHODS

Yeast Strains

Reverse mutations were studied in the haploid strain XV185-14C of

Saccharomyces cerevisiae. The genotype of this strain is
; 4

A1

a ade2-1 argd-17 lysl-1 trp5-48 hisl-7 hom3-103 o
ade2-1, argd4-17, lysl-1," and trp5-48 are suppressible ocher nonsense
mutations, hisI-7 is a missense mutation, and hom3-10 is a putative
frameshift mutation. |

The genotype of the diploid strain D5 (Zimmermann, 1973) of
Saccharohyces cerevisiae 1$ “

trpl-1 ade2-40 MALI _+
¥ ades-119 + MAL4

L&
. a

’

In this strain, mitotic recombination results in sectored colonies with
" . red-pink or red-pink-white phenotypes, and red, pink, red-white, or

. 1 .
pink-white colonies are produced as a consequence of mitotic gene con-

version or mutations in the ade2 gene.
»

Mutagenicity Assays : >

o
~N. B PV}

The anthelmintic drugs were useé as supplied by the manufacturers:
pyrvinfﬁm pamoate (Parke-Davis Canada Incorporated and Laboratorios
Columbia, SA), pyrantel pamoate (Pfizer Cbmpany Limitéd), piperazind
citrate (Burroughs Wellcome Limited and Laborator1os Kan, SA), piper="
azine adipate (Glaxo Laborator1es, a division of A11en & Hanburys),
mebendazo]e (Ortho Pharmaceut1ca1,(Canada] Limited and Laboratorios
Co]umbia; SA), and thiabendazole (Merck, Sharp & Dohme Canada-Limited).

Stock solutiong of pyrvinium pamoate (18.4 mg/m1) we;e péébared in

dimethylsulfoxide (DMSO) and 0.1 ml was added to the treatment tubes.
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... The ather anthe1T1nt1c drugs have a very 11m1ted soTub111ty in DMSO
and 1n aqueous med{ié therefore stock so1ut1ons were not prepared for

p1peraz1ne citrate, 1peraz1ne ad1pate mebendazo]e th1abendazo1e jand.

"pyrantel pamoate Instead the appropr1ate quant1ty of each of these
. compounds was added d1rect1y 1nto ‘the treatment tubes. )
The mo]ar1t1es that were used 1n the ana]ys1s of p1peraz1ne
y‘c1trate (1/3 of the mo]ar1t1es that.were - used for p1peraz1ne ad1pate)
/B;ovaded an equ1va1ent we1ght of plperaan1um ion (see F1gure 8) " This.
%////f’ perm1tted a d1rect compar1son of . the act1ve 1ngred1ent of these two

rp1peraz1ne sa1ts (Tab1esll6_and‘17).

Revers1on Assay (Stram XV185 ue) \ |
o Ce11s that had been grown on YEPD -agar . (1. 0%'yeast extraot 2.0%
“;,rv~ peptone, 2 0% dextrose,.and 1.5% agar) for 48 hours were - 1nocu1ated
| “-1nto 11qu1d YEPb med1um “Inocula of 1x107 ce]]s/m] and lxlO5 cel]s/m]
were 1ncubated at. 30 C to ach1eve stat1onary-vand 1ogar1thm1c phase
4 ce]Ts, respect1ve1y For the mutagen1c1ty assays, wh1ch have been
descr1bed by Mehta et atl. (1982) ce]] suspens1ons (5x107 - 1x108‘

\
ce]]s/ml) of each yeast cu1ture were prepared in phosphate buffer

(pH 7.0). |
_ The treatment tubes wh1ch conta1ned the appropr1ate quant1ty of
R ‘each drug plus 0.1 ml of DMSO, and the contro] tubes, wh1ch conta1ned

0.1 ml of DMSO, each received 3.9 m] of ce11 suspens1on These reaction’

" mixtures were 1ncubated at 30 C 1n a waterbath shaker. At severa] time
1nterva1s, ce11 samp]es were removed washed in 50 ml of 2. 57 DMSO by

centr1fugat1on, and resuspended in 4 0 m1 of. buffer Und11uted samp]es

- were p]ated onto the appropr1ate om1ss1on med1a (MC m1nus arg1n1ne, MC
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minus tryptophan, MC minus histidine, and ‘MC m1nus threon1ne) which

have been- descr1bed by von- Borste] et aZ (1971), and 1ncubated at 30° C

for 4-6 days. D11uted samp1es were spread onto YEPD agar plates for

.‘the-surviva1 estimation.

/

M1tot1c Recomb1nat1on and Gene~Convers1on Assay (Stra1n D5)

teé procedures for . th1s assay were similar to those descr1bed for

ye

the hap]o1d revers1on assay except that 1n1t1a1 1nocu1a of 1x10* ce]]s/:-

‘_ml and 1x106 ce1ls/m1 were used to grow 1ogar1thm1c— ‘and 5tat1onary-

phase ce]]s, respect1ve1y D11uted samp]es were plated onto YEPD agar

~ which conta1ns a 1ow concentrat1on of adenine, and 1ncubated at 30 C
~ for 7-10Hdays. These p1ates were then scored for surv1va1 and the

,‘COTQr deve]opment of,aden1ne-dependentAcolon1es.

RESULTS AND DISCUSSION

LY

- The apparent enhancement of ce11 viability that is suggested by

“the survival data in. Tables 14 17 is an artefact caused by the semi-

so]1d drug matr1x that is. prec1p1tated during the centr1fugat1on pro-
cess (Mehta et aZ 1982) Thts apparent enhancement of ce]] surv1va1

1s not rea] and is character1st1c of drugs that have a 11m1ted so]ub11-/-

’1ty in aqueous media.

Due to their 11m1ted solubility, these anthe1m1nt1c drugs were
we1ghed d1rect1y 1nto the treatment tubes. ‘This resulted in saturated |

so]ut1ons and the yeast ce]]s shou]d have absorbed the drugs to the1r

'max1mumvcapac1ty. In add1t1on the 11poph111c so]vent DMSO was . used to
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soTUbi}tze as-much of\each anthelmintic drug as posSibde, and to -
enhance'the absorption‘of'the drugs by faci]itating their passage
across ce]] membranes i

‘Since. pyrv1n1um pamoate has been demonstrated to be a mutagen,‘it
:.:served as a pos1t1ve contr01 DMSO (5. 0% and 2.5% ) and water served as’
.the negat1ve contqp]s ‘As s evident. from the rever51on frequenc1es
'1n Tab1e 15, '5.0% DMSO does not produce a s1gn1f1cant 1ncrease in
revertants when 1t is compared to water, “although a decrease in sur- i
vival was observed. | |
Mebendaone, th1abendazo]e, pyrante] pamoate;vp1peraz1ne c1trate,.
' _and p1peraz1ne ad1pate did not exh1b1E}genet1c act1v1ty in e1ther
stat1onary- or 1ogar1thm1c phase. ce]ds of yeast (Tables: 14 17). The
'frequenc1es of aberrant co1on1es were not 1ncreased s1gn1f1cant1y in
strain D5 (Tab]es 14 and 16), nor did these anthe1m1nt1c drugs produce‘
-.s1gn1f1cant 1ncreases in. the frequenc1es of revertants in stra1n o
XV185- .14C (Tables 15 and 17) - A]so, there was no. apparent d1fference
‘between the Canad1an and Mex1can samp1es of mebendazo]e and piperazine
.c1trate (Tab1es 14-17).
| v P1peraz1ne c1trate piperazine ad1pate and pyrante1 pamoate do ‘
‘not appear to be tox1c to e1ther stat1onary or 1ogar1thm1c phase ce11s o
‘of yeast but mebendazo]e, th1abendazo1e and pyrv1n1um pamoate caused
a decrease in surv1va1 at 24 hours and 48 hours. (Tab]es 14- 17) The -
etoxiQity’oF pyrv1n1Um pamoate 1s a1ready evwdent'after 3 hours of
exposure (Tab]es 16 and 17) ‘. |
Per1n1um pamoate exhibited genet1c act1v:ty in. both stat1onary-

and 1ogar1thm1c phase cells of Saccharomyces cerevzsmae In Stra1n D5,

1the frequenc1es of aberrant co1on1es (mitotic recomb1nat1on, gene



V(1982) found monopotass1um pamoate to be nonmutagen1c in Saccharomyces

412

. b

conyersion,\and’mutation) were increased significantly over the contro]

'1eve1s (Tables 14 and"16). There appears to be little d1fference be-

tween the Canad1an and Mex1can samp1es of pyrv1n1um pamoate when they

"are compared on the bas1s of the1r degree of genet1c act1v1ty in stra1n

DS -however, the Mex1can samp1e is much more toxic, as is ev1dent from

'the surv1va1 data at 24 hours and 48 hours .of exposure to the drug

(Tab]es 14 and 16)

- Only 1in the revers1on assay. w1th strain XV185 14C was there a

marked d1fference between the Canad1an and Mex1can samp1es of pyrv1n1um

'fpamoate Th1s anthe1m1nt1c drug is a potent mutagen and 1t 1nduces
m'revers1ons of m1ssense nonsense, and framesh1ft a11e1es At 3 hours
| and 24 hours of exposure of 1ogar1thm1§'phase cells to the Canad1an
‘ sample of pyrv1n1um pamoate (Tab1e 17) 5 there was an approx1mate1y
- 3- fold increase in revertant frequenc1es (HIS+ TRP+ and HOM+), N
“whereas the Mex1can samp]e (Table 15) 1nduced 10 to 30 fo]d 1ncreases‘x»”

in revertant frequenc1es (HIS+ ARGT, and HOM+) when stat1onary phase

;A,,A

'ce]]s of stra1n XV185 14C ‘were exposed to the drug for 24 hours

The pyrv1n1um mo1ety is respon51b1e for the mutagen1c1ty of

‘ fpyrv1n1um pamoate, as has’ been demonstrated with monopyrv1n1um salts

(Mehta et al. 1982) Lake and de 1a Ig]es1a (l981)-reported that

pamo1c ac1d was not mutagen1c in SaZmoneZZa typhtmurtum and Mehta et aZ

¢
?

_cerevtStae (stra1ns D5 and XV185 14C)

In the yeast assays, the 59 m1crosoma1 fract1on was not requ1red

to e11c1t a mutagen1c response to pyrv1n1um pamoate s1nce Saccharomyces

cerevtStae possesses cytochrome P 450 act1v1ty comparabﬁe to the m1xed-

funct1ondoxygenase‘system (a]so referred to as the po]ysubstrate»
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_monooxygenase system) 1n‘mamma11an liver (Ca]len and PhiTpot ‘1977)

L0gar1thm1c phase ce]]s of the d1p101d stra1n DS when they have been
A

. grown on a glucose conta1n1ng med1um have about 10X~ more'cytochrome

P- 450 content than 1ogar1thm1c phase ce11s of the hap1o1d stra1n E
XV185 .14C that have been grown: under the- same cond1t1ons (D F Ca]]en,
..personal commun1cat1on, U G.G. Henn1g and D. F O Conne]1, unpub11shed -
~data). | | | | T | | : |
Per1n1um panoate is not absorbed system1ca11y (Rol1o, 1980) thus
this drug shou1d not undergo metabo11sm 1n the 11ver where the act1va—
“t1on of a promutagen toa mutagen is expected to take p]ace Stud1es

1n‘m1ce and humans have\demonstrated that mutagen1c metabo]1tes do not -
'appear 1n the ur1ne after a s1ng]e therapeut1c ‘dose of, pyrv1n1um pamo—’j
. ate (Lake and- de la Ig]es1a, 1981 Cort1nas de Nava et aly 1983) ‘the
24 hour urine samp]es were tested in SaZmoneZZa typhtmurtum Thesew ,
' assays 1nd1cate that pyrv1n1um pamoate is not absorbed system1ca11y in .o
. mamma]s and thus it cannot be metabo11zed by the hepat1c m1crosoma1
enzymes A 1oca11zed b1otransformat1on by 1ntest1na1 m1crof10ra wou]d
be the on1y source of mutagen1c metabo]1tes of pyrv1n1um pamoate |
k The unexpected mutagen1c response to pyrv1n1um pamoate that was- |
‘obta1ned w1thout act1vat1on by the S9 fract1on (Cort1nas de Nava et aZ
19835 Henn1g et al., 1984) can be. postu]ated to ‘be due- to 1mpur1t1es 1n di“
“the medica1 grades'of’the drug. Interest1ng]y,‘these,mutagen1c compo-
nents d1d not appear “in the 24-hour urine samp]es of the treated mice
(Cort1nas de Nava et az 1983)i. ‘ 1 |
' Be11ander et‘az (1984 ) have reported that the;antheTmintic:drng.
p1pera21ne is n1trosated rap1d1y in ULtPO In vivor the sus eCted .

o carc1nogen N—monon1trosop1peraz1ne was found in the gastr1c Ju1ce afte “




_ 30 m1nutes, and in the 3 hour ur1ne samp]es, when a therapeut1c dose
.of p1peraz1ne was adm1n1stered to fast1ng, healthy vo1unteers The

"carc1nogen v, N’ d1n1trosop1peraz1ne was not detected. The concom1tant

adm1n1strat1on of an ant1ox1dant ascorb1c acid, (v1tam1n C), resu]ted

"1n a s1gn1f1cant 1nh1b1t1on of the n1trosat1on of p1peraz1ne

The mechan1sm of anthe]m1nt1c act1on of the p1peraz1ne salts and

o

}
,pyrante1 pamoate 1s the product1on of a neuromuscu1ar b]ockade in the

' paras1te th1s is an effect that is also exerted on the host and there-

fore these agents can be adm1n1stered on]y by the .oral route The:i/

p1peraz1ne sa]ts are absorbed read11y from the gastro1ntest1na1 tract

'iand up to 15% of a therapeut1c dose of pyrante] pamoate 1s absorbed

system1ca11y (Ro]]o, 1980) however both p1peraz1ne and pyrante] pamo-

?‘zate cause neuro1og1ca1 s1de effects ‘that are character1zed by headaches
’and d1zz1ness.l Th1s is espec1a11y cr1t1ca1 1n 1nd1v1duals with renal

I dysfunct1on, and young ch11dren who are the 1ntended consumers of -

anthe]m1nt1c drugs have comprom1sed k1dney funct1on

o About 10% of a s1ng]e* therapeut1c dose of mebendazo]e is absorbed

. ,'system1ca11y (Ro11o,>1980) and it cauSes more severe gastr01ntest1na1

Js1de effects “than” any ‘of the other anthe1m1nt1c drugs (The Med1ca1

Letter, 1982) Pyrv1n1um pamoate is mutagen1c The consequences of

untreated or 1nadequate1y treated p1nworm 1nfestat1ons can “include

. the progre$s1on of the 1nfestat1on 1nto the b]adder and, more common]y,
'secondary bacter1a1 and/or funga] 1nfect1ons _When these potent1a1

COnsequences, as. we11 ‘as the r1sks and benef1ts of a11 of the. anthe1—

mintic drugs are cons1dered pyrv1n1um pamoate, a1though mutagen1c,b

‘ shou]d not be exc1uded as an agent in oxyur1as1s therapy.

] B e ] . i '

\
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LABSTRACT

‘An 1nvest1gat1on of the structura] requ1rements for the mutagen1c :
fact1on,of pyrv1n1um pamoate and pyrv1n1um 1od1de has been carr1ed out |
us1ng two d1fferent ana]ogs of the monopyrv1n1um sa]t per1n1um 1od1de.
The genet1c act1v1ty of the ana]ogs was stud1ed 1n d1p1o1d and hapioid ,
‘ye.ast (Str‘a'lns D5, D7 XV185 14C, XY718 1A, and 7854 1A of Sa%char‘omyces‘
3 éerevtszae) in order to ga1n 1nformat1on about the structura] features
l'that are requ1red-for-the genet1c-act1v1ty of pyrvinium.. Subst1tutlon

-w1th a methy] group at the 6 position of pyrvinium 1od1de d1d not '

'affect the mutagen1c1ty In compar1son to pyrvinium 1od1de the methyl- .
'_analog is of equa] tox1c1ty and it 1nduces framesh1ft and base subst1-
tut1on mutat1ons Just as read11y In contrast the methy] ana]og

1nduces trans1t1ons and. transvers1ons hereas pyrv1n1um 1od1de on]y

P

'1nduces s1gn1f1cant 1evels of trans1t1ons W1th the 6 ch]oro ana]og,

A Y

'both the tox1c1ty and the mutagen1c1ty were d1m1n1shed however it

7-»1nduced trans1t1ons and framesh1ft mutat1ons at frequenc1es s1m11ar to E

the d1pyrv1n1um sa]t pyrv1n1um pamoate wh1ch is 1ess access1b1e to,
‘the- yeast ce1ls because it does not d1ssoc1ate as read1]y as per1n1um '

1od]de,



N Stra1ns XV185 14C and DS of Saccharomyces cerevisiae, the per1n1um
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INTRODUCTION

Pyrv1n1um pamoate is mutagenwc in bacter1a and yeast. The drug

'1nduces the revers1on of nonsense m1ssense, and framesh1ft a]]e]es 1n_

haploid yeast (stra1n XV185 14C) In strains XY718 lA and. 7854- lA of
Saccharomyces Cerevlstae, framesh1ft suppressor mutat1ons and rever-
sions of the frameshift a11e1es (hts4 519, hts4 38, and Zeu2 3) are
1nduced by pyrv1n1um pamoate Relat1ve1y pure med1ca1 grades of th1s

anthe]m1nt1c drug predom1nant1y 1nduce trans1t1ons 1n strain XV185 14C.

- of Saccharomyces cereuzszae The revers1on frequenc1es that were

obta1ned for two ¢X174 amber codons 1n an in vitroe DNA rep11cat1on

system that is med1ated by T4 bacter1ophage rep11cat1on prote1ns aTso

: suggest that pyrv1n1um pamoate pr1mar11y 1nduces trans1t1ons (Razzak1

et al., 1984) In d1p101d yeast (stra1n D5 Of Saccharomyces cere-

vzszae) 50- 75% of the. aberrant co]on1es that are 1nduced by pyrv1n1um
pamoate are m1tot1c recomb1nants and the rema1nder can ar1se from other
genet1c events, such aszmutatlons, gene convers1on or chromgsome 1oss

(Mehta et al., 19823 Henn1g et al.. 1984)

The genet1c act1v1ty var1es cons1derab1y among the med1ca1 grades :

of pyrv1n1um pamoate that have been tested 1n yeast ~The enhanced

:genet1c act1v1ty of some of these med1ca1 grades has been attrwbuted

to monopyrv1n1um salts, wh1ch may ‘be present as 1ncomp1ete reactants
of the’synthet1c process used*1n~produc1ng pyrvinium pamoate;(Henn1g

et aZ 1984) | PyrviniumICh1oride'andnpyrvintum iodide, which are

'monoper1n1um salts, are potent. mutagens in hap]otd and d1p]o1d yeast

- and, since: monopotass1um pamoate is nontox1c and nonmutagen1c in

/

¥

]
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'_mofety'fs responSibTe far the genetﬁcvactivdty of'per1n1um‘pamoatef
~ (Menhta et aZ ,. 1982f The'monopyrvinium saTts are more”mutagenic than
pyrv1n1um pamoate and th1s is probab]y due to their sma11er mo]ecu]ar
size (see F1gures 2 and 9) and to the fact that they can undergo
“jonization to a much greater extent - This® 1ncreases the ava11ab111ty
of pyrv1n1um mo]eches for ce]]u]ar uptake (Mehta et aZ 1982).
1 To e11m1nate the 1mpur1t1es in. pyrv1n1um pamoate, and to determ1ne
' ‘the effect of d1fferent funct1ona1 groups on the mutagen1c act1on of
’lth1s drug, the custom synthes1s of pyrv1n1um pamoate pyrv1n1um 1od1de,ﬂ
'and two ana]ogs of pyrv1n1um 1od1de was arranged The.dlfchu1ty in
- removing the 1ncomp1ete reactants (monopyrv1n1um sa]ts) during the-
i»pur1f1cat1on of pyrv1n1um pamoate has been c0rroborated by Lancaster
ySynthes1s L1m1ted (E W11dsm1th D1rector, persona1 commun1cat1on)

The prototype for chemTca]s that are carc1nogens 1n an1mals is

"5‘2 am1nof1uorene (F1gure 1) ' Th1s compound ‘and & metabo11te 2~ acety1-

Q'am1nof1u0rene were not mutagen1c in SaZmoneZZa typhtmurtum un]ess the

mod1f1ed bacter1a1 assay, wh1ch 1ncorporates mamma11an 11ver m1crosomes«
- (the S9 fract1on) into the~system,‘yas'used (Ames et az.,,1972, McCann
et aZ 1975)’ TheAgenetic‘activity ofyziaminofluorene”has been »
attrlbuted to the free aromat1c amino- subst1tuent wh1gh is N acetyl- d
*ated and N—hydroxy]ated by hepat1c enzymes, N hydroxy -2- acety]am1no—
';fluorene undergoes su]fate con3ugat1on med1ated by su]fotransferases
to the u1t1mate carc1nogen that is capablggpf react1ng w1th prote1n
RNA, and DNA | T
Pyrv1n1um sa1ts have an aromatic, d1methy1am1no subst1tuent at the

6-pos1tJon'§F1gure 9), wh1ch can be demethylated by mamma11an liver

. enzymes aﬁd; therefore, these drogs haveathe potent1a1 for furthe&
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A ct1vat1on of the type that occurs w1th 2- am1nof1uorene and 2- acety]-

ham1nof1uorene The rep]acement of this d1methy1am1no subst1tuent

w1th e1ther a chloro- or a methy] subst1tuent was carr1ed out to assess

the effect that subst1tut1on at the 6 pos1t1on ha& on the mutagen1c1ty

~An abo11shment of the mutagen1c1ty wou]d suggest that the 6- pos1t1on
is the on]y actlve s1te on the pyrv1n1um mo]ecu]e whereas decreased

or res1dua1 mutagen1c1ty wou]d mean that the mo]ecu]e has more than .

one act1ve center.

MATERIALS AND METHODS

M -

Pyrv1n1um Salts and Ana]ogs

0 : -
Pyrv1n1um pamoate pyrv1n1um 1od1de and the 6 ch]oro— and

- 6- methy] ana]ogs of pyrv1n1um pamoate were custom synthes1zed by Lan-
| caster Synthes1s L1m1ted (Eastgate Lancash1re Eng]and The analogs:
have ch]oro- and methy] subst1tuents 1n p]ace of the 6‘thy]am1no-
tsubst1tuen!ﬁof pyrv1n1um iodide: (F1gure Qkﬁ Stock so]ut1ons of pyr- '
v1n1um pamoate (18.2 mg/m]) pyrv1n1um 1od1de (8. 2 mg/m]) the

6- ch]oro ana1og (16 0 mg/ml), and the 6 methy] ana]og (15 4 mg/m]) were =

prepared in d1methy1su1fox1de (DMSO), when requ1red the stock solutions

were d11uted with DMSO.

Yeast Stra1ns

The hap1o1d strains. (XV185 14C genotype a ade2 1 arg4 17 lysl-1
trp5 -48 htsl 7 h0m3 103 XY718 1A, genotype a hts4 519 Zeu2 33 and

7854-1A, genotype a his4-38 leu2- 3) and the d1p1o1d stra1ns
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] o trpl-1 ade2-40 MAL1 o ades-40
(DS ge"°type TF ade-119  + MALZ a”d D7 9e"°typem

t 1-92, ' ‘ '
rps —12 zZu 9 ) of Saccharomyces cerevtStae were grown on YEPD agar

(1. 0% yeast extract 2 0% peptone, 2.0% dextrose, and 1.5% agar) that
#,was supp]emented w1th extra amino ac1ds plus aden1ne and urac11,va{

- 30°C for 48 hours. These ce1ls were 1nocu1ated 1nto a cu]ture medium
f',that gphs1sted of 11qu1d YEPD supp]emented with extra am1no ac1ds p1us |
’adenwne - The cultures were 1ncubated for 15 17 hours in a waterbath
shaker at 30°C to atta1n stat1onary phase ce11s * The ce]]s were har-}.
y vested by centr1fugat1on washed in O 1M sod1um phosphate buffer

&ph 770) “and ce11 suspen51ons (5x107 lxlO8 cel}s/m1) of each yeast ‘

strain were prepared in buffer.

Mutagen1c1ty Assays

' Deta1]ed procedures for the mutagen1c1ty assays that ut111ze yeast:

| have been descr1bed e1sewhere (von Borste1 et. aZ 1981c) Stat1onary-
V'phase ce]]s of yeasts(the buffered ce11 suspens1ons of stra1ns
'XV185-14C, XY718- 1A 7854~ 1A DS and D7) were d1spensed into test
tubes (3 9 m]/tube) In add1t1on, the contro] tubes rece1ved 0.1 ml of |
"DMSO and the treatment tubes received 0.1 ml of a stock so]ut1on, ora.
d11ut1on of a stock so]ut1on of a pyrvinium sa]t or an ana]og The.

) tubes were 1ncubated at 30°C 1n a waterbath shaker. Ce11 samp]es

(1 2 m]) were, taken at 3-, 8-,.and 24 hour 1ntervals washed twice 1n
phosphate buffer and resuspended in 4.0 m] (stra1ns XV185- 14C DS and
" D7) or 4.5 ml (stra1ns XY718-1A and 7854-1A) of phosphate buffer
~ For the survival est1mat1on, ser1a1 d11ut1ons were. prepared in

buffer and p1ated,onto a complete medium, such as Mort1mer comp]ete (Mc) -
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- or YEPD, or onto MC w1th 11m1t1ng aden1ne (5 ug/m]), whichspermits the
~_color development of aden1ne dependent co1on1es (stra1ns D5 and D7) .
»the p]ates were 1n¢ubated at 30°C for 3-7 days Und11uted samp]es |
'~were p]ated onto the appropr1ate om1ss1on med1a to obta1n revertants

These p]ates were 1ncubated for 6 days (strains D7 and XV185- 14C) orv
hi14 days (stra1ns XY718 1A and 7854 1A). The details for ‘the prepara-
tion of the med1a have been descr1bed by von Borste] et al. (1971).

MC minus arg1n1ne with 11m1t1ng aden1ne (5 pg/ml) was the med1um‘
used to d1st1ngu1sh between events at the arg4 1ocus (p1nk revertants)
"*and events at the nonsense (ocher) suppressor Joci (wh1te revertants)
i in stra1n XV185 14C Corevers1on ana1yses of the HIS and LEU revert-

‘ants of stra1ns XY718 1A and 7854-1A were carr1ed out by rep11ca p]at1ng
a'to detect Tocus. events (H1s+Leu or His- Leu phenotypes) and framesh1ft

SUppressor events (His*Leu?t phenotypes),

RESULTS
l R
The presence of the ch]oro subst1tuent at the 6 p051t1on of the
vch]oro ana]og of pyrv1n1um 1od1de was conf1rmed w1th mass spectrometry
(Assoc1ated E1ectr1ca1 Industr1es MSQ) by pos1t1ve fast atom bombard- |
" ment, using g]ycero]/su]fo]ane and direct probe ana]ys1s The mass - ..
.spectra1 1nformat1on obta1ned for the mo]ecu]ar jons of the two ;ost
abundant 1sotopes of chlorine is listed as the exact mass and the
re1at1ve abundance (M+C’l37 '375. 145190 35.75% and. M+C13° 373.147153,
'100,00%), the exact mass corresponds to that expected for the 6-chlora-

analog of pyrvinium iodide (Figure 9).

4



A k.

129
L \
" Proton magnet1c resonance spectrometry (Bruker WH 200 nuc]ear
resonance spectrometer) a]so conf1rmed the 1dent1ty of the funct1ona1

groups at the 6- pos1t1on for pyrv1n1um 1od1de and the ch]oro- and

methy1‘analogs The concentrat1on of each samp]e was about 8- 10 mg/m]’ -

DMSO- De, the tubes had an-outside d1ameter of 5 mm and DMSO D¢ was .

| used as. the 1nterna1 standard The 1ntegrat1on patterns and chem1ca1

sh1fts correspond to those expected (Flgure 9) for pyrv1n1um 1od1de -

(5" ﬂCH3 at 2.04 ppm, 2'-CH; at 2 27 ppm, DMSO- Ds at 2.54 ppm,
6- N(CH3)2 at 3. 15 ppm,. and N- CH3 at 4. 39 ppm), the 6- ch]oro ana]og of -

* pyrvinium 1od1de (5 CH3 at 2. 03 ppm, 2 -CH; at 2 30 ppm, DMSO De at

2.52 ppm, and N CHa at 4. 85 ppm), and the 6- methy] ana]og of pyrv1n1um '
iodide (5 CH3 at 2 05 ppm 2'-CH; at 2.32 ppm ' DMSO- Ds at 2. 54 ppm,

- 6- CH3 at 2 60 ppm and N-CH; at 4. 44 ppm). / In add1t1on, the sp1n spln

'_coup11ng constants for the «- and s hydrogens of the v1ny1 bond in each g

" of these 3 compounds fall 1nto the range of 13-18 €ps (J G1Z1ew1cz,

persona] communication), therefore they are trans-isomers: (see Figure
9)-

Pyrv1n1um iodide 1nduces h1gh 1eve1s of aberrant co1on1es in

stra1ns D5 and D7 of Sdccharomyces cerevisiae (Tab]es 18 and 19),

' ; about half of these are m1tot1c recomb1nants At the same dose or at

Tower doses, the monopyrv1n1um sa]t pyrvinium 1od1de, is much more -

Cactive genet1ca11y than the d1pyrv1n1um salt, pyrv1n1um pamoate The -

6-methyli-analog of pyrv1n1um iodide, when compared to pyrv1n1um iodide,

s equal in toxicity ‘and it 1nduces equivalent levels of aberrant

colonies in‘strains D5 and D7, however, this analog. appears to cause

only half as much m1tot1c recomb1nat1on as pyrv1n1um jodide. In com-

| parwson to pyrvinium pamoate, pyrv1n1um 1od1de, and the 6- methyl ana]og
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of pyruinium iodide, the 6 chloro- ana]og causes fewer aberrant colonies
kand it is 1ess recomb1n09en1c in stra1ns D5 and D7; as the dose and/or
htox1c1ty 1ncreases, the genetic activity decreases. At the'1ower
'doses, the 1eve1s of aberrant colonies 1nduced by the 6- ch]oro ana]og
of pyrv1n1um 1od1de approach thpse 1nduced by pyrv1n1um pamoate

The per1n1um salts and the analogs also cause 1ntragen1c recom-
binat1on in straﬂn/D7 Pyrv1n1um pamoate is the least active, the
6-methyl- ana]og is: the most act1ve, and pyrvinium iodide is more active
~ than the 6- ch1oro ana1og in 1nduc1ng 1ntragen1c recomb1nat1on At the
“h1gher doses of the 6-chloro- analog of pyrvinium jodide (4x10-“ M and -
8x10'“ M), the frequency of TrRPt colonies drops be1ow the spontaneous
K‘-]eVel (Tab]e 19).

DMSO does not’ appear to have a significant effect on the spon-
taneous ARG* reversion frequency in strain XV185-14C of Saccharomyces i
cerevisiaev(Tab1e.20). Pyrvinium pamoate does not increase the fre-
quencies of suppressor events and the frequenc1es of locus events drop
-to approximate1y half of the:spontaneous levels. This suggests‘that the
'base-substitution mutations induced by pyrvinium pamoate are not trans-
o versions. Pyrvinium iodide 1ndu¢eH°significant increases in locus
events (AT-TA and/or AT-(G tranSVersions) at 3 hours of exposure, but at
8 hours and 24 hours, the frequencies'of locus events were 1ess than
the spontaneous levels. Pyrv1n1um 1od1de 1nduces suppressor events
(GC~TA transversions) but only at 2-fold increases over the contro]s
The 6- ch]oro analog of pyrv1n1um iodide does not appear to cause trans-
vgrs1ons in strain Xv185-14C but it decreased the frequenc1es of 1ocus
events to 1ess than the spontaneous 1evels, at each dose and at each

exposure time (Table 20). At the highest dose (8x10-*'M) there is some



evidence that' the frequencies of suppressor events 1s'declinihg gradu-
a11y to less than the contro] levels. The 6-methy1-ana1og‘of pyrvin-
jum 1od1de induced s1gn1f1cant 1ncreases in locus (AT-TA and/or AT-GC
transvers1ons) and suppressor (GC+TA transversions) events, a1th0ugh
_suppressor events predom1nate. |
mIst ‘reversion frequencies of near]y 400 fold were induced in

strain XV185 14C by pyrv1n1um 1od1de and the 6-methy1 ana1og is

almost as mutagenlc (TabTe 21) Pyrvinium pamoate is weak]y mutagen1o
at 3 hours and 8 hours (on]y 2 fold 1ncreases in HIS+ reversion fre—
.quencies), however, 10-fold increases were observed after 24 hours of
. exposure.‘ The 6-chloro- ana]og 'of per1n1um 1od1de is more mutagen1c
3than pyrv1n1um pamoate, ‘with about 6-fold 1ncreases 1n HISt reversion,
frequenc1es Per1n1um pamoate does not 1nduce s1gn1f1cant 1ncreases
in the TRP reversion frequenc1es, whereas pyrv1n1um iodide 1nduces up
to 9-fold increases, however the TRPT revers1on frequency appears to
be except1ona11y Tow at 8 hours, for both doses of pyrv1n1um iodide
(Tab]e 21). The 6-methyl-analog of pyrv1n1um iodide def1n1te1y induces
‘mutat1ons and the TRPt revers1on frqu%ncxes 1ncreased with increased
doses. W1th the higher doses of the 6 ch]oro analog (2x107* M |
4x10™"% M, and 8x10~* M), the TRP* reversion frequencies were 1ess than
the spontaneous levels; at the lower doses (5x10"5 M andk1x10'“‘M), the
l6 ch]oro analog of pyrvinium jodide 1s on1y weak1y mutagen1c (Table 21).

Pyrv1n1um pamoate, pyrvinium 1od1de and the 6-methyl-analog of

‘p;rvinium jodide induced significant increases in the HOM+ reversion

frequenc1es, pyrvinium iodide is the most active and pyrvinium pamoate

kN

is the least active of these frameshift mutagens (Tab]e 21). The °

6-chloro-analog of pyrvinium iodide is a very weak framesh1ft mutagen.

t
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Pyrvinium jodide induced frameshift mutations at the his4 and leuZ

loci of strains XY718-1A and 7854-1A of Saccharomyces cerevisiae but’
suppressor events, which were identi%ied by the coreversiop analysis

of #Ist revertants; appear to be induced only in strain 7854-1A. None
of the LEU+ revertants in strain 7854-1A were corevertants (Tables 22
and 23). The 6- methy] ana]og of pyrvinium iodide induced s1gn1f1cant |
increases in 1ocus (hisg and Zeu2) and Suppressor events in strains |
XY718-1A and ;854 1A, and these revers1on frequenc1es 1ncreased as the
dose was 1ncreased. The 6-chloro-analog of pyrvinium iodide induced
sigpificant increases in reversions of the his4-519 and leu2-3 frame-
shift mufants, as well as increases in frameshift suppressor events, in
strain‘XY718-1A, hpwever an effect on strain 7854-1A was not apparent
(Tab]es 22 and 23). Pyrv1n1um pamoate does not appear. to’ 1nduce |
frameshift mutations at the hisd locus in strain XY718 1A, whereas }'
s1gn1f1cant increases 1n HIst revers1on frequencies were observed in
strain 7854-1A. Th1s d1pyrv1n1um salt appears to have only a weak

effect, 1f any, on the Zeu2 tocus, ‘and suppressor events were not

detected in e1ther strain (Tab]es 22 and 23).

DISCUSSION -

Pyrvinjum pamoate does not induce transversions 1n'strain
XV185-14C of Saceharomycés cerevisiae and pyrvinium iodide induces
less than 2-fold increases in locus (arg4) and suppressor (ocher)
eVents at 3 hours of exposure. The 6-methyl-analog of pyrvinium

‘jodide induces AT-TA, AT-CG, and GC-TA transversions, whereas the
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6-chloro~ ana]og does not induce’tranSVersions. Pyrvinium iodide and

1ts 6- methy1 analog induce high levels of transitions, whereas pyrv1n-
ium pamoate and the 6-chloro-analog of pyrvinium 1od1de only induce up
to 10-fold 1ncreases in HIS* reversion frequencies in strain XV185-14C.
The hisi-7 allele can revert by trans1t1ons or transversions but the
transvers1on data obtained w1th the arg4-17 allele indicates that the
pyrvinium salts and the ana]ogs predom1nant1y induce transitions.

Per1n1um 1od1de and its 6-methyl- analog are active as frameshift muta-

- gens in Stralns Xv185-14C, XY718 1A, and 7854-1A of Saccharomyces cere-

vistae. The 6- ch1oro analog 1s a very weak framesh1ft mutagen in
strain XV185-14C. (hom3-10 allele) but it is more act1ve than pyrv1n1um
pamoate in strains XY718-1A and 7854-1A. These frameshift mutagens
(the pyrvinium salts and the»anélegs) predominantly induce locus (his4,
and zéuz) events in strains XY7i8—lA and 7854-1A. | |

The induction of frameshift mutations in strain 7854-1A (his4-38)

by pyrv1n1um pamoate and the absence of such an effect in stra1n

XY718-1A (h¢s4—519) has also been observed with hycanthone (R C. von
Borstel, Z-Q. Chen, and R.C von Borstel II, unpublished data). The
decreasé in the mutation frequencies to beTow the‘spontaneoqs 1eve1s,v
which 1is an effect‘that occurred at high doses of the 6-chloro-analog
of pyryihium iodide, has also been observed after hycanthbne mutagen-
esis (Jgn Borstel and Igali, 1975). For growing cells, a decrease in

the mutatidn'frequency to below the spontaneous Tevel implies that, at

highedoses of the mutagen, either a mutagenic repair system has become

.saturated or an accurate repair system has been induced (von Borstel,

1982). For stationary-phase cells, such a decline in -the mutation

frequency 1mp11es that the sponfaneous mutants that are already present



134

are more sensitive to the mutagen than are the nonmutant calls. '

Pyrvinium pamoate induces base-substitution mutat1ons (transitions
but not transversions), intragenic mitotic recomb1nat1on, gene cdnver-
ls1on and chromosome breakage that leads to 1ntergen1c mitotic recom-
bination. Pyrvinium pamoate is also a frameshjft mutagen and frame-
shift mutations are associated with agents that intercalate into DNA
(Lerman, 1961), thus pyrvinium pamoate may a]so'be an intercalating
agent. Pos1t1veTy charged planar chromophores such as the per1n1um
jon, which interact with DNA, are 1ikely to be 1ntehca1ators. They
insert themse1ves'between the base pairs of the nucleic acid polymer.
The consequences of intercalation are the lengthening of the double
helix (a base-pair separation from 3.38 A to 6.76 A implies intercala-
tion) and the unwind1ng of superco11ed, c]osed-c1rcu1ar DNA (M111er and
Newlin, 1982). With a topoisomerase-f]uorescence assay (Lee and
Morgan, 1978), it has been determ1ned that pyrv1n1um pamoate can unwind
bsuperco11ed DNA as effect1ve1y as can the ant1ma1ar1a1 drug chloroquine
¢P. Dickje and A.R. Mgrgan, unpublished data). Chloroquine is a gu1no-
1ine compound that is known to intercalate (Cohen and Yielding, 1965).
In addition, electron microscopy, which is a method that can be used
to determine whether or not a drug lengthens DNA (Butour et aZ 1978),
“ has’ demonstrated that pyrvinium jodide (at 300 molecules/base pair)
lengthens pBR322 DNA by 11% and that pyrv1n1um pamoate (at 1500 mole-
cules/base. pa1r) 1engthens the p]asm1d DNA by 12% (P. Q1ck1e and D. G

~,Scnaba, unpublished data)

“~

\
Pyrv1n1um appears to 1nteract w1th DNA by at least two distinct:
forms of binding, and these are external binding and intercalation.

External binding, which occurs by ionic interactions and is presumed to
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be a weaker form of binding than intercalation, invo]ves an electro-
stat1c attraction between the chloroquine cation, or the pyrvinium
cation, and the anionic phosphate groups in “the backbone of the DNA
(Cohen and Yielding, 1965). The 1nh1b1t19n of this external binding
.bX.competing cations such as Mg*t is an indication that these negative-
1y charged groups must be accessit]e before binding aan take p1ace
(Cohen and Yielding, 1965).

The antiparasitic drug hycanthone also interacts with.DNA (Hirach-
berg et al., 1968). The hydroxylation of the,methy]—supstjtuént of the
thioxanthene ring system of Tucanthone produced hycanthone (Figure 105.
Hycanthone has been reported to be a tarcinogen in mice that had been
infected with the causative organism of schistosomiasis (Haese et”al.,
1973; Haese and Buedfng, 1976). The drug fnduced frameshiftomutations'
in the bacterium Salmonella typhimurium (Hartman et al., 1971)‘, ahd in
the yeast Saccharomyces cerevisiae (Meadows et al., 1973), whereas -
1u¢anthone was mutagenic in Salmonella typhimurium only after ﬁetabo]ic,
~activation by mammalian 1iver microsomes (Hartman et al., 1975)
Lucanthone was not mutaganic in yeast (von Borste]Aand'Iga11 1975)
and this 1mp11es that the cytochrome P-450 system of yeast is not
identical to that of mamma11an 11ver

The addition of a 6-chloro-substituent to the thioxanthene thg'
system of hycanthone results in decreased.toxitity to mamma1s¢(§u§ding
and Batiinger 1977). Similarly, in yeast, the 6-chloro-analog ot
pyrv1n1um 1od1de is less toxic than pyrvinium iodige 1tse1f The
1nteract10n of 1ucanthone with ca]f thymus DNA in vttro requires the
proximal nitrogen of the side cha1n on the th1oxanthene r1ng system,

since the conversion of this 2° amine to a 3° amine abolishes the
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interaction with DNA (Hirschbergyec al.,, 1968). In yeast, derivative§
of lucanthone that have a methyl-substituent at the 4-position of the
~ thioxanthene ring system plus a 2° or 3° amine are not mutagenic,
whereaé,derivatives that have a hydroxylated methyl-substituent at the
4-position plus a 2° or 3° amine are mutagenic (von Borstel and Igali,
‘1975) The hydroxy]ated methyl-substituent of hycanthone appears to be
respens1b1e fOr the mutagen1c act1v1ty of the drug in yeast, and thﬂs
,éuggests that yeast does not have the hydroxylating enzymes that con-
vert the promutagen 1Qcanthone into the mutagen, which is hycanthone.
- These enzymes are present in mammalian liver (Hartman et al., 1975)

The evidence that was obtained w1th hycanthone can be extended&%g
exp1a1n the mutagen1c1ty of the 6-methyl-analog of pyrv1n1um 1od1de, :

4

"perhaps the 6- msﬁ?yl subst1tuen‘&%. hydroxylated, resulting in a muta-

Py 3
P
¢

gen as potent as pyrvinium i .1t is possible that the yeast

‘stra1ns that were used by Meadd t al. (1973), and by von Borsté1 and
Igali 1975&**d1d not have sufficient levels of hydroxylating enzymes,
and v§r1at1ons in the cytochrome P-450 content of different yeast
stfains-have beén documented (Callen and Philpot, 1977). Also, the
pyky‘nﬁum:moiety may have an additional active site, which could be- the
cationic site at the methylated ring nitrogen (see Figure 9). This
thepfy is supported by the diminished, but not abolished,. genetic

activity of the 6-chloro-analog of pyrvinium iodide.
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A&

FIGURE 9% A summary of the $tructura1 modificatioﬁs and the
‘ molecular weights of the 6-chloro- and 6-methyl-
analogs of 6-dimethylamino-2-[2-(2",5'-dimethy1-
1'-pheny1-3’—pyrro]y])viny]]el-methy1quino1ihium

“jodide, which is referred to as pyrvinium iodide.
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. O  HN(CHR),N(CHCHg)
e R Mw
) " lucanthone:  —CHz  ~ 340.48
hycanthone —CH,0H 356.48
) '
N——N(CH)aN(CH,CHg),
Ry R Mw
IA3  —CHg -—Cl 37192 :
IA4  —CH,0OH  —Cl ~ 387.92
IA5 —CHg ~H 337.48 ,
IA6  —CH,OH ~ —H 35348

3 v : N
FIGURE 10. A~ summary:mf the structura] formulas’ and mo]ecu]ar
'  weights of the antiscpystdsomal drugs Tucanthone,
"hycanthone, IA-3 (6-Cha oindazole analog of -
‘%1ucanth0ne) IA-4 (6-=¢hloroindazole analog of
hycanthone), IA-5 (indazole analeg of 1ucanthone),
and' IA-6. (1ndazo]e an§1og of hycanthone)
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ABSTRACT

Cytop1asm1c, respiratory- def1c1ent var1ants (petwtes) were 1nduced
in the yeast Saccharomyces cerevistae with pyrv1n1um pamoate, pyrvinium
1odide, and the 6-chloro- and 6-methyl-analogs of pyrvinium 1od1de, as
well as with ethidium bromide. Pyrvinium pamoate induced petites 1ess
readily than did ethidium bromide, however, both éthidium bromide and
the dipyrvinium salt (pyrvinium pamoate) were more efficient‘than tee
monopyrvinium salt (pyrvinium jodide) and its analogs at 1nducing'
petites. The primary mechanism of actien of ethidium bromide and.
| pyrvinium pamoate, which are anthelmintic drugs, may be the destruction

; , . .

of the mitochondrial DNA of helminths.

INTRODUCTION
During the testing of pyrvinium pamoate for potentia] genetic.
act1v1ty in growing cells -of strain D5 of Saccharomyces cerevisiae, it
was observed that the‘drug 1nduces cytop]asm1c; resp1ratory def1c1ent )
variants (von Borstel et al., 1981b). These yeast cells, wh1ch are

referred to as pet1tes, have lost the respiratory function in their

mitochondria, and this may be due to a partial or a total loss of mito-

chondrial genetic material. The 1oss of ox1dat1ve respiration results
in the slowed. growth of these yeast cells on g]ucose -containing mep1a,
thus the colonies are smal]er in size than those of resp1ratory &?”§
competent cells. " An “additional method of d1scern1ng between pe%fte and
grande co]on1es is by noting the color of the co1on1es apprd&1mate1y

4:

5

e
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5 days after plating; the grande colonies ere ivory in ‘color, whereas
the petite colonies are white. |

Although the cells hed been’cultured in a glucose-containing
medium, which permits the growth of respiratory-defﬁc%ent varianfs,
the control frequency of petites was only 1% (von Borstel et al.,
1981b). This indicates that the D5 strain of Saccharomyces cerevisiae
generates spontaneous petites at Tow frequencies.. Pyrvinium bamoate
.appeared to induce petites at frequencies approaching 100%, and this
was observed w1th each of the doses that had been used (4. 25x10‘5 M,
4. 25x10'5 M and 4. 25x10'“ M), after 3 hours of treatMent (von Borste]
et al., 1981b). ~

If has been suggested that the.mitochonqriel genetic'system is the
‘primary fergetfof chemica1 carcinogens (cf. Wilkie and Evans, 1982),
~and the high frequency of petites induced by pyrv1n1um pamoate 1nd1- g

cated that this action of the- drug should be studied ‘further.

MATERIALS AND METHODS

YeaSt’Strains-

o trpl- 1 ade2 40 MALI +
Strains D5 (genotype I T F  ades—1i9 +  MAL4

tybe'a hzsl) of Saccharomyces cerevisiae were grown on YEPG-agar (1.0%

) and N123 (geno-

\‘yeast extract, 2.0% peptone, 2. 0% glycerol, and 1.5% agar) for 48 hours
at 30°C. Cell cultures were prepared in liquid YEPG medium (1% yeast
extract, 2%'peptone, and 4% g]ycero]) and incubated for 16 hours in a
waterbeth shaker at 30°C. The cells were harvested by centrifugation,

washed once with 0,1 M sodium phosphate buffer (pH 7.0), resuspended in.
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-
1iquid YEPD medium (contains 2% dextrose as the carbon source), and
these cell su§pensions were adjusted to 1x107 cells/ml with liquid
YEPD. - | o

ks

Drugs and Solutions

Pyrvihium pamoate.(Parke-Davis Canada Incorporated) was used to
induce petites in the diploid strain D5 of yeast. The stock solution
(184.0 mg/m1) and the dilutions were prepared in dimethylsulfoxide
(DNS0). | o

| Pyrvinium pamoate, pyrvinium iodide, aﬁd the 6-chloro- and;
6-methyl-analogs of pyrviniumyiodide, which had been custom-synthesized
by Lancaster Synthesis Limited.(Eastgate, Lahéashire, ghgland), were
used td 1nduce'pe£1tes in the haploid strain N123 of yeast. Stock
solutions of pyrvinium‘pamoate (18.4 mg/ml), pyrvinium iodide (16.3
mg/m]),vthe 6-chloro-analog (4.0 mg/mt), and the 6-methyl-analog (3.8
mg/ml) were prepared in, and di1uted.w1th, DMSO.

The. stock solution of ethidium bromide (Sigma Chemical Compaﬁy),v
the positive control that was used to induce petite§ in strains D5 and

N123 of Saccharomyces cerevisiae, was prepared in sterile water (0.4

mg/ml).

Induction of Petites in Growing Cells

The adjusted cell suspensions (1x107 cells/ml 1{quid YEPD) of
strains D5 and N123 were added to the cbntro]_and tréatment»tubes (3.9
mi/tube). In addition, the cbntro1 tubes received 0.1 ml of stéri]e
water‘or‘d.l ml of DMSQO, and the treatment tubes re;eived'O.I ml of a
stock solution, or a dilution of a stock solution, ofré drug. The tubes

were incubated at 30°C in a waterbath shaker; cell samples were taken at

w
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the appropriafe tfme'interva1s and diluted with phosphate buffer.
These dilutions were spread (0.2 ml/plate) onto regular YEPD-agar -
(contains 2% dextrose) and onto fortified YEPD-agar (contains 10% dex-
trose). The plates were incubated at 30°C for 3-4 days and the pro-
portion of petite‘co1on1es was determiﬁed by the tetrazolium-overlay.
“method (Ogur et al., 1957), The tetrazolium dye (2,3,5-tripheny1£etra-
zoiium ch]oride)‘was used;thdistinguish_the petite colonies from the
grande colonies. Graﬁde colonies oxidizé the dye to a red oxidation
product, whereas petite colonies are incapable of thfs oxidation. The
i adenine-dependeqt colonies of strain DS (co]ohies with red-pink, red-
pink-white, red, red-white, pink, and pinkahite phenotypes), which.
could not be scored as,petite or grande by.the overlay method, were
patched onto YEPD-agar and replica-plated onto YEPG-agar (Table 24).
‘The colonies with a white phenotype weré th;ﬁ\éqglyzed by the tetra-
N

zolium-overlay technique (Table 25). _ T -

RESULTS AND DISCUSSION .

A betite variant of yeast'is characterized by defective'mito—
chondrial DNA and the 1nabi]ity to grow on honferﬁentab1e substrates
such as glycerol. Generally, the cytoplasmic betite strains of -
'Saccharomyces cerevisiae are classified as rho- (partial deletion of
mitochondrial DNA) and rho® (total deletion of mitochondrial DNA).

The deletion, or paﬁt1a1 deletion, of fhe DNA of the mitochond}ia makes
it impossible for the cef]s to utilize glycerol as a carbon’ source |

because certain elements of the electron-tranSpdét:phaih (cytochrome ¢



oxidase, apocytoohrome b, and spectrum cytochromes [a and éa]ji;ie =

g

encoded by the mitochondrial DNA, and these elements are absent or 3*’5y:-
defect1ve in pet1te stra1ns of yeast (Dujon, 1981) The g]yceroJ
phosphate shutt]e is inoperative wwthout an intact mitochondrial resp1-
: ratory assembly (Lehninger, 1970). The yeast strains D5 and N123 were ?\
grown in a glycerol- conta1n1ng medium to remove all petlte variants
before any of the mutagens were added. Eth1d1um brom1de 1nduces resp1-
ratory- def1c1ent var1ants in yeast (Slonimski et al., 1968), therefore
it served as a positive contro] in examining the pet1tes that were
induced by pyrvinium pamoate.
It is evident that pyrv1n1um pamoate 1nduces petites 1ess read11y

‘than does ethidium bromide (Tables 25 and 26). In strain D5, a 2-hour
exposure to pyrvinium pamoate was required for petite induction, where-
as a11 of .the cells became‘respiratory-deficient”after 36'm1nutes of =
exposure -to ethidium bromide, In strain N123 at least 4 hours,of~i'
exposure to pyrv1n1um pamoate were required for pet1te 1nduct1on and
more than 50% of the cells had become resp1ratory def1c1ent after 8 '
hours of exposure to the.drug (Table 26). Even eth1d1um brom1de wh1ch A;
was used at tne same_d4c>se~'(2.5x10-5 M) w1th each yeast stra1n, d1d‘not |
induce as high a frequenoy of petites in strain N123 as it did in
strein DS. Also, the spontaneous level of petite production in stra1n
N123'was’much higher than in strain D5, as is eV1dent from the data for
d1st111ed water and DMSO (Tab]es 25 and 26).

* The - spontaneous and 1nduced levels of pet1tes 1n strain D5 kTab1e
25) are 1ower than the.levels that have been reported prev1ous1y (von
Borste1 et al., 1981b), although similar concentrations of pyrvinium

/""
pamoate (1n the range of 4x10-° M - 4x10-3% M) were used in bOthe,
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. experiments. These d1fferences can be attr1buted te~tl.&tu]ture con-

d1t1ons that were used and to the techn1que that was used to distin-

%

' gu1sh between the pet1te and%grande co1on1e€9 For examp]e von Borstel

et al. (1981b) did not use a g]ycerol-conta1n1ng medium to remove the
,spontaneous—oet1tesdpand the, color d1fference between the pet1te
(white).and’ grande (ivory) colonies is an inadequate method of classi-"
f1cat10n because ‘the pr0port1on of pet1te co10n1es may be~m~erest1mated
" The tetrazolium- over]ay techn1que is a more stringent assay for the
identification of petite and. grande co]onies
It was of especial interest to note that most of the pet1te co]o—‘
nies that were 1nduced by pyrv1n1um pamoate turned 11ght red or p1nk
‘after 24 houri“of exposure to: the tetrazo]1um dye, whereas those aris-
1ng from the ce11s treated with eth1d1um brom1de remained white in
co]or._ The grande qo10n1es turned deep red 1mmed1ate1y upon exposure

LY

to the tetrazo]1um dye. This 1mp11es that the petites induced by

-v’

‘; perWn1uﬁ pamoate resu1ted from a part1a1 1oss of mitochondrial DNA,

'if whereas éth1d1um brom1de causes a totaJ 1oss of. mitochondrial DNA

4

;7

th9< phenotyee) | 'f ,' b
a 2 - :
Pyrv1n1ﬂm pamoate is more e?f1c1ent at 1nduc1ng pet1tes than are

“e1ther$oer1n1um 1od1de or the ana]ogs of pyrv1n1um 1od1de which pro-
duce petlte frequenc1es of : less than 20% in stra1n N123 (Table 26)
Thesé anafogs have 6- chloro- and 6 methyl- subst1tuents 1n place of the
6 dhmethy]amlno subst1tuent of pyrv1n1um iodide (see F1gure 9).

Eth1d1um br0m1de is mutagen1c in SaZmoneZZa typhtmurtum only after

' metabo11c act1vatlon (McCann et aZ 1975; Fukunaga and Y1e1d1ng, 1983),

however eth1d1um bromide produces pet1tes in stationary- and grow1ng-

phase ce]]s of yedst without exogenous metabolic act1vat1on. Ethidium
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brom1de b1nds rever51b1y to the m1tochondr1a1 DNA of stat1onary phase

,,

/

ce]]s by 1nterca1at1on, and 1rrevers1b1y in growing ce]]s by covalent

b1nd1ng (Bastos and Mah]er, 1974; H1xon et al.. 1975)

" It has been suggested (F111psk1, 1983; Marshall et al., 1983) o

’ ~th%s\ethmwm ‘bromide and an acr1d1ne der1vat1ve (4 [9 acr1d1ny1am1no] :

| i/ methanesul fon-m- an1s1d1de) bind to. a DNA n1ck1ngrclos1ng enzyme, such" |
~as the topo1somerases I and II, by occupy1ng the site of the enzyme
that norma]]y 1nteracts w1th the DNA ‘and thereby prevent1ng the nick

' t from be1ng sea]ed Pyrv1n1um pamoate is-a d1pyrv1n1um salt that has

_two DNA b1nd1ng s1tes per’ pyrvyn1um mo1ety, therefore th1s hypothes1s

i may exp1a1n why pyrv1n1um pamoatek1s more. eff1c1ent “than. pyrv1n1um'¢

f\

‘1od1de at 1nduc1ng petltes .

It has. been reported that the mechan1sm of anthe]m1nt1c act1on of
L]
f'-pyrv1n1um pamoate is the 1nh1b1t1on of transport and ut111zat1on of

*exogenous g1ucose 1n the p1nw0rm, Enterobtus (Oxywrzs) vermzcularzs
‘.n(Rollo, 1980) The pet1tes 1nduced by pyrv1n1um pamoate 1n stratn DS
of yeast rema1ned white throughout th tetrazo11um over]ay only when a
‘“h1gh concentrat1on ‘of g]ucose ¢10%), rather\thanfthe concentratadn that .f':
13 usual]y used (2%)J was prov1ded in the med1um. 'Thus"pyryiniumnpamo?
atemay exert a b1ochem1ca1 effect as we11 as a genet1c effect on the :

' i¢»"4yeast cells The reason for th]S change in character1st1c wh1ch

(

1occurs when the concentrat1on of the carbon source s a]tered has not

' yet been eluc1dated

P It is poss1b1e that the s1te of act1on of" pyrv1n1um pamoate is, the

-~
iy

' m1tochondr1a of the paras1te, and in fact the mechan1sm of act1on of RN

" tHis drug may be the destruct10n of the m1tochondr1a1 DNA Eth1d1um

-

fbrom1de was once used as an anthe1m1nt1c drug, and 1t is. em1nent1y
; I ._\,v. B : A . .. )
S, - ‘ "v\"‘ - | o N . IR V. y :b y L S
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!

‘poss1b1e that the pr1mary act1on of pyrv1n1um pamoate and eth1d1um

brom1de ‘on he1m1nths is’ the destruct1on of the m1tochondr1a1 DNA.

~

2
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% ABSTRACT -
L :

Pyrv1n1um pamoate, an anthe]m1nt1c drug that is a mutagen 1n bac-
k\;xtgrja\and yeast, 1is act1ve genet1ca\\z\1n mammalian-cells <n ULUO

Pre11m1nary resu1ts 1nd1cate that e]evated 1eve1s of m1cronuc1e1 were e

1ndyced']n the boneé marrow ce]]s of‘9?6C3F1:m1ce)after an rhtraper1to-f

" neal ihjection of pyrvinium pamoate rwith dihethy]sﬁ]fdxidé (DMSO).as

the veh1c1e Peak 1eve1s of m1cronuc1e1 were attained at 48 hburs

"after the treatmenq and contro] 1eve1s were reached by 72 hours. Low&.

‘(Tevels (only ah;;t\2<f01d greater than the va1ues for the DMSO- treated

“‘and untreated contro1s) of\nuc1ear aberrat1ons were. ohserved in’ the ‘.‘

co1on ce115 of dC57BL mﬂ!e after the ora] adm1n1sﬂrat1on of pyrv1n1um

“pamoate (1 2 mg/kg) that was dissolved in DMSO and oral susQens1ons of

pyrv1n1um pamoatee(Vanqu1n and PerPam ) that are ava11ab1e commer—

W

.
!

e cially.




S mat1on chromosome aberrat1ons, or s1ster chromat1d exchanges were not

. . INTRODUCTION
Pyrv1n1um pamoate has been demonstrated to be a mutagen in.bac-
teria under var1ous cond1t1ons Some medical’ grades of the drug

?

require metabo]13 a¢t1vat1on to Sguse base subst1tut10n and framesh1ft

‘_mutat1onsknn SaZmoneLZa typhtmurtum (MacPhee andrPodger 1977 Lake and
A de la Ig]es1a, 19813, whereas other batches of the drug do not requ1re

: such act1vat1on to be mutagen1c L@ort1nas de Nava et al. 1983 Henn1g

et aZ , 1984). The d1pyrv1n1um sa]t, pyrv1n1um pamoate, and the mono-
-pyrv1n1um salts, pyrv1n1um ch]or1de and pyrv1n1um 1od1de, are also |
mutagen1c and recomb1nogen1c in haploid (XV185- 14C) and d1p1o1d (DS)

_stra1ns, respect1ve1y, of the- yeast Saccharomyces Cerev$SLae (Ga11ndo

1

et aZ 1979 Heﬁn1g et aZ,, 1981 Mehta et al. 1982)

The mutagen1c1ty of pyrv1n1um pamoate 1n m1crob1a1 systems can be

['cons1dered to be an 1nd1cat1on that the -drug may a]so damage the

géhet1c mater1a1 of mamma11an ce]]s To assess the effects of pyrv1n1um

\pamoate 1n mamma11an ce11s, in vitro assays were carr1ed out by Lake - .

: and de 1# Ig]es1a (1981) in CBHlOT% mouse ce1ls for ce11 transformat1on, x

" 1n Ch1nese hamster ovary (CHO) ce]]s for c omosoma1 aberratxons, and

‘|1n CHO ce]]s for s1ster chromat1d exchange, w1th or w1thout the

add1t1on of the S9- fract1on from mamma11an 11ver Over the cytotox1c1ty-
Timited dose range of pyrv1n1um pamoate that was used (0.01-0. 78 ug/m]

‘1n the cu]ture med1um) s1gn1f1cant 1ncreases (p>0 1) 1n ‘cell transfor—

observed whereas the pos1t1ve contro]s (7 12od1methy1benz[a]anthracene,
d1methy1n1trosam1ne, and cyc]ophospham1de) caused s1gn1f1cant 1ncreases-

(p<0.001).1n each of these genetTtiendpo1nts.



75 mg/kg) of pyrv1n1um pamoate were not mutagen\c 1n stra1n TAlOO

co]Tected after a s1ngle oraT dose (10 mg/kg) of- dyrv1n1um pamoate,'

182
S -
-Pyrvjnium pamoate has'aTso‘been{Studted‘in VLV by_the anaTyses of -
urine'samples .from' humans and mi'cé that were treated with '.the tdrfg

The "24-hour urine samp]es from the m1ce that had been treated-with a-

. \
»s1ngTe oral dose of pyrv1n1um pamoate (100 mg/kg) were|1pt mutagenwc

in stra1ns TA98 and TAlOO of SaZmoneZZa typhtmurtum (Lake and de la-

-
'IgTes1a, 1981) S1m11ar1y, the 24 houh ur1he spec1mens from the mice

vthat had been treated w1th Tower ora] doses (0 75 mg/kg, 7 5 mg/kg, and -
(Cort1nas de Naxa et aZ 1983) , The 24- hour specﬂmens of human’ ur1ne,- r

were not mutagen1c in stra1ns ‘TA98 and TAlOO of SaZmoneZZa typhtmurtum .

’

(Lake and de Ta Igles1a 1981) : '_' S ,~”*\ e ;‘: . ”;a‘. ’

Pyrv1nlum pamoate is a mutagen 1n bacter1a and yeast ! In Canada,’

B pyrv1n1um pamoate is~ an over the- counter antheTm1nt1c drug, therefore ‘

many ch1Tdren are exposed to th1s drug on'a_da11y bas1s; ATthough the o

}results of “the in vztro mamma11an assays and the mamma11an ur1ne ana]y—

. ses (Lake and, de ]a Iglesia, 1981 Cort1nas de Nava et. aZ 1983)

9

) evaTuatlon was carried oyt imimce, in vivo, and 1nv01ved the anaTyses“’

of the erythr”

suggest that the drug is not hazardous, 1t is 1mportant to evaTuate Y

‘ pyrv1n1um pamoate tn vtvo 1n mamma11an assays that ref]ect both/the”

o

metabo]1sm and the t1ssue spec1f1c1ty that th1s anthe1m1nt1c drug woqu K
. e

4‘1

Tundergo in humans, at doses 1d the,therapeut1c range Th1s type of !.:a*,'

el
. o

1et1c t1ssue and the cel]s at the bottom of the crypts
‘coTon to determ1ne whether‘or not these rep11cat1ng ceTTs are W

damaged by pyrv1n1um pamoateu The re]evance of the co]on aSsay was ‘

' 1ncreased by the use of dosage forms (oraT suspens1ons) of pyrv1n1um

.pamoate that are ava11ab1e commerc1a11y n Canad1an pharmac1es : i

. .
2 ! . . . .
T . - IS S . \
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MATERIALS AND METHODS ... <

-y

. °
. . \ . »

An1ma1s o . R . " .

-

H\

'and water foru4 hours-prlor to the»gavage procedure.-

1.

~~
A

For, the bone ‘marrow - assay, 6 week old 286C3F1 mice were used, and

9hweek o1d dC57BL m1$e were used for the colon stud1es The m1ce were

",
o

obtained from ‘the Jackson Laboratory'(Bar Harbor Ma1he U S N ). The

an1mals ‘that werg: used for the colon stud1es were den1ed access to food

L

. Drugs and Solut1ons . Vo \

r ]
.
e

‘ Pyrv1n1um pamoate was obta1ned from Rarke Dav1s Canada Incorpor- ‘.
' ated and 1, 2- d1methy1hydraz1ne 2HC] and 7 12- d1methy]benz[a]anthracene‘-

s

~
®

- ated and Eyrfﬁam from LCN5Canada§L]m1ted).were

- .manufacturers: ~

were - purchased from the Sngma Chem1ca1 Company (Saint Lou1s, M1ssour1

i
o ~

'

©

Stock so]ut1ons ofxpyrv1n1um pamoate (0 16 mg/m1\and e—154;§7%1);
1, 2 dlmethylhydraz1ne 2HC1 (2 mg/m] and 0.6 mg/m1), and 7 12 dimethy1i~*"

benz[a]anthracene (5 mg/m]) were - prepared in d#methy]su1f0k1de (DMSO)

A

 The so]ut1ons were d11uted w1th DMSO when required. The oraT suspen-.w

/W

stons of pyrv1ﬁ1um pamoate (Vanqu1n rfrom Parke=- “Dav Canada Incorpor-

sed as,supp11ed by the'

P

c . I L

.5'Induct1on of M‘Eﬁgnuc1e1 in Bone Marrow . \\1 f

The doses of pyrv1n1um pamoate (0 2 mg/kg, 0.4 mg/kg, and 0 8 mg/

: kg), 7 121d1methy]benz[a]anthracene (25 mg/kg), and 1,2- d1methy1hydra-

f._z1ne 2HC] (10 mg/kg) were adm1n15tered to 986C3F1 mice by ‘an 1ntraper1—

..,toneal ect (0. 1 m1/mouse of the appropr1ate stock so]ut1on, or
/ . N\ L o

d11ut1on, that had been prepared 1n DMSO) ) The controls !

. ‘\ e [RN [
. - ,\af5§e*w '
| o e .
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- DMSO- treated (0 1 mT/mouse) and untreated: mice

' The an1maTs were sacn?f1ced by cervzcaT d1sTocat1on, carbon

: .
dioxide (COz) gas, or: exposure to COZ vapors from dry ice. Bone marrow’

N

sampTes from a femur: were\tagg\ at 24 48, and ‘72 hours after the

1ntraper1tonea1 1nject1on Each bone marrow sampTe was pTaced onto a

\f7m1cr050533‘sQ1de m1xed w1th a drop of ﬁeta] can serum f1xed/an

. methanol, and sta1ned w1th 5% Giemsa, as descr1bed by HeddTe.et aZ "
: .(1984) As a result of the G1emsa sta1n whlte blood cel™s wére deep
bTue red bTood ceTTs were p1nk and poTychromat1c erythrocytes were e

'T1ght bTue and t1nged w1th purp]e o o

]

1’Induct1on of Nuc]ear Aberrat1ons in Mouse CoTon

: untreated mice.

- buffered salin

. VA v o
The dC57BL mice rece1ved e suspens1ons of pyrv1n1um pamoate

'*'(Vanqu1n and-Pyr-Pam ) by gavage (0.2 mT/mouse)" The doses of - pyrv1n- o

e

ium pamoate (O. 6 mg/kg and 1.2 mg/kg) and‘lv2—d1methy1hydraz1ne-2HCT -
(2 4 mg/kg and 4 8 mg/kg) were adm1n1stered by oral- 1ntubat1on (0.2 “

mT/mouse of. the ‘appropriate stock soﬁut1on or. dilution, that had been

preparedﬁ1n DMSO) The contro]s were DMSO-treated (0.2 mT/mouse)}and' .

\
* -

The an1maTs were sacr1f1ced by cerv1ca1 d1sTocat1on 24 hours after
\\

V( the treatment, and the1r coTons were exc1sed and ffushed w1th phosphate- '

(pH 7o 2) . Each co]on was cut open from the cecum to

the anus 'and rol ed from the prox1ma1 10 the d1sta1 end (Wargov1ch et

o

aZL‘71983a); The t1ssue samp]es were f1xed 1n 10% buffered forma11n

:phosphate protess d, and h1st01091ca1 sect1ons (6 um thick) were cut

from: the paraffln embedded t1ssue The t1ssue preparat1ons were sta1ned

“fby the FeuTgen method (K1ernan, 1981) and a fast green countersta1n S 1In

’ Lo . ‘ o0 . ) : ,/\,f’ N
L ) LI . : ST N L ot i
- Tah el . - - L N AT
o B
S \

N

Y
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the Feu]gen react1on the mod1fﬁed a]dehydes 1n the Sch1ff reagent

react wwth the primary amino groups, whichg have been 11berated from
the DNA/ and chromat1n by the hydro]yz1ng act1on of concentrated hydro-

ac1d to form Schiff bases. The longitudinal, columns of the

'vcrypts were scanned for nuc1ear aberratlﬁﬁs afaall forms of nuc1ear

RESULTS AND DISCUSSION . ‘. Tk

- _,..

M cronuc1e1 arise from chromosoma] fragments that are not incor-
porate into the daughter- nuclei at the t1me of ce11u1ar division.
Chromosome breakage is a, 1etha1 event since chromosoma] fragments

usua11y\1ack centromeres and rema1n in the cytoplasm upon ce11u1ar

These acentr1c fragments are ineorporated as m1cronuc1e1
“that ca be ‘detected at 1nterphase and ‘are lost from the daughter
) nuc1e1 u on-m1tos1s | The micronucleus assay detects chromosome aberra-
¢t1ons and chromosoma] breakage in Vivo, 1n/somat1c cells that are |
'act1ve m1tot1ca11y The test can be used to detect chromosome- breakage
‘events -that are 1nduced by chem1cals e1ther in Uttro (in cel]s in
culture) or in’ “vivo (in animal bone ‘marrow) (Hedd]e 1973; Schm1d
1975). . |
The micronucleus assay invb]ves'the analysis of po]yqﬁégmatic
“erythrocytes/because they are the most convenient populat1on of cells
in the bone marrow. in: wh1ch to study m1cronuc1e1 Po]ychromat1c

guerythrocytes are the 1mmedrate end- product of a ser1es of ce]]u]ar-

‘d1v1s1ons, they do not d1v1de further and gradua]]y mature 1nto

P
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1%

-

normochromatic erytbrocytes. The nucleus is expe]\ed about 8-12 hours

\

after the last mitotic division that precedes thevfdrgation of an

erytﬁrocyte, therefore po]ychromatic enythrotytes do not contain DNA.

_ The sta1n1ng propert1es of po]ychromat1c erythrocytes are due to the

presence of r1bosoma1 RNA, which is present for approx1mate]y 24 hours
¢

‘after the ce]] 1s‘formed. The cells lose thws RNA as they mature into

s

4

normochromatic erythrocytes. Giemsa's stain, which ut111zeL nucleo-

ph111c dyes that are taken up readily by m1cronuc1e1 is preferred for
@ .
d1st1ngu1sh1ng between white blood cells, red blood ce11s, and po]y-

~

chromat1c,erythrocytes. A good resolution of the sta1n1ng chg,
tics is essential because the maturation of a polychromatic erytRATOCyt

\ .
into a normochromatic erythrocyte involves a continuaT\gradation in
yooooe '

‘statning properties. Micronuclei are easy to identify because they
stain intensely. | o ‘
Bo1ychromatic'erythrocytes'and mature erythrocytes do not contaim
nuc1ei because the nuc]ej are}expe11ed'a;;roximate1y 8-12 hours after
the formation of the erythrocytes, hQWever; micronuclei remain for |
abqgt 24 hours. This time sequence:for the expulsion of nuclei and the
retention«of micronuclei must be takeh 1nto account 1ﬁ,the bone marrow
“assay so that the treatment and sampling times can be schedu]ed accord-
1ng]y. /;ﬁé reasons for the retent1on of m1cronuc1e1 are not known.
anmaged erythrocytes, such as micronucleated red blood ce11s, norma]fy\.
are not found in the cich]ation because-they are filtered out by the
spleen. '
- The strains of mice that are hsed in the bone marrow assay-must be-

responsive to the induction of metabd]izing enzymes by the administra-

tion of aromatic- hydrocarbons, and the ary1 hydrocarbon hydroxylases of -
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the he tic‘cytochrome pP-450 system can be induced readily in certain

~strains of\pice (Kouri and Nebert, 1977). B6C3F1 mice, the F. genera-

"tion of a%cro between. inducible parents (2C57BL/6 x ¢#C3H), are a

genetically unif but=outcrossed stock ?Hedd1e and Salamone, 1981).

B Drugs can be dissolved in sa]ine, corn oil, ethan01 or DMSO and
should be adm1n1sterld by the most appropr1ate route (ora] intraperi-
toneal, etc.), if poss1b1e. Each drug should be tested at the h1ghest
dose poss1b1e to. avoid fa]se negat1ves The highest dose of pyrvinium
pamoate that wou]d perm1t 24 hours of surv1?a1 after an intraperitoneal
injection was 0.8 mg/kg. DMSO was used as the so]vent because pyrvin-
ium pamoate is insoluble in saline and corn oil, and only sparingly

soluble in ethanol. To avowd the toxic and mutagen1c effects of DMSO,
not more_than 0.15 m1/20-g mouse shourd be 1nJe;ted intraperitoneally;
this dose doe$ not rééu]t in increases 1n‘the control levels of micro-
nuclei (Hedd]e and Salamone, 1981). The spontaneous levels of‘micro-
nuclei (Tab]e 27) in the untreated mice, the DMSO- treated mice, and the
untreated and DMSO treated animals combined (1.6 m1cronuc1e1/1000 poly- .
chromatic erythrocytes) are within the range that was expected for the
negat1ve contro]s (Hedd1é and Salamone, 1981). Based on these control
va]ues, pyrv1n1um pamoate can be considered to be clastogenic in the.

bonevmarrowT A1l three doses of the drug (0.2 mg/kg, 0.4 mg‘kg, and

0.8 mg/kg) induced 1eve{s of micronuclei that exceeded the control

values by at least 7-fold.. Peak levels of induction appear to be

attained at approximately 48 hours after the ihtrepe:itoneal injection
" and control levels were reached at,72 hours (Table 27).

The statistical evaluation of a response as hegatjve or positive

in the bone marrow assay depends on the experimental design, which
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includes factors such as the number of. mice used, the number and rang
of sa p11ng times, the eumber of polychromatic erythrocytes scored per
mouse, the number and range of doses used, and the route of administra-
tion. Ina compar1son w1th the positive controls, 7, 12-dimethylbenz~
[a]anthracene (Hedd]e and Sq]amone, 1981) and 142- d1methy1hydra21ne-
«2HC1, which 1nduced approxgmate]y 8 fold 1ncreases in the 1eve1 of
micronqclew (Table 27), pyrv1n1um pamoate demonstrated genetic act1v1ty
in vivo. The methods of eu;hanas1a (cervical dislocation, CO: gas,. 0
C0, vapors from dry ice) did not produce visible artefacts or adverse
effects in the bone marrow aésay KTab1e 27).

The positive results that weré obta1ned in the bone marrow assay
suggest that per1n1um cations that\tross into the blood stream from
the gastro1ntest1na1 tract, after an dxe] administration of pyrvinium_
pamoate, a]so could 1nduce chromosoma] damage It is believed that
pyrviniym pamoate does not cross the barrier between'the gastrointesti-. .
nal tract and the blood stream (Re}1g, 1980), however, it is known that
monopyrvinium salts can cross this barrier (Hales and Welch, 1953).

The colons of Sprague;Dawley rats were exposed, in vitro, to pyrvinium .
pamoate for 15 minutes end the epithelial cells were removed with, EDTA;
" fluorescence microscopy Showed that'ihese cells had taken up the drug
ia)f |

Whether or not pyrvinium pamoate can concentrate in the epithe11a1

(P. Dickie, unpublished da

cells of the gastrointestinal'trect, particularly .in the crypts of the
colon where cell divisioe takes place at a high rate, after expoéure to
the drug, Zn vivo, was not known. The fluorescent preperties of pyr-
vinium pamoate facilitated the trac1ng of the tissue d1str1but1on of

the drug in the gastrointestinal tract. Pyrvinium pamoate (dissolved
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in DMSO) was administered to Sprague-Dawley rJts'by oral intubation,
the rats were killed with CO, gas 24 hours after the treatment .and
several gastrointestina1 organs (stomach ‘small 1ntest1ne cecum,
£colon, and rectum) were prepared for freeze-dry sectioning. The
freeze-dried sections were scanned dnder a fludrestence microscope'and
it was evidedt that byrvinium pamoate penetrates into tﬂlhppithelial
1ining of the stomach and the bottom of 'the crypts in colon cells
(Figure 11), but it does nbt appear to'enter the, epithelial lining of
a.the small intestine (P. D1ck1e and U.G.G. Henn1g, unpublished data).

The bone marrow micronucleus test detects, rapﬁd]y and reproduci-
bly, the genetic act1v1ty of drugs in erythropoietic tissue, with
chromosome breakage as the genetic endpo1nt It is 1mportant to detect
similar responses in other tissues and organs since certain organs and
cells may be'in eonstant and _specific contact with»a particular drug.
For examp1e pyrvinium pamoate appears to be in constant contact with
the h1gh1y proliferative, epithelial ce]l population in the 11n1ng of
the colon. | '

The colon carcinogen 1,2- d1methy1hydraz1ne*2HC1 induces nuc]ear
aberrations jn the pro]iferatihg‘compartments of the crypts in the
colonic ep%the1ium and this damage may be analogous to the induction
of m1cronuc1e1 in erythropo1et1c ce]]s The nuclear abnorma11t1es

‘(expressed as total aberrat1ons/crypt) caused by 1,2- d1methy1hydraz1ne-

“-2HC1 reach a maximum value 24 hours after the intraperitoneal injec-

" tion, and then the frequency of aberrations/crypt dec]inesnand.reaches

control levels 4 days after the treatment (wargov1ch et al., 19835)
Values for negative contro]s, such as DMSO, have been reported to

be in'the range of 0.04 - 0.2 nuclear aberrations/crypt, with an
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average (mean and standard error) of 0 12 ¢ 0.06 (wargovich ot ale,
1983a). The oral suspensions of pyrvinium pamoate, Vanquin and Pyr-
Pamw. elicited an approximately 2-fold increase in the frequency of
nuclear a errgtions?crypt when compared to the D -treated and un-
treated controls (Table 28). (Pyrvinium pamoate\ZZigkolved in OMSO)
.apﬁears to elicit a digtinct1y positive effect only at the higher dose
(1.2 mg/kg). This evaluat1on has been made with the criterion for an
unequ1voca1 s1gn1f1cant increase in colon damage being a 4-fold
increase in nuclear aberrations/crypt over the control value (Nargovich;
et al., 1983a). A1l morphological forms of nuclear damage (i.e., dis- |
integrated nuclei, karyorrhectic nuclei, microngc]ei, pyknotic nuclei,
cytolygosomes, vacuolated bodies, énd mitotic‘figures)'werg jnc]uded in
the assessment of nuclear aberrations. The differences getween the |
crypts of the DMSO-treated and the 1,2-dimethylhydrazine-2HCl-treated
mice are’dhite evident (Figure EZ). |

The colon samp1é$ were taken 24 hours after the treatment because
the colonic nuc]éar eventé caused by Fhe positive contro],'i,Z-dimethyl-
hydrazine-2HC1, ‘reach a peakiat 24 hours (wargovfch et ai;, 1983b).
It j§ possible that the peak level of nuclear lesions that are causgd
by_pyryinium pamoate is not observed at 24 hours, and anAQndication of
Ehis is evident in the Sone marrow assay, in which 48 hours was
required to attain peak 1e;e1s of micronuclei (Table 27) ~To bé cer-
ta1n that pyrvinium pamoate causes nuclear aberrat1ons \n the colon
cells, it would be’ necessary to increase the number and range of the
doses of the drug, ana]yze more crypts/mouse, and use a greater,number
and range of sampling times.. J ". : ¢ |

The bone marrow micronucleus assay is a relatively simple and
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rapid in vive mammalian screening system that can be used in conjunc-
tion with bacterial and ypast as;ays to assess the probability of an
effect of a drug in animals. The intestinal carcinogen l.z-dimethyl-‘
hydrazine- 2HC) 1nduce; acute, nuclear defects in the cells of the pro-
liferative compartment of the colonic crypts, and these nuclear aberra-
tions may be due to chromosome aberrations analogous to those in thé
bone marrow studies. Pyryvinium pamoate, which is a mutagen 1n bacteria
and yeast, also induces’micronuciei in thé bone marrow, and this indi-
cates that the drug is active genetically in an{maIS. "The level of
damage (nuclear aberrations/crypt) that was caused by pyrvinium ppamoate
in the”co1on cells is only about 2-fold greater than the control

values, whereas the increases for 1,Z-diMchylhydrazine-ZHCl are

approximately 75-fold. The results of these in vivo mammalian assays

suggest~that pyrvinium pamoate should be viewed as an anthe]mintit drug

“ with the potential for genetic activity in the human system.
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FIGURE 1.

G, !

g

A Tongitudinal section of the coton that was excised from
‘a ‘Sprague-Dawley rat 24 hours after an oral intubation of
pyrvinium pamoate (10 mg/0.5 ml1 DMSO). Top: Transmitted
1ight; Bottom: Epifluorescence (N-2 rhodamine filter
block, with an excitation range-of 530-560 nm and a 580-nm
emission filter). . Magnification of 640X. (P. Dickie and
" U.G.G. Hennig, unpubldished data). = L '

A
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FIGURE 12. A comparison of histological sections that show the colonic
crypts of vehicle-treated and carcinogen-treated sC57BL
mice (Feulgen-fast green stain). Top: Section 24 hours
after an oral intubation of 0.2 ml of DMSO; Bottom: . |
Section 24 hours after an oral intubation of 1,2-dimethyl-

« hydrazine-2HC1 (0.12 mg/0.2 ml1 DMSO, which was equivalent
to 4.8 mg/kg body weight). Magnification of 640X.
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The fact that pyrvinium pamoate is mutagenic,in bacteria and yeast
is a matter of concern since many ehi1dren,are exposed to this anthel-
mintic drug on a daily basis. w‘An examination of the purity, the molec-

ular action, and the t1ssue specificity of pyrv1n1um pamoate was of

importance in the evaluation of the potent1a]1y harmfu] effects of the

Lo

drug.

1. Light-catalyzed degradation,’whieh can arise as a consequence of the
impropervstorage of the- drug, was not responsible for the genetic activ-
ity that was observed w1th the USP reference standard and the medical
grades of pyrvinium pamoate that were tested. In fact, the genetic
activity of the drug appeared to decrease gradually as a consequence of

photodegradation.

2. The monopyrv1n1um salts, pyrvinium chloride and pyrvinium fodide,
were more toxic and exhibited strongerigenet1c activity when they were :
1c0mpared to equimoelar concentrations of pyrvinium pamoate. &he differ-
ences in so]ubi]ity, and thus the avai1ab111ty for cellular uptake,
appears to be an important factor in the variation in thevdegree«of

genetic activity that was ethbited by the 1nd1vidua1.pyrvinium salts.

3. The enhanced genetic activity of certain medical grades of pyrvinium
pamoate may be due to one or more of the numerons impurities'that were

revealed in the TLC analyses. ' - g

e

4. The h1gh1y mutagen1c medical grades of pyrvinium pamoate weré

nearly as active genet1ca1]y as pyrvinium ch]or1de and pyrvinium 1od1de
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5. The absence of a mutagenic response to monopotassium pamoate
indicates that the pyrvinium moiety itself is\responsib]e for the

genetic activity of pyrvinium pamoate.-

6. F1uorescence high pressure 1iquid chromatography has revea]ed the

existence of a d1screpancy between the peak height of pyrv1n1um and the

relative quant1ty of pyrvinium pamoate that had been 1nJected This

d1screpancy app11es to the highly mutagen1c medical. grades of pyrv1n1um
\

pamoate, and this has been postulated to be due to the presence of mono-

pyrvinium salts.

7. An incomplete chemical reaction between a monopyrvinium salt and a
pamoate salt during the synthesis of pyrvinium pamoate would account for

the presence of monopyrvinium salts. in certain medical grades of pyrvin-

- ium pamoate.

8. In the bacterium Salmonella typhzmurzum h1gh1y pur1f1ed pyrvinium
pamoate is a promutagen that is converted into. a mutagen by mamma11an
lTiver m1crosomes¥/ The med1ca1 grades of pyrv1n1um pamoate that were
h1gh1y mutagen1c in yeast d1d not requ1re metabolic activation to be

mutagen1c-1n bacterna. s

/

9. Pyrvinium pamoate, pyrvinium 1od1de, and the 6-chloro- an/}6§ of

pyrv1n1um iodide 1nduced frameshift mutat1ons and trans1t1ons in yeast

“whereas the 6-methyl- ana]og of pyrvinium 1od1de induced framesh1ft muta- |

tions, trans1t1ons, and transvers1ons It is probable that the hydroxy]-
ation of the methyl- subst1tuent of the 6-methyl- ana1og results in a muta-

gen that is as active as pyrv1n1um jodide 1tse1f.
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10. The pyrvinium moiety may have an additional active site, which could
be the cationic site at the methylated ring nitrogen. This theory is
supported by the diminished, but not abolished, genetic activity of the

6-ch10r0-ana1og of pyrvinium iodide.

11. Cytoplasmic, respiratg§y-deficient variants were induced in Saccharo-
myces cdrevisiae with the pyrvinium salts and the analogs. Pyrvinium
pamoate ‘was more efficient than pyrvinium iodide and its analogs at ’ \

“inducing pétitéss
: o | |
12. Pyrvinium pamoate may be more effﬁcie t at inducing petites because

it is a dipyrvinium salt that has two PNA-binding sites per pyrvinium
molecule, and this may result in more efficient binding to DNA nicking-

closing enzymes such as the topoisomerases I and II.
13. The”primafy'mechanism of anthelmintic action of pyrvinium pamoate

and ethidium bromide may be the destruction of the mitochondrial DNA of

hellminths.

o ,

.14.. The elevated levels of micronuc]eifthai were obtained in the bone
- marrow cells of mice after’an intfaperifbneé] fnjection of pyrvihium
'”pamoate Suggest thét per1nium cations fhat enter the b1ood$tream from
“the gastrointestinal tract could also induts)chromosomaT damage.

L
— <

15. It is believed that'pyrvinium pamoate éoes.not cross the barrier
o : ¥ - : S ' '

‘between [the gastrointestinal tract and the'bloodstream (Rollo, 1980),

. hdweveku'itmis»known that monbpyrvinium Salts can cross this barrier

(Hales and Welch, 1953).
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16. Pyrvinium pamoate penetrated into the epithelial lining of the
crypts in the colen ce]fS of rats (Figure 11), and it induced nuclear
aberrations in the colon cells of mice (Figure 12). The results of
these in vivo mammalian.assays suggest that pyrvinium pamoate should be
viewed as an anthe]mintdc drug with the potential for genetic activity

in humans.

o
17. The mechanism of anthelmintic action of the piperazine salts and
pyrantel pamoate is the production of a neuromuscular blockdde in the
parasite, and this effect is also exerted on the host. The piperazine

.salts and nyrantel pamoate cause side effects that are characterized by
headaches and dizziness. This is especia]fy critical in individuals
with renal dysfunction; young cﬂ?]dren, who are the intended consumers

of anthelmintic drugs, have compromised kidney function.
N .

18. Mebendazole and thiabendazole cause severe gastrointestinal side

effects, and pyrvinium pamoate is mutagenic.

The consequences of untreated, or inadequate]y treated, pinworm
1nfestat10ns can include the progress1on of the infestation into the
bladder and, more commonly, secondary bacterial and/or funga] 1hfect1ons

When these potential consequences, as well as the risks and benefits of

*

all of the anthelmintic drugs are considered, -highly purified pyrvigium 4 '

pamoate, although mutagenic, should not be excluded as an agent in

oxyuriasis therapy.

e
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