ANGIO3ARCOMY OF THE HUMAN LIVER : .

Similar Terminolosv o= MSW or Semanties used - *
for the same tumor are to be found in the literature.

1., Hemangio-endothelial Sarcoma

2. rallgnant vascular tumor ol the liver

3+ Kupffer Cell Sarcoma

4, Hemangioendothelioma

5. Femangioblastama

6. Endothelioblastoma

7. Reticuldendotheliora (Purdy Stout)

8.. angioplastic Sarcoma

9. Primary Hepatic Sarcoma

10. Angioblastic Sarceoma

11. Endothelioma, grades,-undifferentiaied, well differentiated ©
and anaplastic._ '

12, Hemangiosarcoma -

13. Malignant Hemangiosarcoma

‘14, Malignant Hemangioendothelioma

15.Metastasizing Hemangioma
. .

Historically there-are many reasons for the above fence sitting

type of terminology. '

In 1940 James Ewing reports in his textbock mn "Neoplastic
Disease" quote: "I do not believe, ther=fore, that the existence
of a trus angiosarcoma arising from blood vessels of the liver
hags been satisfactorily demonstrated.® .

As late as 3948, Rupert A. Willis in his texibook on PATHOLOGY
OF TUMORS states. " W2 core now to a difficult question;, Do

truly neoplastic angiomatous grouﬁhs occr? They are very rare
and most supposed examples arv either wultifwcal hamartomas or
vascular tumors.of other kinds. e
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190lemee Twnors of Lhe Liver fOIZoviag sulelils iraticns O‘.
Thoratrast. Suckow, E.G., Henegar, G.5., and Baserza, R.
- Ame Journal of Fathologye Vol. 30: Grj==O//e ;
due to thoratrasti used intravascularly. ‘%
The latency perigus were 3 L0 &~ Years with the average 15 years.

1965-a—— Malignaricy AND other Late Effects Fdllowing the

Administration of Thorgtrast. I Silw quta, J. et al.: )
Lancet 2: 201--205. .
22 Adda.tional cases of Ang:.osarcum 2% of the Liver u)/
were reported in this article. \)’4” v
) J" s
By this time hundreds of cases of angiosarcom of the liver ) lﬂ /

have been produced from this radidactive suiytance, It was , ) .
2 first claimed there was no danger because thorotrast was "
: ‘an alpha emitter. However ths standard dose of 75 ml, crdina.ril&
. . _ used gives a gamma radiation ejuivalent of 1.37 micro-gram of '!
radium. The half life of thorium is 1,39 x ¥& years, and the
radicactivity of thorium dioxide rises after 3 years; the breakdown
products are active and reach a pea.k after 15 years. With the - B
Kupffer célls bﬁ?&'& a storage point in the lizer one can ea.s.d.y __
see the damaging effect of radiation.
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Adoapdl Aeyd AbduoasioulaA OF lmg nuean Liyast

-

—More than any other element of-metal carcinogenesis, arsemic

rermaing one of the enismas. It is comerlvw referred to mw.

T

in human rarmxemeeeox cancer formations. Cne sroup in

Chicagotlaims it is a producer of angiosarcoma of the
human liver. It is for this reason a shot brief
literature review is made.
Complicating the interpretations of studies dealing with
arsenic is the fact that no satisfactorjr anikal models have
been i‘ound.‘;. -
1947«——Arsenical Cancers-—a Review, Neubau=r, 0,: British
Journal of Cancer 1: 192-25l.
Tre authors estimated the latency of arsenical cancer
to be 18~=20 years.
1953==—=Maltiple Arsenical Cancers of the Skin and Internal

The estimated latency of arsenical cancer was’
13 to 50 years.
1956~— Roth, F.: Zeit Krebforsch 61: 287—-319.
1957-—-=Roth; F.,: Zeitschrift Krebs Forschumg, Bd.
61(s): 468-~503.B.
Three hemangioendothelial Sarcomas of the liver were
described from 27 autopsies in vinters.

SRS W o N 9?{/-3 hm(_‘;f'f:'f‘w‘ﬁ

w

/J

Latency in the German Vineyard workers was 12 to 17 years.
Estimated intake of Arsenic was 53,7 Cms over a 12 yr. period.

1959==== Roth, F.{ Zentrelblatt Allsg. Pathol. 100: 529--520.
Eight hemanziosarcormas of the liver were reported in a
study from 82 autopsies. These were vineyard workers
exposed to chronic arsenie intoxication in the form -of
oral ingestion via insecticides, sprays, and dust.

Organs, Sommwers, S. C., aND McManus, R. G.. ) Q{
Cancer 6: {7-=359. , ) \ } .
\)\3

Ucce
066399




\ —

’ f
Cored = v et o é{.¢~ :, P B 2 R TN "_ v /( b)
L N Ny LV A e SN Y I ¥ (% R VU LTI PR N, G Lt T
(prrgz=t) ’ ’
—_— - !
LY0Cmm== Une case of hemangicenaothelial Sarmoma of Liver 1 M
Z,q\w\ 0£\<.~uc R P S /s é}" y %
rowierls Solution. Hegelson, w., Kim, V., Ospina, J., L'( o

~ Tl ROLIANL, Jese ANCEr 2i: Sluwe=tsd, M

latency period of 17 years plus 7.
The amount of arsenic ingested was estimated to be about
50 grams.

LY

An Envircnmer;tal and Industrial Chemical Registry, is needed to
face our e‘wﬁ-{a‘iyf environmentiL chemical exposure. Most recently
another case of Angiosarcoma-has been reported with no history
of thorium dioxide or arsenic. iewceme The case was from the

New York Hospital, Cornell Medical Center and was in a 46 year
old white male, .

197%~—wm One Case Report of Hemangicendecthelial Sarcoma of

Live™r and Hemochromatosis.(With widespread metastasis)
Sussman, E. B., Nydick, 3,, and Gray, G. F.,
A.M.A. Archives of Pathology 97:35--42,

In summary we have histologically a."ngiasarcomas from thoroirast,
argenic and vinyl chloride which have the samc morphological
a.ppea.rﬁces. '
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SPONTANZOUS_ANGICSARCOMAS OF THE LIVER Ti ATRALS -~
T Te tho 7ot thie is am unbmaet emtity, Dy, Kun. Snell

Iy . . .
4,{/6[‘ NCL FAIA thorismecls
animals has never seen this lesicn, I have in my tiles
rancr 3 af ey 10,000 rods il e different strains

and have never seen this lesion.

jaageal R E e In mice fingiecsarcora dees sponizncowlsly occur. This is
imxkke in the Haired and Fairless strain H.R, mouse., Hemangio-

"endotheliamas (Angiosarcomas) were ciserved in 45 oub of

251 ir the control groups. o~ (¥ go \
N

Deringar, M. K., J. of the Natimal Gncer Instatute.
Vol: 12: 437445, Oct. 1951,

As would rex be expected when (C-amimsazotoluene) was
subcutaneously inoculated the irciderme of angiosarcomas
jncreaszd, — =ae-- Tbid; 17: 533-53R1956

Swiss Albino mice have a spontancous 3. % occurrence of

angiosarcoma of the liver,

EXPERDENTAL ANGIOSIRCCHAS IN ANIMALS I'Z TQ TECROTRIST

1936:--Capjwllary angiosarcomas were preiuced in mice by

XT3 Selbie, F., Experimental Production o Sarcoma with

££x Thorotrast, Lancet 2: 847, '

1938-——-Reticulosarcemas(angiosarcomas) of tle Liver was preduced
by intraveous injections. Onufrio, Q. Su di un caso di
Reticulosarcoma sperimentale'g:‘.o Thorotrast. Folia med.
24: 1245. (rrobably used differsnt spcies)

ARSENIC EXPERIMENTAL, IN ANIMILS AND ITS ZFT=CT ON IAN

‘An excellent monograph on Arsenicals, hzs beenwritten by A. Furst
and will be published in {;ha future by ike HWerid Health Organiwsation
working group on Zvaluation of Carcinogenis Rikks of Chemicals to

Man, |
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Toth. B., and Shisien T, Candem Dagasrch

2= Hydroxyethylhydrazine is used to ripen pi{aapples and is sprayed.
Phenylhydrazine is used in medicine for polyczthemia vera.

NZPEROBLASTOMA

Since Professor C. Maltoni mentioned th2 high incidence of
nephroblastoma in rats tresated with Vinyl Chlmride, a biief
statement i included for the Interazency growp and the
Environmental Frotection Agency Task Force.

Renal Adenocarcinora in our population lms shown a rapidly
increasing ineidence with age in both seves. This is well
documentgd by the State of California, Alameda County, Department
of Public Health, California Tumor Registry(1%0--1969)

A review on Cancer of the Kidney-Etiology, Epiemiology, and
Pathology is recently published by J.L. Benninpton in Cancer
Vol 32: 1017-=-1029, Nov. 1973. In view of Dr. Maltoni's
experiments should not the Vinyl Chloride workers and families
be studied with this lesion in mind, A4S Wees & THE Liver,

/%‘.'4"’"-'/;'/:.’ /fﬁzf"’d"—h YRS
I Looiid il Sctvtigent

Lt 4«1.#;- /7;;{: *- /::*r‘;ﬁﬂrwa-—,

Gorid 17 1§7Y

e {,.’ vy ’ o | 365{’%7‘*""'?‘?753!ﬁjo’w o .2 59.;‘ ;ﬂ?é-dﬂ\ Le [/'um-/
VaPamianm F ot LAY 0b :'?:. Coll [ allulival hus i duning
' e el catl Z}W ,-Mf*-r-’l/-i%u‘f?"%.z"‘/""‘ 'j
; 09 7 "_;.,» Swisg mice, Angics-vowas of the liver
/Df:.. » P . muavreeyd in 8 ocul o0 UL, and in tia conirols
1o ‘7;,1"“ v o 4 out of 4%, Toth, 2. ind Skivixmx Shimizu. H.
§ & -~ - Journal of the National Cancer Institute.
) o~ 'I/ 52: 241251, 1974,
¥
ARZ ENVIRCITENTAL FAZARDS_ IX T:TS GROUPT ; k’!”
¥ydrazines ars used in industry as a ros:zet mopellent, @J'.ﬂ v -
Monomethylhydrazines are used as coiiqsive agnts, ' ’/{,c’/
Maleic hydrazide used as a herbicideMhysrolyrsd to hydrazines. “!{
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l-ﬂr“old K. M., Jourmal of the NationaLl Cancer

el HC O ] n -v-~'-v
Lriibeto, A LT, 10T, Sibeut, lon

to Syrian Harsters., )
Otsuka, H. and Kuwahara, A., Gann 62:147-156,1971.
By oral administration and subcutaneous injection
to DDD & BAL bfc strain mice. .., 4500,
Urethane-=—memweam- Farmonmxaxrusxyparirscatxxiza. Derénger, M. K.,
Journal of the National Cancer Institute
F: S41.847, 1965 Cave intraperitoneal injections
to DBA/2eBDe strains of mice.

1l 2-D1.methjlhydrazme Dlnydrochloride-—--Syrlan Golden fdamsters
were given in water daily 0.156 mg. to the
female and 0.161 mg. to the male.
Anginsarcoms'occurred in 89 % of the females
and 82 ¢ in the males, The tumers were in

the livers, langs, muscle, heart, and pancreas.

No such tumor is seen in the control.

Toth, B,, Cancer Research, 32: 2818-2827, 1972.
Ethylhydrazine hydrochlorlde---o.olZS ¢ was given in drinkihg

water and 38 ¢ vascular tumors were oroduced

in Swiss Albino strain mice. 7Toth, B., ‘

Scientific Proceedings, A.A.P.B. San Fran 1974.

n,Butyl-hydrazine HCL--only lung cancer.

. l1-carbamyl-2-phenylhydrazine--only lung cancer,

CONTROL INCIDENCE OF ANGIOSARCOMA IN THE

SWISS ALBINO MOUSE IS 5%.

rocket fuel component)=Syrian Golden Hamsters

received 0.01 4 in drinking water. Angioe

Sarcoma of the liver (Ealignant Histiocytoma)

(Kupffer Cell Sarcoma) was produced in 32 %

of the fermales and 5+ 4 of the males,

latency period 70 and 78 weeks,.

No such tumor was seen in the controls,
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TPOROTRAST A%D ANGIOGARSCIN OF THE HUIAN LIVER \ £/

1925-—~=igas iioniiz of France [irst Jsmwisicabed biab a ralio
active material in the form of colloidal Thorium djoxide
could be used in cerewvral vessel visuallzatioh.
;o PPN S «-ctf ,d 7_ //é‘v..mfté
distrioution in Lurope and tne united States for use .
vascuiar visualizallon=al LErlOograpiy=nepalosplenograpiy= aid
cerebral graphy. .
1932 The Couheil of Pharmacy of the American Medical Association
took a stand azainst its use.
1940 Thoratrast was still in use alt..ough animal experimentation
had demonsfrahd the formationg of m and in the
Lver_', angiosarcomas,
1947 Finally discontinued when the kzman cases of angiosarcomas

{sere reported.

It was K.E. Bauer of Germany who compa:'ed‘tﬁa time of appearance
of neoplasms afiter the injection of tha‘.‘otrast..‘ experimentally |
produced in animals, with their average life expectanéy and the |
average span of life in man., He came to the conclusion that such
tumors %ou.ld appear between the 12th amd the 18th year after

the injection into the vascular system of max. (7247 8ver)

1947 Endothelial Cell Sarcoma of the Liver following iim
Thoratrast Injection. HacMaha.q. E.=E., Murphy, A.S.,

ayobcErtan oo oo e e
and Bates, M. I. American Jourml of Pathology _

23: 585--611, :
The first case of anglosarcoma from thoretrast was reported
© in the U.3.A., The latent pericd was 17 years.

1961 Neoplasms of the Liver following Injection of Thoratrast.
Nettleship, A., and Fink, W. J. Am. Journal of Clinical
Pathology Vol 35: 422--426, ' '
This was the 8th reported case of ' a.n;iosarcom of the l:wer

shxmckexkimxatrast :
due to thoretrast. 'I'he latency pericd was 16 years.
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REVIEW ARTICLES

VINYL CHLORIDE-—PART 1: METABOLISM

The period of phrenetic activity—or at least sustained debate—on
the status of vinyl chloride (VC) seems to have passed. Since techno-
logical feasibility eventually formed the basis of the first generation
of VC legislation, the authorities are now biding their time, pending
the next generation of biological data, which will allow an assessment
of the hazards associated with the currently permitted levels. We last
reviewed VC early in 1976 (BIBRA Bull. 1976, 15, 6 & 72). In the inter-
vening period the biochemists and microbiclogists have demonstrated
particular interest in this monomer.

Dose~related metabolism

A preliminary study by Dow Chemical USA on the fate of unlabelled
VC in the rat indicated that its metabolism was dependent on the level
of exposure (Hefner et al. Ann. N.Y. Acad. Sci. 1975, 246, 135). 1In the
rang= 50-105 ppm the half-life was 86 min, whereas in the range 220-
1167 ppm the half-life was 261 min. Following up this work, the same
group investigated the metabolism of 14c_1abelled VC in the rat (Watanabe
et al. Toxic. appl. Pharmac. 1976, 37, 49). Rats exposed to 10 ppm VC
for 6 hr eliminated 68% of the absorbed radioactivity in their urine and
2% (as VC) in the expired air over 72 hr; 6~hr exposures to 1000 ppm
resulted in 56% of the dose appearing in the urine with 12% in the
expired air as VC. The pulmonary excretion of the VC followed first-
order kinetics with similar half-lives at both treatment levels: 20-4
min at 10 ppm and 22-4 min at 1000 ppm. Elimination of }%C in the urine
was more complex, being described by a two-exponential equation, but the
rates of the initial phase were comparable; at 10 ppm the half-life was
4:6 hr while at 1000 ppm it was 4-1 hr. After 72 hr, 14-15% of the
administered radioactivity of both the high and low doses was recovered
from the carcases, indicating, when correction is made for the amount of
VC metabolized, that there is increased storage of radioactivity at higher
doses.

The metabolism of VC administered by other routes appears also to be
dose-dependent. Indeed an even greater disparity between the metabolism
of high and low doses seems to follow oral administration. In another
study by Watanabe et al. (ibid 1976, 36, 339) from 59 to 68% of an oral
dose of 0-05 or 1 mg VC/kg was converted to non-volatile urinary metabo-
lites, with 9-13% appearing as expired CO2 and only 1-2% being excreted
by the lungs as unchanged VC. By contrast, 1l1% of the highest dose of
100 mg/kg was excreted in the urine, and 67% was excreted as VC (and 3%
as CO,) in the expired air. The pulmonary excretion at 100 mg/kg was
biphasic, with half-lives of 14+4 and 408 min, whereas at 0:05 and
1 mg/kg it was monophasic with a half-life of about 55 min.

et poLLere LS ;"///7-»//
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Similar findings were reported by the ICI workers, Green & Hathway
(Chemico-Biol. Interactions 1975, 11, 545), low intragastric doses of VC
being eliminated principally in the urine whilst higher doses were mainly
excreted unchanged via the lungs. About three-quarters of an intubated
dose of 250 ug [ “c]vc/kg was converted to non-volatile urinary metabo-
lites and 12-15% was excreted in the expired air as €O, together with a
few per cent as unchanged monomer. By contrast, at a dose of 450 mg/kg
pulmonary excretion predominated, with 90% of the radioactivity being
associated with unchanged VC and less than 1% with CO,. The pulmonary
elimination of monomer, shown to be proportional to the log of reciprocal
dose, was completed within 5 hr, whereas both the excretion of €O, via
the lungs and the elimination of non-volatile metabolites in the urine
continued over 72 hr. §Similar excretion kinetics were observed in rats
that had been pretreated for 60 days with unlabelled VC at doses up to
300 mg/kg/day (Green & Hathway, loc.cgit.). ' ) -

Withey (J. Toxicol. envir. Hlth 1976, 1, 381) was unconvinced that
intubation was an acceptable method of administering VC in a metabolic
investigation, for he observed wide inter-animal variability in his
studies in which rats with a cannulated jugular vein were intubated with
agueous and ojl solutions of VC. The uptake of VC was rapid, peak
concentrations being achieved within 10 min, with blood levels varying
from 6 to over 40 pg VC/ml.

The metabolism of VC given by iv and ip injection was also studied
at ICI (Green & Hathway, loc.cit.). Almost all of a small (250 pg/kg)
iv dose was found in the expired air as VC. About 43% of the same dose
given by ip injection was excreted in the expired air as VC, another
43% being converted to urinary metabolites and 11% to CO,. An ip dose
of 450 mg VC/kg was almost totally excreted (96%) as VC in the expired
air, with only 2-6% being metabolized to non-volatile species excreted
in the urine. : :

Identity of metabolites

Identification of the urinary metabolites was attempted in both
the Dow and ICI studies. In the oral and inhalation studies of Watanabe
et al. (loc.cit.), most of the radiocactivity excreted in the urine of
rats was associated with three compounds, the proportions of which were
unaffected by the dose or by the route by which the VC was administered..-
N-Acetyl-S-(2-hydroxyethyl) cysteine accounted for 29-40% and thiodigly-
collic acid for 18-26% of the radioactivity detected in the urine, with the
unidentified third compound being preseat at levels of from 30 to 39s.
In the oral experiments, the three metabolites represented from 91 to ,
95% of the total radiocactivity excreted in the urine, whilst in the
inhalation experiments the corresponding figure was 96-97%.

The first report by Green & Hathway (loc.cit. ) of their investi=-
gations of the metabolism of orally administered [ “c]vc (150 mg/kg) in
the rat, noted that the three major urinary metabolites were thiodigly-
collic acid (47% of the urinary radioactivity), S=-(2-chloroethyl)cysteine
(23%) and N-acetyl-$-(2-chloroethyl)cysteine (23%). The remaining radio-
activity in the urine was associated with urea (6%), glutamic acid (0-5%),
chloroacetic acid (0-5%), methionine (trace) and serine (trace). Watanabe
et al. (Toxic. appl. Pharmac. 1976, 36, 339) were critical of these
results, suggesting that the chloroethyl compounds were artefacts formed
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by the reaction of the hydroxy analogues with the hydrochloric acid qas
used in the derivatization procedure. This criticism was accepted by
Green & Hathway who reported in their most recent paper (Chemico-Biol.
Interactions 1977, 17, 137) that the major urinary metabolites of vC in
the rat were N-acetyl-S-(2-hydroxyethyl)cysteine, the related N-acetyl-
S-vinylcysteine and thiodiglycollic acid.

Further elucidation of VC's metabolic pathway(s) was attempted by
Green & Hathway (1977, loc.cit.), who measured the yields of thiodigly-
collic acid in the urine of rats given the various possible metabolites
intragastrically at high doses. Thiodiglycollic acid in 0-°5% theoretical
vield was isolated in the urine of rats dosed with §-(2-hydroxyethyl)
cysteine, a result said to be highly significant in view of the cysteine
derivative's instability in even mild reaction conditions. Furthermore,
as high yields of the acid were found in those animals dosed separately
with chloroacetaldehyde, chloroacetic acid and S-(carboxymethyl)cysteine,
it was suggested that all these compounds might lie on a common meta-
bolic pathway linking VC with thiodiglycollic acid. Nevertheless, the
fact that only small amounts of chloroacetic acid (<0-1%) were detected
in the body f£luids of animals treated with the high doses of VC, backed
by evidence from the metabolism of chloroacetaldehyde (and vinylidene
chloride), suggested that chloroacetic acid is not a major VC metabolite.
Green & Hathway (1977, loc.cit.), believed that in rats, chloroethylene
oxide was formed from VC and might then be transformed spontaneously
into chloroacetaldehyde. The chloroacetaldehyde or chloroethylene oxide
reacts principally with glutathione, catalysed by glutathione-S-epoxide
transferase, to form S-(2-acetal)cysteine with subsequent formation of
S§-(2-hydroxyethyl) cysteine and its N-acetyl derivative, S-(carboxymethyl)-
cysteine and thiodiglycollic acid. -

It was the view of Hefner and his colleagues (loc.cit.) in 1975
that VC was metabolized at low exposures, below 100 ppm, to 2~chloro-
ethanol, chloroacetaldehyde and monochloroacetic acid via the alcohol
dehydrogenase pathway. Only small amounts of the chloroacetic acid were
formed at these low doses, due to the rapid reaction of chloroacetalde-
hyde with the sulphydryl groups of glutathione and cysteine. It was
thought that at higher exposures-(200-1000 ppm) direct epoxidation by
microsomal oxidases occurred, with rearrangement of the resulting chloro-
ethylene oxide to chloroacetaldehyde. However, the more recent study of
Bolt et al. (Arch. Tox. 1976, 35, 153) showed that in rats exposed to
the monomer at an initial atmospheric concentration of 50 ppm in a closed
system, the uptake of VC was completely blocked initially by 3-bromophenyl-
4(5)~imidazole or 6-nitro-1,2,3-benzothiadiazole, both inhibitors of
cytochrome P-450-dependent metabolism and was increased by DDT pre-
treatment, suggesting that the microsomal oxidases may be operative even
at low doses. Weaker inhibitors of this enzyme system, such as SKF-525a
or 5,6~dimethyl-1,2,3-benzothiadiazole, produced a measurable but lower
order of inhibition. In the original Dow work (Hefner et al. loc.cit.)},
SKP-525A had no effect on the metabolism of low doses of VC (65 ppm)
but did slightly decrease metabolism at VC exposures of the oxder of
1000 ppm. :

Cytochrome P-450 involvement

Liver microsomal fractions have been shown to interact with VC
in vitro (Salmon, Cancer Lett. 1976, 2, 109). The addition of VC to
rat-liver microsomes and NADPH produced a Type 1 spectral shift, similar
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to that seen for phenobarbital, thus indicating Qirect involvement of a
cytochrome P-450 species. Other in vitro studies have also demonstrated
that the oxidation of VC to non-volatile products was dependent both on
microsomal enzymes and on NADPH (Kappus et al. Toxic. appl. Pharmac.
1976, 37, 461).

It has been suggested that VC metabolites c¢an destroy cytochrome P-
450. Ivanetich et al. (Biochem. biophys. Res. Commun. 1977, 74, 1411),
for example, showed not only that the binding and metabolism of VC in vitzo
was fully inhibited by SKF-525A, indicating the involvement of the cyto-
chrome P-450 system, but that the VC metabolites reduced the level of both
cytochrome P-450 (reduced to P-420) and microsomal haem. The levels of
cytochrome b5 or NADPH-cytochrome ¢ reductase were unaffected by exposure
to the monomer. Decreases in the level of cytochrome P-450 and in the
total activity of hepatic microsomal enzymes were observed in rats 24 hr
after they had been expased for 6 hr to a 5% VC atmosphere (Reynolds et al.
Res. Commun. c¢hem. Path. Pharmac. 1975, 12, 685). The selective enzymatic
deactivation was consistent with a cytochrome P-450-centred activation of
VC to reactive electrophiles. The destruction of cytochrome P-450 was
found to be inhibited by glutathione in the study of Ivanetich et al.
(loc.cit.), whereas Guengerich & Strickland (Molec. Pharmacol. 1977, 13,
993) reported that neither added reduced glutathione nor cysteine offered
any protection against the VC-mediated destruction.

The loss of cytochrome P-450 activity was attributed by Guengerich
& Strickland (loc.cit.) to the destruction of haem, and not to lipid
peroxidation or the binding of electrophiles to free sulphydryl groups.
Since the destruction of P-450 required all the components necessary for
mixed-function oxidation, it was said that the oxidative metabolism of VC
by cytochrome P-450 was necessary for the observed destruction. The
investigators did not consider, however, that the two commonly proposed
VC-metabolites, the epoxide and chloroacetaldehyde, were the agents res~
ponsible for the cytochrome P-450 loss, as neither compound proved par-
ticularly effective at destroying either free oxr P-450-bound haem in vitro.
Consequently it was postulated that different mechanisms underlie VC's
mutagenic activity and its ability to destroy P-450. The latter is
localized at the activating enzyme, consistent with a highly reactive
species, whereas mutagenesis seems to require a metabolite stable enough
to be transported from its site of activation to interact with nucleic
acids or associated macromolecules.

Comment

The view that the microsomal mixed-function oxidases play an active
and possibly the major role in the metabolism of VC monomer has received
support from the demonstration that a microsomal-oxidase pathway operates
at low VC exposures. The results of in vitro studies have also indicated
that VC is metabolized by enzymes of the liver microsomes, in particular
by a cytochrome P-450 species, to give initially chloroethylene oxide
and 2-chloroacetaldehyde. Further investigation into VC-mediated des-
truction of cytochrome P-450 is required, but it would seem that here,
too, a cytochrome enzyme is involved in the formation of the active meta-
bolite(s). -

The metabolic studies conducted by Dow and ICI have confirmed the
dose~dependence of the fate of VC in the rat. It would seem, on the
evidence now available, that in the rat there is effectively a single
saturable metabolic pathway for VC. As the dose of VC increases, an
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increased proportion escapes metabolism and is eliminated unchanged in
the expired air. The fact that the major urinary metabolites—probably
derived from the conjugation of chloroethylene oxide or 2-chlorocacetalde-
hyde with glutathione—appear to be unaffected both qualitatively and
quantitatively by dose tends to oppose the hypothesis of alternative
pathways varying in importance in relation to dose. If there are a
nuntber of important metabolic pathways, then they appear to be leading

to the same end products, an unlikely, although not impossible, occur-—
rence.

{J. Hopkins]

GETTING RID OF PENTACHLOROPHENOL

As a bactericide, fungicide and herbicide, pentachlorophenol (PCP)
finds use in a wide range of applications; in particular, it has become
an important wood preservative. Its potential significance as a major
environmental contaminant must therefore be recognized.

PCP appears to be readily absorbed through the skin and has been
held responsible for aplastic anaemia, muscular paralysis and sensory
loss in factory workers who failed to use adequate protective clothing
and who worked in poorly ventilated areas (BIBRA Bull. 1965, 4, 314).
The toxicity of PCP to rats was shown to be greater when the compound
was inhaled than after oral or subcutaneous administration (ibid 1977,
16, 204). The gquestion of PCP toxicity is complicated, however, by the
fact that technical-grade PCP is freguently contaminated with varying
amounts of toxic by-products, including other chlorinated phenols and,
in some cases, chlorodibenzo-p-dioxins and chlorodibenzofurans. Thus
Kimbrough & Linder (Toxic. appl. Pharmac. 1978, 46, 151) found that
whereas technical PCP fed for 8 months at a level of 500 or 100 ppm
in the diet caused pronounced morphological changes in the livers of
rats and some change was noted even with 20 ppm, no change was detec-—
ted in rats fed 20 or 100 ppm purified PCP and only slight changes
were apparent in those given 500 ppm in the diet.

Nevertheless, PCP itself has been shown to be an extremely effi-
cient uncoupler of oxidative phosphorylation in mitochondria (Weinbach,
J. biol. Chem. 1954, 210, 545; Weinbach & Garbus, Nature, Lond. 1969,
221, 1016) and to be capable of disturbing microsomal detoxication
mechanisms in the liver (Arrhenius et al. Chemico-Biol. XInteractions
1977, 18, 35). By gas~chromatographic analysis of the sub-cellular
fractions of the livers of rats treated orally with 0+15 mmol (c.

40 mg) PCP/kg, the latter group demonstrated that, compared with the
cytosol, the mitochondria contained markedly lower concentrations of
PCP and the microsomes showed a high accumulation (idem, ibid 1977, 18,
23), suggesting that the effects of PCP on the detoxication functions
of the endoplasmic reticulum are at least as relevant physiologically
as the compound's capacity for mitochondrial uncoupling.

The fate of a single oral dose (10 or 100 mg/kg) of I%¢_jabelled
pure PCP was studied in rats for 9 days, with a final examination of
tissues for residual activity (Braun et al. Toxic. appl. Pharmac. 1977,
41, 395). The primary route of excretion of PCP was through the kid-
neys, with most of the remaining fraction of the dose appearing in the
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evidence of direct mutagenic activity, its activity was doubled by the
addition of the §5-9 fraction from a PCB~treated rat. The results of a
similar study by Andrews et al. (Mutation Res. 1976, 40, 273) seem to he
anomalous, in that VC at levels of up to 15% in air were shown to be
directly mutagenic in TA1535 and an S-9 fraction from PCB~treated rats
produced only a slight enhancement. However, the differences between
these two sets of results may partly be explained by the different in-~
cubation times involved.

vinyl chloride is not thought to be mutagenic per se. The lincrease
in the number of histidine revertants seen when VC is incubated with
strains TA1530, TA1535 or TA100 in the absence of any mammalian metabo-
lizing system is thought to be a result of the non-enzymic breakdown ’
products of VC or of compounds formed by the bacterial enzyme system
{Bartsch et al. loc.cit.).

Aqueous solutions of VC (initial concentration 0-083 M) gave no
evidence of mutagenicity when incubated with S§. typhimurium strains
TA1530, TA1535 or G46 together with a fortified 9000-g liver supernatant
from phenobarbital-treated mice (Bartsch et al. loc.cit.). A similar
lack of activity of VC in solution (at an initial concentration of
0-022 M) was reported by Elmore et al. (Biochim. biophys. Acta 1976, 442,
405) in TA100, It was thought that the inactivity of VC in these systems
may have been caused by rapid diffusion of monomer from the liquid phase
into the atmosphere.

S. typhimurium strains TA1530, TA1535, TA100 and G46 respond with
varying sensitivity to monofunctional alkylating agents (base-pair
substitutions or deletions). Strains TA1536, TA1537 and TA1538, which

are specifically reverted by frameshift mutagens, were unaffected by 20%
VC atmospheres even in the presence of liver fractions from rats or mice
(Bartsch et al. loc.cit.; Rannug et al. loc.cit.).

The effects of the various liver fractions seen in the studies
reviewed by Bartsch & Montesano (Mutation Res. 1975, 32, 93) indicate
that the mixed-function oxidases are responsible for the conversion of
VC to mutagenic metabolites in mammals. Garro and his colleagues (ibid
1976, 38, 81), however, did not believe that the hepatic fractions were
exerting their effect by an enzymatic mechanism. In contrast to the
results of Bartsch et al. (loc.cit.) who reported that 20% VC in air
induced a mutagenic response in TA1530 only when an NADPH-generating
system was present, Garro et al. (loc.cit.), testing 75% VC in air in the
same Salmonella strain, found that the activating effect of the 5-9
microsomal fraction on VC mutagenesis was independent of the NADPH-
generating system (NADPH being a necessary co-factor for the mixed-
function oxidases) and was largely unaffected by a thermal treatment
that would be sufficlent to inactivate all enzyme activity. The in-
creases in VC-induced mutagenicity observed when the liver fractions
were obtained from either untreated or PCB-treated animals were similar,
although the PCB would be expected to increase the mixed function oxi-
dase content of the liver. Garro et al. (loc.cit.) considered, there-
fore, that the liver fraction might have been increasing the mutageni-
city of VC non-enzymatically, perhaps by promoting the formation of frece
radicals. A free-radical generating system, riboflavin irradiated with
UV light, doubled the number of VC-induced revertants in the S. typhimurium
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_.a 9000-g mouse-liver supernatant (S-9 fraction) fortified with an NADPH-

[

of the carbonic anhydrase activity in the testis was contributed by the
erythrocytes in the circulating blood and how muc¢h was derived from the
local tissues. From the findings, it was concluded that’alterations in
the carbonic anhydrase activity of the testes following Cd administration
rcflected changes in the blood content and therefore in erythrocyte car-
bonic anhydrase in the organ.

The exact role played by these and possibly other factors in the
damaging effects exerted on the testis by Cd remains to be established.
The problem continues to attract wide interest, however, and it may be
that the placing of a few more key pieces will enable the rest of the
jigsaw to be fitted into place. ' .

[P. Cooper]

VINYL CHLORIDE—PART 2: MUTAGENICITY

Last month, we reviewed the more important metabolic studies on
vinyl chloride (VC). Now we turn to mutagenicity. This aspect of VC's
biological profile has been extensively investigated, particularly in
bacteria.

Mutagenicity in Salmonella typhimurium

The preliminary studies of mutagenicity involved the Ames test.
when VC, at a concentration of 20% (v/v) in air, was incubated with
Salmonella typhimurium strain TA1535 and a mammalian metabolizing system,
namely a fortified post-mitochondrial rat-liver supernatant, the number
of histidine revertants was increased to three times the spontaneous
mutation rate (Rannug et al. RMBIO 1974, 3, 194). ' An increase over the
spontaneous mutation rate also occurred in strains TA1535, TA1530 and
G46 when they were exposed to a similar VC atmosphere in the presence of

generating system (Bartsch et al. Int. J. Cancer 1975, 15, 429). The
greatest response was seen with TA1530, VC treatment (for 48 hr) being
associated in this case with a 28-fold increase in the number of histidine
revertants. The VC concentration of the incubation medium below the 2Z0%
atmosphere was found to be 0-004 M at equilibrium. Although exposure to
203 VC in air proved to be mutagenic towards TA1530 in the absence of
metabolic activation, mutagenic activity was doubled by the addition of
liver fractions from phenobarbital-treated mice. The highest mutagenic
responses occurred in the presence of a 9000-g supernatant or with the
recombined microsomal and soluble protein fraction in the presence of an
NADPH-generating system. Purified microsomal fractions were less effi-
cient activators, and soluble liver proteins (100,000-g supernatant)

alone were almost without effect. The addition of alecohol dehydrogenase
and NAD* to either the fortified post-mitochondrial or the 100,000-g liver
supernatant did not increase the mutation rate (Bartsch et al. loc.cit.).

In the TA1535 and TA100 strains, McCann et al. (Proc. matn. Acad. Sci.
U.S.A. 1975, 72, 3190) found that although a VC atmosphere (20% v/v) gave
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inactive in this system (Elmore et al. loc.cit.). Chloroethylene oxide,
at concentrations of up to 25 uM, and 2-chloroacetaldehyde, at concen-
trations up to 12+8 uM, also produced a dose-~dependent induction of 8-
azaguanine- or ouabain-resistant mutants in Chinese hamster V79-4 cells
in vitro, but 2-chloroethanol or chloroacetic acid were inactive at
concentrations nearly 100 times higher (Huberman et al. Int. J. Cancer
1975, 16, 639).

In the presence of mouse~liver microsomes, vinyl chloride atmospheres
(up to 50% v/v) significantly increased the forward mutation frequency of
Sehizosaccharomyces pombe and induced gene conversion in Saccharomyces
cerevisiae (Loprieno et al. Mutation Res. 1976, 40, 85). No mutagenig
activity was apparent in the absence of the microsomal fraction. Chloro-
ethylene oxide was directly and highly mutagenic in these test systems
(idem, Cancer Res. 1977, 36, 253). In either the presence or absence of
microsomes, a commercial aqueous solution of 2-chlorcacetaldehyde
exhibited only feeble genetic activity, whilst 2-chloroethanol was totally
inactive. Since a concentration of 0-05 mM chloroethylene oxide induced
the same mutagenic frequency as 50 mM VC, it seems likely that all the
activity of the monomer in this system could be ascribed to the oxide.

In a host-mediated assay in the mouse, VC given at 700 mg/kg by
gavage significantly increased the mutation frequency of Sch. pombe,
which had been injected into the peritoneal cavity during 12 hr of treat-
ment (Loprieno et al., 1976, loc.cit.). Methyl methanesulphonate, used as
a positive control, proved to be almost 200 times as active as VC. No
significant increases in forward mutation were seen 3 or 6 hr after an ip
injection of 250 mg 2-chloroacetaldehyde/kg (Loprieno et al. 1977, loc.
cit.).

Either in ethanolic solution or in the gaseous state, VC induced no
detectable mutagenic change in two strains of Neurospora crassa, a
eukaryotic micro-organism (Drozdowicz & Huang, Mutation Res. 1977, 48, 43).
The addition of an 5-9 liver fraction from either control or phenobarbi-
tone~treated rats had no effect. The apparent lack of sensitivity of this
system may have been due to the inability of VC and its metabolites to :
penetrate the conidia. ) '

A significant increase in the frequency of recessive lethals over
that in controls was observed in male Drosophila melanogaster exposed to
VC at 850 ppm for 2 days and there was a slight increase in mutation rate
on exposure to 30 ppm for 17 days (Verburgt & Vogel, ibid 1977, 48, 327).
No further enhancement in the recessive lethal incidence was seen after
2-day exposures to VC levels in excess of 10,000 ppm. It was sugg sted
that above this concentration the Drosophila enzymes were no longer
capable of metabolizing (activating) additional VC. In contrast to the
recessive lethal assay, negative results vere obtained in tests on domi-
nant lethals, translocations and entire and partial sex-chromosome loss
in Drosophila exposed to VC at 30,000 ppm for 2 days (Verburgt & Vogel,
loc.cit.).

VC has failed to produce dominant lethals when tested in a mammalian
system. Male CD-1 mice, exposed to 3000, 10,000 or 30,000 ppm VC for
6 hr/day for 5 days, were housed for 5 days in each of the following 8 wk

ucc
066412




(TA1530) system, and this stimulation was further cnhanced by the presence
of a photopolymerization accelerator—N,N,N’',N'~tetramethylethylenediamine.

Mutagenicity of VC metabolites

The two suspected VC metabolites, chloroethylene oxide and 2-chloro-
acetaldehyde each directly increased the number of histidine revertants
in strain TA1530 of §. typhimurium. At initial concentrations of
0-4 pmol/ml the oxide was apout twice as active as the aldehyde with
respect to mutagenicity, but chloroethylene oxide exhibited a lower
toxicity; 11% of a cell population survived an oxide concentration of
0-4 ymol/ml while less than 0-004% of the Salmonella cells exposed to the
same concentration of the aldehyde survived (Malaveille et al. Biochem.
biophys. Res. Commun. 1975, 63, 363).

Chloroethylene oxide was strongly mutagenic towards TA1535. At an
initial concentration of 0-45 mM, the spontaneous mutation rate of three
mutants/lo8 cells was increased to 96/108 surviving cells. .Chloroacetal-
dehyde at an initial concentration of 0-5 mM only increased the spontan~
eous mutation rate approximately three-fold (Rannug et al. Chemico-Biol.
Interactions 1976, 12, 251). It was calculated that chloroethylene oxide,
with a half-life in solution of only a few minutes at 37°C, was some 450
times as mutagenic as the aldehyde on a mol:mol basis. The oxide (tested
at 0-26 M) and 2~chloroacetaldehyde (0-1 M) were also shown to be muta-
genic in Salmonella strain TA100 (Elmore et al. loc.cit.). Because of its
instability, an increased number of histidine revertants were observed
when the oxide was pre-incubated with the test micro-organism at 30C. All
of the four possible forms of 2-chloroacetaldehyde exhibited a mutagenic
response against TA100; the pure compound was more-active than the mono-
mer hydrate which in turn was more active than the dimer hydrate and
trimer, probably demonstrating the importance of the intact electrophilic

carboxyl group in eliciting a mutagenic response (Elmore et al. loc.cit.).

In the presence of a post-mitochondrial mouse-liver fraction, 2-
chloroethanol (108 uymol/plate) increased the number of histidine re-
vertants in the TAl1530 strain of S. typhimurium about ten times; distinct
mutagenic activity, but of a lower order, was also observed in the
absence of metabolic activation (Bartsch et al. loc.cit.). Chloxoacetic
acid induced neither a direct nor a tissue-mediated response in this strain.
In the study by MeCann et al. (loc.cit.) 2-chloroethanol was weakly muta-
genic against TA100, inducing 0.6 xevertant colonies/umol, and demonstrated
a trace of activity in TA1535. Microsomes significantly increased the
number of compound-induced histidine revertants in TAlO00 whilst horse-
liver alcohol dehydrogenase together with NADH had no analogous effect.
Elmore et al. (loc.cit.) observed no mutagenic response when 2-chloro-
ethanol was incubated at 1 mM with strain TA100. When tested by Rannug
et al. (1976, loc.cit.) 2-chloroethanol and chloroacetic acid were without
effect on TA1535 at concentrations up to 1°5 mM; much higher concentrations
of 2-chloroethanol {1 M) proved to be weakly mutagenic.

Mutagenicity in other systems

In Bacillus subtilis, chloroethylene oxide and 2-chloroacetaldehyde
selectively inhibited strain MC-1, a mutant lacking recombination repair
of DNA: chloroethanol, chloroacetic acid and VC itself (in solution) were
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with successive pairs of untreated females (Anderson et al. Mutation Res.
1976, 40, 359). Using the female mice as the indicator organism there
was no evidence that VC had any mutagenic effects on any maturation stage
of spermatogenesis. There was no significant increase in the number of
. . post-implantation early foetal deaths, no evidence of pre-implantation
egg loss (except at the highest VC dose, where the loss showed a low
level of significance but could largely be attributed to a single female),
nor any reduction in fertility. A dominant lethal effect was clearly
denonstrated in the positive controls given a single ip injection of

200 mg cyclophosphamide/kg or five oral doses of 200 mg ethyl methane—
sulphonate/kg.

In most of the Salmonella studies, VC demonstrated activity only in
the presence of a microsomal liver fraction. The Ames test has given
conflicting evidence on metabolism; whilst the studies of Bartsch et al.
(loc.cit.), in line with the other in vitro studies, suggested that the
microsomal fraction of the liver was acting enzymatically, the experiments
of Garro et al. (loc.cit.) indicated, so far uniquely, that a free-
radical mechanism was responsible for the conversion of VC to its active
metabolites. VC elicited a mutagenic response in a simple eukaryotie
system, demonstrating activity in Sch. pombe and Saccharomyces cerevisiae
both in vitro in the presence of liver microsomes and in a host-mediated
assay. The incidence of recessive lethal mutation was increased in
Drosophila treated with 30 ppm VC for 17 days. Chloroethylene oxide and
2-chloroacetaldehyde have proved to be mutagens—the oxide particularly
so—in prokaryotic micro-organisms, namely thé strains of Salmonella
susceptible to frameshift mutagens and B. subtilis. This evidence further
implicates chloroethylene oxide as the active VC metabolite.

Bowever, further investigations of mutagenicity in memmals are re-

quired before an assessment of the genetic hazards presented by VC to man
will be possible. .

No evidence of activity was seen in the dominant lethal assay in
. mice.

[3. Hopkins]
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REVIEW ARTICLES

VINYL CHLORIDE—PART 3: MACROMOLECULAR BINDING

Chloroethylene oxide and chloroacetaldehyde are probably the
principal metabolites of vinyl chloride (BIBRA Bull. 1979, 18, 7).
Evidence of the binding of these metabolites to cellular macromolecules,
particularly the alkylation of the nucleic acids, may explain the
mutagenicity of vinyl chloride (ibid 1979, 18, 79).:

In vivo studies

The irreversible binding of VC metabolites to nucleic acid and
protein has been demonstrated in vivo (Bolt et al. in IARC Scientific
Publn no.13; IARC, Lyon, 1976, p.151). 1In rats exposed to atmospheres
containing about 140 ppm [1%C]ve, roughly half of the radioactivity
found in the liver microsomes immediately after the 5~hr exposure was
irreversibly bound to protein, although the major proportion of labelled
material in the liver cells was present in the cytosol. Immediately
after exposure to 44 ppm [1%c]vc, from 10 to 40% of the total activity
in the tissues was irreversibly bound, while at 48 hr the proportion of
bound activity had increased to 70%, although the amount of irreversibly
bound VC metabolites stayed the same. Radicactivity was also found in
the liver nucleic¢ acids. The peak incorporation of activity into DNA
(0-23% total liver activity) occurred immediately after exposure, whereas
the specific labelling of the RNA (0-8% of initial activity of the liver)
was at a maximum after 24 hr and decreased more slowly. Bolt et al.
(loc.cit.) calculated that as no more than 1% of the labelled VC would
enter the one-carbon pool to be incorporated into protein and nucleic
acid, this mechanism could not explain the total high level of binding
observed in the study. It was possible that the one-carbon pool could
account for the amounts of label found in the nucleic acid of the liver.
However, the authors thought this unlikely since the speed by which this
activity decreased was faster than normal DNA turnover and the rate of
incorporation of label was very different in RNA and DNA derived from
the same cellular nucleotide pool.

In further studies at the same institute (Laib & Bolt, Arch. Tox.
1978, 39, 235), liver RNA isolated from rats exposed to VC atmospheres
was shown to contain labelled 1,N5—ethenoadenosine and 3,N“—ethenocytidine,
the alkylation products of adenine and cytosine by chloroethylene oxide
and chloroacetaldehyde, as well as the physiological bases. The time-
course of dealkylation was found to differ in the two bases. Ninety-two
hours after exposure, the level of labelled ethencadenosine was only one-
fifth of its original value; ethenocytidine proved more resistant to
repair and the levels of radioactivity associated with this component
remained constant over the same period—possibly an indication of the
relative :.mportalnce of cytidine alkylation. B BLABOLLET 7 __/_‘fﬁ. _; /i’f
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Watanabe et al. (Toxic. appl. Pharmac. 1978, 44, 571) exposed

Sprague-Dawley rats to 1-5000 ppm 14c_1abelled VC for & hr. The amount

of radicactivity bound to macromolecules in the liver did not increase

in proportion to the increase in exposure concentrations. Covalent

binding to hepatic macromolecules was related to the amount of VC

metabolized. There was no detectable binding of }"C to either DNA or

RNA in the liver, in contrast to the results of Bolt et al. (loc.cit.).

The authors thought this difference in results might be explained by

the higher specific activity used by Bolt et al. They also offered the

* ' suggestion that the incorporation observed in the earlier work might
have originated from the one-carbon pool, but this would not explain
the alkylated bases isolated by Laib & Bolt (loc.cit.). Watanabe et al.
+ (loc.cit.) concluded that covalent binding to hepatic nucleic acids

occurred to only a limited degree under their experimental conditions

3 but they pointed out that this did not exclude the possibility of other
interactions which might result in the loss of the ability to control

: replication. Hepatic glutathione content was depressed at exposure

‘ concentrations above 100 ppm, and according to these authors reactive
metabolites of VC may be detoxified by glutathione, suggesting that
the carcinogenicity of VC may be related to a decreased ability to
detoxify reactive metabolites.

The in vivo binding of VC metabolites to DWNA has also been investi-
” gated in mice (Osterman-Golkar et al. Biochem. biophys. Res. Commun.
(:3 1977, 76, 259). BALB mice took up radiocactivity about twice as fast as
the CBA and ATL strains. Levels of §-(2-hydroxyethyl)cysteine, -
and N3-hydroxyethylhistidine or N7-hydroxyethylguanine were nsgasured in
the hydrolysates of proteins and nucleic acids taken from mice exposed
. to 98-302 ppm; these compounds were formed from the chemical (sodium
' borohydrida) reduction of 2-oxocethyl groups introduced into the cell
macromolecules as a result of the VC treatment. The histidine and
guanine derivatives and small amounts of hydroxyethylcysteine were
i detected in hydrolysates of haemoglobin and liver DNA. The authors
calculated that the absolute and relative amounts of alkylated products
supported the hypothesis that the main reactive metabolite of VC is
chloroethylene oxide. In the BALB mice, the two hydroxyethylhistidines
could be detected in small amounts in the protein from the testes.

In vitro studies

The binding of the metabolites ©f VC to cellular macromolecules
has also been studied by incubating rat-liver microsomes with NADPH,
polyadenosine and [1,2-1%¢]vCc (Laib & Bolt, Toxicology 1977, 8, 185).
The radiocactivity identified in the enzymic hydrolysates of the poly-
adenosine was irreversibly attached to 1,N5—ethenoadenosine. An
analogous reaction occurred when polycvtidylic acid was incubated with
vC and the microsomal system, labelled 3,N"-ethenocytidine moieties
{) being formed (Laib & Bolt 1978, loc.cit.).

i, —— e . e

The reaction of chloroacetaldehyde with calf-thymus DNA at pH 4-5
gave a modified DNA product (Green & Hathway, Chemico-Biol. Interactions
1978, 22, 211). Enzyme hydrolysis of the DNA produced a mixture of
naturally occurring deoxyribonucleosides and chlorocacetaldehyde reaction
products, predominantly ethenodeoxycytidine and ethenodeoxyadenosine.

ch e B A - O W S
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The same products resulted f£rom hydrolysis of liver DNA prepared from
rats that had been exposed to 250 ppm VC in drinking-water for 2 yr.

According to the studies of Kappus et al. (Toxic. appl. Pharmac.
1976, 37, 461), the alkylation of protein and uptake of VC by rat-liver
microsomes is dependent on concentration, incubation time, enzymatic
activity, NADPH and oxygen, and is almost completely blocked by CO,
These authors found that only about 1% of the VC taken up by the micro-
somes became irreversibly bound, a finding that contrasts with the
corresponding figure of around 50% observed in the in vivo studies of
Bolt et al. (loc.cit.). Glutathione added to the microsomal incubation
mixture decreased the level of irreversible protein binding. When
trichloropropene oxide, an inhibitor of epoxide hydrase, was present,
the irreversible protein binding increased two-fold, even though VC
uptake by the microsomes was unaffected.

Other in vitro studies have produced evidence of chloroethylene
oxide's participation in the metabolism of VC. The reaction product of
chloroacetaldehyde or chlorocethylene oxide with adenosine was tentatively
characterized by Barbin et al. (Biochem. biophys. Res. Commun. 1975, 67,
596) as 3,B-ribofuranosylimidazo~(2,1-i)-purine (1,N5~ethenoadenosine);

a product with the same Rp value and elution characteristics on a Sephadex
column was formed when VC was incubated with adenosine in the presence of
a microsomal fraction. Barbin et al. (loc.cit.) passed a mixture of VC
and air or oxygen into a medium containing both=liver microsomes from a2
phenobarbitone—~treated mouse and an NADPH-generating system. The volatile
metabolite trapped by reaction with 4-(4~nitrobenzyl)pyridine (4-NBP) in
ethylene glycol had a UV absorption spectrum identical to the product
formed from the reaction of chloroethylene oxide (but not 2-chloxo-
acetaldehyde) with 4-NBP.

The evidence from these studies strongly supports the view that
chloroethylene oxide is the major reactive VC metabolite. While it is
clear that metabolites of VC do bind to cellular macromolecules in rat
and mouse liver, the extent of nucleic acid binding has not been c¢learly
resolved, -

[J. Bopkins]

BLACK MARKS FOR MBK

The industrial solvent methyl n-butyl ketone (MBK) has been
implicated in cases of peripheral neuropathy among spray-painters and
other workers (BIBRA Bull. 1976, 15, 360) and has been shown to induce
axonal degeneration of the central nervous system and polyneuropathy in
experimental animals (ibid 1977, 16, 147).

The metabolic fate and disposition of MBK in the rat has been
studied by DiVincenzo et al. (Toxic. appl. Pharmac. 1977, 41, 547) in
. male rats dosed by gavage with [1-1“C]MBX at 20 or 200 mg/kg. Absorption
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