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Interoffice Communication

To F. Kennedy

From W. D. Broddle

Date March 14, 1980

Subject ~ Meeting of Chemical Manufacturers Association's Vinyl Chloride

Project Panel and Research Coordinators

As requested, I attended the above meeting held at the CMA offices in
Washington, D.C., March 4, 1980. Attachment 1 shows the list of at-
tendees.

The first item discussed concerned the NIH-sponsored conference on VC

and PVC to be held March 20-21, 1980 (Attachment 2). Reservations should
be made IMMEDIATELY. Unfortunately, I cannot attend this conference

but would appreciate any follow-up (handouts, notes, etc). Personnel

of CMA member companies will be some of the speakers at the conference.

Previously, OSH. had requested additional health and manufacturing data
but has extended the deadline to May, 1980. This may allow the EPA and
OSHA to use results obtained at the conference for setting a new future

exposure standard. OSHA and NIOSH are also developing a CRITERIA DOCU-
MENT (VC and/or PVC?).

Discussion then centered on epidemiological studies completed or pro-
posed by Envirommental Health Associates (Attachments 3 and 4), Deci-
sions made were as follows:

1. Lines 16-21, page 2, of Attachment 3 will be changed to that in

Attachment 4, Iines 16-21, page 4, but OMIT the last sentence in
either paragraph.

2., Panel Survey Inquiry (Attachment 4):

a. Item 4.2: Change to read, "We are interested in financially
sponsoring a thorough case-control evaluation and a clinical
examination of each brain tumor."

b. Item 4.4: Tt was pointed out that Plan B is an attempt to
determine if one can separate the toxicity of VCM vs. PVCdust

vs. EDC vs. Miscellaneous toxicity.

c. Items 4.4 and 4.5: Omit and consider at a future date.

d. Ttem 5: Omit,
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3. Environmental Health Associates (EHA)} will be asked to prepare
financial estimates for comparing industrial exposure to VCM vs.
PVC emulsion-dispersions (excluding latex) vs. all other VCM-PVC
workers as to mortality and cancer (cost will hopefully be less

than $10,000).

Additional discussion involved:

1. EHA will be asked, at no additional cost, to explain the exposure
deficiencies for the 3300 employees (Attachment 4).

2. The CMA legal department has not yet prepared a status report of
the IBT animal toxicology studies.

3. CMA will re-submit all VC-PVC data and any input provided by the
SPI to OSHA as requested recently.

4, SPI would like to publish a review on all VC-PVC studies.

Flynt, I enjoyed participating in this meeting, and please inquire
as to any questions you may have.

;

W. D. Broddle

33

Enc
CC:
D. Kuhn
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CONFERENCE TO REEVALUATE THE TOXICITY OF
VINYL CHLORIDE, POLYVINYL CHLORIDE AND

STRUCTURAL ANALOGUES

¢

March 20-21, 1980 .

National Institutes of Health — —
Masur Auditorium
Building 10
Clinical Center
Bethesda, Maryland

Cosponsors
National Institutes of Environmental Health Sciences
National Institute for Occupational Safety and Health

Occupational Safety and Health Administration
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Thursday, March 20, 1980

8:00 A.M.

8:30 A.M.

REGISTRATION

INTRODUCTORY REMARKS

Dr. David Rall, NIEHS

SESSION I - CARCINOGENESIS BIOASSAYS OF VINYL CHLORIDE
MONOMER

8:45 A.M.

Chairperson: Dr. Umberto Saffiotti, NCI

1.

Carcinogenesis Bioassay of Vinyl Chloride
Monomer with Particular Reference to
Multiple ,Sites and Dosage Review
Dr. Caesar Maltoni, Institute of Oncology
and Tumor Centexr, Bologna

9:45 A.M. 2. Experimentally Induced Pulﬁcnary Cancer

10:00 A.M.
10:15 A M.
10:45 A.M.

11:00 A M.

11:15 a.M.

Dr. Y. Suzuki, Mt. Sinai Medical School

Discussion

Break ' -

j.

The Role of Aging on Vinyl Chloride
Monomer - Induced Cancer
Dr. David Groth, NIOSH

Carcinogenic Effects of Exposure to Vinyl
Chloride Monomer and Ethyl Alcohol on Rats
Dr. Martha Radike, University of Cincinnati

Cancer Induction Following Single and Multiple
Expesures to a Constant Amount of vinyl
Chloride Monomer

Dr. Robert Hehir, CPSC

SESSION II - TOXICOLOGY STUDIES OF POLYVINYL CHLORIDE

11:30 A.M.

11:45 a. M.

Chairperson: Dr. Peter Infante, OSEA

6.

7.

Pneumoconiosis in Animals Exposed to Polyvinyl

Chloride Dust
Dr. David Groth, NIOSH

Results of Carcinogenesis Biocassay of Polyvinyl

Chloride N
Dr. Chris Wagner, BMRC, Penarth, Wales
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Thursday,

March 20, 1980

SESSION III-SPUTUM CYTOLOGY OF VINYL CHLORIDE WORKERS

12:00 P.M.

12:15 P.M.

12:30 P.M.

8.

Chairperson: Dr. Peter Infante, OSHA

Results of Sputum Cytology Among Vinyl
Chloride Polymerization and Polyvinyl
Chloride Fabrication Workers
Dr. Caesar Maltoni, Institute of
Oncology and Tumor Center, Bologna

Discussion

LUNCH

SESSION IV - MORTALITY STUDIES OF WORKERS EXPOSED TO
VINYL CHLORIDE

2:00 P.M.
2:15 P.M.
2:30 P.M.
2:45 "P.M.
3:00 P.M.
3:15 P.M.
SESSICN V
3:45 P .M.

Chairperson: Dr. Philip Landrigan, NIOSH

9.

10.

il.

12.

Multiple Site Risk Analysis of Vinyl
Chloride Related Cancer in Workers -~ Review
Dr. Peter Infante, OSHA

Cohort Mortality Study of Vinyl Chloride -—
Workers _
Dr. H. Weber, Der Staatliche Geverbearzt,
Fed. Deutch Republic

Epidemiological Study of Vinyl Chloride

Workers
Dr. Clark Cooper, Consultant

Power Considerations in Epidemiologic Studies
of Vinyl Chloride Workers
Dr. Jay Beaumont, NIOSH

Discussion -

Break

- LIVYZR AND BIOCHEMICAL CHANGES ASSOCIATED WITH
VINYL CHLORIDE

Chairperson: Dr. David Groth, NIOSH

13.

Epidemioclogic Review of Hepatic Angiosarcoma
in the United States
Dr. Henry Falk, CDC
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Thursday, March 20,'1980

4:00 P.M.
4:15 P.M.
4:30 .P.M.

14. United Kingdom Angiosarcoma Registry
Dr. Peter Baxter, CDC

15. Pathology of Vinyl Chloride Induced Liver
Lesions )
Dr. Hans Popper, Mt. Sinai Medical School

16. Liver Screening Tests for Vinyl Chloride

Exposed Workers
Dr. Carlo Tambero, University of Louisville

SESSION VI - INDUSTRIAL ﬁYGIENE MEASUREMENTS OF POLYVINYL

4:45 7P.M.
5:00 P.M.
5:15 P.M.

CHLORIDE OPERATIONS -
Chairperson: Mr. James Gideon, NIOSH

17. Polyvinyl Chloride Processes and Products .
Dr. R. Nick Wheeler, Union Carbide

18. Characterization of Polyvinyl Chloride
Homopolymers, Copolymers and-Additives
Mr. Jay Jones, NIQOSH

Discussion

CCR 0000112764
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Friday, March 21, 1980

SESSION VII -

A.M.

A.M.

A.M.

A.M.

A.M.

A.M.

A.M.

MORBIDITY AND MORTALITY STUDIES OF

POLYVINYL CHLORIDE EXPOSED WORKERS

Chairperson: Dr. R. Greehberg,

19,

20.°

21.

22,

23.

24.

25.

University of Louisville

Mortality Among Polyvinyl Chloride
Fabricators
Dr. Leonard Chiazze, Georgetown
University

Heart Disease in the Swedish Polyvinyl
Chloride Fabricating Industry
Dr. Gustavo Molina, Colombia

An Epidemiological Study of Respiratory
Disease in United Kingdom Workers Exposed
to Polyvinyl Chloride Dust .
Dr. Anthony Seaton, University of
Edinberg : ’

Polyvinyl Chloride Dust Induced
Pneumoconiosis
Dr. A. Arnaud, Marseille, France

An Epidemiologic Study of Pneumoconiosis
in the Italian Polyvinyl Chloride Industry
Dr. Guiseppe Mastrangelo, Padova, Italy

A Case=Control Study of Lung Cancer
Among Vinyl Chloride-Polyvinyl Chloride
Workers

Dr. Richard Waxweller, NIOSH

Review of Pulmonary Effects of Polyvinyl
Chloride Exposure
Dr. Ruth Lilis, Mt. Sinai Medical Schoocl

Discussion

Break
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Friday, March 21, 1980

SESSION VIIT - REPRODUCTIVE EFFECTS OF VINYL CHLORIDE

Chairperson: Dr. James Wilson, University
of Cincinnati

11:00 A.M. 26. Transplacental Teratogenic Effects of
Vinyl Chloride in Experimental Animals
Dr. Jackie John, DOW Midland

11:15 A.M. 27. Transplacental Carcinogenic Effects
: Dr. Jgrry Rice, NCI

11:30 a.M. 28, Mutagenic Effects of Vinyl Chloride
Dr. Jill Fabricant, University of
Texas, Galveston

. 11:45 A.M. 29. Power Considerations in Studies: of

Reproductlve Effects Associated with
Vinyl Chloride and Some Structural
Analogues

Ms. Maureen Hatch, Columbla University

12:00 P.M. Discussion
12:20 P.M. LUNCH

SESSION IX - ENVIRONMENTAL EXPOSURE TO VINYL CHLORIDE-
POLYVINYL CHLORIDE AND LIVER ANGIOSARCOMA

Chairperson: Dr. Pier Bertazzi, Institute
of Occupational Health, Milan

2:00 P.M.., 30. Fugitive Emissions of Vinyl Chloride-~
Polyvinyl Chloride
Speaker to be Announced

2:15 P.M. 31. Case-Control Study of Liver Angiosarcoma
Among Residents in New York
Dr. Nicholas Vianna, N.Y.S. Department
of Health

CCR 000017574




Friday, March 21, 1980 !-;

SESSION X - CARCINOGENICITY OF SOME STRUCTURAL ANALOGUES
OF VINYL CHLORIDE

Chairperson: Dr. Kim Hooper, Vniversity of
California, Berkeley

2:30 P.M. 32. Comparative Pathology of Vinyl Chloride
' and vinyl Bromide Induced Liver Pathology
in Animals"
Dr. William Busey, Experimental
Pathology Laboratories '

2:45 P.M. 33. Review of Experimental Carcinogenesis
of Vinyl Chloride Related Compounds
Dr. Ken Chu, NCI o
3:00 P.M. 34. Review of Epidemiologic Study Results of
: Vinyl Chloride Related Comoounds -
Ms. Rosanne Apfeldorf, OSHA
3:15 P.M. Discussion
3:30 P.M. Break
SESSTION XTI - RESEARCH NEEDS AND PUBLIC HEALTH INTERVENTION
Chairperson: Dr. Anthony Robbins, NIOSH ' -

Panel Discussion:

4:00 P.M. 35. Dr. Dale Haddis, Center for Policy
: » Alternatives, MIT

4:15 P.M. 36. Mr. Steve Wodka, OCAW

4:30 P.M. 37. Dr. Maurice Johnson, B.F. Goodrich

4:45 P.M. 38. Dr. Irving Selikoff, Mt. Sinai Medical
School
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5:00 P.M. 39. Dr. Joseph Wagoner, EDF

5:15 Pp.M. Discussion
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Proceedings from the Conference will be published.
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Program Planning Committee

Dr. Richard B. Everson .
NIEHS, Research Triangle Park, North Carolina

Dr. Peter F. Infante

OSHA, Washington, D.C.

Dr. Philip J. Landrigan

NIOSH, Cincinnati, Ohio

Dr. Raymond E. éhapiro

NIEHS, Research Triangle Park, North Carolina :

Dr. Richard J. Waxweiler ]

NIOSH, Cincinnati, Ohio " 1
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April 1979

The Dow Chemical Company

8/19/74 - "Preliminary Report: Vinyi Chloride Teratology Study

in Mice, Rats and Rabb;tS;’“ﬂfg\ 577~ 6343—/662{h33;)
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Lfatolqu Study %%Fe*

2/25/75 - "Results of a Vinyl Chloride - Te
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/777
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5/1/75 -~ "Continued Studies on the Pharmacoklnetxcs/Metabollsm
. " of vinyl Chloride in Mammals" A
. JCgLJQf
‘3/3/76 - "The Effects of Maternally Inhaled Vinyl Chloride on
/ Embryonal and Feta; Development in Mice, Rats and
f’:r -‘-‘..... T e

/V ’ Rabbits"
/ $/31/77 - "Summary of the Studies Conducted on the Pharamcokinetics/
Metabolism of Vinyl Chloride in Rats” N

1 7/12/77 - “"Resolution of Dose—~Response Toxicity Data for Chemicals
. Requiring Metabolic Activation: Example - Vinyl Chloride"
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VINYL CHLORIDE REPORTS

——

Industrial BIO-TEST Laboratories, Inc.

"Seven-Month Status Summary to Manufacturing Chemists
Association, Chronic Vapor Inhalation Toxicity Study
with Vinyl Chloride (Ethylene Derived) in Albino Rats,
Albino Mice.and Golden Hamsters"

6/19/74

5/9/75

"Gross and Histopathologic Findings, Oné—Year Interim
- Sacrifice Chronic Vapor Inhalation Study with VLnyl
. Chloride (Ethylene Derived) in Albino Rats"

"Eighteen Month Status Summary to Manufacturing Chemists
Association, Chronic Inhalation Toxicity Study with
Vinyl Chloride (Ethylene Derived) in Albino Rats, Albino
Mice and Golden Hamsters"

5/13/75

'9/23/75 - "23-Month Status Summary to Manufacturing Chemists As-
sociation, Chronic Vapor Inhalation Toxicity Study with
Vinyl Chloride (Ethylene Derived) in Albino Rats, Albinco
Mice and Golden Hamsters" ‘




April 1979

Program

Peratology Study in Mice, Rats and
" Rabbits

Effects of Maternally Inhaled Vinyl
Chloride on Embryonal and Fetal
Development in Mice, Rats and Rabbits

' Summary of Studies Condutted on the
Pharmacokinetics/Metabolism of Vinyl
Chloride in Rats

Resolution of Dose-Response Toxicity
Data for Chemicals Requiring Metabolic
Activation: e.g., Vinyl Chloride

Epidemiological Study of Vvinyl Chloride
Workers ' :

Chronic Vapbr Inhalation Study on Vinyl
Chloride

- VINYIL CHLORIDE

WORK COMPLETED

Investigator

B. A. Schwetz,
et al

P. J. Gehring,

et al

P. G, Watanabe,
et al

P. J. Gehring,
et al

Dr. H. Michael
Utidjian,
et al

WORK_IN PROGRESS

Orgqanization

Dr. John W,
Goode, et al

The Dow Chemical
Conmpany

The Dow Chemical
Company

The Dow Chemical
Company

‘The Dow Chemical

Equitable
Environmental
Health, Inc.

Industrial BIO-

TEST Laboratories,

Inc,

Completion
Date

2/25/75

3/3/76
5/31/77
7/12/77

1/78

in progress

CCR 000011283




April 1979

- Program

Immunological Systems for the Detection
of Vinyl Chloride and Other Chemical
Injury; Biochemical Enzymatic Systems for
Detection of vinyl Chloride and Other
Chemical Injury as a Potential Means of
. Detection of Cancer in Humans; Biochemical
Protein System of Detection; Histological
Systems of Detection; Chemical Systems of
Detection; Assays for the Carcinogenic
Potential of Industrial Chemicals Utilizing
Prokaryotic and Eukaryotlc Systems; Tissue
Antigens and Antlbodies in the Detection of
Vinyl Chloride Injury; Electron Microscopic
Evaluation of Liver Injury from Chemical
Workers

WORK IN PROGRESS

Investigator Organization
Dr. C. H. University of
Tamburro Louisville

et al

CCR 000011284

Completion
Date

11/30/77

" (Completion of

First and Second
Year of Three
Year Research
Program
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Experiment BIS ;1 pxpgsure by inkalevien o VO in 2ir, Bt 25, 10, S, V pm,,
e 4 hrs, daily, 5 days weekly, for 52 weeks,
Hegults n(ter 46 weeks.
ARIMALS ANIMALS WITH TUMOURS
SPRAGUE-DAWLEY
GRDUPS { ‘{AM‘;S}AV Zymbal gland Nephrobla~ Angilasarcomas Other type
Al carcinomus stomas Liver Other ag?{:" Tawl
TREATMENT Total Surrivars sites
L Na. Yo, Ho, o, Ho, To,
I
ve %5 rpm. 129 10 - - - - - - |
)1
ve W) ppm, 122 111 - - - - - -
111
Ve 5 rem, 12Q 113 - - - - - -
v
Ve 1 rpm. 120 - 112 - - - - -~
v
Mo treatment 120 97 -~ - - - - -
t'rm.ul 300 543 - - - - - -
Table 12
Experimeat BT!7 : Exposure by ichalation o VC in aiv at ( ppm,, 4 hre, deily,
5 days weekly, Tor 52 weeks,
Regsultg after 46 weeks,
ANTMALS ANTMALS WITH TUMOURS
QRCUFS AWISTAR BATS) 2ymbal gland | Naphrobla- Anglgsarconss O;hg; tyre 2otal
AND carcinomas stomag Liver Other ndsor ot
=itea oive
IREATMENT Total | Survivors J-—
Ho, No, o, No, No, Ro,
I
Ve 1 ppm, 120 g6 - - - - - -
11
fia  treatment 130 8g - - - - - -
|
Tetal 25¢ 1&5 - - - - - -
143 CCR 00001128
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Taktle &
p i
: Experiment BT8 : Exposure by inhalation to V¢ in sir at j0,C00, 5,000, 2,500,
M 500, 20, 5O ppm,, 4 hrs. daily, 5 aays weekly, for 30 weeks,
+ Regulte after 105 weekoe.
3 :
ANINALS “ITH TUNOURS °
ANIRALS LS o ] .
S tri- eatome
CROVES  iconvEn HAMSTERS) | Liver |ohesetins Forentonach | other tyre | .
i AFD angioear—|licmas mnd | lelanomas | Lympbomas T al:!fl/ﬂl' g}
. ©o8s [pamesliomas o i) site 8
' TREATHERT Tatal { Survivors {a) .
! Ro. No. o, Ho.o fo, Bo, Ra,
' I
: Ve 10,000 ppm, | 32 - - 6 1 - 4 2 {c) 4 ve 1o
‘ T Bre
. VO 6,000 gpm, | 32 - 1 2 2 2 7 7_fa) 10
. : 131 - ve 6
i ! Ve 2,500 ppm. - - ! - ! 10 3 _fe) 12 pre
: H v p—
X Ve v¢_ 500 ppm,| 33 - 2 3 - 1 7 2 (f) 12
1 f 7
{0 Ve 250 ppm.i 2 - - 3 - 1 2 - 6 ]
[N vI
: Ve 50 ppm,| 33 - - 6 ' ! 4 - o
; i ViT -
. o treatwent [ ! - 2 - 2 - - 5
i ' Total 268 1 3 23 4 8 34 14 59
-

B) Several cases with acanthosis and some urdergoing malignant trasformation,

b) Farillomas, acenthomes, some of which undergoing malignant trasformation,

¢) 1 eubcuteneous angiomat 1 gall-bledder addnocarcinoma,

@) 2 heratomasy 2 liver fibroangiomas; 2 liver angiomas; 1 biliducts adenocarcinoma,
e} t hepatoma; 1 liver fibreengioma; 1 liver angioma,

£) 1 subcutenecus angiomd; 1 bronchial carcinoma,

; g) Several onimale with 2 or more tumours,

! Tatle €

“-r o

Experiment BT11 @ Exposure by ingeetion (stomach tube) *a ¥C in oliva oil,
at 50.00, 16,65, 3,33 mg/fg body weighi, once dzily,
4~5 4aye wezkly, for S2 weeks,

Resulds after 84 weeks,

L roues ANIHALS ANIMALS WITH TUMOURS 1
v, -] AngiosBTCOman Other 4
; A5D (SPRAGU:_A';;’WY Zymbal glanid | Nephrobla- ot ana/orr " | Tatal 5p
’ zarcinomas etomas Liver mer site (b)
TREATMENT Total Survive Bites
TVivare Fo. Ho. No. ne, Ko Fa.
: I
Ve 50,00 mgKe | 8O 25 - - 8 1 (a) 3 (e) 1 (d}

. Ra
4 11
: ve 16,56 mg/Ke LY 31 1 1 5 - - 7 ‘ -

111 H e
; Ve 1,33 me/Keg| &0 39 - - ~ - - - [
& IV

iCon tral oli‘re ko 37 - - - - - -
a1
How

‘ a 320 1 1 1 H
¢ Total 3 _L 34 1 k] 1 3 3 —
: A) 1 thymun anglosargnma, :
H b) Severnl casen of hreant fibroadsncmaa; adrenal and pifuitary tumours {generally adenomas) have I
3 N1t hanrn =apnidersd, ninze thait distribution in the 4iffzrent Zroupn 4722 not vary,
. 2y 1 pammary corcoipsme; 2 farectaeach papdlami,
! ) 1 undmnt wibh 2 bamosen,
i
.
U 140
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s ABSTRACTS: SEVENTEENTH ANNUAL MEETING 13

T oxlcohi search Laboratory. The Dow Chemlcal Company. Midland, Mnchlgan.

The toxicity of many chemicals results from biotransformation products formed from the
chemica!l rather than from the chemical per se. In such cases, the incremental response may
become diminishingly smaller with increasing dose or exposure because activation of the
chemical to the toxic form follows apparent Michaelis—Menten rather than apparent first-order
kinetics. To illustrate this concept. rats were exposed to concentrations ranging from 1.4 to 4600
ppm of vinyi chloride for 6 hr and the total amount metabolized was determined. The amount
metabolized followed apparent Michaelis—Menten kinetics. For rats, the logarithmic probability
incidence of angiosarcoma versus the amount of vinyl chloride metabolized (rather than the
exposure concentration of vinyt chloride) is linear. Assuming no threshold (in spite of evidence to
the contrary). extrapolation of the data below the range of doses causing experimenially
observable responses predicted an incidence of 0.01% hepatic angiosarcoma in rats exposed to
4.6 ppm of vinyl chioride. Thearetical extension of the extrapolation to humans exposed daily for
8 hr to | ppm suggests an incidence of 1.5 per 100,000,000, This theoretical incidence is less
than that expected to occur spontaneously. It is concluded that pharmacokinetic parameters
must be elucidated before designing toxicological experiments or before interpreting the results
therefrom.

16. Studies of the in Vitro Metabolism of Thioacetamide and Thioacetamide Sulfine.
WiLLIAM R. PORTER and ROBERT A. NEAL, Center in Toxicology, Department of
Biochemistry, Vanderbilt University School of Medicine, Nashville, Tennessee.

Quantitativ= radiotracer methods, utilizing either thin-layer or high-pressure liquid
chromatography, have been developed for the study of the metabolism of thioacetamide and its
sulfine metabolite, thioacetamide-S-oxide. Thioacetamide is oxidized to thioacetamide-S-oxide
by rat liver microsomes and by a reconstituted mixed-function oxidase system comprised of
purified c:'tochrome P-450, purifiecd NADPH——cytochrome ¢ reductase, and phospholipid. The
reaction requires NADPH (which requirement can be only partially met by NADH) and is
inhibited by carbon monoxide. SKF 525A. and an antibody to rat cytochrome P-450. Thio-
acetamide-S-oxide is oxidized by rat liver microsomes to acetamide and unidentified polar
products: some of the substrate becomes irreversibly bound ta the microsomes during the course
of the reaction. The reaction has the same cofactor requirements and generally responds to
inhibitors in a manner similar to that observed for thioacetamide. Michaelis—Menten kinetic
parameters were determined for the metabolism of thioacetamide and thioacetamide-S-oxide by
microsomes from untreated and from both phenobarbital- and 3-methylcholanthrene-pretreated
rats. The K,'s for formation of thioacetamide-S-oxide from thioacetamide were 0.06, 0.11, and
0.09 mM. respectively. The K, for the formation of acetamide from thioacetamide-S-oxide and
for irreversible binding to microsomes did not differ significantly; a value of about 0.4 mm was
obtained in all cases. Phenobarbital pretreatment increased metabolism of both thioacetamide
and thioacetamide-S-oxide. The results indicate that thioacetamide-S-oxide is an obligatory
intermediate in the two-step metabolic conversion of thioacetamide to acetamide. polar products,
and microsome-bound material and that both steps require, at least in part, the cylochrome
P-450 mixed function oxidase system.

17. MC-Labeled Eihvienethiourea Metabolism in the Cat: Blood Decay Profile and Urinary
Metabolites. F. 1vERSON and K. KHERA, Food Directorate, Health Protection Branch,
Ottawa, Canada.

Ethylenethiourea (ETU) is a teratogen in the rat, producing a range of deformities. The cat is’
currently under investigation to determine the response of this species to teratogenic agents. In
the present study. two female cats were dosed iv with 4 mk/kg of '“C-labeled ETU, a known
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TOXICOLOGY AND APPLIED PHARMACOLOGY 44, 581591 (1978)

Resolution of Dose-Response Toxicity Data for Chiemicals i

Requiring Metabolic Activation: Example/—-VinyI Chloride! ¥

P. J. GEHRING,? P. G. WATANABE,? AND C. N. PARk’

Toxicology Research Laboratory, Health and Environmental Research, and Physiéal Research
Laboratory, Math Applications, Dow Chemical U.S A., Midland, Michigan 48640

Received Augus: 30, 1977, accepted November 4, 1977 ‘ -

|
Resolution of Dose-Response Toxicity Data for Chemicals Requiring Metabolic Activation: !
Example—Vinyl Chionde. GEHRING, P. 1., WaranaBe. P. G., anp Panx, C. N. (1978). i
Toxicol. Appl. Pharmacol. 44, 581--591. The toxicity of many ‘chemicals resuits from ;
biotransformation products formed from the chemical rather than (rom the chemical per se. In J
such cases, the incremental response may become diminishingly smaller with increasing dose or i
exposure because activation of the chemicul to the taxic form follows apparent Michuelis— }
i Menten rather than apparent first-order Kinetics. To illustrate this concept, rats were exposed to i
concentrations ranging from 1.4 to 461 ppm of vinyl chloride for 6 hr, und the total amount
metabolized was determined. The amount metabolized folowed apparent Michaelis—Menten 1 .
kinetics. For rats, the logarithmic probability incidence of angiosarcoma versus the amount of |-
viny! chloride metabofized rather than the exposure concentration of viny! chloride is linear. ; :
Assuming no threshold in spite of evidence to the contrary, extrapolation of the data below the .*
range of doses causing experimentally observable responses predicted an incidence of 0.01% !
hepatic angiosarcoma in rats exposed to 4.6 ppm of viny) chluride. Theoreticat extension of the |
extrapolation to humans after adjusting for metabolic and body mass differences was under- }
|
!
|

i taken. The theoretical extrapolation for man expased daily for 8 hr to | ppm suggests an
; incidence of 1.5 per 100,000,000, This theoretical incidence, although a likely overestimate
) because of a less than predicted incidence in men exposed to 200 ppm and greater, as well as
evidence for a threshold in rats, is less than that expected to occur spuntaneously. The concepts
evolved from this analysis reveals why pharmacokinetics must be considered in designing
toxiculogy experiments as well as in interpretation of the resulting Jata,

There exists a great deal - * uncertainty in predicting the potential response of exposure
to chemicals at concentrations below those producing an experimentally discernible ’
response. This is particularly true when the response to the chemical in question is i
oncogenesis. Statistical projections recommended for assessing the risk of exposure to

doses of oncogenic chemicals lower than those producing an observable response inciude ,
those based on logarithm probabiiity curves (probit curves), logistic curves, or linear ]
curves (one-hit curves) (FDA Advisory Committee on Protocols for Satety Evaluation,
1971). One of the most commonly used statistical projections for risk assessment has
been that promoted by Mantel and Bryan (1961) in which a logarithm probability pro-

! This study was finded by the companies supporting the vinyl chloride projects being administered by
the Manufacturing Chemists Assoviation, Washington, D.C.
*Heatth and Lnvironmental Research, Dow Chemical U.S.A., Midland. Michigan 42640, manuscript
No. B 600-176-77.
3 Physical Research Laboratory, Dow Chemical U S.A., Midland. Michigan 48640.
581 31U X/ 78/04343-0581$02.00:0
Capyrighc ' 1978 by Academic Press. [nc.
Al righis of reproducton us any focm seserved.
Printed in Great Britan
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582 GEHRING. WATANABE, AND PARK

jection with a slope of 1 is utilized. A flaw innate to all of these methods is that the dose- metab
response information used to make the projection is based on the dose of chemical accor:
administered to the animal rather than the quantity of the administered dose giving rise

to the response: the latter may either increase or decreuse disproportionately as the

administered dose is increased.

The use of high doses to reveal the chronic toxicity incurred with exposure to a In thi
chemical is a common. scientifically defensible practice if judgment and scientific biotre
rationale are used in designing the experiments and in assessing the resulting data. hr. §
However, such doses frequently overwhelm the enzymaltic processes for activation of the expre

chemical to the toxic form or for deactivation of the toxic form to an innocuous form.
In this paper. it is demonstrated how the dose-dependent activation of vinyl chloride to
an oncogenic product must be considered in resolving the dose-response of rats exposed

PARA
via inhalation to vinyl chloride.
1
METHODS cor
S
Material. Vinyl chloride ('*C-labeled) was synthesized from 1.2-dichloroi 1.2- _—
4Clethane (New England Nuclear, Lots, No. 819-221 and 819-292, 5.0 and 4.8
mCi/mmol, respectively) directly prior to use (Wagner et af.. 1975). Nonlabeled VC
(Matheson Gas Products) of 99.9% purity was mixed with the “C-labeled material to
: obtain the desired specific activity.
Animals. Male Sprague~Dawley rats (Spartan Research Laboratory) weighing 200—
! 250 g were used throughout the study. Food and water were pravided ad libitian except
. during the exposure. Exposures were conducted between 9:00 am and 3:00 pMm (EST).
' Groups of three to six rats were exposed to various concentrations of *C-VC for 6 hr. JE—
Exposure and procedure. The rats were exposed by inhalation under dynamic a1
conditions in a 30-liter glass inhalation chamber. The mean analytical concentrations of ':1
: VC measured by gas chromatography were 1.4 + 0.3 (+SD). 9.3 + 0.2, 24.7 + 4
; S1+2.109 + 23,250 + 2,511 + 11,1020 + 13, and 4600 + 31} ppm. Details of this T
: exposure and the method of analvtical determinations have been reported previously ¢
(Watanabe et af.>1976a). Immediately following the 6-hr exposure to various were
: concentrations of *C-VC (1.4-4600 ppm). the rats were killed by a blow to the head. form
X and the carcass was analyzed for total radioactivity (Watanabe et al.. 1976b). Previous
: studies have shown that only a small percentage of radioactivity (< 12%) is excreted as
metabolites other than *C-VC per se during 72 hr foliowing a 6-hr inhalation exposure
(Watanabe et al.. 1976a). A large proportion of the 12% is comprised of “CO, Itea
excretion 72 hr after exposure. Furthermore, very little urine is excreted during the verif
exposure period, Thus. the nonvolatile radioactivity determined immediately after bY_“
exposure in the tissue and carcass is a pood estimate of the total amouat of metabolized ﬁm_“
s VC. estic
N of \
. resp:
RESULTS 0
Consistent with the results of previous studies (Watanabe ef al., 1976a.b), the func
' metabolism of VC by rats does not increase proportionately with increasing vC
concentrations of VC being inhaled (Tabie 1). The nonlinearity of the amount of VC © Ve
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DOSE -RESPONSE: VINYL CHLORIDE 583

metabolized during 6 hr of exposure to various concentrations of VC appeared to be in
accordance with Michaelis—-Menten kinetics as described by the equation:
I,nl S
U=
K,+S5
In this equation, v and V. are the velocity and maximum velocity. respectively, for the
biotransformation of VC expressed as microgram equivalents of VC metabolized per 6

hr. S and K, are the concentration of VC being inhaled and the Michaelis constant
expressed as micrograms of VC per liter of air, respectively.

(N

TABLE |

PARAMETERS FOR DESCRIHING THE METAROIISM OF INHALED VINYL CHlL.orRIDE {(VC) UsING
MICHAELIS—M ENTEN KINETI(.'S

Exposure

conecentration
S tppm of VC) S(ug of VC/iiter of air)¢ v(ug of VT metabolized®/6 hr) /S
1.4 3.6 10+ 3 8.33
9 23.0 242 + 26 10.52
25 64.0 557 +42 8.70
51 130.6 1181 + 93 9.04
109 279.0 2406 + 173 8.62
250 640.0 3826 + 345 5.98
511 1308.2 6263 + 355 4.79
1020 2611.2 4257 + 765 1.63
3600 11776.0 9255 + 1467 0.79

"1 ppmof VC = 2.56 ug ot VC Aiter of air.
# Determined from the total radioactivity in the carcass,
“Meaa + SD. . '

To ascertain whether Michaelis~Menten kinetics were applicable, the data in Table 1
were analyzed in accordance with the linear Woolf—Augustinson—Hofstee trans-
formation of the Michaclis—Menten equation {Segel, 1976},

124
n g +

It can be seen from the plot {Fig. 1) that the data appear to lie along a straight line thus
verifying, at least visually, the Michaelis—Menten model. ¥, and K|, can be estimated
by the ordinate intercept and the slope of the line or they can be estimated directly by
fitting the nonlinear Michaelis—Menten model. Both procedures yield similar parameter
estimates. The estimates derived by fitting the mode! directly are 8558 + 1147 (SD) ug
of VC metabolized and 860 + 159 (SD) ug of VCl/liter of air for V, and K,
respectively.

Once a means is obtained to calculate the amount of VC metabolized by rats as a
function of exposure, it is then possible to relate the untoward effects associated with
VC exposure to the amount biotransformed rather than the exposure concentration of
VC per se incurred by rats exposed to VC.

v=—K V. (2)

wr
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584 GEHRING, WATANABE, AND PARK

10,000

v‘= “Kp w5tV

vs
FiG. 1. Metaholism of vinyl chloride analyzed in uccordance with the Waoulf-Augustinson-Holstee
linearized {orm of the Michaclis—Menten equation. Values of v and /S were taken from Table 1. The kne

was fit by lincar regression analysis. The correlation coeffictent, R, was 0.88.

Maltoni and Lefemine (1975) reported the incidence of hepatic angiosarcoma in rats
exposed to different concentrations of VC. 4 hr/day. 5 days/week for 12 months and
subsequently held for observation until death (Table 2). Before attempting to relate
these data to the amount of VC biotransformed in accordance with the Michaclis—
Menten eyuation using the previously determined values of ¥, and K. the value for ¥

TABLE 2
CORRI \[ION BETWEEN EXPOSURF CONCENTRATION OF VINYL CHLORIDE. METABOLISM AND
INDUCTION OF HEPATIC ANGIOSARCOMA (N RATS
Percentage
Exposurc incidence of
concentration  S{ug of VC/ hepatic

Sippmof VC)  litér of airy t(ug of VC metabolized”/4 hr) log ¢ angiosarcoma'
10.000 25.600 5.521 3.742 15
6.000 15.360 5.403 3.133 22
2.500 6.400 5.030 3.702 22
500 1,280 3413 3.533 12
250 640 2.435 3.386 7
50 128 739 2,869 2

ugof VC )
liter of air ]~

2]l ppmof VC 256 (—-———

ry ug. of VC metabolized

6 hr

ug of VC metabolized ug of VC .
_—Zhr— e = 5706 (*-‘i h - S(ug/liter) 1860(ug/liter) + S{ug/liter)i.
T

¢ From Maltoni and Lefemine (19735).

" corrected for 4-hr exposure, 8558 ( ) -4/6 = 5706

Vel
am

[
t
t
}
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must be adjusted for the shorter exposure duration used by Maltoni and Lefemine, 4
versus 6 hr. This adjustment is accomplished by muliiplying ¥, by 4/6. Thus, the

amount of VC biotransformed daily by rats exposed 1o the various concentrations used i
in the experiment of Maltoni and Lefemine can be calculated from the equation: #
FVC v
s706 [“2OFVE) g Lg_) ,
4 hr liter | ‘-
v = 3) .

860 (L2} + 5 ﬁ)
} liter lner’
The resulting values for ¢ are given in Table 2.

Figure 2A. depicts a logarithm probability plot (probit plot} of the incidence of
: hepatic angiosarcoma observed in rats by Maltoni and Lefemine (1975) versus the

amount of VC biotransformed for 4 hr of exposure, v, or the exposure concentration, .S.

) 1" L - . . . .. i
‘ The incidence of hepatic uogiosarcoma in rats is linear with respect to log ¢ but not
inson-- Hofstee log §. The line drawn for log v versus tumor incidence (Fig..2) was determined by using 1
able 1. The line : a probit regression analysis program. and the equation relating the incidence of h.patic :
; angiosarcoma to log v was: . [
: robit response = — 1. . . i
coma in rats probit response 1.625 + 1.543 log v ' (4) :
months and Using the foregoing equation, a projection below the levels of exposure producing an i
ing to relate experimentally discernible response has been mad: (dashed line). Assuming no '1
. . I
2 Michaelis—
N Peroent incidence A P incidence
value for V o oniae probic orcant Incid 8 ot
0 5.00 <0 5.00
7] od 401
SLISM AND 0 ol
20 203 b
Percentage o R
1ncidcnc_c of 10 ~ 4.00 100 -4 400
hepatic
1glosarcoma’’ 5 5 |
|
15 . . — 300 b - 3.00
2 - ! I
I
“ H 08 l 0.5 }=
12 1 l
7 \ a2 _l 0.2k
2 01 / 200 i — 200
0.06 - , 0.06 |-
oml— 1t A 1 [T - 001 L ! ! Ly
o 1 2 3 4 o ' 2 3 4
Logw Log S
Fio. 2. (A) Metabolism of vinyl chloride expressed as log i1 (Micrograms of VC metabolized/4 hr)
versus percentage incidence of hepatic angiosarcoma {probability scale). (B) Exposure concentration
expressed as log § (parts per million) versus the percentage incidence of hepatic angiosarcoma. The probit
ier). equivalents of the percentage incidence are shown on the right hand ordinate. The solid line is the best fit
for experimentally obscrved responses while the dashed line represents exirapolation below those doses
producing an observable response assuming no threshoid.
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586 GEHRING, WATANABE, AND PARK

threshoid for the induction of angiosarcoma in rats exposed to VC, the exposure
concentration producing one angiosarcoma in 10,000 rats can be calculated. The probit
percentage representing an incidence of 0.01% is 1.28. Substitution of this value into the
Eq. (4) yields: :
Logv = 1.8827,
v = 76.33 ug of VC metabolized/4 hr

Using Eq. (3). the concentration of exposure to VC needed to give this value for v is
11.66 ug/liter or 4.6 ppm {approximate 95% confidence limits obtained by substituting
the upper and lower 95% confidence limits for v in Eq. (3) and solving for S are 0.03-
8.7 ppml. Hence. exposure of rats to 4.6 ppm of VC for 4 br daily, 5 days/week for 1
year can be expected to produce one angiosarcoma per 10,000 rats if the dose-response

curve remains valid at exposures, less Lnan those producing a discernible experimental
response.

DISCUSSION

For many chemicals. toxicity may not be a function of exposure to the chemical per
se. but rather to a biotransform::iion product of the chemical. Frequently, production of
a toxic metabolite is' dependent upon enyzmatically mediated reactions which are
classically described by Michaelis-Menten Kkinetics. Since enzymatically ediated
reactions are concentration dependent and saturable, toxicity resulting from exposures
to chemicals requiring activation to a toxic form cannot be related directly to the
magnitude of exposure or dose. In such a case, it is necessary to determine the amount
of the chemical undergoing biotransformation as a function of dose or exposure before
a meaningful dose-response relationship can be established.

There is considerable evidence that vinyl chloride requires bioactivation to produce
tumors. Metabolic activation is required to induce mutations in bacteria exposed to VC
(Bartsch et al., 1975: Malaviellc et al., 1975: Rannug et al.. 1974). Covalent binding of
*C to hepatic macromolecules in rats (Watanabe er al., 1978) exposed to '*C-VC also
requires bioactivation. Covalent binding of electrophiles to DNA has been associated
with tumorigenesis.

For vinyl chloride-induced hepatic angiosarcoma in rats, a logarithmic probability
plot (probit plot) of the incidence versus the amount of vinyl chloride metabolized. ¢.
over a range of exposures from 50 to 10.000 ppm of VC gives a classical straight line
(Fig. 2A). The dose-response relationship is not a straight line when plotted as a
function of the exposure concentration, S (Fig. 2B). These results support further the
conclusion‘that VC requires biotransformation to an active metabolite for tumori-
genesis. Furthermore. a more reasonable evaluation of the dose-response data for vinyl
chloride-induced tumorigenesis requires knowledge of the amount of VC activated as a
function of exposure. After arbitrarily excluding data acquired from rats exposed to
concentrations of VC exceeding 500 ppm in the experiment of Maltoni and Lefemine
(1975). Schneiderman et al. (1975) extrapolated thic remaining data to predict an
incidence of 0.01% hepatic angiosarcoma in rats exposed to 1 ppm of VC. This
number is reasonably close to our prediction of 4.6 ppm of VC for the same incidence.
If Schneiderman et af. (1975) had used all of the data, a dose-response curve with an
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unrealistically shallow slope would have resulted and the predicted level causing 0.01%
hepatic angiosarcoma would have been much smalier, on the order of 0.00001 ppm.

The concepts developed herein allow use of all of the data presented by Maltoni and
Lefemine (1975) to construct a dose-response curve on a scientifically defensible basis.
Assuming that the resulting J.'se-response curve can be projected beyond the range of
the experimentally discernible responses, the exposure concentration required to
produce an incidence of 0.01% hepatic angiosarcoma in rats is 4.6 ppm.

Aside from interpreting toxicity data for chemicals requiring activation to a toxic
form, there are some practical implications of the concepts presented herein for
designing experiments to assess the toxocity, including carcinogenicity, of such
chemicals. For these chemicals, increasing the concentration above the apparent K,
will produce diminishingly smaller increments in the response; no increase in the
response is to be expected when the exposure concentration 15 two or three times K.
Since total dose is a function of exposure time as well as concentration, it is important
to determine the effect of exposure time on the response. As shown in Eq. (3), the only
parameter influenced by exposure time is ¥, which is ingreased linearly with time.
Therefore, after the concentration to which the animals are exposed becomes two to
three times K, the amount metabolized, v, will increase linearly with increasing
exposure time. For this reason, the gradation of incidence of arviosarcoma in rats
exposed to high concentrations of VC will become a function of exposure time rather
than concentration. This reasoning makes it imperative that the duration of exposure as
well as exposurz concentration be considered in evaluating the results of epidemio-
logical stu::lies of people exposed to high concentrations of VC in the work environment.

Unless the dose-dependent, Michaelis—~Menten type pharmacokinetic parameters are
resolved prior to designing the experiment, the results may be robbed of much of their
value for characterizing the dose-response function for the untoward effects observed.
Thus, the current approach using the maximum tolerated dose as defined presently and
fractions thereof may be scientifically unsound if the objective is to assess the potential
toxicity of exposure to much lower doses or exposures. For some chemicals detoxifica-
tion of the chemical per se or reactive 1 1abolites formed from the chemical may also be
dose-dependent and saturable leading to a build-up of toxic materials. In such cases, the
incremental responses to increasing doses or exposures will become disproportionately
larger rather than smaller (Gehring and Blau, 1977).

In the foregoing analysis of the dose-response data for the induction of angio-
sarcoma in the rat, no threshold for the response was assumed. As indicated, extra-
polation below the range of doses resulting in an observable response may overestimate
the response in rats because there is evidence that detoxification of reactive metabolites
of VC may occur more efficiently in rats exposed to concentrations of VC below 50
ppm (Watanabe et al., 1976¢). Indeed, further analysis of the data reported by Maltoni
and Lefemine (1975) also provides an indication of a practical threshold. In a subse-
quent presentation of these data, it was revealed that the latencies for the development
of hepatic angiosarcoma were, respectively, 64, 70, 78, 81, 79, and 135 weeks for rats

exposed to 10,000, 6000, 2500, 500. 250, and 50 ppm of VC (Maltoni, 1975). These

results indicate that at some low levels of exposure the time required for induction may
exceed considerably the life expectancy for rats. This is consistent with the work of
others suggesting that multiples of a lifetime may be required for expression of cancer in
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588 GEHRING, WATANABE, AND PARK

response to low doses of a carcinogen (Druckrey, 1967: Albert and Altshuler, 1973).
Thus. extrapolation of the data obtained for rats below the range of exposures causing a
discernible response may be expected to overestimate the projected incidence.

The ultimate objective of a toxicological study is to develop data which can be used
to assess the potential risk for man. It is worthwhile to utilize the concepts presented
herein to achieve this objective realizing fully that such extrapolation is fraught with
uncertainties. The basic assumptions made are:

(i) Induction of angiosarcoma is related to the amount of reactive metabolite of VC per
unit of mass.

(i) Exposure of rats for 12 months approximates exposure of workers for their working
life.

(iii) There is no threshold for the induction of angiosarcoma in ¢ither rats or man which
likely overestimates the assumption of risx as discussed above.

(iv) The efficiency of the metabolic proesses involved in the conversion of VC to the
reactive form is proportional to the body surface area. Since data for the bio-
transformation of VC by man are not available, the most logical basis for translation
of the animal data to man would seem to be on the basis of body surface area.

The last assumption deserves comment. There are considerable data in the literature
showing that metabolism in general and other physiological parameters as well are
relatable directly to the surface area of the body (Schmidt-Nielsen, 1970: Pinkel, 1958).
For this reason. administration of biologically active chemicals to various species
frequently gives an equivalent response when the dose is administered in proportion to
the surface area of the body, that is dose per square meter of body surface (Pinkel.
1958). This relationship is gaining recognition in estimating the risk incurred by man
from exposure to chenicals in the environment (Committee on Safe Drinking Water,
National Research Council, 1977). In utilizing this relationship it must, however. be
recognized that the original relationship was developed for biologically active agents.
Since metabolism and othér physiological processes involved in detoxification are more
active in smaller animals, the dose of a biologically active chemical per unit of mass
required to produce a given effect increases as the body decreases, while the dose per
unit surface area remains relatively constant. However, for a chemical requiring
activation to the biologically active toxic form. the total amount transformeu will be
roughly proportional to the body surface area. Since toxicity is a function of the
concentration of the active form in tissue. this total amount transformed must then be
normalized for mass to estimate an equivalent response.

Using aforementioned rationale, the maximum velocity. V. for a 70 kg man can be

estimated by calculation using the ¥, value obtained for a 0.250-kg rat. The ¥ of man
for VC will be:

v V= V- (rat 1.85 m?
m (man) = V_ (rat) 0,045 m?

or

2

m
—— ) =351 hr,
5003 m=) 351829 pg/6 hr

V., (man) = (8558 ug/6 hr)(
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where the values [.85 and 0.045 m? are the body surface areas of a 70 kg man and a
0.250-kg rat. respectively (Pinkel, 1958). For an 8-hr exposure, the value is 469,105
ug/8 hr. In order to use this number to theoretically estimate the response in man using
data collected in rats. the V,_, for man must be adjusted to a mass equivalent to that of
rats since toxicity is a function of concentration in tissue. To do this the number is
divided by 70 kg/0.25 kg or 280. The resulting ¥, for man on a mass equivalent basis
to that of rats is 1675 ug/8 hr. Using this value, the amount of VC transformed to a
reactive form by man on a mass equivalent basis to rat is given by the equation:

1675 ug/8 hr - S(ug/liiter) : )
860 ug/liter + S(ug/liter) -

Using this equation, the amount of VC transformed by man on a mass equivalent basis
to rats was calculated as a function of exposure concentration and the expected
incidence of angiosarcoma estimated from “q. (4) (Table 3).

For men exposed to greater than 200 ppm of VC, the incidence of angiosarcoma
has been reported to be 0.02% (Fox and Collier, 1977),, Hence, the theoretical
calculated incidence using data from rats exceeds that currently detected by
approximately 50-fold. This may indicate that people are less sensitive than rats to the
induction of angiosarcoma, or it may indicate that a practical threshold for the
induction of angiosarcoma had been attained. Consistent wiii. this latter possibility is
that » on a mass equivalent basis to rats for men exposed 0 200 ppm is 625. This
number lies below that for rats exposed to 50 ppm. As indicated previously, ang.o-
sarcoma observed in rats exposed to 50 ppm occurred only in a rat that tived 135 weeks
{Maitoni, 1975). Further, this rat did not die as a result of the angiosarcoma but was
killed. Thus, as indicated previously, projection of the data collected in rats below the
range of exposures producing an observable response may overestimate the incidence.

o(ug/8 hr) =

- ’

TABLE 3
THEORETICAL AMOUNTS OF REACTIVE PropucT Formiip FROM VC BY A 70 KG MAN
ExposED CONTINUOUSLY FOR 8 HR AND THE CORRESPONDING EXPECTED INCIDENCE OF
ANGIOSARCOMA AS PREDICTED FROM DATA COLLECTIED IN RATS ASSUMING NO THRESHOLD

Theoretical
percentage
incidence of
response’  angiosarcoma‘

Exposure Probit
concentration t{ug of VC mictabolized®/8 hr) log v

(ppm)  (ug/litery

200 512 625 2.79 2.68 1.02

50 128 217 2.34 1.938 0.1l
5 128 24.6 1.39 0.52 374 x 10°¢
1 2.56 4.97 0.70 ~0.54 1.5 x 107¢

< | ppm = 2.56 gg/iiner.

# 1 has been calculated vsing the Michaelis—Menten equation after calculating the ¥ for man from
the ¥, determined for rats. This calculation was made by assuming ¥, is proportionat 10 body surface
area and subsequently adjusting it to a mass equivalent 10 that of rats. See text.

“The expected probit response was caleulated from probit Eq. (3) (see text). Subseguently the
theoretical percentage ncidence of angiosarcoma was deternuned tfrom the respective probit.
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In spite“of the likelihood of overestimating the incidence of angiosarcoma in rats or
man. the incidence predicted for people exposed to | ppm. the current OSHA
(Occupational Safety and Health Act) standard. is very small (1.5 per 100 miilion).
This value which is likely an overestimate is below the expected incidence of
spontaneous angiosarcoma reported to be 20 to 25 cases in the U.S. annually (Makk et
al.. 1976}

In summary, it has been demonstrated that the incidence of VC induced angio-
sarcoma in rats is retated not to the concentration of exposure but rather to the amount
of VC biotransformed. Biotransformation of VC by rats is a dose-dependent process
characterized by Michaelis—~Menten type kinetics. The concepts evolved {rom this
analysis reveal why pharmacokinetics must be considered in designing toxicology
experiments as well as in interpretation of the resuiting data. Having characterized the
dose-response for induction of angiosarcoma in rats as a function of the amount of VC
biotransformed, a theoretical estimate of the incidence expected to occur in exposed
men was undertaken using the data collected in rats. For daily 8-hr exposures to 1 ppm,
the predicted incidence is 1.5 in 100,000,000 which is less than that expected to occur
spontaneously. This predicted incidence is likely an onverestimate of that which will
occur as a result of exposure to 1 ppm because there is some evidence fot at least a
practical threshold in both rats and man. There are no illusions that this estimate by
extrapolation of data outside the range of doses causing ekperimentally observable
responses and subsequently to man is without flaws. However, the rationale used
represents a new approach which utilizes more logic than methods employed currently
for such extrapolation.
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