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SUMVARY

A bioassay of lasiocarpine for possible carcinogenicity was
conducted by administering the test chenmical in the diet to
Fi scher 344 rats.

Groups of 24 rats of each sex were adm nistered |asiocarpine at
one of three doses, either 7, 15, or 30 ppm for 104 weeks.
Mat ched controls consisted of groups of 24 untreated rats of each
sex. Al surviving rats were killed at 104 weeks.

Mean body weights of the high-dose male and female rats were
| ower than those of the nmatched-control groups throughout nost of
the study, while weights of the nid-dose rats were lower only
during the second year, and weights of the |ow dose groups were
unaffected. There was a positive dose-related trend in nortality
for both sexes, with none of the high-dose aninals, only five of
the md-dose animals, 23 of the |owdose aninmals, and 43 of the
mat ched controls surviving to termnation of the study. In spite
of these early deaths, all male rats except one |ow dose ani nal
and one high-dose animal devel oped tunors, and anong the females,
23 lowdose and 22 md-dose aninmals developed tunors. Time-
adj usted anal ysis of the incidence of tunbrs was perforned in the
femal e rats.

In male rats, there was a positive dose-related trend (P < 0.001)
in the incidence of angiosarcoma of the liver; furthernore, the
incidences in the md- and high-dose groups, but not that in the
| ow-dose, were significantly higher (P < 0.001, both groups) than
that in the controls (controls 0/24, |owdose 5/24, md-dose
11/ 24, high-dose 13/24). In females, the incidences in both the
low and md-dose groups, but not that in the high-dose, were
significantly higher (P = 0.002 and P = 0.005, respectively) than
that in the controls (controls 0/24, |owdose 8/24, md-dose
7/ 24, high-dose 2/9). Metastatic angiosarcomas were present in
the lungs froma few of the rats in all three treated groups of
bot h sexes.

In both nmale and female rats, there was a positive dose-rel ated



trend in the conbined incidence of hepatocellular carcinoma and
adenoma of the liver (males, P = 0.003; females, P < 0.001)
furthernmore, the conbined incidence of these tunors in the high-
dose females, but not those in the low and nid-dose, was
significantly higher (P < 0.001) than that in the controls
(controls 0/24, |owdose 5/24, nid-dose 1/24, high-dose 7/9). The
P-value of the conbined incidence in the high-dose males (P =
0.025) is above the 0.016 level required by the Bonferron
inequality criterion, when nultiple conparison is considered
(controls 0/24, |owdose 0/24, mid-dose 3/24, high-dose 5/24).
Nodul ar hyperplasia was observed in additional aninals of each
treated group of each sex. Thus, |asiocarpine was associated with
proliferative | esi ons of hepat ocyt es as wel | as with
angi osarcomas arising fromendothelial cells of the liver.

The conbi ned inci dence of |ynphona or |eukemia was significant in
both the low and m d-dose female groups (P < 0.018), but not in
t he hi gh-dose group, perhaps because of the early deaths in this
group (controls 2/24, |owdose 9/24, mid-dose 11/24, high-dose
1/23). The incidences of these tumobrs in the nales were not
significant.

It is concluded that under the conditions of this bioassay,
| asi ocarpine was carcinogenic in Fischer 344 rats producing
hepatocel lular tunors and angiosarcomas of the liver in both
sexes and hematopoietic tunmors in fermal e ani mals.

Viii


beckman
<


TABLE OF CONTENTS

[, Introduction ... .. ...
1. Materials and Methods ... ... . . . .. .. . . . .
A Chemical ...... .. . . e
B. Dietary Preparation ........ ... .. .. ..
C. AnIimal S ...
D. Animal Maintenance ............ ... ... ..
E. Subchronic Studies ......... ... .. . ..
F. Design of Chronic Studies ........... ... ... .. ... .....
G dinical and Pathologic Exanminations .................
H. Data Recording and Statistical Analyses ..............
11, Results - Rats ..... ... e
A. Body Weights and Clinical Signs .....................
B. Survival ..
C. Pathology . ...
D. Statistical Analyses of Results .....................
IV, DiSCUSSI ON .ot e e e e
V. Bi bliography ....... .. . . . .
APPENDI XES

Appendi x A Summary of the Incidence of Neoplasns in
Rats Fed Lasiocarpine in the Diet ................

Tabl e Al Surmary of the Incidence of Neoplasnms in
Mal e Rats Fed Lasiocarpine in the Diet.... .......

Tabl e A2 Summary of the Incidence of Neoplasns in

Appendi x B

Tabl e Bl

Fenal e Rats Fed Lasiocarpine in the Diet .........

Sumary of the Incidence of Nonneopl astic
Lesions in Rats Fed Lasiocarpine in the Diet .....

Sumary of the Incidence of Nonneopl astic

Lesions in Male Rats Fed Lasi ocarpi ne
inthe Diet . ... ...

O ~N~NOO O WwWwW

=
al

15
15
18
21

25

29

31

33

37

41

43



Page

Table B2 Summary of the Incidence of Nonneoplastic
Lesions in Femal e Rats Fed Lasi ocar pi ne
inthe Diet ....... . . . . .. 46

Appendi x C Anal yses of the Incidence of Primary Tunors
in Rats Fed Lasiocarpine inthe Diet .............. 49

Table C1 Anal yses of the Incidence of Prinmary Tunors
in Male Rats Fed Lasiocarpine inthe Diet ......... 51

Tabl e C2 Anal yses of the Incidence of Primary Tunors
in Fenal e Rats Fed Lasiocarpine in the Diet ....... 55

Tabl e C3 Ti me- adj ust ed Anal yses of the Incidence of
Primary Tunors in Fenmal e Rats Fed Lasi ocar pi ne

inthe Diet ....... . . . . .. 60
TABLES
Table 1 Desi gn of Lasi ocarpi ne Chronic Feeding
Studies in Rats ....... .. . . . .. 8
FI GURES
Figure 1 G owth Curves for Rats Fed Lasi ocarpi ne
inthe Diet ....... . . . . .. 16
Figure 2 Survival Curves for Rats Fed Lasi ocar pi ne
inthe Diet ....... . .. 17



. 1 NTRODUCTI ON

Lasi ocarpine (CAS 303-34-4; NCI C01478) is a pyrrolizidine

alkaloid that is found in the seeds of Heliotropium | asiocarpum

Hel i otropi um europaeum and several other plant species, al

menbers of the fam |y Boragi nhaceae (I ARC, 1976). Its hepatotoxic

effects in sheep and cattle grazing on Heliotropium plants have

been studied in Australia. Acute liver dystrophy in nan, caused
by H. | asiocarpum poi soning, was reported in the U S.S.R between
1931 and 1945 (Bull et al., 1968). Lasiocarpi ne has been reported
to be <carcinogenic in rats following its intraperitonea

i njection (Svoboda and Reddy, 1972).

Thi s bi oassay of |asiocarpine was conducted as a part of a | arger
study that was designed to assess the conbined effects of a group
of known or suspected carcinogens. Only the results of the study

of the admi nistration of |asiocarpine are reported herein






. MATERI ALS AND METHODS

A. Chem cal

Lasiocarpine is an alkaloid which is the 7((2,3-dihydroxy-2-(I-
met hoxyet hyl ) - 3- net hyl -1 - oxobut oxy) net hyl ) -2, 3,5, 7a-t et rahydr o- |

H pyrrolizin-1-yl ester (1S, (la(2),-7(2S, 3R 7aa) of 2-nethyl-2-
butenoic acid. The chemical was obtained in a single batch from
Chenasea, Inc., Sidney, Australia. The purity of the batch was
determined to be 97% by analyses at Stanford Research Institute.
The nelting point (capillary) was 92.5-93.5°C uncorrected
(literature: 96.5-97°C), and the elemental analysis (C, H N was
correct for C,H;;NO the nolecular formula of [|asiocarpine. The
identity of the chemical was confirned by nuclear rmagnetic
resonance, infrared, and wultraviolet spectra, which were in
agreenment with the structure and matched the spectra given in the

literature.

The | asi ocarpine was stored at -4°C in capped bottles.

B. Dietary Preparation

Al diets were fornmul ated every 2 weeks using Low Fat Lab Chow”

(Ral ston Purina Co., St. Louis, Md.). A stock diet containing 500
ppm | asi ocarpi ne was first prepared by grinding the alkaloid to a

fine powder and then m xi ng by hand a wei ghed anmount of the



powdered material with a snmall amunt of feed. Corn oil and nore
feed were then added to give a final concentration of 500 ppm
| asi ocarpine and 3% corn oil (Staley Mnufacturing Conpany,
Orange, Calif.). Final nmixing was acconplished with a Hobart
bl ender. Each stock diet was anal yzed for content of |asiocarpine
by a nmethod involving extraction and quantitation by gas-liquid
chromat ography. Concentrations of 500 ppm £ 10% were considered
acceptable for use in preparing the test diets. Lasiocarpine at
500 ppmin the stock diet was found to be stable when held in rat

feeders at roomtenperature for a 2-week peri od.

To obtain test diets having appropriate concentrations of
| asi ocarpine, the stock diet was diluted, as required, wth
control diet containing 3% corn oil and mixed in a Hobart bl ender
for 7 mnutes. The stock mixtures were stored in plastic bags at
-4°C. Test diets were stored in covered plastic containers at

roomt enperat ure.

C. Aninmals

Mal e and fermale Fischer 344 rats, obtained through contracts of
the Division of Cancer Treatnment, National Cancer Institute, were
used in these bioassays. The rats were obtained from Sinobnsen
Laboratory, Glroy, California. On arrival at the |laboratory, all

animal s were quarantined for 2 weeks as an acclimation peri od.



Following this period, all nales gaining less than 25 grans, all
femal es gaining | ess than 15 grans, and all unhealthy animls were
culled. The remaining animals were assigned to cages, one per
cage, until each cage contained three animals. Cages were then
nunbered and assigned to control and treated groups using a
conput er-generated randomi zation table. Rats were ear-clipped for

i ndi vi dual identification.

D. Ani nml Mi nt enance

All animals were housed in tenperature- and humdity-controlled
roons. The tenperature was nmintained at 22°C with a range from
21-24°C, and the relative hum dity was nmai ntai ned at approxi nately
45% The room air was changed 10 tines per hour and was nai ntai ned
under positive pressure relative to the access halls. Fluorescent
lighting provided illum nation 12 hours per day. Food and water
were available ad libitum Drinking water was softened, filtered,
sterilized with ultraviolet light, and supplied by neans of an

automatic watering system

The rats were housed three per <cage in polycarbonate cages
equi pped with di sposabl e pol yester woven filter tops. Autoclaved

har dwood chi ps (Iso-Dri®, Becton, Dickinson, and Carworth,

Warrensburg, N. Y.) were used as bedding. The cages were changed,



washed, and provided with fresh bedding twi ce per week. Filter

tops were replaced once per nonth.

Rats fed | asi ocarpine were housed in the same roomas rats treated
with N-nmethyl-N -nitro-Nnitrosoguani dine (CAS 70-25-7); N butyl-
N- (4- hydroxybutyl)nitrosamine (CAS 3817-11-6); nitrilotriacetic
acid, trisodium salt, nonohydrate (CAS 18662-53-8); aflatoxin B,
(CAS 1162-65-8); cycasin (CAS 14901-08-7); or Nnitrosodi-

pentyl anmi ne (CAS 13256-06-9).

E. Subchronic Studies

Subchronic feeding studies were conducted with nale and ferale
Fischer 344 rats to estimate the maximum tolerated dose of
| asi ocarpine, on the basis of which Jlow, nid, and high
concentrations (hereinafter referred to as "low doses", "nid
doses", and "high doses") were determined for administration in
the chronic studies. In the subchronic studies, |asiocarpine was
added to feed in concentrations of 5, 10, 20, 40, 80, or 160 ppm
Treated and control groups each consisted of 15 male and of 15
fermal e rats. The chemical was provided in feed to the treated

groups for 8 weeks.

At the end of 2 weeks, the animals receiving 160 and 5 ppm were
killed, because of appreciable body weight loss in the 160-ppm

group and | ack of effect in the 5-ppmgroup. In the renaining



groups there were few deaths (1/15 nmales at 20 ppm and 1/15
femal es at 80 ppn). Weight gain of nales at the end of 8 weeks was
unaffected at 10 and 20 ppm 80% of that of controls at 40 ppm
and 23% of that of controls at 80 ppm In feral es, weight gain was
unaffected at 10 and 20 ppm 72% of that of controls at 40 ppm
and 14% of that of controls at 80 ppm There were no gross |esions
at necropsy; however, slight hepatocellular pleonorphi smwas noted
at 40 ppm The low, nmid, and high doses for the chronic studies

were set at 7, 15, and 30 ppm

F. Design of Chronic Studies

The design of the chronic studies is shown in table 1

G dinical and Pathol ogi ¢ Exan nati ons

Al'l animals were observed daily for signs of toxicity, and ani mals
that were noribund were Kkilled and necropsied. Aninals were
wei ghed individually every other week for 12 weeks, and once every
fourth week for the renminder of the study. Pal pation for masses

was carried out at each wei ghing.

The pathol ogi c eval uati on consi sted of gross exam nation of major
organs and tissues from killed aninmals and from aninmals found
dead. The follow ng tissues were routinely exam ned mnicroscopical -

ly fromboth control and treated aninals: |ungs and bronchi



Table 1. Design of Lasiocarpine Chronic Feeding Studies in

Rat s

Sex and
Tr eat nent

G oup
Mal e

Mat ched- Cont r ol

Low Dose

M d- Dose

Hi gh- Dose

Fenal e

Mat ched- Cont r ol

Low Dose

M d- Dose

Hi gh- Dose

Initial
No. of
Ani mal s°

24
24
24

24

24
24

24

24

Lasiocarane
in Det

(ppm.

15

30

15

30

Ti me on Study

Tr eat ed’

(weeks)

104

104

88

104

104

e

69

Unt r eat ed

(weeks)

104

104

°All animals were approximately 54 + 2 days of age when pl aced

on study.

°All diets contained 3%corn oil.

‘All animals were started on study within 2 days of each other.

‘Al'l high-dose mal es died by week 88.

‘Al high-dose fermal es died by week 69.



spleen, liver, kidney, pituitary, and testis. In addition, tissues
of the stomach, urinary bladder, thyroid, uterus, ovary, and brain
were examned froma majority of the controls; these tissues were
taken fromtreated aninmals only if a lesion was found at necropsy.
Occasionally, additional tissues were examned microscopically.
G oss lesions fromall animals were also exani ned m croscopically.
The different tissues were preserved in 10% buffered formalin,
enbedded in paraffin, sectioned, and stained with hematoxylin and
eosin. Special staining techniques were utilized when indicated

for nmore definitive diagnosis.

A few of the tissues from sone animals were not exam ned,
particularly from those aninals that died early. Al so, sone
animals were judged to be in such an advanced state of autolysis
as to preclude histopathologic evaluation. Thus, the nunmber of
animals from which particular organs or tissues were exan ned
m croscopically varies, and does not necessarily represent the

nunber of aninmals that were placed on study in each group

H. Data Recording and Statistical Analyses

Pertinent data on this experinent have been recorded in an auto-
matic data processing system the Carcinogenesis Bioassay Data
System (Linhart et al., 1974). The data el enents include descrip-

tive information on the chenicals, aninmals, experinental design



clinical observations, survival, body weight, and individua
pathologic results, as recommended by the International Union
Agai nst Cancer (Berenblum 1969). Data tables were generated for

verification of data transcription and for statistical review.

These data were analyzed wusing the statistical techniques
described in this section. Those analyses of the experinental
results that bear on the possibility of carcinogenicity are

di scussed in the statistical narrative sections.

Probabilities of survival were estinmated by the product-limt
procedure of Kaplan and Meier (1958) and are presented in this
report in the form of graphs. Aninals were statistically censored
as of the tinme that they died of other than natural causes or were
found to be missing; aninmals dying from natural causes were not
statistically censored. Statistical analyses for a possible dose-
related effect on survival used the nmethod of Cox (1972) for
testing two groups for equality and Tarone's (1975) extensions of
Cox's nethods for testing for a dose-related trend. One-tailed P
val ues have been reported for all tests except the departure from
linearity test, which is only reported when its two-tailed P val ue

is |less than 0. 05.

The incidence of neoplastic or nonneoplastic |esions has been

given as the ratio of the nunber of aninmals bearing such |esions

10



at a specific anatomic site (nunerator) to the nunber of aninmals

in which that site is exam ned (denoni nator).

The purpose of the statistical analyses of tunmor incidence is to
determ ne whether aninmals receiving the test chenmical devel oped a
significantly higher proportion of tumors than did the control
animals. As a part of these analyses, the one-tailed Fisher exact
test (Cox, 1970) was used to conpare the tunmor incidence of a
control group with that of a group of treated aninals at each dose
level. When results for a nunber of treated groups (k) are
conpared sinultaneously wth those for a control group, a
correction to ensure an overall significance level of 0.05 may be
made. The Bonferroni inequality (MIller, 1966) requires that the P
val ue for any conparison be |ess than or equal to 0.05/k. In cases
where this correction was used, it is discussed in the narrative
section. It is not, however, presented in the tables, where the

Fi sher exact P val ues are shown.

The Cochran-Armitage test for linear trend in proportions, wth
continuity correction (Armtage, 1971), was also used. Under the
assunption of a linear trend, this test deternmines if the slope of
t he dose-response curve is different from zero at the one-tailed
0.05 level of significance. Unless otherwi se noted, the direction

of the significant trend is a positive dose rel ationship. This

11



met hod also provides a two-tailed test of departure from linear

trend.

A tinme-adjusted analysis was applied when nunerous early deaths
resulted from causes that were not associated with the formation
of tunmors. In this analysis, deaths that occurred before the first
tumor was observed were excluded by basing the statistical tests
on animals that survived at |east 52 weeks, unless a tunor was
found at the anatomic site of interest before week 52. Wen such
an early tumor was found, conparisons were based exclusively on
animals that survived at least as long as the aninmal in which the
first tunor was found. Once this reduced set of data was obtained
the standard procedures for analyses of the incidence of tunors

(Fi sher exact tests, Cochran-Arnitage tests, etc.) were foll owed.

When appropriate, life-table nmethods were used to analyze the
i nci dence of tunors. Curves of the proportions surviving wthout
an observed tumor were conmputed as in Saffiotti et al. (1972). The
week during which an animal died naturally or was sacrificed was
entered as the time point of tunor observation. Cox's nethods of
comparing these curves were wused for two groups; Tarone's
extension to testing for linear trend was used for three groups

The statistical tests for the incidence of tunors which used life-

tabl e nethods were one-tailed and, unless otherwi se noted, in

12



the direction of a positive dose relationship. Significant
departures from linearity (P < 0.05, two-tailed test) were also

not ed.

The approximate 95 percent confidence interval for the relative
risk of each treated group conpared to its control was cal cul ated
from the exact interval on the odds ratio (CGart, 1971). The
relative risk is defined as P/P, where p, is the true binomal
probability of the incidence of a specific type of tunor in a
treated group of animals and p, is the true probability of the
spont aneous incidence of the same type of tumor in a control
group. The hypothesis of equality between the true proportion of a
specific tunmor in a treated group and the proportion in a control
group corresponds to a relative risk of unity. Values in excess of
unity represent the condition of a larger proportion in the

treated group than in the control.

The lower and upper limts of the confidence interval of the
relative risk have been included in the tables of statistical
anal yses. The interpretation of the limts is that in
approximately 95% of a |arge nunber of identical experinents, the
true ratio of the risk in a treated group of aninals to that in a
control group would be within the interval calculated from the
experinment. Wwen the lower limt of the confidence interval is

greater than one, it can be inferred that a statistically signifi-

13



cant result (P < 0.025 one-tailed test when the control incidence
is not zero, P < 0.050 when the control incidence is zero) has
occurred. Wien the lower limt is less than unity, but the upper
limt is greater than unity, the lower Iimt indicates the absence
of a significant result while the upper limt indicates that there
is a theoretical possibility of the induction of tunors by the
test chemical, which could not be detected under the conditions of

this test.

14



I'11. RESULTS - RATS

A.  Body Wights and dinical Signs

Mean body weights of high-dose nmale and female rats were | ower
than those of all other groups throughout nost of the study
(figure 1). Weights of mid-dose animals were |ower than those of
controls only during the second year, and weights of |ow dose
groups were unaffected by |asiocarpine. Between weeks 80 and 88,
surviving treated and control animals were anorexic and | ost
wei ght from a suspected viral infection. No treatnment was given,
and the aninmals apparently recovered by the next weighing period

(week 92).

Mortality was not wusually preceded by any clinical signs;
occasional ly, however, pale mucous nenbranes, general weakness
abdoni nal distention, or enaciation were observed before deaths

occurred.

B. Sur vi val

The Kaplan and Meier curves estimating the probabilities of
survival for male and female rats fed lasiocarpine in the diet at
the doses wused in this study, together wth those of the

controls, are shown in figure 2.

In both sexes, the Tarone test result for positive dose-rel ated

15
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Figure 2. Survival Curves For Rats Fed Lasiocarpine In The Diet
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trend in nortality is significant (P < 0.001), and departure from
linear trend is observed (P < 0.001), due to the steep increase
in mortality occurring in the treated groups, especially the
hi gh-dose groups. In male rats, 88% of the controls, 54% of the
| ow- dose group, 17% of the mid-dose group, and none of the high-
dose group survived to ternmination of the study. In females, 92%
of the controls, 42% of the |owdose group, 4% of the nid-dose
group, and none of the high-dose group survived to term nation of
the study. Since over 50% of the ferale high-dose group died
before week 52 on study, the statistical analysis of fenale rats
was done using only those animals surviving nore than 52 weeks.
The nunbers of such fermale rats were 24 in the control, 24 in the
| ow-dose, 23 in the md-dose, and 9 in the high-dose groups.
Since a tunor occurred in the hematopoietic system at week 39 in
female rats, the tinme-adjusted analysis at this site is based on
animals surviving 39 weeks or nore. Al nale rats, except one
| ow- dose and one high-dose aninal, developed tunmors. In fenmale
rats, 23/24 |owdose and 22/24 mid-dose rats devel oped tunors,
but the early deaths of the high-dose fermales may have reduced

the incidences of |ate—appearing tunors in that group.

C. Pat hol ogy

Hi st opat hol ogi ¢ findings on neoplasns in rats are summarized in
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Appendix A, tables A and A2; nonneoplastic lesions are

summari zed in Appendi x B, tables Bl and B2.

A variety of neoplastic processes not related to treatment were
observed in both the control and treated rats. The incidences of
t hese neoplasns were conparable anong the control and treated
groups. The following neoplasns were randomy distributed
t hroughout the control and treated groups: squanous- cel |
carci nona of the skin, alveolar/bronchiolar adenomas of the Iung,
and endonetrial stronmal polyps of the uterus. Lynphomas and
| eukenias were found nore frequently in treated than in contro

rats.

Angi osarcomas were observed in the livers from several of the
male and female |asiocarpine-treated rats. In the nales, the
i nci dence of this neoplasm of the liver occurred in a dose-
related fashion, whereas in the females, the incidence was
greater in the low and nid-dose groups than in the high-dose
group. This inverse dose relationship can probably be explained
by the increased deaths in the high-dose fenales conmpared wth
either the controls or |ow dose femal es. Metastatic angi osarconas
were occasionally seen in the lungs fromthe rats in all three
treated groups. The angi osarcomas were either single or nmultiple
in the liver and were characterized by a proliferation of

neopl astic endot hel i al cells, whi ch in sone
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cases exhibited a high degree of anaplasia. Large blood-filled
cysts lined by neoplastic endothelial <cells frequently were
present. The neoplastic endothelial cells sonetimes assuned a
cuboi dal shape and contained |arge basophilic nuclei. In sone
i nstances, sheets of proliferating endothelial cells were present
in the parenchyma of the Iliver, destroying the  hepatic
architecture. Adenomas and/or nodular hyperplasia of the
hepatocytes were also frequently seen in the liver. The areas of
nodul ar hyperplasia contained swollen hepatocytes with |arge,
bi zarre nuclei and possessed tinctorial properties distinctly
different from the surrounding liver tissue. In sonme instances,
the foci were conpressing the surrounding |iver parenchyma. The
hepatocel lular adenomas norphologically resenbled neoplastic
nodules (Squire and Levitt, 1975) and were usually conposed of
| arge, eosinophilic hepatocytes containing bizarre nuclei. These
adenomas were |arge, occupi ed several liver |obules, and
frequently conpressed the surrounding liver parenchyma. In both
sexes, hepatocellular carcinomas were found only in the high-dose

animals: two in the nmales and one in the fenales.

In conclusion, the results of this mcroscopic examnation
indicate that the administration of |asiocarpine at the three
doses used in this study had a carcinogenic effect in the liver

of Fischer 344 rats. This effect was mani fested by the induction
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of angi osarcomas, several of which netastasized to the lung. No
angi osarcomas were present in any of the tissues examned from
the control rats, and this neoplasmis rare in the Fischer 344
rat. Lesions diagnosed as adenonmas or nodul ar hyperplasia were
seen only in the treated rats, indicating a proliferative
hepatocel lular effect. This finding Ilends support to the
conclusion that |asiocarpine had a carcinogenic effect in the

liver.

D. Statistical Analyses of Results

Tables Cl1-C3 in Appendix C contain the statistical analyses of
the incidences of those primary tunors that occurred in at |east
two aninmals in one group and with an incidence of at least 5% in
one or nore of the treated groups. The analysis of fenale rats is
based on those aninals surviving 52 weeks or nore; however, the
anal ysis of the incidence of |ynphoma and the conbined incidence
of lynphoma and | eukema is based on animals that |ived 39 weeks

or nore, because such a tunor appeared in this system at week 39.

In male rats, the Cochran-Armitage test results for positive
dose-related trend in the proportions of angiosarcoma of the
liver is significant (P < 0.001). The Fisher exact test shows

that the incidences in the nid-, and hi gh-dose groups are
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significantly higher than the incidence in the matched-control
group (P < 0.001, and P < 0.001, respectively), and the |ower
limts of the 95% confidence intervals for these relative risks
are greater than one. The Fisher exact conparison of incidences
in the lowdose groups with incidences in the matched-control
groups show a probability level of 0.025, which is above the
0.016 level required by the Bonferroni inequality criterion when

mul ti pl e conparison i s considered.

In female rats, the Fisher exact test shows that the incidences
of angi osarcoma of the liver in both the ow and m d-dose groups
are significantly higher than that in the controls (P = 0.002 and
P = 0.005, respectively). The incidence of this tunmor in the
hi gh-dose group is not significant, due to the |ow nunber of
animals in the denominator of that group; nevertheless, the
incidence is 2/9 (22% . The statistical evidence suggests that
the incidence of this tumor in rats is associated wth

| asi ocarpine at the doses used in this experinent.

When the analyses of the incidence of I|eukemia and of the
conbi ned incidence of |eukemia and |ynphoma in fermale rats are
performed, the Fisher exact test shows that the incidences in the
low and md-dose groups are significantly higher (P < 0.025)
than those in the corresponding natched controls. The tine-

adj usted i ncidence of these tunors in the high-dose group is 1/9
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(11% for leukenmia alone and 1/23 (4% for the conbination of
| ymphoma and |eukemia. Statistical tests on the incidence of
these tunors in the male rats are not significant. Although the
combi ned incidence in the nid-dose group indicates a P val ue of
0.030 when conpared to the matched-control incidence, this
probability level is higher than the 0.016 |evel required by the
application of the Bonferroni inequality criterion to the results

of multiple conparison under this situation

In both sexes, hepatocellular carcinomas are found only in the
hi gh- dose groups. None of the Fisher exact test results in either
sex are significant. However, the conbination of adenoma, NOS
(not otherw se specified), and hepatocel|lular carcinoma indicates
a significant difference in incidence (P < 0.001) between the
hi gh-dose group and the controls in females. The Fisher exact
conparison of incidences between the high-dose and matched-
control groups in nale rats indicate a probability Ilevel of
0.025, which is above the 0.016 level required by the Bonferroni
inequality criterion, when nmultiple conparison is considered. The
result of the Cochran-Arnmitage test for positive dose-related
trend is also significant for both sexes (P = 0.003, males; P <
0.001, fermales). The principle contribution to these significant
results is made by the adenomas, NOS. The overall statistical

concl usi on is t hat there is a dose relationship
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bet ween this chem cal and the occurrence of these liver tunpbrs in

femal e rats.

Significant results in the negative direction are observed in the
i nci dence of interstitial-cell tunor of the testis in male rats
and in the incidence of chronmophobe adenoma of the pituitary in
female rats, where the incidences in the controls exceed those in
the treated groups. These significant negative results may be

expl ai ned by the severe nortality of the treated animals.
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V. DI SCUSS| ON

The high and md doses of |asiocarpine used in this bioassay were
toxic, as shown by the decrease in body weights and decrease in
survival. Mean body weights of the high-dose groups were |ower
than those of matched-control groups throughout nost of the
study, while nean body weights of the nmid-dose groups were | ower
only during the second year, and weights of the |ow dose groups
were wunaffected. There was a positive dose-related trend in
nmortality for both sexes, and none of the high-dose animals
survived to ternmination of the study. Tinme-adjusted analysis of

the incidence of tunors was performed in the fermale rats.

Angi osarconas occurred at several sites in treated rats of both
sexes (nmales: 5 [ow dose, 11 mid-dose, 14 high-dose; females: 8
| ow-dose, 9 mid-dose, 2 high-dose). However, nost of these
occurred in the liver. In male rats, there was a positive dose-
related trend (P < 0.001) in the incidence of angi osarcoma of the
liver; furthernmore, the incidences in the nid- and high-dose
groups, but not that in the |owdose, were significantly higher
(P < 0.001, both groups) than that in the controls (controls
0/24, Ilowdose 5/24, md-dose 11/24, high-dose 13/24). In
femal es, the incidences in both the I ow and nid-dose groups, but
not that in the high-dose, were significantly higher (P = 0.002

and P = 0.005, respectively) than that in the «controls
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(controls 0/24, |owdose 8/24, nid-dose 7/24, high-dose 2/9).
Met ast ati ¢ angi osarcomas were observed in the lungs froma few of
the rats of both sexes in all three treated groups (nales: three
| ow dose, five md-dose, and seven hi gh-dose; females: three | ow
dose, four md-dose, and one high-dose). No angi osarconmas were
present in control rats and this neoplasmis rare among Fischer

344 rats.

In both nale and female rats, there was a positive dose-rel ated
trend in the conbined incidence of hepatocellular carcinoma and
adenona of the liver (rmales, P = 0.003; females, P < 0.001);
furthernore, the conbined incidence of these tunors in the high-
dose females, but not those in the low and md-dose, was
significantly higher (P < 0.001) than that in the controls
(controls 0/24, |owdose 5/24, md-dose 1/24, high-dose 7/9). The
P-value of the conbined incidence in the high-dose males (P =
0.025) is above the 0.016 level required by the Bonferron

i nequality criterion, when nmnultiple conparison is considered
(controls 0/24, |lowdose 0/24, md-dose 3/24, high-dose 5/24).
Nodul ar hyperpl asia was observed in additional animals of each
treated group of each sex. Thus, |asiocarpine was associated with
proliferative hepatocellular lesions as well as wth the

angi osarcomas arising fromendothelial cells of the liver.

The conbi ned i ncidence of |ynphoma or |eukem a (controls 2/24,
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| ow dose 9/24, nid-dose 11/24, high-dose 1/23) was significant in
both the Iow and nid-dose female groups (P < 0.018), but not in
t he hi gh-dose group, perhaps because of the early deaths in this
group. The incidences of these tunors in the males were not

significant.

Previ ous studies have also shown that the liver is the target
organ for lasiocarpine. Rats injected with | asiocarpine devel oped
centrilobular necrosis that sonetines appeared several weeks or
nmonths after the treatnent (Schoental and Magee, 1957). M dzona
henmorrhagi ¢ necrosis was reported to occur in injected rats in
acute toxicity studies (Bull et al., 1958). In chronic toxicity
studies, injected rats devel oped enlarged l|ivers which consisted
alnost entirely of regenerated parenchynma (Bull et al., 1968;
Svoboda et al., 1971); this alteration was believed to be rel ated
to the prolonged antimtotic effect of the chem cal. Svoboda and
Reddy (1972) found carcinomas of the Iliver and squanopus-cel

carcinomas of the skin in Fischer 344 rats that were injected
with lasiocarpine twice per week for 4 weeks, and then injected

once per week for 52 weeks.

It is concluded that wunder the conditions of this bioassay,
| asi ocarpine was carcinogenic in Fischer 344 rats producing
hepat ocel lular tunors and angi osarcomas of the liver in both

sexes and hematopoietic tunors in femal e ani mal s.
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SUMVARY OF THE | NCI DENCE OF NECPLASMS
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TABLE A1.

SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE RATS
FED LASIOCARPINE IN THE DIET

CONTROL LOW DOSE MID DOSE HIGH DOSE
ANIMALS INITIALLY IN STUDY 4 24 24 24
ANIMALS NECROPSIED 24 24 24 zu
ANIMALS EXAMINED HISTOPATHOLOGICALLY 24 24 24 24
INTEGUMENTARY SYSTEM
*SKIN (2u) (24) (24) {24)
SQUAMOUS CELL CARCINOMA 1 (4%)
*SUBCUT TISSUE (24) (24) (24) (24)
SARCCMA, NOS 1 (4%)
KESPIRATICRY SYSTEM
#LUNG (23) (24) (24) (24)
ALVECLAR/BRONCHIOLAR ADENCMA 2 (9%) 1 (4%)
PHECCHROMOCYTOMA, METASTATIC 1 (4%)
SARCCMA, NOS 1 (u%)
ANGICSARCOMA 1 (4%)
ANGICSARCOMA, METASTATIC 3 (13%) 5 (21%) 7 (29%)
HEMATOFOIETIC SYSTEM
*MULTIPLE ORGANS (2u) (24) (24) (24)
MALIGNANT LYMPHOMA, NOS 1 (4%) 2 (8%) 3 (13%) 1 (4%)
UNCIFFERENTIATED LEUKEMIA 1 (4%) 2 (8%) z (8%)
GRANULOCYTIC LEUKEMIA 1 (4%) 1 (4%) 6 (25%) 4 (17%)
$LYMPH NOLE (2) () (10) (8)
LEICMYCSARCOMA, METASTATIC 1 (10%)
ANGICSARCOMA, METASTATIC 1 (25%) 1 (10%)
$LIVEF (23) (24) (23) (23)
GRANULOCYTIC LEUKEMIA 1 (4%)
$THYMUS (1 (@] (2)
ANGCICSARCOMA, METASTATIC 1 (100%)

CIRCULATCRY SYSTEM

NONE

# NUMBER OF ANIMALS WITH TISSUE EXAMINEL MICRCSCOPICALLY
* NUMBER CF ANIMALS NECROPSIEL
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TABLE A1. MALE RATS: NEOPLASMS (CONTINUED)

CONTROL LOW DOSE MID DOSE HIGH DOSE

DIGESTIVE SYSTEM

#LIVEF (23) {24) (23) (23)
ADENCHA, NOS 3 (13%) 3 (13%)
HEFATGCFLLULAR CARCINOMA 2 (9%)
LEICMYCSARCOMA, METASTATIC 1 (4%) 1 (4%)
ANGICMA 1 (4%)
ANGICSAECOMA 5 (21%) 11 (48%) 13 (57%)

#DUCDENUM (3) (2) (2)
ADENCCARCINOMA, NOS 1 (50%)
SARCCMA, NOS 1 (33%) 1 (50%)
LEICHMYOSARCOMA 1 (33%) 1 (50%) 1 (50%)
FIERCADENONA 1 (33%)

#COLON (2)
ADENCMATOUS POLYP, NOS 1 (50%)

URINARY SYSTEM

#KIDNEY (23) (z4) (24) (24)
ANGICSARCOMA, METASTATIC 1 (4%)

#KICNEY/CCRTEX (23) (24) (24) (24)
ADEDCHR, NOS 1 (4%)

ENDOCRINE SYSTEM

$E1TUITARY (22) (23) (23) (24)
CHECPOEHCGBE ADENOMA 1 (4%)

#ACRENAL (1) ()]
FHECCHEOMOCYTOMA, MALIGNAKT 1 (100%)

#THYRCIT (16) (1 (@]
C-CEIL CARCINOMA 1 (100%)

REFKQLUCTIVF SYSTEM

#TESTIS (24) (24) (24) (24)
INTEESTITIAL-CELL TUHMOR 24 (100%) 21 (B8%) 22 (92%) € (33%)

NONE

¢ NUMBER OF ANIMALS WITH TISSUZ EXAMINEL MICROSCOPICALLY
* NUNMBEFR CF ANIMALS NECROESIFL
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TABLE A1. MALE RATS: NEOPLASMS (CONTINUED)

CONTROL LOW DOSE

MID DOSE

HIGH DOSE

SPECIAL SENSE ORGANS

*EYE/IACRIMAL GLAND
UNCIFFERENTIATED CARCINCMA

ALL CTHEF SYSTEMS

*MULTIELE CRGANS
MESCTHELIOMA, MALIGNANT

ANIMAL [ISEOSITION SUMMARY

ANIMALS INITIALLY IN STUDY
NATUEAL DEATHa
MORIEUND SACRIFICE
SCHELULED SACRIFICE
ACCICENTALLY KIILED
TERMINAL SACRIFICE
ANIMAL MISSING

@ INCLUDES AUTOQLYZED ANIMALS

21 13

24
10
1

# NUMBER OF ANIMALS WITH TISSUE
* NUMBEE OF ANIMALS NECROPSIED

EXAMINED MICROSCOPICALLY //



TABLE A1. MALE RATS: NEOPLASMS (CONTINUED)

CONTROL LOW DOSE MID DOSE HIGH DOSE
TUMCE SUMMARY
TCTAL ANIMALS WITH PRIMARY TUMORS* 24 23 24 z3
TOTAL ERIMARY TUMOES 32 36 54 37
TOTAL ANIMALS WITH BENIGN TUMCRS 24 21 23 10
TCTAL BENIGN TUMORS 26 23 28 1z
TCTAL ANIMALS WITH MALIGNANT TUMORS 6 12 20 23
TOTAL MALIGNANT TUMORS 6 13 26 25
TOTAL ANIMALS WITH SECONLCARY TUMORS# 5 6 7
TCTAL SECONDARY TUMCRS 7 9 7

TOTAL ANIMALS WITH TUMORS UNCERTAIN-
BEKIGN CR MALIGNANT
TOTAL UNCEKTAIN TUMOES

TOTAL ANIMALS WITH TUMORS UNCERTAIN-
PFIMARY CR METASTATIC
TOTAL UNCERTAIN TUMOKS

* PRIMARY TUMOKS: ALL TUMORS EXCEPT SECCNDARY TUMORS
# SECON[ARY TUMORS: HElASTAlIC TUMORS OR TUHORS INVASIVE INTO AN ADJACENT ORGAN

36



TABLE A2.

SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE RATS
FED LASIOCARPINE IN THE DIET

CONTROL LOW DOSE MID DOSE HIGH DOSE
ANIMALS INITIALLY IN STUDY 4 24 24 z4
ANIMALS NECROPSIED 24 24 24 24
ANIBALS EXAMINED HISTOFATHOLOGICALLY 24 24 24 23
INTEGUMENTARY SYSTEM

*SKIN (24) (24) (24) (24)
SQTAMOUS CELL CARCINOMA 1 {4%)
*SUBCUT TISSUE (24) (24) (24) (24)
ANGICSARCOMA 1 (4%)
RESPIRATORY SYSTEM
#LUNG (24) (23) (24) (23)
ALVECLAR/BRONCHIOLAR ADENOM? 1 (4%)
ANCGICSARCOMA 2 (8%)
ANGIOSARCOMA, METASTATIC 3 (13%) 4 (17%) 1 (4%)
HEMATOEOIETIC SYSTEM
*MULTIFLE ORGANS (24) (24) (24) (zu4)
MAIIGNANT LYMPHOMA, NOS 1 (4%) 2 (8%) 3 (13%)
UNCIFFERENTIATED LEUKEMIA 1 (4%)
LYMFHOCYTIC LEUKEMIA 1 (4%)
GRANULOCYTIC LEUKEMIRA 1 (4%) 6 (25%) 7 (29%) 1 (4%)
#THYNUS (&) (5)
ANGICSARCOMA, METASTATIC 1 (100%)
CIRCULATCRY SYSTEM
NONE
DIGESTIVE SYSTEM
#LIVEF {24) (22) (24) (23)
ADENCMA, NOS 5_{23%) 1_(4%) €_(26%)

# NUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY
* NUMBEF OF ANIMALS NECROPSIED
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TABLE A2. FEMALE RATS: NEOPLASMS (CONTINUED)

CONTROL LOW DOSE MID DOSE HIGH DOSE
HEEATCCELLULAR CARCINOM? 1 (4%)
ANGIOSARCOMA 8 (36%) 7 (29%) Z (9%)
#STCMACE (23) (4) (&)} (8)
SGUAMCUS CELL PAPILLCMA 1 (4%)
ADENCCAFCINOMA, NOS 1 (25%)
ADENCMATOUS POLYP, NOS 2 (50%)
URINARY SYSTZM
#URKINARY BLADDER (16) (1) (1)
EAEIILARY CARCINOMA 1 (6%)
ENDCCRINE SYSTEM
#EITUITARY (24) (24) (23) (23)
CHECMCEHOBE ADENOMA 10 (42%) 5 (21%)
EASCEHII ADENOMA 1 (4%)
EEPRCDUCTIVF SYSTEHM
*MAMMARY GLAND (24) (24) (24) (24)
ADEMCHA, NOS 4 (17%)
ADENCCARCINOMA, NOS 1 (4%)
#UTEERUS (22) (15) (12) (2)
CARCINCMA-IN-SITU, NOS 1 (7%)
ADENCCAECINOMA, NOS 1 (5%) 1 (7%)
ENLCOMETRIAL STROMAL EOLYP 6 (27%) 9 (60%) 4 (33%)
ENCCMETFIAL STROMAL SARCGMA 1 (5%)
CARCINOSAKCOMA 1 (7%)

NEKVOUS SYSTEM

MUSCULCSKEIETAL SYSTEM

NCNE

# NUMBER OF ANIMALS WITH TISSUE EXAMINED MICKOSCOPICALLY
* NUMBEE CF ANIMALS NECROPSIED
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TABLE A2. FEMALE RATS: NEOPLASMS (CONTINUED)

BODY CAVITIFS

ALL CIHER SYSTEMS

ALIECSE TISSUE
ANGICSARCOMA, METASTATIC

ANIMAL LISEOSITION SUMMARY

ANIMAIS INITIALLY IN STUDY
NATUFAL DEATHa
MOEKIEUND SACRIFICE
SCHELULED SACRIFICE
ACCIDENTALLY KILLED
TERMINAL SACRIFICE
ANIFAL MISSING

® INCLUDES AUTOLYZED ANIMALS

TUMCR SUMMAFY

TOTAL ANIMALS WITH PRIMARY IUKCRS*

TOTAL PRIMARY TUMORS

TOTAL ANIMALS WITH BENIGN TUMCRS

TOTAL BENIGN TUMORS

TOTAL PNIMALS WITH MALIGNANT TUMORS 6

TOTAL MALIGNANT TUMORS

TOTAL ANIMALS WITH SECONDARY TUMORS#

CONTROL LOW DOSE MID DOSE HIGH DOSE
1
24 24 24 24
5 7 14
2 9 16 10
22 10 1
18 22 22 8
27 45 26 10
17 16 4 6
21 23 5 6
19 20 4
6 22 21 4
3 4 1
4 4 2

TOTAL SECONDARY TUMORS

TOTAL ANIMALS WITH TUMORS UNCERTAIN-

BENIGN CR MALIGNANT
TOTAL UNCERTAIN TUMCRS

TOTAL ANIMALS WITH TUMORS UNCERTAIN-

EFIMARY CR METASTATIC
TOTAL UNCERTAIN TUMORS

* PRIMARY TUMORS: ALL TUMORS EXCEPT SECONDARY TUMORS
# SECOMNLARY TUMORS: METASTATIC TUMORS OR TUMORS INVASIVE INTO AN ADJACENT ORGAN
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APPENDI X B

SUMVARY OF THE |INCIDENCE OF NONNEOPLASTIC

LESIONS I N RATS FED LASI OCARPI NE I N THE DI ET
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TABLE B1.

SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE RATS
FED LASIOCARPINE IN THE DIET

ANIMALS INITIALLY IN STUDY 4 24 24 4
ANIMALS NECFOPSIED 24 24 24 4
ANIMALS EXAMINED HI STOFATHOLOGICALLY 24 24 24 24

RESFIRAICRY SYSTEM

#1UNG (23) (24) (24) (z4)
CONGESTION, NOS 2 (9%) 4 (17%) 5 (21%) 3 (13%)
INFLAMMATION, INTERSTITIAL 1 (4%)
ABSCESS, NOS 1 (4%

HEMATOECIFTIC SYSTEM

#SPLEEN (23) (24) 23) (23)
CONGESTION, NOS 2 (8%) 1 (4%)
INFARCI, NOS 1 (U%)
HEMATOPOIESIS 1 (4%)

$LYKPE NODE (2) () (10) (8)
CONGESTION, NOS 2 (25%)
HYEEFPLASIA, NOS 1 (25%) 1 (10%)

#THYNUS &8 (1) (2)
CONCESTION, NOS z (100%)

DIGESTIVE SYSTEM

#LIVEFR (23) {24) (23) (23
INFIAMMATION, GRANULOMAIQOUS 2 _(8%)

4 NUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY
* NUMBER OF ANIMALS NECKOPSIED
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TABLE B1. MALE RATS: NONNEOPLASTIC LESIONS (CONTINUED)

CONTROL LOW DOSE MID DOSE HIGH DOSE
GRANULOMA, NOS 2 (9%) 2 (8%)
INFLAMNATION, FOCAL GRANULOMATOU 1 (4%)
PELICSIS HEPATIS 1 (4%)
INFARCT, NOS 1 (4%)
HYEEFPLASIA, NODULAR 4 (17%) 1 (4%) € (26%)
*BILE LUCT (24) (24) (24) (24)
INFLAMMATION, CHRONIC 1 (u%)
#STOMACE (23) (3) (2) )
DIVERTICULUM 1 (4%)
ERGSION 2 (67%) 1 (50%) 1 (25%)
URINARY SYSTEM
#KIDNEY (23) (24) (24) (24)
INFAFCT, HEALED 1 (4%)
ENCOCRINE SYSTEM
#TEYRCID (16) (@) )
CYST, NOS 1 (6%)
REFRODUCTIVF SYSTEM
$EROSTATE Q)]
HEMCFRHAGE 1 (100%)
#TESTIS (24) (24) (24) (24)
ATECEHY, NOS 1 (4%) 1 (4%) 1 (4%)
NERVOUS SYSTEM
#BBAIN (23) (2) {2)
CONGESTION, NOS 1 (50%)
HEMCERHAGE 1 (50%)

MUSCULCSKELFTAL SYSTEM

NONE

# NUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY
* NUMBEF CF ANIMALS NECROPSIEL
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TABLE B1. MALE RATS: NONNEOPLASTIC LESIONS (CONTINUED)

CONTROL LOW DOSE MID DOSE HIGH DOSE
BOLY CAVITIES
*INGUINAL REGION (24) (24) (24) (24)
NECFCSIS, FAT 1 (u%) 4 (17%) 4 (17%) 1 (4%)

ALL OTHER SYSTEMS

THORAX
HEMCFRHAGE 1

# NOMBEF CF ANIMALS WITH TISSUE EXAMINELD MICRCSCOPICALLY
* NUMBEF CF ANIMALS NECEKCESIED
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TABLE B2.

SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE RATS
FED LASIOCARPINE IN THE DIET

CONTROL LOW DOSE MID DOSE HIGH DOSE

ANIPALS INITIALLY IN STUDY 24 24 24 24

ANIMALS MECROPSIED 24 24 24 24

ANIMALS EXAMINED HISTOFATHOLOGICALLY 24 24 24 23

INTEGURENTARY SYSTEM

NCNE

RESPIRATCRY SYSTEM

#LUNG/ERONCHUS (24) (23) (24) (23)
BRCNCHIECTASIS 1 (4%) 1 (4%)

#LUNG (24) (23) (24) (23)
CONGESTION, NOS 4 (17%) 2 (9%) 3 (13%) € (26%)
INFLAMMATION, INTERSTITIAL 1 (4%) 1 (%)

GRANULOMA, NOS 1 (4%)
HEMCSIDEROSIS 1 (4%)

HEMATOPOIETIC SYSTEM

#SPLEEN (24) (24) (24) (23)
CONGESTION, NOS 1 (4%)

PIERCSIS 1 (4%)
HEMATOPOIESIS 3 (13%) 2 (8%)
$LYMPH NOLE (5) (2) (6)
LYMEHANGIECTASIS 1 (20%)
GRANULOMA, NOS 1 (50%)
#MESENTERIC L. NODE (5 (2) (6)
EDEMA, NOS 1 (17%)
HYEERPLASIA, NOS 1 (17%)

#$THYNUS m (5) 1

HYEERPLASIA, NOS 1 (20%)

CIRCULATICRY SYSTEM
NONE

# NUMBER OP ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY
* NUMBEF OF ANIMALS NECROPSIEL
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TABLE B2. FEMALE RATS: NONNEOPLASTIC LESIONS (CONTINUED)

DIGESTIVE SYSTEM

#LIVEF (24) (22) (2u) (23)
GRANULCMA, NOS 8 (33%)
EELICSIS HEPATIS 1 (5%)
NECECSIS, FOCAL 2 (&%)
INFARCT, NOS
HYEEFELASIA, NODULAR 6 (27%) 10 (42%) 1

(4%)
(57%)

W

#STCMACE (23) (4) (1) (€)
ERCSION 1 (25%)

#GASTRIC MUCOSA (23) ) (1) (€)
ERCSION 1 (13%)

#SPALL INTESTINE (1)
HEMCFEHAGE 1 (100%)

#CECUM (n (n (5)
CONGESTION, NOS 1 (20%)
EDEMA, NOS 1 (100%) 3 (60%)
INFIAMMATION, CHRONIC 1 (20%)

URINARY SYSTEM

#KIDNEY (24) (24) {24) (23)
BEMCSICEROSIS 1 (4%)

#URINAFY BLADDER (16) (@) (1)
HEMCEFRHAGE 1 (100%)

ENDOCRINE SYSTEM
$FITUITARY (24) (24) (23) (23)
COKGESTION, NOS 1 (u%) 1 (4%)
HEMCERHAGE 1 (4%) 1 (4%)
REPRODUCTIVE SYSTEM

#UIERUS (22) (15) (12) (2)
HXIECMEIRA 1_42%)

¢ NUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY
* NUMBEE CF ANIMALS NECROPSIED
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TABLE B2. FEMALE RATS: NONNEOPLASTIC LESIONS (CONTINUED)

EYCFETRA 4 (18%) 1 (7%)
ATRGEHY, NOS 1 (50%)

#UTERUS/ENDOMETRIUM (22) (15) (12) 12)
INELAMMATION, NOS 1 (7%)
HYEERPLASIA, CYSTIC 1 (5%) 3 (25%)

#OVARY (20) (2) (@]

CYST, NOS 4 (20%)
ABECESS, NOS 1 (100%)

SPECIAL MCRPHOLOGY SUMMARY

NC IESION REPORTED 1 1
AUTIC/NECROPSY/NO HISTO 1

# NUMBEF OF ANIMALS WITH TISSUE EXAMINEL MICROSCOPICALLY
* NUMBER OF ANIMALS NECROPSIED
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APPENDI X C

ANALYSES OF THE | NCl DENCE OF PRI MARY TUMORS

I N RATS FED LASI OCARPI NE I N THE DI ET
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Tabl e C1.

Anal yses of the Incidence of Primary Tunors in Male Rats

Fed Lasiocarpine in the Diet®

Mat ched Low Md Hi gh
Topogr aphy:  Mor phol ogy Cont r ol Dose Dose Dose
Herat opoi eti ¢ System Lynphomatb 1/ 24 (4) 2/ 24 (8) 3/24 (13) 1/ 24 (4)
P Val ues®* N. S. N. S. N. S. N. S.
Rel ative Risk (Matched Control)' 2. 000 3. 000 1. 000
Lower Limt 0.111 0. 265 0. 013
Upper Limt 112. 815 150. 246 75.218
Weeks to First Qnserved Tunor 103 88 80 59
Hemat opoi eti c System
Leukeni a’ 3/ 24 (13) 1/ 24 (4) 8/ 24 (33) 6/ 24 (25)
P Val ues®* N. S. N. S. N. S. N. S.
Rel ati ve Ri sk (Matched Control )f 0. 333 2.667 2. 000
Lower Limt 0. 007 0. 739 0. 490
Upper Limt 3.801 13. 700 10. 992
Weeks to First Cbserved Tunor 86 103 82 68
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Table ClL. Analyses of the Incidence of Primary Tunors in Male Rats
Fed Lasiocarpine in the Diet®
(conti nued)
Mat ched Low Md H gh
Topogr aphy: Mor phol ogy Cont r ol Dose Dose Dose
Hemat opoi eti ¢ System
Lynphoma or Leukem a’ 4/ 24 (17) 3/ 24 (13) 11/ 24 (46) 7/ 24 (29)
P Val ues®* N. S. N. S. P = 0.030 N. S.
Departure from Linear Trend® P = 0.045
Rel ative Risk (Matched Control)' 0. 750 2. 750 1. 750
Lower Limt 0.121 0. 968 0. 515
Upper Limt 3.951 9.911 7.075
Weeks to First Cbserved Tunor 86 88 80 59
Li ver: Hepatocell ul ar
Car ci nona” 0/ 24 (0) 0/ 24 (0) 0/ 24 (0) 2/ 24 (8)
P Val ues®* N. S. N. S. N. S. N. S.
Rel ati ve Ri sk (Matched Control)f -- -- Infinite
Lower Limt -- -- 0. 305
Upper Limt -- -- Infinite
Weeks to First Qbserved Tunor -- -- -- 84
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Table ClL. Analyses of the Incidence of Primary Tunors in Male Rats
Fed Lasiocarpine in the Diet®
(conti nued)
Mat ched Low Md H gh
Topogr aphy:  Mor phol ogy Contr ol Dose Dose Dose
L Vs:'Ag':rﬁ’s;;’cel'\K']g! ar Carcinoma 0/ 24 (0) 0/ 24 (0) 3/24 (13) 5/24 (21)
P Val ues®* P = 0.003 N. S. N. S. P = 0.025
Rel ati ve Ri sk (Matched Oontrol)f -- Infinite Infinite
Li mt -- 0. 622 1. 309
Limt -- Infinite Infinite
Weeks to First Cbserved Tunor - - - - 104 66
Liver: Angi osar cona’ 0/ 24 (0) 5/ 24 (21) 11/ 24 (46) 13/ 24 (54)
P Val ues®* P < 0.001 P = 0.025 P < 0.001 P < 0.001
Rel ati ve Ri sk (Matched Control)f Infinite Infinite Infinite
Li mt 1. 309 3. 478 4,223
Limt Infinite Infinite Infinite
Weeks to First Cbserved Tunor - - 87 74 64




Table ClL. Analyses of the Incidence of Primary Tunors in Male Rats

Fed Lasi ocarpine in the D et
(conti nued)

vS

Mat ched Low M d Hi gh
Topogr aphy: Mor phol ogy Cont r ol Dose Dose Dose
. - b

Testis: Interstitial-Cell Tumor 24/ 24 (100) 21/ 24 (88) 22/ 24 (92) 8/ 24 (33)
P Val ues®* P < 0.001 (N) N. S. N. S. P < 0.001 (N)
Departure from Li near Trend® P = 0.040
Rel ative Risk (Matched Control)' 0.875 0.917 0.333

Lower Limt 0. 000 0. 000 0. 000

Upper Limt 1.143 1.091 3. 000
Weeks to First Cbserved Tunor 86 87 74 70

*Tr eat ed groups received doses of 7, 15, or 30 ppm
"Number of tunor - beari ng ani mal s/ nunber of aninmals necropsied (percent).

‘Beneat h the incidence of tumors in the control group is the probability level for the Cochran-Armitage
test when P < 0.05; otherwi se, not significant (N.S.) is indicated. Beneath the incidence of tunors in
a treated group is the probability Ievel for the Fisher exact test for the conparison of that treated
group with the matched-control group when P < 0.05; otherwi se, not significant (N.S.) is indicated

‘A negative trend (N) indicates a |ower incidence in a treated group than in the control group
“The probability level for departure fromlinear trend is given when P < 0.05 for any conpari son

"The 95% confidence interval of the relative risk between each treated group and the matched
control group
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Table C2. Analyses of the Incidence of Primary Tunors in Fenale Rats

Fed Lasiocarpine in the Diet®

Mat ched Low M d H gh
Topogr aphy: Mor phol ogy Cont r ol Dose Dose Dose
Lung: Angi osar cons’ 0/ 24 (0) 0/ 24 (0) 2/ 24 (8) 0/ 24 (0)
P Val ues®* N. S. N. S. N. S. N. S.
Rel ati ve Ri sk (Matched Control)’ -- Infinite --
Lower Limt -- 0. 305 --
Upper Limt -- Infinite --
Weeks to First Cbserved Tunor -- -- 68 --
Hermat opoi etic System  Malignant
Lynphoma, NOS’ 1/ 24 (4) 2/ 24 (8) 3/ 24 (13) 0/ 24 (0)
P Val ues®* N. S. N. S. N. S. N. S.
Rel ative Ri sk (Matched Control )f 2. 000 3. 000 0. 000
Lower Limt 0.111 0. 265 0. 000
Upper Limt 112. 815 150. 246 18. 289
Weeks to First Cbserved Tunor 104 70 39 --




Table C2. Analyses of the Incidence of Primary Tunors in Fermal e Rats
Fed Lasiocarpine in the Diet®

9§

(conti nued)

Mat ched Low Md Hi gh
Topogr aphy: Mor phol ogy Cont r ol Dose Dose Dose
Hemat opoi eti c System
Leukemi a” 1/ 24 (4) 7124 (29) 8/ 24 (33) 1/ 24 (4)
P Val ues®’ N. S. P = 0.024 P = 0.013 N. S.
Departure from Linear Trend® P = 0.003
Rel ative Ri sk (Matched Contr ol )f 7.000 8. 000 1. 000
Lower Limt 1.010 1.212 0.013
Upper Limt 297. 414 333. 388 75. 218
Weeks to First Cbserved Tunor 95 72 63 62
Hemat opoi etic System Lynphoma
or Leukem a’ 2/ 24 (8) 9/ 24 (38) 11/ 24 (46) 1/ 24 (4)
P Val ues®* N. S. P = 0.018 P = 0.004 N. S.
Departure from Linear Trend® P < 0.001
Rel ati ve Ri sk (Matched Control )f 4.500 5. 500 0. 500
Lower Limt 1.072 1.395 0. 009
Upper Limt 38. 367 45. 074 8. 943
Weeks to First Cbserved Tunor 95 70 39 62
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Table C2. Analyses of the Incidence of Primary Tunors in Fermal e Rats
Fed Lasiocarpine in the Diet®

(conti nued)

Mat ched Low M d Hi gh
Topoar aphy:  Mor phol ogy Control Dose Dose Dose
Li ver: Hepatocellul ar
Car ci nona” 0/24 (0) 0/24 (0) 0/ 24 (0) 1/ 24 (5)
P Val ues®* N. S. N. S. N. S. N. S.
Rel ati ve Ri sk (Matched Oontrol)f -- -- Infinite
Lower Limt -- -- 0. 055
Upper Limt -- -- Infinite
Weeks to First Cbserved Tunor -- -- -- 63
Li ver: Hepatocell ul ar
Car ci noma or Adenoma, NOS” 0/ 24 (0) 5/ 24 (21) 1/ 24 (4) 7/ 24 (29)
P Val ues®* P = 0.013 P = 0.025 N. S. P = 0.005
Rel ati ve Ri sk (Matched Oontrol)f Infinite Infinite Infinite
Lower Limt 1. 309 0. 055 2.021
Upper Limt Infinite Infinite Infinite
Weeks to First Cbserved Tunor -- 104 82 52
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Tabl e C2.

(conti nued)

Anal yses of the Incidence of Primary Tunors in Female Rats

Fed Lasiocarpine in the Diet®

Mat ched Low Md Hi gh
Topogr aphy:  Mor phol ogy Cont r ol Dose Dose Dose
Li ver: Angi osar cona’ 0/ 24 (0) 8/ 24 (33) 7124 (29) 2/ 24 (8)
P Val ues®* N. S. P = 0.002 P = 0.005 N. S.
Departure from Linear Trend® P = 0.002
Rel ati ve Ri sk (Matched Oontrol)f Infinite Infinite Infinite
Lower Limt 2.382 2.021 0. 305
Upper Limt Infinite Infinite Infinite
Weeks to First Observed Tunor -- 84 68 56
P'”A;;:gr;abmomph‘)be 10/ 24 (42) 5/24 (21) 0/ 24 (0) 0/ 24 (0)
P Val ues®* P < 0.001 (N N. S. P < 0.001 (N P < 0.001 (N
Rel ative Ri sk (Matched Control)' 0. 500 0. 000 0. 000
Lower Limt 0. 160 0. 000 0. 000
Upper Limt 1.348 0. 322 0. 322

Weeks to First Cbserved Tunor

84 94
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Table C2. Analyses of the Incidence of Primary Tunors in Fermale Rats
Fed Lasiocarpine in the Diet®
(conti nued)

Mat ched Low M d H gh

Topogr aphy: Mor phol ogy Contr ol Dose Dose Dose
Ute;,gls;phE”dO"E“' al Stroml 6/ 24 (25) 9/ 24 (38) 4124 (17) 0/ 24 (0)
P Val ues®’ P = 0.004 (N) N. S. N. S. P =0.011 (N
Rel ative Ri sk (Matched Control)' 1. 500 0. 667 0. 000

Lower Limt 0. 568 0. 158 0. 000

Upper Linmt 4. 264 2.440 0. 601
Weeks to First Qobserved Tunor 104 70 71 —

*Treated groups received doses of 7, 15, or 30 ppm
*Nurmber of tumor- bear i ng ani mal s/ nunmber of animals necropsi ed (percent).

‘Beneath the incidence of tunors in the control group is the probability | evel for the Cochran-
Armtage test when P < 0.05; otherwise, not significant (N.S.) is indicated. Beneath the incidence
of tunors in a treated group is the probability Ievel for the Fisher exact test for the conparison of
that treated group with the matched-control group when P < 0.05; otherwi se, not significant (N.S.) is
i ndi cat ed.

‘A negative trend (N) indicates a |lower incidence in a treated group than in the control group.
‘The probability level for departure fromlinear trend is given when P < 0.05 for any conpari son.

"The 95% confidence interval of the relative risk between each treated group and the matched-
control group.
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Table C3. Tine-adjusted Anal yses of the Incidence of Primary Tunors in Femal e Rats

Fed Lasiocarpine in the Diet®

Mat ched Low Md Hi gh
Topogr aphy: Mor phol ogy Cont r ol Dose Dose Dose
Lung: Angi osar cona” (52) 0/ 24 (0) 0/ 24 (0) 2/ 24 (8) 0/9 (0)
P Val ues®’ N. S. N. S. N S. N. S.
Rel ati ve Ri sk (Matched Oontrol)f -- Infinite --
Lower Limt -- 0. 305 - -
Upper Limt -- Infinite --
Weeks to First Observed Tunor - - -- 68 - -
Herat opoi eti ¢ System Malignant
Lynphom, NS (39) 1/ 24 (4) 2/ 24 (8) 3/24 (13) 0/ 23 (0)
P Val ues®’ N. S. N. S. N S. N. S.
Rel ative Ri sk (Matched Control )f 2. 000 3. 000 0. 000
Lower Limt 0.111 0. 265 0. 000
Upper Limt 112. 815 150. 246 19. 050
Weeks to First Observed Tunor 104 70 39 - -
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Tabl e C3. Ti ne-adj usted Anal yses of the Incidence of Primary Tunors in Fenale Rats Fed

Lasi ocarpine in the Diet®

(conti nued)

Mat ched Low M d Hi gh
Topogr aphy: Mor phol ogy Cont r ol Dose Dose Dose
Hemat opoi etic System Leukem a’ (52) 1/24 (4) 7124 (29) 8/ 23 (35) 1/9 (11)
P Val ues®* N. S. P = 0.024 P = 0.009 N. S.
Departure from Li near Tr end® P = 0.027
Rel ati ve Ri sk (Matched Control )f 7. 000 8. 348 2. 667
Lower Limt 1. 010 1. 267 0. 036
Upper Limt 297. 414 346. 345 183. 950
Weeks to First Cbserved Tunor 95 72 63 62
Henmat opoi etic System Lynphonma or
Leuker a’ (39) 2/ 24 (8) 9/ 24 (38) 11/ 24 (46) 1/ 23 (4)
P Val ues®’ N. S. P = 0.018 P = 0.004 N. S.
Departure from Linear Trend® P < 0.001
Rel ati ve Ri sk (Matched Control )f 4.500 5. 500 0. 522
Lower Limt 1.072 1.395 0. 009
Upper Limt 38. 367 45. 074 9. 307
Weeks to First Cbserved Tunor 95 70 39 62
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Tabl e C3. Tine-adjusted Anal yses of the Incidence of Primary Tunors in Fenale Rats

(conti nued)

Fed Lasiocarpine in the Diet®

Mat ched Low Md Hi gh
Topogr aphy: Mr phol ogy Cont r ol Dose Dose Dose
. . b
Li ver: Hepatocel lul ar Carci noma
(52) P 0/ 24 (0) 0/ 24 (0) 0/ 24 (0) 1/9 (11)
P Val ues®’ N S. N S. N S. N S.
Rel ati ve Ri sk (Matched Control)f -- -- Infinite
Lower Limt -- -- 0. 145
Upper Limt -- -- Infinite
Weeks to First Cbserved Tunor -- -- -- 63
Li ver: Hepatocel |l ul ar Carci noma or
Adenona, ,\mb(sz) 0/ 24 (0) 5/24 (21) 1/ 24 (4) 719 (78)
P Val ues®* P < 0.001 P = 0.025 N. S. P < 0.001
Departure from Li near Tr end® P = 0.001
Rel ative Risk (Matched Control)' Infinite Infinite Infinite
Lower Limt 1. 309 0. 055 5. 829
Upper Limt Infinite Infinite Infinite
Weeks to First Cbserved Tunor -- 104 82 52




€9

Table C3. Tine-adjusted Anal yses of the Incidence of Primary Tunors in Female Rats

(conti nued)

Fed Lasiocarpine in the Diet®

Mat ched Low M d Hi gh
Topogr aphy: Mor phol ogy Cont r ol Dose Dose Dose
Li ver: Angi osar cona” (52) 0/ 24 (0) 8/ 24 (33) 7/ 24 (30) 2/9 (22)
P Val ues®’ N. S. P = 0.002 P = 0.005 N. S.
Departure from Li near Trend® P = 0.029
Rel ative Ri sk (Matched Control)f Infinite Infinite Infinite
Lower Limt 2.382 2.021 0. 822
Upper Limt Infinite Infinite Infinite
Weeks to First Cbserved Tunor - - 84 68 56
Pituitary: . Chr onophobe
Adenoma” (52) 10/ 24 (42) 5/ 24 (21) 0/ 24 (0) 0/9 (0)
P Val ues®’ P = 0.001 (N N S. P < 0.001 (N P =0.021 (N
Rel ati ve Ri sk (Matched Control )f 0. 500 0. 000 0. 000
Lower Limt 0. 160 0. 000 0. 000
Upper Limt 1. 348 0. 322 0.782
Weeks to First Cbserved Tunor 84 94 — —
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Table C3. Tine-adjusted Anal yses of the Incidence of Primary Tunors in Female Rats
Fed Lasiocarpine in the Diet®

(conti nued)

Mat ched Low Md Hi gh
Topogr aphy: Morphol ogy Cont rol Dose Dose Dose
Uterus: Endonetrial Stronal Polypb (52) 6/ 24 (25) 9/ 24 (38) 4/ 24 (17) 0/9 (0)
P Val ues®* N. S. N. S. N. S. N. S.
Rel ative Ri sk (Matched Control )f 1. 500 0. 667 0. 000
Lower Limt 0. 568 0. 158 0. 000
Upper Limt 4. 264 2.440 1. 460
Weeks to First Cbserved Tunor 104 70 71

*Tr eat ed groups received doses of 7, 15, or 30 ppm

"Nurber of tunor - beari ng ani mal s/ nunber of aninmals necropsied (percent). (Based on animals
that lived at | east as |Iong as shown in parentheses after the description of the norphol ogy).

‘Beneath the incidence of tumors in the control group is the probability level for the Cochran-
Armitage test when P < 0.05; otherwise, not significant (N.S.) is indicated. Beneath the incidence
of tunors in a treated group is the probability level for the Fisher exact test for the conparison of
that treated group with the matched-control group when P < 0.05; otherwi se, not significant (N.S.) is
i ndi cat ed.

‘A negative trend (N) indicates a |lower incidence in a treated group than in the control group

“The probability level for departure fromlinear trend is given when P < 0.05 for any conpari son

"The 95% confidence interval of the relative risk between each treated group and the matched-
control group



Revi ew of the Bioassay of Lasiocarpine*for Carcinogenicity
by the Data Eval uation/Ri sk Assessment Subgroup of the
C eari nghouse on Environnental Carcinogens
Novenber 28, 1977

The d earinghouse on Environnental Carcinogens was established in
May, 1976 under the authority of the National Cancer Act of 1971 (P.L.
92-218). The purpose of the O earinghouse is to advise on the Nationa
Cancer Institute's bioassay programto identify and eval uate chem ca
carcinogens in the environnent to which humans nay be exposed. The
menbers of the d earinghouse have been drawn from academ a, industry,
organi zed | abor, public interest groups, State health officials, and
quasi - public health and research organi zati ons. Menbers have been
sel ected on the basis of their experience in carcinogenesis or related
fields and, collectively, provide expertise in organic chem stry, bio-
chem stry, biostatistics, toxicology, pathology, and epi deni ol ogy.
Represent ati ves of various Governnmental agencies participate as ad hoc
nmenbers. The Data Eval uation/ Risk Assessnent Subgroup of the
Cl eari nghouse is charged with the responsibility of providing a peer
revi ew of NCI bioassay reports on chemicals studied for carcinogenicity.
In this context, belowis the edited excerpt fromthe mnutes of the
Subgroup's neeting at which Lasiocarpi ne was revi ewed.

Lasi ocarpi ne, a known experinental carcinogen, was tested in rats
as part of another study designed to investigate the conbi ned effects of
chemicals. Under the conditions of test, Lasiocarpine induced
angi osarconmas in both sexes of treated rats. Although the report
indicated that it al so caused granulocytic leukemia in the treated
females, it was pointed out that the incidence was approxi nately the sane
as observed in fenmale control animals fromthe Hexa-chl orophene study.
One nenber enphasi zed the limted nunber of animals per group and the
high early nortality.

A notion was made that Lasi ocarpi ne was carci nogeni c under the
conditions of test. It was added that the study was |ess than ideal in
that the aninmal groups were snaller than the current standard and there
was high nortality in the md- and hi gh-dose groups. The notion was
seconded and approved unani nously.

65



Menbers present were:

Cerald N. Whgan (Chai rnan), Massachusetts Institute of
Technol ogy

Lawr ence Garfinkel, Anerican Cancer Society

Henry C. Pitot, University of Wsconsin Mdical Center

George Roush, Jr., Monsanto Comnpany

Veral d K. Rowe, Dow Chem cal U. S. A

M chael B. Shinkin, University of California at San Di ego

Loui se Strong, University of Texas Health Sci ences Center

John H. Wi sburger, Anerican Health Foundati on

* Subsequent to this review, changes nmay have been nade in the
bi oassay report either as a result of the review or other reasons.
Thus, certain conments and criticisns reflected in the review nay
no | onger be appropriate.

*U.S. GOVERNMENT PRINTING OFFICE: 1978 260-899/3018 1-3 66
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