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Parts A and B are not included in this document (to be.
prepared. by the Peer Review Committee).

c. Background Information:

Piperonyl butoxide (PBO) is an insecticide synergist
that disrupts the degradation of pesticides by inhibiting the
mixed function oxidase enzymes primarily found in the liver but
also located in other organs. PBO is found in numerous
insecticide formulations usually when the active ingredients are
pyrethrins and pyrethroids but is also found in some formulations
of organophosphates and other chemicals. Since PBO is present in
many pesticide formulations, there is potential for inhalation
and dermal exposure to applicators and dietary exposure from
treatment of RACs. ‘

Following the Data-Call-In Notice, new chronic feeding/
carcinogenicity studies with rats and mice have been submitted.
Recent publications from the Tokyo Metropolitan Research
Laboratory of Public Health report associations between PBO and
carcinogenicity in both rats and mice. The NCI has also
conducted studies in rats and mice. In addition, a series 82-3
subchronic inhalation toxicity study has also indicated a
possible concern based on specific non-neoplastic findings for
potential carcinogenicity of the respiratory tract. :

The structure of PBO is illustrated as follows:

/ 0 —. HzCH-_sCH; :
H C\
0 CH,OCH,CH,OCH,CH,OC H,

Structure of piperbnyl butoxide (PBO, alpha [2-(2-
butoxyethoxy) ethoxy]-4,5-methylenedioxy~2-propyltoluene)).

' The Tox Chem (or Caswell) No. of PBO is 670. . The
Chemical Abstracts Reglstry Number (CAS No.) is 51-03-6. The PC
Number is 067501. .

D. Evaluation of Carcinogenicity Evidence:

[Note' The studies are listed by species and the study for
each species that most strongly indicates carcinogenic potentlal
is described first. A summary table of these studies is in
Attachment 1.]

- Rat_Study £;. Rat Carcinogenicity Study. Tokyo
Metropolltan Research Laboratory, as published in Fund. Appl.

Toxicol. 22:292-303 (1994). A copy of the paper is attached
(Attachment #2). Submitted as a prepublication monograph under
MRID No.: 42839601 and 42920201. HED Document No.: 010658
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(attached). Note: The DER was based on the prepublication
monograph. . The actual publication contained more detail and
additional information regarding pathology and other aspects of
the study.

a. Experimental Design. Four groups of Fischer F344
strain rats 30/sex for the control, 0.6% and 1.2% groups and
33/sex for the 2.4% groups were dosed with PBO based on the
percent of PBO in the diet for two years. These dose levels
correspond to 0, 547, 1052 or 1877 mg/kg/day in males and 537,
1061 or 2002 mg/kg/day in females. s

b. Discussion of Tumor Data. The study was determined to
be positive for liver tumors for both males and females. Table 1
below illustrates the neoplastic and non-neoplastic findings from
this study. Since the individual animal data were not provided,
SAB has not been able to extract the data for an independent
statistical assessment.

Table 1 below clearly indicates that based on either
the original or Dr. Butler’s analysis that there is a test
compound related increase in both hepatocellular adenomas and
carcinomas. The following criteria were used for diagnosis by

. the two different pathologists.

Table 1. Liver tumors in F344 rats dosed with piperonyl butoxide. Comparison of original
diagnosis (submitted under D192500, no MRID #) and the diagnosis made by Dr. W. H. Butler
(MRID # 42920201, page 5). '

) Males Females
Lesion Control 0.6% 1.2% 2.4% Control 0.6% 1.2% 2.4%
Butler < (26)! (23) (17) (25) (25) (27) (27) . (26)
Focal hyperplasia’ 2 1 2 ' 3 o 0 13 8
Adenoma’ 0 o 8 13 0 0 1 11
Carcinoma’® 0 0 ‘ 3 . 7 0 o] 0 5
Original (25)! (25) (18) - (25) (24) (27) (25) (26)
"Liver tumor" 0 1 14 25 0 4 22 26
1. The number in () is the number of animals examined.

2. Focal hyperplasia is not regarded as a tumor but is included to demonstrate possible
preneoplastic conditions.

3. More specifically hepatocellular adenoma and hepatocellular carcinoma. Dr Butler did
not specifically state that rats with both an adenoma and carcinoma are counted as having .
carcinoma only. ’

Original-Based on the classification of Boorman et al (Pathology of the
Fischer Rat, Academic Press, New York, 1980? or 19907 - the
reference is cited with two different dates). In this diagnosis,
nodular lesions were divided into hepatocellular adenoma
(including hyperplastic nodules and neoplastic nodule) and
hepatocellular carcinoma (cellular atypia, structural atypia,

4



[Carcinogenicity Peer Review-PBO/1995]
nucleus/cytoplasm and compression of the adjacent tissue).

Butler-No specific reference was provided but Dr. Butler provided the
following comments. Nodular lesions with the presence of abnormal
thickened trabeculae often associated with hemorrhage and necrosis
are classified as carcinoma. Nodules classified as adenomas have
more simple trabecular structure usually 1-2 cells thick with
little or no necrosis or hemorrhage. Focal hyperplasia are
-nodules that differ from adenomas in that the hyperplasia have
differentially organized hepatic cords and the presence of
residual structures. Dr. Butler also stated that "there are no
definitive histological criteria for the differentiation of
adenomas (benign neoplasms) and hyperplasla (a reactive
proliferation).

No historical control data were provided by the testing
laboratory for liver tumors in this strain of rat.

c. Non-neoplastic Lesions. The following non-neoplastic
lesions were noted.

~Stomach and cecum, lung and kidneys. These structures were considered
asscociated with increased several lesions based on gross necropsy
as in Table 2 below.

Table 2. Non-neoplastlc pathology in Fischer 344 rats dosed with piperonyl
butoxide.

. Males ’ Females
Lesion Control 0.6% 1.2% 2.4% | Control 0.6% 1.2% 2.4%

Number examined- 30 30 30 33 H 30 30 30 33
Stomach :
Hemorrhages 5 2 6 9 ! 2 2 7 15%*
Polyps o o] 0 2 ! 1 0. 0 6
Smooth surface 0 0 2 10+ ! 0 2 5 12+
Cecum

Enlargement 0 18 - 21+ 15 | 0 7* 13»* 9
Hemorrhages o 7 12+* 7 ! 0 6 10* 7
Edema 0 7* 8* 0 ! o 5 6 3
Hyperplasia 0 1 0 5 1 0 1 0 4
Lungs ’
Whitish spotting 0 o] 3% 11+ ! 0 0 ] 2
Kidneys ‘ .

Black colored 1 5 -10% 17* H 0 7% 20% 25%
Misshapen 1 1 0] 1 v 0 0 3 g*

* gtatigtically siginificantly different from control as per study report.

-Liver. The incidence of "focal hyperplasia"” in the liver is presented
in Table 1 above.

-"propable essential thrombocythemia® was present in 0, 6 (26%), 3.
(20%) and 9 (38%) of the males for the control to high dose groups and in only
1(4%) female in the high dose group.
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d. Adegquacy of Dosing for Assessment of Carcinogenic
Potential. Survival was not affected in a dose dependent manner
although many rats dosed with PBO that died had gastrointestinal
(cecum) hemorrhage.

Based on the presence of gastrointestinal hemorrhage at all
dose levels and decreases in body weight of about 50% in the high
dose group when compared to the controls and the prevalence of
"probable essential thrombocythemia" in males the high dose group
is considered excessive. Based on gastrointestinal effects, the
low and mid dose groups may also be considered excessive.

2. Rat Stud 2. Rat Carcinogenicity Study.  Bio-Research
Study No.: 81690, August 27, 1987, MRID No.: 40323701, HED
Document No.: 006668. (The DER dated April 15, 1988 is attached
as Attachment 3). :

a. Experimental Design. Sprague-Dawley Crl-CDR strain
rats 60/sex/dose group were dosed as control-1, control-2, 30,
100 or 500 mg/kg/day by the dietary route for 24 months. An
interim ‘sacrifice at 1 month of 10/sex for control-l, 15 and 30
mg/kg/day groups was included.

b. Discussion of Tumor Data. There was an increase in
thyr01d follicular cell adenomas (females) and or adenomas and -
carcinomas (males) combined based on positive £ S Tables 3
(males) and 4 (females, taken from L. Brunsman memo dated Jan. 4,
1995, Attachment 4) illustrate the tumor incidence and. present a
statistical assessment ) of the thyroid data.

Historical control data for thyroid tumors from the testing
laboratory have been requested but not provided. The Charles
River Breeder’s background summary (refer to "Spontaneous
Neoplastic Lesions and Selected Non-neoplastic Lesions in the
Crl:CD®BR Rat, February, 1992) indicates a range of 1.1 to 25.7%
for thyroid follicular adenomas and 1.0 to 6.0% for carcinomas.

”o\»

Mﬂ‘g/
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Table 3. Piperonyl Butoxide - Charles River Sprague-Dawley
Crl-CDR Rat Study

Male Thyroid Follicular Cell Tumor Rates® and Exact
Trend Test and Fisher’'s Exact Test Results (p values)

Dose (m kg/da

o* 30 100 500
Adenomas 2/1158 1/58 0/58 2*/53
(%) . (2) (2) (0) (4)
p= 0.212 0.740 0.441" 0.375
Carcinomas 1%/115 0/s8 0/58 2/53
(%) (1) 0y (0) Y
P = 05099 0.665" 0.665" 0.234
Combined 3/115 1/58 0/58 4/53
(%) (3) {(2) (0) (8)
p = 2N 0.589" 0.291° 0.142

*Number of tumor bearing animals/Number of animals examined, excluding those
that died or were sacrificed before week 53.

‘Two separate control groups were combined for this risk assessment.

"Negative change from control.

‘First adenoma observed at week 79, dose 500 mg/kg/day.

'Pirst carcinoma observed at week 89, dose 0 mg/kg/day.

Note:Significance of trend denoted at control.

Significance of pair-wise comparison with control denoted at dose
level. I

If *, then p < 0.05. If =, then p < 0.01.

Table 4. Piperonyl Butoxide - Charles River SpragueFDawley
Crl-CDR Rat Study

Female Thyroid Follicular Cell Tumor Rates”™ and Exact
Trend Test and Fisher’'s Exact Test Results (p values)

Dose (mg/kg/day)

o’ 30 100 500

Adenomas® 1/116 0/57 1*/58 3/58
(%) : (1) (4! (2) (5)
p= BTN 0.671° 0.557 0.109

*Number of tumor bearing animals/Number of animals examined, excluding those that
died or were sacrificed before week 53.
*Two separate control groups were combined for this risk assessment.
"Negative change from control.
‘First adenoma obséerved at week 105, dose 100 mg/kg/day.
%There were no thyroid follicular cell carcinomas dxagnosed.
Note: Significance of trend denoted at contro;.
SLganxcance of pair-wise comparison with control denoted
dose level.
1f *, then p < 0.05. If ™, then p < 0.01.
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Liver tumors were found at a slightly higher incidence in

the dosed animals as indicated by the Table 5.

Table 5. Pathological findings in the liver of Crl:CDBR rats dosed
with piperonyl butoxide for 2 years.

Lesion Males Females
Description cl Cc2 30 100 500 Ccl c2 30 100 500 .
Hypertrophy
hepatocytes 4 2 1 4 29%* 4 2 0 2 47%
Focal mixed :
cells 1 1 4 1 5 3 3 3 13+* 20*
Focal eosino
philic cells 6 6 3 10 12 6 2 5 5 3
Hep. Carcinoma 1 1 o 0 1 0 0 0 1 1
!
: i
Hep. Adenoma 0 0 0 0 2 ! {None reported]
total 1 i 0 o} 3 10 0 0 1 1

*statistically significantly different form the controls.

Based on 60 rats/sex/dose group reportedly examined.

c. Non-neoplastic Lesions. The 1liv

s determined to have increased weight (9% /for males and 20% for

fémales in the low dose group). In the 'group dosed with 100

mg/kg/day and above there were increased hepatic "focal mixed

cells". At the 500 mg/kg/day dose level there was hypertrophy of
the hepatocytes. ‘ _

The thyroid was determined to have increased ‘incidence of
"pigment in follicles" (80%* of the high dose males vs only 37-45%
of the males in the other groups and 73%* of the high dose females
vs only 10-17% in the other groups). Hyperplasia in follicular
cells was also increased in the high dose in both sexes (35%* in
the high dose group vs only 7% to 18% in the other groups and
females 18%* in the high dose group and 15%* in the mid dose group
vs only 0 to 7% in all other groups). [Note * statistically
significant.]

d. Adequacy of Dosing_ for Assessment of Carcinogenic
Potential. Survival was not affected by treatment. Based on .

only minor (<10%) body weight gain decreases in the first 90 days

in the high dose group only, TB-I considers higher doses could have
been tolerated. Body weight gains were deceased only slightly at
first but in the middle part of the study they were larger. There
was, however, a consistent decrease in body weight compared to

controls and. at termination males were 22% and females were 21%.

lower in the high dose group.

in all dosed group S
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3. Rat study #3. Rat Carcinogenicity Study. NCI (Blue Book)
Study No.: 120. Frederick Cancer Research Center, Published

. 1979!. No DER has been prepared for this study. A copy of the
Blue Book will be brought to the Peer Review meeting. The Blue
Book Summary is attached (Attachment 5).

A

a. Experimental Design. Two groups of 50/sex Fischer 344
strain rats were dosed with 5000 or 10000 ppm of piperonyl
butoxide (equivalent to approximately 250 or 500 mg/kg/day) for
107 weeks. A concurrent control group of 20/sex untreated rats
was also included.

b. Discussion of Tumor Data

-Liver tumors. There were no liver tumors reported in any
rats dosed with PBO. A single male control group rat had
one incident of "neoplastic nodule". '

-Thyroid tumors. Table 6 below illustrates the neoplastic
and non-neoplastic findings in the thyroid.

Table 6. Thyroid neoplastic and non-neoplastic pathology in Fischer 344 rats dosed with
piperonyl butoxide.

Males Females -
Lesion Control 5000 10000 Control 5000 10000
N 19 49 48 19 - 48 49
Tumors
Follic cell adenoma 0 0 2 0 0
Follic cell carcinoma 0 1 1 0. 0 1
Total 0 1 3 1
C~cell adenoma 4 2
C-cell carcinoma S K -1
Total 6 3
Non-neoplastic :
C-cell hyperplasia 8 10 12 - - - -
cystic follicles .- - - - - 1.

Table 6 indicates that the rats dosed with PBO have
follicular cell adenomas and/or carcinomas whereas the untreated
rats do not. This finding is consistent with the results of the
BioResearch 1987 study described under Rat Study #2 above. The
presence of C-cell tumors in the NCI study was not also observed
in the other studies with rats. :

-Lymphomas. = Three types of malignant lymphomas were noted

lphe test material was described as technical grade piperonyl butoxide from
the Niagara Chemical Company, FMC Corporation, Middleport New York. It was
demonstrated to be of 88.4% purity and from Lot No.: 5.

9
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in females. Two of these types indicated a possible compound
related increase. There was a single incident "malignant
lymphoma, mixed type" in the low dose group and none in the
control or high dose group. The incidence (number of animals
affected/number of animals observed and percentage) of the other
two tumor types is indicated as follows for the control. 5000 and
10000 ppm dose groups. :

"malignant lymphoma, NOS" - 0f20, 1/80(2%) and 6/50 (12%)
"malignant lymphoma, undiffer-type 1/20(5%), 5/50(10%) and 9/50 (18%)

According to the report, malignant lymphomas are a
"relatively common tumor in Fischer 344 rats". The Cochrane-
Armitage trend test was significant (p < 0.007) for lymphomas.
The Fisher exact test was also significant (p < 0.020) for the
high dose group. The historical control record for the incidence
of lymphomas and leukemias in female rats was reported to be
19/191 or 10%. One group had as much as 7/20 or 35% and another
had 6/20 or 30%. The study report assessed the lymphoma data as
follows (page 32) . .

The statistical conclusion suggests that the incidence of lymphomas in
female rats may be associated with the administration of piperonyl
butoxide; however, this conclusion may be due to the lower than usual
incidence in the control group compared with historical data.”

It is noted that malignant lymphoma did not appear to be
increased in the other three studies with rats. :

The statistical report from the NCI Blue Book for liver, the
hematopoietic system and thyroid are in Attachment 5

c. Non-neoplastic Lesions. Focal hyperplasia was noted
in the liver of all dose groups without an indication of increase
with dose. Table 6 above illustrates selected non-neoplastic
findings in the thyroid. It should be noted that a compound
related increase in follicular hyperplasia was not reported.

d. Adeguacy of Dosing for Assessment of Carcinogenic
Potential. There was no compound related effect on survival and

- 80% or greater survived until week 90 of the study. Body weight
was decreased (described as "slight") in both sexes for the first
50 weeks. After that time, the weight difference became more
evident and a clear dose response was noted. Since no data tables
were presented, the percent difference in weight and weight gain
cannot be determined. Based on visual inspection of the body
weight graphs, it appears that higher doses could have been
tolerated. It should be noted that the preliminary study
indicated that dose levels of 46,000 ppm but not 31,500 ppm are

10
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potentlally lethal to this strain of rat.

4. Rat Study #4. A. Maekawa, H. Onodera, K. Furuta, H.
Tanigawa, T. Ogiu and Y, Hayashi. (1985) "Lack of evidence of
carc1nogenlclty of technical-grade piperonyl butoxide in F344
rats: Selective induction of ileocaecal ulcers" As published in
Fd. Chem. Toxic. 23(7):675-682. No DER has been prepared for
this study. A copy of the article is attached (Attachment 6).

a. Experimental Design. Three groups of 50/sex Fischer
F344/DuCrj strain rats were dosed as controls or with 0.5% or
1.0% technical piperonyl butoxide (98% purity) in their diets for
two years. These dose levels correspond to 0, 5000 and 10000 ppm
or roughly equivalent to 250 and 500 mg/kg/day of piperonyl
butoxide.

b. Discussion of Tumor Data and Historical Control Data. The
study authors assert that there were no test compound related
tumors. TB-I notes, however, that there were 2%, 2% and 6%
incidents of '"neoplastic nodules" in the liver of males for the
control, 0.5% and 1% dose groups respectively and the male high
dose group 2% incidents of hepatocellular carcinoma but the
control and low dose groups did not have this tumor.

Among the females, there were 2% incidents of "neoplastic
nodule" in the 0.5% but none in the control or high dose group.
No indications of compound related increases in thyroid tumors
were presented. The percent incidence of c-cell adenoma was 21%,
15% and 4% for the control 0.5% and 1.0% dose groups
respectively.

c. Non-neoplastic lesions. The study noted that the ileocaecal
region of the digestive tract had high incidence of "ulcers",
regenerative hyperplasia", ossification and hemorrhage. Males
were more severely affected than females. For example, 17 and 24
males in the low and high dose groups developed ulcers but only 1
and 22 females in the low and high dose groups developed ulcers.
Ulcers were not reported in the controls.

d. Adequacy of Dosing for Assessment of Carcznogenlc Potential.
Death rates were 16%, 38% and 42% for males and 14%, 22% and 34%
for females for the control 0.5% and 1.0% diets respectlvely
Body weight was decreased in a dose dependent manner but could
not be quantitated with the data available. As indicated above,
the ileocaecal portion of the gastrOLntestlnal system developed
ulcers and other associated lesions in response to treatment.
Because of compound related deaths and the presence of ulcers in
the gastrointestinal tract, both dose levels are con51dered in
excess of the MTD.

11



(Carcinogenicity Peer Review-PBO/1995]

5. Mouse Study #1. Mouse Carcinogenicity Study. Bushy Run
Research Center. Study No.: 91N0134, August 27, 1993, MRID No.:
429037-01, HED Document No.: 010647. (The DER dated October 26,
1993 is attached, Attachment 7).

a. Experimental Design. Five groups of 60/sex CD-1 strain
mice were dosed as control-l, control-2, 30, 100 or 300 mg/kg/day
for 78 weeks. There were no interim sacrifices.

b. fDiscussicn of Tumor Data The study wag” considered
(hepatocelluldr adenomas and

positive for liver tumors in male
carcinomas) in both the 100 and 800 mg/kg/day se groups and
females (hepatocellular adenomas only) in the $00 mg/kg/day dose
group only. There were no carcinomas reported in the females.
Tables 7 (males) and 8 (females) taken from the memo by Ms. Lori
Brunsman of SAB/HED and dated Jan. 4, 1995 (Attachment 4)
illustrate the tumor incidence and present a statistical
evaluation of these data.

No historical control data have been provided by the testing
laboratory. Charles River Breeding Laboratory summary data
(refer to "Spontaneous neoplastic lesions in the Crl:CD-1 [ICR]BR
mouse", prepared by Patricia L. Lang, Ph.D.) indicate that the
range for adenomas is 0-16.3% in males and 0-2.7% in females and
for hepatocellular carcinoma the range is 0-6.0% and 0-0.7% for -
- females based on 8 studies run for 18 months.

c. Non-neoplastic Lesions. Liver weight increases were
evident at 100 mg/kg/day (16.2% for males). The 30 mg/kg/day
dose in males appeared to be a threshold with an increase of
7.1%.. At 300 mg/kg/day there was a minimal body weight decrease
in males (6.8% at week 74) but females were not affected. Net
gain for the high dose males was 9.6 gms vs 11.4 and 12.4 gms for
the controls.

d. Adequacy of Dosing for Assessment of Carcinogenic
Potential. Survival was not affected. Since the body weight
gain effects were minimal in males (at best 15.7% decrease in the
mid dose group and 22.6% decrease in the high dose group) and no
effects were noted in females, the dose levels are considered
adequate for males. The females, however, are considered to be
tested below a pharmacologically active dose.

12
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Table 7.. Piperonyl Butoxide - Charles River CD-1 Mouse Study

Male Hepatocellular Tumor Rates®™ and

Peto’'s Prevalence Test Results (p values) ‘

Dose (mg/kg/day) -

o* 30 100 300
Adenomas 17*/107 3/57 22/56 28/59
(%) ' (16) (23) (39) (47)
p = : 0.000™ 0.111 Q+001™ 0.000™
Carcinomas 4/100 "3/51 2/54 7°/53
(%) (4) (8) (4) (13)
p= 0.p08™ 0.260 0.499 2.008™
Combined X 21/107 15°/57 24/56 30¢/59
(%) v " (20) (26) (43) {51)
P = Q0007 0.116 F aciopio 0.000™

*Number of tumor bearing animals/Number of animals examined, excluding those that

died before observation of the first tumor.

*Two separate control groups were combined for this risk assessment.

‘First adenoma observed at week 61, dose 0 mg/kg/day.

*Firgt carcinoma observed at week 69, dose 300 mg/kg/day.

‘One animal in the 30 mg/kg/day dose group had both an adenoma and a carcinoma.

dFive animals in the 300 mg/kg/day dose group had both an adenoma and a

carcinoma.

Note: Significance of trend denoted at gontrol.

Significance of palr-wlse comparison thh control denoted at dose level.
If °, then p < 0.05. If ™, then p < 0.01.

Table 8. Piperonyl Butoxide - Charles River CD-1 Mouse Study

Female Hepatocellular Tumor Rates' and Exact Trend
Test and Fisher’s Exact Test Results (p values)

Dose (mg/kg/day)
o* 30 100 ' 300

Adenomas?® 4*/116 1/58 . 1/60 . 10/57

(%) (3) (2) (2) '
p= . 0.000" 0.459" 0.444" “giE

*Number of tumor bearing animals/Number of animals examined, excludlng those that

died before week 53.

*Two separate control groups were combined for thxs risk assessment.

"Negative change from control.

‘First adenoma observed at week 56, dose 0 mg/kg/day.

@There were no hepatocellular carcinomas diagnosed.

Note: Significance of trend denoted at control.

Significance of pair-wise comparison with control denoted" a

dose level. .
If *, then p < 0.05. If =, then p < 0.0l.

13 -
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6. Mouse Study #2. Mouse Carcinogenicity Study. O. Takahashi
et al in Arch Toxicol 68:467-469 (1994). A copy of the paper as
published is attached (Attachment 8). No DER has been prepared
for this study.

a. Experimental Design. Male CD-1 strain mice were dosed
with PBO as control (52/sex), 0.6% (53/sex) and 1.2% (100/sex) in
their diets. These dose levels correspond to 0, 6000 or 12000
ppm or 0, 857 or 1714 mg/kg/day for 12 months.

b. Discussion of Tumor Data. Hepatocellular adenoma and
carcinoma was induced in a dose related manner with there being
1.9% 24.5% and 75% incidence of the combined tumor types for the
control low and high dose groups respectively. In addition,
hemangioendothelial sarcoma was clearly associated with the high
dose group and possibly associated with the low dose group.
These two tumor types are illustrated in Table 9 below.

Table 9. Neoplastic and non-neoplastic lesion in male CD-1 mice dosed with
PBO for 12 months (Takahashi study, 1994).

IF

Lesion : Dose Level, % dietl
Control 0.6% 1.2%

Non-neoplastic N 52 53 , 100
Hepatocellular hyperplasia 1(1.9%) 2R 3T TR)* - 8 (8%)
Pogstnecrotic peliosis 0 13 (24.5%)* 74 (74%)*
neoplastic :
Hepatocellular adenoma 1 (1.9%) clglobas YR 22 (22%)*
Hepatocellular carcinoma O 6. {11.3%)* 52 (52%)*

Combined 1 (1.9%) LA (R4.5%)* 75 (74%)*
Hemangioendothelial L PRI T 0L 3 S C 42 (42%)*
sarcoma (total large and
.small)

1. Total number of mice examined.
* Significantly different, p < 0.05% by Fisher'’'s exact probability test as
provided by the study author.

Specific historical control data were not provided in
the publication as presented. However, a reference (Chandra and
Firth, Toxicol Lett. 61:67-74 (1992) was made to spontaneous
incidence of hepatocellular carcinoma of 24 month old CD-1 strain
mice to be 5.7%.

c. Non-neoplastic Lesions. Hepatocellular hyperplasia was
a characteristic non-neoplastic finding in the treated mice with

38% of the low dose and 8% of the high dose affected vs only 2%
on the controls. The high incidence of adenomas and carcinomas
in the high dose obscures the true’'dose response effect for this
lesion. A condition described as "postnecrotic peliosis" (purpura
or extravasion of the blood) was also reported in the liver of
the dosed mice (see Table 7 above).

14
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d. Adeguacy of Dosing for Assessment of Carcinogenic
Potential. The high dose group had only 81% survival after one
year. The control group had 94% and the low dose group had 98%
indicating that survival was adversely affected in the high dose
group. Mean terminal body weights of the low and high dose
groups were 17% and 29% decreased indicating a dose response
effect on body weight. The study authors did not consider that
either the increased deaths in the high dose group (which
occurred after six months and were attributed to liver tumors) or
the body weight decreases indicated that the high dose exceeded
the "MTD".

Mouse Stud 3. Mouse Carcinogenicity Study. NCI (Blue
Book) Study No.: 120. Published 1979’. No separate DER has been
prepared for this study. A copy of the Blue Book will be brought
to the Peer Review meeting. The Blue Book study summary is
attached (Attachment 5). )

a. Experimental Design. Two groups of 50/sex B6C3F1l
strain mice were dosed initially as 2500 and 5000 ppm of
piperonyl butoxide . A control group of 20/sex mice was also
maintained. The initial test diet concentrations were determined
to be too toxic and were reduced to 500 and 2000 ppm after 30 -
weeks. The study was terminated after 112 weeks. The time-

- weighted average dose was 1,036 and 2,804 ppm for both sexes.
These diets correspond to approximately 148 and 298 mg/kg/day.

b. Discussion of Tumor Data.

Liver tumors. Hepatocellular carcinomas were prevalent
in .the male mice but without evidence of a dose response with
there being 10 (50%), 17 (34%) and 20 (40%) for the control, low
and high dose groups. Aamong the females there were 1 (5%), 2
(4%) and 5 (10%) for the control, low and high dose groups
strongly indicating a dose response but statistical significance
was not attained (p. 109, Table F2, from study report and on page
TISA) . .

, Lacrimal gland. In males there was a statistically
significant increase trend (Cochrane-Armitage) in adenomas of the
lacrimal gland as indicated by there being 0/20, 0/50 4/50 (8%)
in the control, low and high dose groups (see page 13B). The
- results of the Fisher’s exact test were not significant. The
study authors did not conclude that the increase was due to
~ piperonyl butoxide treatment.

2Refer to footnote number 1 for description of the test material.
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c. Non-neoplastic Lesions.

Liver. Nodular hyperplasia in the liver was
considered slightly elevated in the males with there being 1
(5%), 3 (6%) and 5 (10%) incidence for the contraql. low and high
dose groups. In females there were no indications of compound
related increases in nodular hyperplasia with there being 3
(13%), 7 (15%) and 4 (8%) for the control, low and high dose
groups. .

Thyroid. 1In females "cystlc follicles" were slightly
elevated in the dosed animal with there being 0, 1 (2%) and 5
(11%) for the control, low and high dose groups. 1In males,
"follicular cysts" were present as 0, 1 (2%) and 2 (4%). There
was also one .incident of "cystic follicles" in the control group.

d. Adequacy of Dosing for Assessment of Carcinogenic
Potential. The survival of the mice was not affected by

treatment. Figure 3 of the study report (page 34) indicates a
dose related effect on body weight. Since no group data were
presented, the percent differences in body weight cannot be
calculated. Since the initial dose levels had te be reduced,
(although there is no detailed description of the reactions to
treatment that led to the reduction of dose levels), it cannot be
determined that the dose levels were adequate for carcinogenicity
assessment.

E. Additional Toxicology Data on Piperﬁnyl Butoxide:

1. Metabolism A study classified as CORE GUIDELINE (MRID No.:
41998401, HED Document No.: 009783, study dated October 3, 1989)
has provided useful information on the absorption, excretion and
retention of PBO in rats. In essence, most of the material from
4o labelled piperonyl butoxide was recovered in the feces (46.95%
to 54.01%) and lesser amounts in the urine (23.32% to 31.3%) and
< 1.5% remained in the tissues. The liver and intestine retained
the highest amounts. Eight urinary metabolites were identified
that were apparently formed through beta-oxidation and subsequent
cleavage of the ether side chain and/or oxidation in the
methylene brldge on the benzodioxole. ring.

2. Mutagen1c1t¥ PBO has been tested in several mutagenicity
toxicity studies. Studies concluded to be acceptable have been
submitted for bacterial mutagenicity, in vitro chromosomat
aberrations and sister chromatid exchange. Additional genetic
toxicity studies especially in vivo studies are considered

desirable.
PpDocument .-
83 and Litton

' a) S lmo‘ella assay - (R
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Bionetics, 1983) which did

ot indicate that piperonyl butoxide
induced chromosome mutation

in Salmonella typhimurium strains

with and without metabolic activation. v, )
ey A
| S e A - -
b) In vit o] cs in ovary cells. (Refer to

HED Document Nos: (003438 007644 /and 011005 and MRID No.:
43013801 and Acc No.: 257430). Three udies (Litton Bionetics
1983, Arthur D. Little, 1985 and Hazleton, 1993) have been
submitted which provide evidence that piperonyl butoxide does not
induce chromosome aberrations in CHO cells in vitro. One
equivocal study is resolved by the two other negative studies.

c) In vitro cytogenetics study (Litton Bionetics, 1983)
did not indicate sister chromatid exchanges and/or chromosome
aberration is CHO cells with and without metabolic activation.

3. Developmental Toxicity

No effects were noted in a rat developmental toxicity study
"tested at 1000 mg/kg/day. In rabbits, there were some maternal
"effects (decreased body weight and defecation) at 200 mg/kg/day

but no developmental effects at this level (HDT). The rat multi-
generation reproduction study was determined to have a NOEL of >
5000 ppm (250 mg/kg/day) for reproductive effects but a NOEL and
- LEL of 1000 and 5000 ppm for parental effects (decreased body
weight) and developmental effects (decreased body weight gain in-
. pups) .

4. Structure-Activity and Functional Activity Correlations

a. Piperonyl butoxide is based on the chemical
structure of safrole which has been demonstrated to cause tumors
of the esophagus (Hagen et al in Toxicol. Appl. Pharmacol. 7:18-
: 24 (1965)) and liver tumors in rats (Trump et al in J. Natl.
Cancer Inst. 67:393-406 (1981)). The structure of safrol is as
§ follows: ’
{

W ™

: b. A factor to be considered under this category is the
functional effect of piperonyl butoxide as compared with MGK-264
(PC # 057001) and pyrethrins (PC # 069001). MGK-264 like PBO
inhibits mixed function oxidases (MFO) and both produce similar
non-neoplastic lesions in the liver of rats and mice and ‘
hyperplasia and/or tumors in the follicular cells of the thyroid
in rats. Pyrethrins are usually formulated with PBO and/or MGK-
264 and pyrethrins are metabolized by the MFO. Thus all three
chemicals interact with the same physiological system in the

Z-

N
\
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liver. These three chemicals also produce hyperplasia/
metaplasia in the upper respiratory tract of rats in subchronic
(90-day) inhalation toxicity studies. MGK-264 and pyrethrins are
also being presented to the HED Carcinogenicity Peer Rev1ew
Committee.

5. Acute, Subchronic, and Chronic Toxicity Studies

Acute toxicity. Piperonyl butoxide has acute oral LDys of 4.7
(4.39-5.03) mg/kg in males and 4.1 (3.53-4.86) mg/kg in females
meaning it is not regarded as a very toxic substance. There were
no mortalities to rabbits dosed dermally with 2 gm/kg and the LCy,
was established to be > 5.9 mg/l. Piperonyl butoxide is Toxicity
Category III for eye irritation and toxicity category IV for
dermal irritation.

Subchronic Inhalation toxicity. Piperonyl butoxide as well as
pyrethrins and MGK-264 have all been indicated to cause
hyperplasia and metaplasia in the larynx of rats in 90-day
subchronic inhalation toxicity studies. Hyperplasia is in many
cases accepted as a preneoplastic condition and that continued
exposure would result in tumors in the affected region(s).

F. Weight of Evidence Considerations: The committee will
consider the following observations regarding the toxicology data
on plperonyl butoxide in a weight of evidence determlnatlon of
carcinogenic potential.

‘1. Rat and mouse carcinogenicity studies.

Rat Study #1. Fischer F344 strain rats were dosed as control,
0.6%, 1.2% and 2.4% PBO in their diets. The high dose group
(equivalent to 1877 mg/kg/day in males and 2002 mg/kg/day in
females) was considered to be excessive because of a 50% decrease
in weight gain. Gastrointestinal haemorrhagia was noted in the
0.6%, 1.2% and 2.4% test doses but not in the controls. Because
of excessive dosing in both sexes in this study, the relevance:
the tumors occurring in the two highest test dose levels is
considered questionable. This study is further compromised since
it is a publication from the open literature and no individual-
animal data are available for review. Thus, HED has not done an
independent statistical analysis.

At 24,000 ppm in both males and females, there were
increases in ;;ver adenomas and carcinomas and increases in
adenomas and carcinomas in males and there was a single incident
of an adenoma in females in the 12000 ppm dose level group based
on Dr. Butler’s assessment. The original pathology report
described liver tumors in all dosed groups for each sex but not
in the controls.
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Rat Study #2. Sprague-Dawley Crl strain rats were dosed as
control (two groups), 30, 100 or 500 mg/kg/day by the dietary
route for 24 months. Based on only minor (<10%) body weight
decreases in the first 90 days in the high dose group only, TB-I
considers higher doses could have been tolerated. There was,
however, a consistent decrease in body weight reaching 22% for
males and 21% for females at termination.

Males and females had a significant increased trend in
thyroid follicular cell combined adenomas and/or carcinomas (p<
0.05). There were no significant differences in pair-wise
comparisons of the‘'dosed groups with the controls.

Rat Study #3. Fischer F344 strain rats were dosed as controls,
5000 or 10000 ppm of PBO for 107 weeks. 8ince only very minor
body weight decreases were noted, it is apparent that higher
doses could have been tolerated and this study is considered of
limited usefulness in this regard. The study is further
compromised because no individual animal data were provided and
HED has not done independent statistical analyses.

4 JML Males in both treatment grqups had thyroid follicular cell
adenomas and/or carcinomas. $h2ksingle incident of an thyroid
~—Jaderoma- in females was in the. high dose group. In males the two
dosed groups had increased incidence of C-cell adenomas and/or

carcinomas. : -

Females had increased incidence of "malignant lymphomas" of
two types and both the trend (p < 0.007) and pair-wise
comparisons (p < 0.02) were positive.

Mouse Study #1. CD=-1 strain mice were dosed as control (two
groups), 30, 100 or 300 mg/kg/day for 78 weeks. Males were
considered to be dosed at an adequate dose level since body
weight was decreased about 16% in the mid dose group and 23% in
the high dose group. Since body weight was only slightly
affected in females, this sex is considered to have been tested
below a pharmacologically active dose. The female data may be
compromised.

Male mice had both a significant (p < 0.01) positive trend
for adenomas and carcinomas and pair wise comparison indicated
that the mid (p < 0.001) and high dose group (p < 0.000) were
significant for adenomas. The high dose (p < 0.005) was
significant for carcinomas. The trend test was also positive (p

t§< 0.01) and the mid (p < 0.001) and high (p < 0.000) dose groups
were significant by pair wise comparison for combined adenomas
and carcinomas.’ '

Mouse Study #2. CD-1 strain mice (males only) were dosed as

control, 0.6% and 1.2% PBO in their diets for one year. Based on
decreases in body weights of 17% for the low dose and 29% for the
high dose and a slight decrease in survival in the high dose, the
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high dose is considered at or in excess of the MTD. The study
was obtained from the published literature and no individual
animal data are available for independent statistical analysis.

Both the low and high dose groups (p < 0.05) had
significantly increased incidence of hepatocellular adenoma and
carcinoma and combined adenoma and carcinoma.

The males also had significantly increased hemangio-
endothelial sarcoma in the high dose group (p < 0.05) and an
incident in the low dose group but not any control animals were
affected. .

Mouse Study #3. B6C3F1 strain mice were dosed initially as 2500
and 5000 ppm. These doses were later decreased to 500 and 2000
ppm. The survival was not affected but since undescribed
symptoms required decreasing the dose level, it is assumed this
"high dose was adjusted to adequate testing levels. The study is
an NCI Blue Book study and no individual animal data were
presented and no independent statistical analysis by HED was
done.

Females had an apparent increase in liver tumors that did
not reach statistical significance for either trend or pair-wise
comparison. There were 1 (5%), 2 (4%) and 5 (10%) incidents of
hepatocellular carcinomas. , -

In males there was a statistically significant increased
trend for adenomas in the lacrimal gland but the pair-wise
comparison was not significant.

2. PBO is structurally related to safrole a chemical which has
\ been demonstrated to produce esophageal and liver tumors.

3. - PBO is not considered mutagenic in several mutagenicity
genetic toxicity studies.
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Summary Table of Seven Carcinogenicity Studies with Rats or Mice with

Piperonyl Butoxide.

Rat Study #1. Tokyo Metropolitan Research
Laboratory. in Fund. Appl. Toxicol.

22:292-303 (1994).

Fischer F344 strain, 0.6%, 1.2% ‘and 2.4%

Study Identification | Organs of Concern for Neoplasia
e — e e e e

Liver tumors (adenomas and carcinomas) all
dose levels.

Dose levels considered excessive.

Sprague~Dawley Crl-CDR strain, control,
30, 100 or 500 mg/kg/day for two years.

GUIDELINES

PBO in diets for two years. e

SUPPLEMENTARY

Rat Study #2. Bio-Research # 81690. 1#% Positive trend for thyroid follicular cell
August 27, 1987.

Body“ﬁ ght decreéses but higher levels
could have been tolerated.

Rat Study #3. NCI Blue Book Study. 1979.

Fischer F344 strain rats, control 5000 and
10000 ppm for 107 weeks.

SUPPLEMENTARY (no DER).

Positive trends —amdjfesr—patrwize
eompar isoms—for—

Thyroid follicular tumors

Lymphomas

Doses considered adequate.

Rat_Study #4. National Institute Hygienic
Sciences, Tokyo, Japan in Fd. Chem.
Toxic. 23:675-682 (1985).

Fischer F344/DuCrj strain rats, controls,
0.5% and 1.0% for 2 years. '

Mouge Study #£1. Bushy Run Research
Center, #91N0134, August 27, 1993.

CD~1 strain mice, control 30, 100 or 300
mg/kg/day for 78 weeks.

GUIDELINES.

X

Authors concluded study does not
demonstrate carcinogenicity.

Ileocaecal ulcers in both treated groups
in both sexes.

Insufficient data to determine adequacy of
dosing.

Liver tumors in both sexes.

Doses considered adequate 'in males but
females could have tolerated higher
levels.

Mouse Study #2. Tokyo Metropolitan
Research Institute. AS published in Arch.
Toxicol. 68:467-469 (1994).

CD-1 strain (males only reported). Control
0.6% and 1.2% in diets for 1 year.

Livér Tumors in both doses.

Hemangicendothelial sarcoma in high and
possible low dose group.

Higher doses could have been tolerated.

.
2.

SUPPLEMENTARY (no DER).
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Mouse Study #3. NCI Blue Book Study, Lacrimal gland tumors
1979. in males.

>
B6C3F1 strain mice. Control,1036 and 2804 -
ppm for 112 weeks. R Wh()w ‘

- SUPPLEMENTARY

have increased trend

®
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Chronic Toxicity Studies of Pipex;onyl Butoxide in F344 .
Rats: Induction of Hepatocellular Carcinoma. TAKAHASHI, 0.,

OisHi, S., Furrran, T., TANAKA, T., AND YONEYAMA, M.
(1994). Fundam. Appl. Toxicol. 22, 293-303. -

Male and female F344 rats (30-33 rats/group) were adminis-
tered piperonyl butoxide (a-{2-(2-butoxyethoxy)ethoxy}-4,5-
methylenedioxy-2-propyltoluene) in the diet at levels of 0 (con-
trol), 0.6, 1.2, and 2.4% for nearly 2 years. Beginning at about
40 weeks, 10 rats in the 1.2% treated male group died due to
cecal hemorrhages. Piperonyl butoxide induced hepatocelluiar
carcinoma in both sexes in a dose-dependent manner. Hepato-
cellular carcinoma was found even in the 1.2% treated male
group (incidence, 26.7%), and incidences in the 2.4% groups of
males and females were 80.0 and 57.7% respectively of all those
-urviving. Piperonyl butoxide also caused essential thrombo-

_themia with a dose-response relationship. Hemorrhages in
stomach and cecum, anemia, degenerative lesions of alveoli, and
nephrotoxicity were also observed related to exposure. These
results indicate that piperonyl butoxide is a hepatocarcinogen to
the rat. © 1994 Society of Toxicology. -

_ Piperonyl butoxide (a-[2+2-butoxyethoxy)ethoxy}-4,5-
methylenedioxy-2-propylitoluene) is widely used as a syner-
gist for the pyrethrins and related insecticides on a variety
of fruit, vegetable, forage, and grain crops. In addition it is
used on livestock and in agricultural areas as well as in
various domestic pesticide aerosol formulations. Piperonyl
butoxide has been allowed as a food additive in Japan since
1955. Its maximum approved use level is 0.024 g/kg (24
ppm) in raw cereals, and the acceptable daily intake (ADT)
for humans is 0-0.03 mg/kg body wt (Joint FAO/WHO
Meeting, 1973). Pyrethrin formulations - produced for
stored crops in Japan in 1986 totaled 233 tons.

There have been many toxicological reports on this sub-
stance. Liver and kidney damage was found when rats were

1 The views, opinions, and assertions expressed in this article are those of
the authors and do not reflect the official policy of the Tokyo Metropolitan
Government. - .

2 This study was conducted by these five members equally. Therefore,

e order of authors’ names is unimportant.
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given 0.5-3.0% piperonyl butoxide in the diet for 1-13
weeks (Goldstein ez al., 1973; Sternberg, 1979; Maekawa e
al., 1985; Fujitani et al.,, 1992). No mutagenic activities
have been reported (Ashwood-Smith et al., 1972; Stern-
berg, 1979; White er al., 1977; Rosenkranz et al., 1990;
Nesnow, 1990), nor has carcinogenicity been detected
(Cardy et al., 1979; Innes ez al., 1969; NCI, 1979; Maekawa
et al., 1985). Although teratogenicity has not been reported
(Kennedy et al., 1977; Khera et al., 1979), we have recently
found teratogenicity (Tanaka et al., 1993a) and develop-
mental toxicities of this compound (Tanaka, 1992, 1993;
Tanaka et al., 1992). »

We now describe a multiyear chronic toxicity study of”
piperonyl butoxide as a follow-up on the previous subacute
test (Fujitani et al., 1992). :

MATERIALS AND METHODS

Chemicals. Piperonyl butoxide (technical grade; lot Nos. 909002 and
009002) was purchased from Takasago International Corporation (To-
kyo), The purities were 94.5 and 94.3% by gas chromatography, and these
preparations did not contain safrol or isosafrol. ) )

Diets. CE-2, obtained from CLEA Japan Inc. (T okyo), was used as a
basal diet. After mixing piperony! butoxide with the powdered diet, peliets
were formed and fed to rats. All lots of basal diet were analyzed and deter-
mined to be free of contamination by pesticides, PCB, or aflatoxins. Chemi-
cals, detection limits, and analytical methods used were as follows: DDT
(<0.05 ppm; ECD-GC), BHC (<0.05 ppm; ECD-GC), aldrin{<0.01 ppm;
ECD-GC), dieldrin (<0.01 ppm; ECD-GC), endrin (<0.01 ppm; ECD-
GC), heptachlor (<0.01 ppm; ECD-GC), PCB (<0.01 ppm; ECD-GQ),
parathione (<0.05 ppm; FPD-GC), aflatoxin (<5 ppb; fluorometry).

Animals. Specific pathogen-free male and female Fischer (F344/

DuCrj) rats, 4 weeks old, were purchased from Charles River Japan, Inc. .
(Kanagawa, Japan) and housed individually in stainless steel suspended -

cages, in an air-conditioned room at a temperature of 25 = 1°C and rela-
tive humidity of 55 + 5%, under the barrier system.

Experimental design. After acclimatization for 1 week on the basal

" diet, male or female rats were divided into four groups of 30, 30, 30, and 33

rats and were given diets containing piperonyl butoxide at levels of 0 {con-
trol), 0.6, 1.2, or 2.4%, respectively, and water ad lib. for nearly 2 years.
The doses are the same as those of the previous subacute test (Fujitani e
al., 1992); 2.4% is just equal to 1000 times the maximum approved use
level for raw cereals in Japan. In a preliminary experiment we determined
food consumption rates four times for 6 rats in each of the dose groups.
The averages of those results are 91.1, 91.1, 87.7, and 78.2 g/kg/day in

0272-0590/94 $6.00
Copyright © 1994 by the Society of Toxicology.
All tights of reproduction in any form reserved,
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FIG. 1. Mean body weights of male rats given piperonyl butoxide for

95 weeks. Body weights of treated groups were significantly different from
the control throughout the experimental period ina dose-dependent man-
ner.

males and 90.1, 89.6, 88.4, and 83.4 g/kg/day in females 0f0,0.6. 1.2,and
2.4% groups. respectively. Calculated intakes of piperonyl butoxide are
547. 1052, and 1877 mg/kg/day for males and 537, 1061, and 2002 meg/kg/
day for females of 0.6, 1.2, and 2.4% groups, respectively. During the exper-

imental period. the animals were observed daily, and clinical signs and-

mortality were recorded. Body weight was ineasured monthly. Rats that
died were necropsied and examined for tumors and nonneoplastic lesions;
tumors and sites of lesions were fixed with buffered 4% formaldehyde
solution, and a histopathologic examination was conducted. Near the end
of the planned 2-year experiment, many male rats given 1.2% piperonyl
butoxide and the female controls had died: therefore, the feeding was termi-
nated early. Males and females were killed on Weeks 95 and 96, respec-
tively.

Necropsy. At the termination of administration, all of the surviving
rats were killed by deep ether anesthesia. Blood was collected from the
posterior vena cava into a plastic syringe containing 3.8% sodium citrate
solution (blood:sodium citrate, 9:1, v/v). The citrated blood was used fora
hematological study. Separately, the citrated blood was refrigerated and
centrifuged, and plasma was separated for plasma biochemistry. Rats were
necropsied, and tumors and-nonneoplastic lesions were examined. The
number and size of hepatic nodules were counted and recorded. Major
Organs were dissected and weighed.
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FIG.2. Mean body weights of female rats given piperonyl butoxide for
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FIG. 3. Survival curves of male rats given piperonyl butoxide for 95

weeks. Mortality of animals treated with 1.2% of the substance was signifi-
cantly higher than that in other groups after Week 45.

Histopathology. Nodules and major organs.(brain, lung, heart, liver.
kidney, stomach, intestine, cecum, adrenal gland. spleen. testis. uterus,
and ovary) were fixed with buffered 4% formaldehyde solution and sec-
tioned and stained routinely with hematoxylin and eosin. As for livers. two
1o three sections of the different sites were reviewed by microscopy if nod--
ules were not observed macroscopicaily. If there were nodules, we reviewed
three to five sections of three different major hodules. Judgment and classi-
fication of hepatic nodules were done according to the report by Boorman
et al. (1990) and Maronpot et al. (1986). Nodular lesions were divided into
focus, hepatocellular focal hyperplasia, hepatocellular adenoma {(syn-
onyms for these two lesions include hyperplastic nodule and neoplastic
nodule) (Squire-and Levitt, 1975), and hepatocellular carcinoma by cellu-
lar atypia, structural atypia, nucleus/cytoplasm ratio. and compression of
the adjacent tissue. Cholangiofibrosis, cystic cholangioma, and histiocytic
sarcoma were also described. Hemangiosarcoma ot hemangiosarcoma-
like lesions were found but those were not distinguishable.

Hematological studies. Hematological data were obtained by a Sys-
temic E-5000 automated hematology analyzer (Toa Medical Electronics
Corporation. Ltd., Kobe, Japan), except for prothrombin and kaolin-acti-
vated partia thromboplastin times. The following parameters were mea-
sured: particle concentration of white biood cells (WBC), red blood cells
(RBC) and platelets (PLT); WBC-small cell count (W-SCC), WRBC-small
cell ratio (W-SCR) hemoglobin concentration (HGB), hematocrit (HCT),
mean corpuscular volume (MCYV), mean corpuscular hemoglobin (MCH), .
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FIG. 4. Survival curves of female rats given pipem;xyl butoxide for 96
weeks. Mortality levels were not significantly different from each other.
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TABLE 1
- Hyperplastic and Neoplastic Nodular Lesions of Livers
s - Piperonyl butoxide (dietary %)
0 0.6 1.2 2.4
Maie
Number of surviving rats 25 23 15 25
Suviving rats bearing nodules (macroscopic)® 0 6°(26.1F 148 (93.3) 25% (100)
Mean number of nodules/rat* ; 0 0.4 3.5 12.7
Mean number of nodules in size distinction/rat )
1-5 mm diameter 0 0.4 1.5% 8.4%
-6-10 mm diameter 0 0 A 2.6°
>11 mm diameter 0 0 0.3 1.8¢
Focus (basophilic or clear cell) o4 11% (47.8) 2(13.3) 0
Hepatocellular hyperplasia (focal or muitifocal) 2(8.0) 3(13.0) -2(13.3) 0
Hepatocellular adenoma® ’ 0 0 8%1(53.3) 5% (20.0)
Hepatocellular carcinoma? 0 0 4%(26.7) 20% (80.0) .
Hepatocellular adenoma and carcinoma® 0 0 12°(80.0) . 25% (100)
Cholangiofibrosis 0 0 0 1(4.0)
Cholangioma (cystic) 0 0 0 1 4.0)
Hemangiosarcoma/hemangiosarcoma-like lesion® ' 0 0 2(13.3) 112 (44.0)
Number of surviving and dead rats 30 . 30 30 33
Surviving and dead rats bearing nodules (macroscopic)® 0 6 (20.0) 18%(60.0) 29% (87.9)
Focus (basophilic or clear cell) v 0 112 (36.7) 2(6.7) : 0
Hepatocellular hyperplasia (focal -or muitifocal) 2(6.7) 3(10.0) 5(16.7) 1(3.0)
Hepatocelluiar adenoma® 0 0 8% (26.7) 5 (15.2)
-Hepatocellular carcinoma® 0 0 4(13.3) 242 (72.7)
Hepatocellular adenoma and carcinoma® 0 -0 128 (40.0) 29%(87.9)
Cholangiofibrosis 0 0 0 1(3.0)
Cholangioma (cystic) 0 -0 0 1(3.0)
Histiocytic sarcoma 0 0 0 1(3.0)
Hemangiosarcoma/hemangiosarcoma-like lesion® 0 0 2(6.7) 15% (45.5)
Female
Number of surviving rats 24 27 25 26 -
Surviving rats bearing nodule (macroscopic)® 0 1(3.7) 22%(88.0) 26 (100)
Mean number of nodules/rat® 0 0.04 : 2.2% 14.0
Mean number of nodules in size distinction/rat ’
1-5° mm diameter 0 0.04 2.1% 9.7¢
6-10 mm diameter _- 0 0 0.04 2.8°
>11 mm diameter 0 0 0.04 L5
Focus (basophilic or clear cell) 1(4.2) 2(74) 6 (24.0) 0
Hepatocellular hyperpiasia (focal or multifocal) 0 0 122 (48.0) 2(1.7)
Hepatocellular adenoma® 0 0 4(16.0) 9% (34.6)
Hepatocellular carcinoma® : 0 0 0 152 (57.7)
Hepatocellular adenoma and carcinoma* 0 .0 4(16.0) 24%(92.3)

_ Cholangiofibrosis® ' 0 0 0 3(11.9)
Cholangioma (cystic)* 0 0 0 2007
Hemangiosarcoma/hemangiosarcoma-like lesion® 0 0 0 8°(30.8)
Number of surviving and dead rats k1] 30 30 33
Surviving and dead rats bearing nodules (macroscopic)® 0 1(3.3) 23%(76.7) 312(93.9)
Focus (basophilic or clear cell) 1(3.3) 2(6.7) 6 (20.0) o .
Hepatocellular hyperplasia (focal or multifocal) 0 0 12%(40.0) 2(6.1)
Hepatocellular adenoma® 0 0 T 4(13.3) 10° (30.0)
Hepatocellular carcinoma® 0 0 0 15%(45.5)
Hepatocellutar adenoma and carcinoma® 0 0 4(13.3) 25°(75.8)
Cholangiofibrosis® 0 0 .0 5*(15.2),
Cholangioma (cystic)* 0 0 0 261
Hemangiosarcoma/hemangiosarcoma-like lesion® 0 0 0 8°(24.2)

“ The response has a significant dose-related linear trend.
® Significantly different from the appropriate control (0%) value.
¢ The number in the parentheses is the incidence (%).
4 All histologic data are expressed as the number of rats having thc lesxon
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FIG.S. Liver tumors of the male (A) and female (B and C) rats given
2.4% piperonyl butoxide for 95 and 96 weeks, respectively. (A) Nearly 13
tumors were seen on ail lobes. Their colors were gray-white or white.
Larger ones were over 3 mm in diameter. A vascular system was observed
within the tumor. (B) Many white or muddy yellow tumors (2-30 mm)
were seen on all lobes. (C) Many large, medium, and small tumors were
seen on all lobes. Large white ones fill the entire lobe.

mean corpuscular hemoglobin concentration {MCHC), RBC distribution
width (RDW); mean piatelet volume (MPV), PLT distribution width
(PDW), platelet-large cell ratio (P-LCR). Citrated blood provided stable
data of WBC and PLquum_sforatlenst6hraﬁeritwucollected.

Prothrombin and kaolin-activated partial thromboplastin times (PT and '

KPTT) were measured by routine methods using simplastin as a thrombo-
plastin and platelin as a partial thromboplastin, for some randomly se-

lected samples. Data are expressed as an index (%) = a mean value of PT or
KPTT of control rats/each value of PT or KPTT of a treated rat x 100.
Some blood samples were stained with Giemsa solution and examined
microscopically. Judgement of leukemia was made by summarizing WBC

count. spleen weight. histopathologic study, and the degree of anemia. We -

looked upon a rat as having probable essential thrombocythera if PLT
countswere over 3,000,000 (thé counting limit of this apparatus) and plate-
let distribution curves had two obvious peaks at 4 femtoliters (fl) (minor
and normal peak) and 62 fl (major peak). Essential thrombocythemia is
also known as hemorrhagic thrombocythemia and primary thrombocyth-
emia. -

Plasma biochemistry. Data were obtained by a Hitachi 705 automatic
analyzer (Tokyo). Plasma concentrations of albumin (ALB). total protein
(TP). cholesterol (CHO), free cholesterol (F-CHO), esterified cholesterols
(E-CHO), phospholipids (PL), triglycerides (TG), glucose (GLQ). uric acid
(UA), and urea nitrogen (UN); activities of cholinesterase (CHE), v-glu-

" tamyl transpeptidase (y-GTP), aspartate aminotransferase (AST), and ala~

nine aminotransferase (AL T); and ratios of albumin/globulin (ALB/GLB)
and AST/ALT were measured.

Statistics. Variations of results of body weight, organ weight. hemato-
logic parameters, and plasma biochemistry are routinely expressed as the
standard deviation. Significance of difference was tested by Bartlett’s test.
one-way analysis of variance, and Dunnet’s or Scheffé’s test. If Bartlett's

test was significant. data were subjected to the Kruskal-Wallis test and the -

Scheffé type rank sum test (Gad and Weil. 1982). Mortality data were
determined by Kaplan and Meier’s test. Pathologic data were evaluated by
C x R x? analysis and Fischer’s exact probability test. The Cochrane-Ar-
mitage test for linear trend in proportion was also conducted for the data
on hepatic tumors. In all analyses, the limit for significance was set at
p < 0.05.

RESULTS

Growth, Clinical Signs of Intoxication, and Mortality

Body weight gains were reduced in piperonyl butoxide-
treated groups of both sexes dose dependently during all
experimental periods (Figs. 1 and 2). After Week 60, rats of
the 2.4% groups of both sexes gradually lost weight.

During the first month, rough hair, lethargy, epistaxis,

- and a drop in food consumption were observed in the 2.4%

group of both sexes. During Weeks 4-16, epistaxis in these
same groups and expansion of the abdomen in all piperonyl
butoxide-administered groups were found. After Week 20,
dirtiness of posterior parts of the abdomen was recognized.
Tumors on the skin were found after about 1 year in all
groups and deaths began to occur at about Week 40.
Survival curves are shown in Figs. 3 and 4. Mortality in
the male 1__2_’{-; group was significantly higher than that in
other groups. In dead rats, hemorrhages in the cecum were
the most profound lesions (see Table 4). Enlargement of the
spleen was observed in some expired rats of all groups.
Dead rats with hepatic tumors were séen from Week 74, but
the causeof death was not hepatic cancer. Most of those rats
died from cecum hemorrhages. Leukemia may be another

cause of death. In all cases, there was no relationship be-

tween deaths and severety of hepatic tumors.
Liver Tignors.

Many neoplastic lesions were observed {n rats of ait
groups, with hepatic tumors being the most conspicuously
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FIG. 6. Photomicrograph of hepatocellular carcinoma (poorly

297

differentiated) from a male rat given 1.2% piperonyl butoxide for 95 weeks. Anaplas-

tic tumor cells having polychromatic and atypic nuclei and mitotic figures are seen. Increased nucleus/cytoplasm ratios and mitotic figures are also

visible. Hematoxylin and eosin stain, X64.

related to the feeding of piperonyl butoxide. Incidence of
hyperplastic and neoplastic nodular lesions is summarized
in Table 1; this conditionn was observed in all piperonyl
butoxide-treated groups of both sexes in a dose-dependent
manner (Fig. 5). The number of nodules per liver and size
of the nodules also increased in a dose-dependent fashion.
In the 2.4% groups of both . sexes, 13--14 nodules were
counted, -one with a diameter of over 10 mm.

Nodules occurred in all lobes and were solid and white
and whitish gray; many of them occasionally contained
blood lakes. Histopathologically, hepatocellular adenomas,

97

and carcinomas were increased in the treated groups of
both sexes in a dose-dependent manner. Carcinommas were
observed at more than 1.2% in males or at only 2.4% in
females. The incidences of carcinoma in surviving male
and female rats of the 2.4% groups were 80.0 and 57.7%.
Most carcinomas were the trabecular type characterized by
trabeculae multiple thick cell layers (Figs. 6 and 7). In the
lower doses, clear cell focus and nodular hyperplasia were
significanitly increased. Cholangiofibrosis and ¢ystic cho-
langioma were found in some rats of the 2.4% treated
groups of both sexes. Oval cell proliferation was also seen in



e,

- Large platelets were microscopically d

298 TAKAHASHI ET AL.

FIG.7. Photomicrograph of hepatocellular carcinoma (well differentiated) witha trabecular pattern from a male rat given 2.4% piperonyl butoxide

for 95 weeks. Hematoxylin and gosin stain, X64. ;

the treated groups idata not shown). Hepatocellular carci-
noma concurrently contained hemorrhage, necrosis, prolif-

_eration of endothelial cells, and hemangiosarcoma or he-

mangiosarcoma-like lesions,

Essential Thrombocythemia

Probable essential thrombocythemia was observed in
treated male rats in a dose-dependent manner (Table 2). | 41]
females, only one rat of the 2.4% group this disease.

among eryth-
rocytes. , S .

Common Background Tumors

Pituitary adenoma, testicular tumors, and leukemia were
found in control and all treated groups (Table 3).

. Nonneoplastic Lesions

In suryiving rats, a statistically significant increase in the
appearance of glandular stomachs with smooth surfaces
was observed in both males and females in the 2.4% expo- §
sure group (Table 4). The cecum was enlarged and hemor- {
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TABLE 2
Essential Thrombocythemia

TABLE 4
Gross Findings of Nonneoplastic Lesions

Piperonyl butoxide (dietary %)

Piperonyl butoxide (dietary %)

0

s Significantly different from the appropriate control (0%) value.
5 Only 24 rats were cxamined, because of failure to collect blood.

I8

J

0 0.6 1.2 2.4 0 0.6 1.2 24
Male . Male (surviving)
Number of rats examined 24 23 15 24  Number of rats examined 25 23 15 25
Essential thrombocythemia® 0 6* 36 9° St?{r:::: r(ril::;ular) ) | , ,
Essential thrombocythemia (%) 0 26 20 38 Polyps 0 0 0 )
E Smooth surface 0 0 2 104
emale Cecum .
Number of rats examined . 24 27 25 26 Enlargment 0 12¢ 8¢ 7
) . Hemorrhages 0 2 3 3
Essential thrombocythemia ) 0 0 0 1 Edema 0 - 72 ge 0
Essential thrombocythemia (%) 0 0 0 4 Hyperplasia 0 | 0 2
i : Lungs -
< The response has a significant dose-related linear trend. Whitish spotti 0 a a
® Significantly different from the appropriate control (0%) value. Kidn elyl: Spoting 0 3 i
Black-colored i 5 104 174
Misshapen | { 0 ol
rhagic, especially in the 0.6 and 1.2% groups; edema of ce-
cum was also found in these groups. In dead male rats, Male (dead)
massive hemorrhages of the cecum were pbserved in 0.6 - terofdeadrats s 7 s 3
and 1.2% groups. Histopathologically, erosion of cecal mu-  giomach
cosa was observed in piperonyl butoxide-treated rats. Hemorrhages 3 T 4 -2
Whitish spots were observed on the surface of lungs ina Cecum
dose-dependent fashion. Histopathologically, many macro- -Enlargment ! & 10 4
phages and cholesterol clefts were found in alveoli. :°m°m"5 g g ‘g‘ g
A dose-dependent increase in the number of kidneys that ypeep
were black-colored was observed and this increase was espe-
Female (surviving)
Number of rats examined 24 27 25 26
TABLE 3 Stomach (glandular)
Common Background Tumors Hemorrhages ! ! 5 16
Polyps : 1 0 0 6
Piperonyl butoxide (dietary %) Smooth surface 2 5 12
- Cecum
0 0.6 1.2 2.4 Enlargement 0 7¢ 13¢ 8
- Hemorrhages 0 5 9 4
Male Edema 0 5 6 3
. - Hyperplasia 0 i 0 3
Number of rats examined 25 23 15 25 Lungs
Pituitary gland . Whitish spotting 0 0 0 2
Adenoma 4 3 1 1 .
Testis : . Kidneys
: " Black-colored 0 7° 20° 25°
lmerstm?l f:ell tumor 23 19 13 15 Misshapen 0 0 3 ge
Hematopoietic system - . .
Mononuclear cell leukemia 4b 2 4 1% . .
. : Female (dead) _
Female Nurpber of dead rats - 6 3 5 7
Number of rats examined 24 27 25~ 26  Stomach :
- Pituitary gland . Hemorrhages 1 1 2 3
Adenoma 7 5 4 2 Cecum
Hematopoietic system . Enlargement 0 0 0 1
Mononuclear cell leukemia 2 0 - 2 2 Hemorrhages 0 1 1 3
Hyperplasia 0 0 0 1

e Signiﬁmtly‘ different from the appropriate control (0%) vaiue.
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TABLE $

Terminal Body and Organ Weights

Piperony! butoxide (dietary %)

‘Weight

(g) 0 0.6 1.2 24

Male

Number of rats 25 23 15 22
Body 406 * 26° 388 + 21 347 £ 19° 211 223
Liver

Absolute 15.7 £ 2.1 165+ 2.4 19.2 £ 1.7 234 +4.7°

Relative 3.87 £ 046 425 +0.52 5.55 + 0.44° 11.3£2.7°
Kidneys

Absolute 3.45 £0.40 3.53 +£045 3.52+0.28 2.84 £0.14°
Heart . )

Absolute 1.15+0.13 C1.21 £0.15 1.16 £ 0.08 0.811 + 0.08¢"
Lungs i

Absolute 1.76 + 0.31 1.64 £ 0.28 1.57 £ 0.16 1.12+013°
Spleen -

Absolute 1.40 = 1.29 1.06 = 0.58 1.00 £0.27 0.468 + 0.139°
Testes :

Absolute 426 £1.59 543+ 1.79 456 = 1.17 3.63 = 1.31

Fernale

Number of rats 24 27 25 23
Body 268 = 26 242 £ 19 207 + 107 134 + 13°
Liver "

Absoiute 9.35 + 1.03 121 + 1.2% 14.1 = 1.3 16.0+ 3.4°

Relative 3.50 £ 0.42 5.04 £ 0.59° 6.82 +0.62° 12.0 £ 2.6
Kidneys

Absolute 2.18%0.19 2.29 £0.18 2.32 £0.17 1.81 = 0.11%
Heart

Absolute 0.801 = 0.065 0.850 £ 0.070 0.787 £ 0.061 0.531 + 0.050°
Lungs

Absolute 1.17 £0.17 1.15 £ 0.08 1.03 +0.09* 0.796 + 0.112°
Spleen
" Absolute 0.744 + 0.985 0.498 = 0.105 0.566 £0.132- 0.463 = 0.556°
Ovaries’ :

Absolute T 0421 £0.021 . 0.128 £ 0.024 0.128 £ 0.022 0.0576 £ 0.0129°

% Mean * SD.

- bSignificantly different from the appropriate control (0%) value.

cially marked in exposed female rats. Misshapen kidneys

_ were numerous in the female 2.4% group. Massive pigmen-
tation (probably hemosiderin) was found in tubular cell cy-

toplasm in most treated groups. Tubular dilatation, multi-

- ple cysts in the cortex and outer medulla, glomeruli with

distention of Bowman’s space, and interstitial fibrosis were
induced in the 2.4% groups. Those changes may be equal to
chronic rat nephropathy. The injuries were enhanced by
the administration of piperonyl butoxide.

Organ Weights
The effects of piperonyl butoxide on organ we;ights are

shown in Table 5. Absolute and relative liver weights were
significantly increased.’ : .

25

Hematology

Treatment of piperonyl butoxide reduced RBC, HGB,
and HCT and increased PLT ina dose-dependent manner
(Table 6). The values of WBC or PLT in Table § are the
group means excluding those with leukemia or thrombo-
cythemia. The prothrombin index was slightly decreased ini
only the 2.4% groups. Many abnormally shaped erythro- .
cytes (burr or crenated cells, red cell fragments, and aniso-
cytosis) and large platelets were observed in some rats of the

" 1.2 and 2.4% groups.

Data of W-SCC, W-SCR, RDW-SD, PDW, MPV, and

-P-LCR .are not shown because the table becomes compli-

cated: W2SCC of males and W-SCR of females were signifi-
cantly decreased in treated groups. RDW-SD were in-
creased in treated groups of both sexes. PDW. apd MPV
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TABLE 6
Hematological Parameters®
- Piperonyl butoxide (dietary %) v *
Parameter 0 0.6 1.2 24
Male
WBC (X 10%/ul) 4.9 = 1.3 20 3.9+ 1.4(21) 50+23(11) . 4.4+22(22)
RBC (x10%/ul) 7.9 = 1.4 (24) 7.3+ 1.1(23) 7.0 £ 1.51(15) 6.9 +09(23)
HGB (g/dl) T 14£2(24) 11 £ 2(23r 92 £2.3(15F 8.9 = 1.7(23F
HCT (%) 44 + 6 (24) 36 = 5(23¥F 33 26 (15 32 = 5(23r
- MCV () 56 £ 5(24) 50 = 7 (23 48 = 5 (15¥ 46 + 4 (23
MCH (pg) 18 +'1(24) 15 £ 3 (23¥ 13 £2(15)F 13 £ 1(23F
MCHC (g/dD) 31 +£1(24) 29 £ 2 (23~ 27 £2 (157 28 £ 2(23)
PLT (x10%/ul) 6.4+ 1.5(24) 7.3+ 1417 8.9 £ 2.1 (12§ 7.8 £2.8(15)
PT index (%) 100 = 3 (19) 103 £ 4(18) 104 £ 5(15) 95 = 5(19)F
KPTT index (%) 100 +£8(17) - 96 = 15 (16) 91+ 11(12) 91 £ 9(14)
Female
WBC (X10%/ul) 2.7 £0.5(22) 2910027 2.5%20.7(23) 29+ 1.0(24)
RBC (x10%/ul) 7.3 +1.2(24) 6.9 £ 0.6 (27) 6.1 £0.6 (25F 6.7 £ 0.9 (26
HGB (g/dD) 14 x2(24) 12+ 1 (27F 11 125r 9.5 £ L.7(26¥F
HCT (%) 42 £ 5(24) 38 £3(27F 36 = 3 (25 34 = 5(26Y
MCV (fl) 58 £6(24) 55 £3(27) 59 £ 3(25) 50 £ 5(26)
MCH (pg) 19 +1(24) 17 £ 1(27F 17 £ 1 (25 14 £ 1 (267
MCHC (g/dl) 32129 31 £ 1(27F 30 + 1 (25 28 + 1(26Y
PLT (x10%ud) 5.2 1.1(24) 6.4 £ 1.2 (27¥F 6.9 + 0.9 (257 6.2 £ 1.5(25F
PTindexﬂ%) 100.£4(10) 104 £ 5 (10) 102 £ 5(10) 94 + 4 (10Y
KPTT index (%) 100 £ 14 (10) Il?t 18 (10) 115 £27(10) 82 +24(10)

4 Data of parameters of WBC from leukemic rats and PLT from essential thrombocythemia were exciuded in calculating the values in this table.

® Mean + SD (number of rats examined).
< Significantly diﬂ”erent‘frorn the appropriate control (0%) value.

were significantly decreased in 2.4% groups of both sexes.
P-LCR was decreased in the 0.6 and 2.4% females.

Plasma Biochemistry

v-GTP and UN were increased, while CHE was de-
creased in a dose-responsive fashion (Table 7).

DISCUSSION

Hepatocellular Carcinoma

Most conspicuous among the present findings are the he-
patic cancers that were observed in the treated animals.
Piperonyl butoxide has been considered to be noncarcino-
genic (NCI, 1979; Maekawa et al., 1985). Although there
are many differences in experimental conditions, the most
important factors responsibie for these tumor results are the
higher dosages used in this study. In the reports of NCI

- (1979) and Maekawa er al. (1985), the dietary concentra-

tions of piperonyl butoxide were 1.0 and 0.5%. In the pres-
ent experiment, the doses were 2.4, 1.2, and 0.6% (95%
purity). NCI (1979) did not find liver tumors. Maekawa et
al. (1985) observed hepatocellular carcinoma in 2 of 46

-

male rats given 1.0% piperonyl butoxide (89% purity),
while we found hepatocellular carcinoma ih 4 of 30 males
given 1.2%, and neither incidence was significant, but in
surviving rats it-was significant in our study (Table 1). Tu-
mors developed at a dosage of 1.2% or more; thus, the in-
duction of hepatocellular carcinoma by piperonyl butoxide:

" may occur initially at doses of at least 1.0-1.2%. One expla-

nation of the large differences in tumor incidences between
1.0 and 1.2% is that the 1% dose is near the foot of a steep
dose-response curve. Incidence becomes high in one exper-
iment, but it can be 0% in another test. Then, what are the
factors affecting the incidence? They may include feeding
conditions, which are very different; no-chip suspended
wire cages vs chip-bedded plastic cages; 1 rat/cage vs 3 or 4
or 5 rats/cage; and/or components of basal diets. All pre-
vious reports may have failed to find hepatocarcinogenicity
of piperonyl butoxide because the doses used were too low.
In this report, the incidence of hepatocellular carcinoma
was more than 50% in both sexes of the 2.4% groups. The
increase in plasma y-GTP and the decrease in CHE may be
in concordance with the induction of hepatic tumors
(Schmitt and Schmitt, 1974). While the 1.2% dose is clearly
positive, some discussion needs to be given to the 2.4%

B
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TABLE 7 period and the incidence of hepatic tumors reached 38%

Plasma Biochemical Parameters (Long et al., 1963). In addition to the fact that safrol could
] not be detected chemically in the product used in the pres-

Piperonyl butoxide (dietary %) ent experiment, it cannot be inferred biologically that the

carcinogenicity observed, following exposure to piperonyl
butoxide is due to contamination of the test agent with sa-
Male frol, dihydrosafrol, or isosafrol. Piperonyl butoxide is.
therefore, based on our observations, a hepatocarcinogen.

Parameter 0 0.6 1.2 2.4

Number of rats 24 23 15 20 : o h -
v-GTP (IU/liter) 5 =47 4x3 .9 x4k 33 =23  Hepatocarcinogens can be divided into genotoxic and non-
CHE (ApH) 0.24+0.10 0.14+008 0.11+0.10° 0.02002® genotoxic agents. Nongenotoxic hepatocarcinogens charac-
UN (mg/dl) 166+3.1 185+64 18126 200=x18 teristically cause liver enlargement (Grasso and Hinton,
:ﬁ_‘%’ ‘l“;?) ?‘;’ * 33 ‘l‘g = i‘ ‘;'g * ;8 g‘l/ = : g 1991). Based on these characteristics, piperonyl butoxide
AL 2702074 2725064 2802096 2522096 May be looked upon asa nongenotoxic hepatocarcinogen
ALB (g/dl) 18+02 2003 19+02 2.1+02 forthepresent, sinceitis nonmutagenic and can cause hepa-
TP (g/dl) 47403 47+03 4604 4604 tomegaly (Fujitani et al., 1992). The mechanism of carcino-

ALB/GLB 0.63+0.09 0.75+0.13 0.70+0.06 0.87 =0.10° genicity of such compounds is still unclear.

g—%?{é)mydl)dl ! ;(2’ * i’? ?(9) * ﬁ: g? * ‘g: gg = g} : Increased tumor incidence is induced at 1052 mg/kg/day
'E-CHO i:://m; T 6023 6223  66z14 (12%) in the males, and 547 mg/kg/day (0.6%) may be
- PL (mg/dl) 16952 130+£51 134+61  155%36 approximately a maximum no-effect level when chemical
TG (mg/d)  T5+37 39+33 30+19® 35+30° intakesare calculated from food consumption. The ADI for
GLC (mg/dl) 184 +33 18129 15324 92 11°  humans is 0.03 mg/kg/day. The maximum no-effect level
UA ¢mg/dD) 33+14 43210 4208 21208 ¢ therefore, about 18,000 times the ADI for humans. Even
* considering the safety factor, the difference between those

Female levels is very large. Until now the carcinogenicity of piper-

Number of rats 24 27 25 23 onyl butoxide has not been reported; however, it has now-
y-GTP (IU/liter) 4+ 1 4l 521 62£67° . . peen so recognized in the present report. Currently, we are

CHE (ApH 0.66 £0.16 0.45+0.11° 0.30£0.11* 003 = 0.03* . . . ..
Noma)  150s1s 18121 211s21 278+19 Using piperonyl butoxide not only as 2 food additive for
AST (IU/liter)  58%18  34+18  31x4° 75456  rice, wheat, and other grain crops but also as a synergist of

ALT (1U/liter) 28+9 177 14+2° 28 +31 pyrethrins postharvest and in domestic insecticides. Even if

AST/ALT 209+040 1.96+035 2.19+040 3.13% 0.95° the use level of piperonyl butoxide remains unchanged’ we
%‘(‘ (i/l‘)“) ig f g'g g'g f g'i §'§ f g'i g? fg"; need to reevaluate the approved levels of all usages on the
ALBS//GLB o 010 093 =011 0025009 Loizose basisthatpiperonyl butoxide isa hepatic carcinogen in rats -

CHO (mg/dl) 96523 149+40° 158535 142142 following the dietary exposures reported in this study.

F-CHO (mg/dl) 307 44 + 14° 45 + 12° 40+ 15
E-CHO (mg/dl) 66 + 16 105 + 26° 113 £24° 104 + 27° Others

PL (mg/d}) 182+39 2667 ;: 276 = sg: 244 = 65:
* 65 + 2 81 53 + 28 . . . . .

Z?X(:n(‘;l:/gl) 233 + :g 202£39 159168 83 %14 Chronic administration of piperony! butoxide also in-
UA (mg/dl) n6:16 48510 41:08 2405 ducesprobableessential thrombocythemia. This benign tu-
: mor of platelets has been reported only in case reports of

“ Mean = SD. oo " humans and some pets (Iland and Laszlo, 1986; Tablin et

* Significantly différent from the appropriate control (0%) value. - al., 1989; Hammer et al., 1990). In the present screening
- - " experiment, we were unable to examine large platelets and

i ' ‘megakaryocytes by electron microscopy or biochemical

dose, which many would argue is beyond an acceptable techniques, but we considered the disorder caused by piper-
dose given the marked reduction in body weight (thisis true onyl butoxide as probable essential thrombocythemia be-
for males but not for females). This experiment wasinitially cause of the enormous increase in platelet number and the
conducted as a chronic toxicity test and wasnot intendedas  changes in platelet particle distribution (Iland and Laszlo,
a carcinogenicity test. We could not, however, exclude the 1986). The induction of essential thrombocythemia was

- exposed groups whose body weight gain was statistically not related to that of mononuclear cell leukemia in the
reduced. , . present resuits.

Piperonyl butoxide is made from safrol by the chemical Testicular adenoma and leukemia did not have dose-re-
industry, and the process generates dihydrosafrol and isosa- lated responses and may be spontaneous neoplastic dis-
frol. These are both esophageal carcinogens but not hepato- orders (Bodtman et al:, 1990). Other toxic effects were seen
carcinogens (Hagan et al., 1965). When rats were given sa- in lungs, kidneys, stomach, cecum, and blood and were
frol at a level of 5000 ppm for 2 years, most died during the _ related to the doses of piperonyl butoxide. Degenerative.
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lec” s of pulmonary alveoli, tubular damage in kidneys,
. rrhagesin stomach and cecum, and anemia were rec-
ognized. In particular, hemorrhages in the cecum were fatal
and many rats, especially of the male 1.2% group, diedrafter
about 40 weeks. This observation may be similar to that
described by Maekawa et al. (1985). Hemorrhagic tendency
may be related to the properties of platelets, because plate-
. let particle concentrations increased in treated groups, espe-
cially in thrombocythemic rats. Early deaths due to cecal
hemorrhages may be related with essential thrombocy-
themia.
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. I. CONCLUSION

The 6(a)2 data from a carcinogenicity study conducted
in Japan indicates that Fischer 344 rats dosed with estimated
dose levels of 500, 1000 and 1900 mg/kg/day of piperonyl butoxide.
for two years develop "liver cancers": Induction of liver tumors
at lower dose levels in mice has already been recognized by HED
and the issue of carcinogenicity classification of piperonyl
butoxide will be presented to HED'S Carcinogenicity Peer Review
Committee sometime in 1994.

' There was insutficieht information provided in these
submissions to cause HED to recommend immediate regulatory action
for piperonyl butoxide at this time. :

- ® Y



II. Information Submitted and Action Requested

The Piperonyl Butoxide Task Force II has made three
successive submissions (refer to letters from John D. Conner, Jr.
dated June 4, 1993, July 7, 1993 and September 8, 1993) for 6(a)2
data concerning a report on a rat chronic toxicity study (non-
guideline) that was conducted at the Department of Toxicology
Tokyo Metropolitan Research Laboratory of Public Health (author
0. Takahashi, dated 1993). The original submission (D192500, no
MRID No.: ) included an English translation (translator not
‘identified) of the study abstract and a summary table of liver
tumor data. This submission was considered to be of very limited
usefulness for review because of the limited detail provided.

The second submission (D193484, MRID #428396-01)
consisted of a pre-publication draft of a paper entitled "Chronic
Toxicity Studies of Piperonyl Butoxide in F344 Rats: Induction
of Hepatocellular Carcinoma" as authored by 0.Takahashi et.al..
This report was obtained when a representative of the Piperonyl
Butoxide Task Force visited the testing laboratory. The study is
not available in a form meeting the Agency's requirements for
submission of data. '

The third submission (D195273, MRID #429202-01) ‘ .
consists of a report prepared by the Piperonyl Butoxide Task .
Force consultant pathologist Dr. W.H. Butler entitled "Chronic
toxicity study of Piperonyl Butoxide in 344 rats Induction of
Hepatcarcinoma (sic)" and dated June 8-11, 1993. This report
reflects Dr. Butler's examination of the liver slides that were-
available for examination. '

III. i c nts,

1. A summary DER (cursory) was prepared based on the information
provided in these three submissions as indicated above. The data
are considered SUPPLEMENTARY and not considered a candidate for
upgrading since the protocol did not include a sufficient number
of animals/sex/dose group as well as several other reasons (refer
to DER) to meet acceptable criteria. ' :

2. The study as reported is considered to provide some useful
information with regard to the potential for piperonyl butoxide
to induce liver tumors at higher dose levels. Table 1 below
jllustrates the tumor response to treatment as assessed by the
original study pathologist and the registrant's consultant, Dr.
W.H. Butler. ' '



Table 1 indicates that dietary dose levels of 1.2% and 2.4%
of piperonyl butoxide are associated with liver tumors in both
sexes and in males there is indicated an increase in malignancy
at the 1.2% dietary level. Whereas only the 2.4% dietary level
is associated with malignancy in females.

Table 1. Reported incidence of "liver cancer" in "344" rats dosed with
piperonyl butoxide for two years. Comparison of readings by the study
pathologist and Dr. W.H. Butler, the registrant's consultant.

Tumor incidence'

Test . ) Males Females
Group | Dose ;evel3 — Dosg’;ev913
Original A Butler” | Original Butler
Control | o} 0/25 0/26 H 0 0/24 Q/25
0.6% | 547 1/2% 0/23 ! 537 1727 0/27
1.2% ) 1,082 14/15* 11(3)/17 | 1,061 22/25* 1/27
2.4% | 1,877 <25/25%* 20(7)/25 | 2,002 26/26~* 16(5)/26

* p < 0.05 Study report statistics-by Kaplan Meier, Cochrane-

Armitage or Chi’ test.

1. Data are number of rats diagnosed with "liver cancer"/number of

rats examined based on 30 rats per sex initiated on the study.

Rats not surviving to termination are not included. There is no
definite explanation for why. the same denominators are not used for each
pathologist. -
2. No statistical analysis of the data were presented with Dr. Butler's
report. Dr. Butler classified the tumors as adenoma and carcinoma and
the total number of rats diagnosed with a carcinoma (the number in
parenthesis) in the above table is the incidence of carcinomas.

3. Dose level in mg/kg/day.

3. TB-I notes that the dose levels used for this study are high
and induced systemic toxicity particularly decreased body weight
and increased liver weight at all dose levels. At all doses
there was also hemorrhaging of the cecum which was reported to
result in deaths of the males especially in the mid dose group.
The systemic toxicity resulting in the two highest test dose
groups raises concerns related to excessive toxicity compromis-
ing the interpretation of the liver tumor data. This issue will
be addressed by the HED Carcinogenicity Peer Review Committee.

4. The data base for piperonyl butoxide includes a previously
submitted rat carcinogenicity study (refer to HED document No.:
006668, MRID No.: 403237-01, Bio-Research Ltd Study No.: 31690,
August 27, 1987) that tested the Sprague-Dawley Crl-CDR strain
rat at dose levels of 0, 30, 100 and 500 mg/kg/day. No evidence
of induction of liver carcincgenicity was presented in this study
which was classified as CORE GUIDELINE.

3

©



A mouse (CD-1) carcinogenicity study (MRID No.: 429037-01,
HED Document No.: 019647) which was assessed at dose levels of

30, 100 and 300 mg/kg/day was determined.to be positive for
induction of liver tumors in both sexes.

The carcinogenicity classification of piperonyl butoxide
will be evaluated by the HED Carcinogenicity Peer Review
Committee ~  “Ehe rat and mouse studies indicated above
as well as mutagenicity and genetic toxicity and other relevant
data will be considered. The findings in the study with the
Fischer 344 strain rat will also be presented to the committee
for consideration.
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onyl butoxide-rat special/1993)

[83-1, 32?
Reviewed by: John Doherty zﬁm \Ag /’//4/63
Section IV, Toxicology Bramch I (7589C) : o~ (‘Q-S
Secondary reviewer: Marior Copley, DVM . (108!
Section IV, Toxicology Branch I (7509C) : .

DATA EVALUATIONIRBPORT (Informal)
STUDY TYPE: 83-1. Rat chronic feeding-special

MRID NO.: 428396-01 and 429202-01 TOX. CHEM. NO.: 670
PC No.: 067501

TEST MATERIAL: Piperonyl butoxide-technical grade, from lot no.:
909002 and 009002 obtained from the Takasago International
Corporation, Tokyo, was stated as being 94.5 to 94.3 pure for
each lot respectively as determined by gas chromatography.

STUDY NUMBER(8): None

SPONSOR: None specified. Data submitted by the Piperonyl
Butoxide Task Force. ,

TESTING FACILITY: Department of Toxicology, Tokyo Metropolitan

Research Laboratory of Public Health, Tokyo, Japan.

TITLE OF REPORT: "Chronic Toxicity Studies of Piperonyl Butoxide

in F344 Rats: Induction of Hepatocellular Carcinoma"

AUTHOR(8): O. Takahashi, S. Oishi, T. Fujitani, T. Tanaka and M.
Yoneyama. Also a separate report was authored by W.H. Butler

REPORT ISSUED: Study not issued as a laboratory report. Dr.
Butler's report issued June 1993.

STUDY DATES: Estimated 1991 to 1993.

CONCLUSIONS8: Provigional.

t : < 537 mg/kg/day. At 537 mg/kg/dy:
' i ; increase liver weight; decrease
wei ; effect on RBC parameters, possible kidney pathology. At 1,877
(males) and 2,002 (females) mg/kg/day (HDT) possible excessive toxicity as
indicated by 50% decrease in body weight. ’

Carcinogenicity potentjal: positive for liver tumors in both males ad\d

females.

Fischer 344 strain rat. Dbso levels tested: O, 0.6, 1.2 and 2.4% in the diet
corresponding to 0, 547, 1,052 and 1,877 mg/kg/day for males and 537, 1,061
and 2,002 mg/kg/day for females. '

Classification: SUPPLEMENTARY. Study does not satisfy guideline

requirement for a series 83-1 or 83-2 study. Very unlikely to be
upgraded for chronic feeding (series 82-1) and not upgradeable

. .. 1



(83-1. Piperconyl butoxide-rat special/1993}

for carcinogenicity (series 82-2) assessment since an insuffic-
ient number of rats were initiated on the study.  The study is
in summary form only without supporting individual animal data.
Periodic hematology and clinical chemistry assessments were not
made. Pathology tables are incomplete. No analytical chemistry.
data for stability, homogeneity or dietary concentrat®on were
presented. - '

Quality Assurance Statement: Not provided.
Good Laboratory Practice Statement: Not provided.

REVIEW (Cursory)

{Note: The study was presented in the form of a prepublication manuscript
(MRID No.: 428396-01) and an appended report on the liver pathology (MRID #
429202-01). As such, the submission does not conform to the Agency guidelines
for submission of studies. Since the study shows a positive effect for liver
tumors, this DER has abstracted what is considered useful information for the
Carc¢inogenicity Peer Review Committee meeting for piperonyl butoxide. A
formal review would require the individual animal data.]

Experimental Constants:

Test Chemical: * Piperonyl butoxide-technical grade, from lot Nos.: 909002 -
and 009002 obtained from the Takasago International Corporation, Tokyo, stated
as being 94.5 to 94.3 pure for each lot respectively as determined by gas
chromatography. The report stated that the test material did not contain
gafrol or isosafrol. ’

s : Fischer (F344/DuCrj) specific pathogen free rats were obtained
from the Charles River Co. Kanagawa, Japan. They were reported to be 4 weeks
old when received and were housed individually.

Basj eriment esign:

Four groups of male and female rats were dosed as either
control (30/sex), 0.6% (30/sex), 1.2% (30/sex) and 2.4% (33/sex)
piperonyl butoxide in their diet for a scheduled two years. These
dose' levels were said to be based on a preliminary study and to
represent 1000 times the maximum approved level for the presence
of piperonyl butoxide on raw cereals in Japan. .

No analytical data»were included.



(83-1. Piperonyl butoxide-rat special/1993)

Statistics.

The following statistical procedures were reported to be
used. , - :

= ——

Statistical Test ' Parameter Investigated
Bartlett's test for homogeneity Body weight

Organ weight
One way ANOVA » Hematology parameters
Dunnett's test ‘ Plasma chemistry parameters

Scheffe's test

If Bartlett's significant:
Kruskal-Wallace test
Scheffe's test

Kaplan-Meiexr's test Mortality

C x R X* analysis Pathology data
Fischer's exact test
Cochrane-Armitage test for lxnear

trend
ww

Assessments and Resuilts

1. Su vival and Clinical Signs. N

The mid dose male group but not the high dose group
showed a marked decrease in survival. A higher rate of deaths in
the mid dose group was noted as early as about week 40. Overall,
only 508y0f the mid dose males survived to termination (96 weeks)
whereas’/based on reading the survival graph, 75% of the high
dose, 80% of the low dose and 85% of the control males survived
to termination. In the mid dose group, hemorrhages of the cecum
were "the most profound lesions" and were thought to ¢ontribute
to the cause of death. Since the high dose group was not
considered by TB-I to be much different with respect to the
number of survivors, it is not firmly established that the deaths
in the mid dose group were actually compound related. Note: The
study authors do not clearly indicate if they believe the
increase in mortality in actually due to piperonyl butoxide
treatment. Refer also to the section below dlscu551ng the
pathology of the cecum and stomach.

: Based on the graphical data presented, survival among
the females was not obviously affected with there being about 78%
or greater survival in all groups. H

Clinical symptoms were llsted as eplstaxls (nosebleed),
rough hair, lethargy and decreased food consumption in the high
dose-groups (both sexes). "Expansion of the abdomen” and
"dirtiness of posterlor parts® were apparent in all groups dosed
with piperonyl butoxide.

3
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CONCLUSION (clinical signs). NOEL and LEL = 1.2% and 2.4%.
Presence of clinical reactions. The higher rate of deaths in the

mid dose'group cannot be explained on the basis of the
information provided. .

2. Beody wéight and feed consumption.

Growth curves for each sex were presented. Based on
these growth curves , it appears that for both sexes all dose
groups were lower at all times (except for the earliest weeks) in
a dose dependent manner. For example, the low dose group males
had an estimated maximum decrease of about 10% at week 80 and
females had an estimated maximum decrease of 12% at week 72.
Similarly the mid dose group males had a maximum difference of
about 16% at week 84 and females had a maximum difference of
about 25% at week 88. The high dose male group had an estimate
maximum decrease of roughly 50% from weeks 16 to termination.

The female high dose group had an estimated maximum decrease in
weight at week 88 of 50%. Based on weight data, the high dose
level may be considered excessive for both sexes. The report
mentions that there was a drop in food consumption for both sexes
but no data were presented.

Based on weight gain and feed consumption (data not
presented) the following intake of piperonyl butoxide was
reported.

' mg/kg/day of
piperonyl butoxide

Dose vel Males Females
0.6% 547 527
1.2% 1,052 1,061
2.4% 1,877 2,002

CONCLUSION (body weight). NOEL < 0.6%. Both males and females
have decreased weight.

3. Hematologv and clinjcal chemistry.

Data tables were presented listing the mean values for
an apparently comprehensive evaluation of hematology and clinical
chemistry assessed using blood samples taken at necropsy (page 6,
MRID No.: 428396-01). The tables, however, are not supported by
individual animal data. The following possible effects were
reported by the study author: |

1'I.'ho percentage difference in body weight was estimated by visually
inspecting the growth curve and approximating the maximum distance between the
' lines for each dose level and the control group and reading the weight for both
the control and treatment group at that time. ’

4
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-reduced RBC, HGB, HCT, MCV, MCH, MCHC (possibly all dose

o groups in a dose related manner).

~increased platelets (all groups but dose relationship is
questionable). .

-decreased prothrombin index (high dose group) : ¢

-white blood cell parameters -some parameters increased
others decreased in all or the higher dose
groups only. ) :

-decreased urea nitrogen, gamma-GTP and cholinesterase

In addition the report states that there were many
abnormally shaped erythrocytes (burr or crenated cells, red cell
fragments and anisocytosis) and large platelets in the mid and
high dose groups. , '

The above are mentioned in this review without further
assessment by TB-I since the individual animal data are not
available to6 support the conclusions.

‘4. Pathology

The description of the preparation of the tissues for
histopathology was very limited mentioning only that they were
fixed in buffered 4% formaldehyde solution and stained with
hematoxylin and eosin. The following tissues/organs are
discussed. :

1. Liver. The liver was identified as a target organ for
carcinogenicity. Both absolute and relative (in parenthesis)
liver weights were increased for both males and females in the
low (10% not significant for males, 44% for females), mid (55%
for males and 95% for females) and high (192% for males and 243%
for females) dose groups. The following data in Table 1 were
obtained from the report prepared by Dr. W.H. Butler and compare
the earlier report (submitted under barcode D192500, no MRID
No.:?).

" Since there were originally 30 rats/sex/dose, neither the
original reading or Dr. Butler's reading accounts for all of the
animals on the study. It should be noted that Dr. Butler states
that he read only slides that were available to him and the
tissues from the rats which died on the study and for which
histology was available "could not be identified with certainty".-

The draft of the manuscript as prepared by Dr. Takahashi et
“al (MRID No.: 428396~01) does not contain a table relating the
actual number of liver tumors although a reference was made to a
nTable 1" in the text of the paper. 'There is, however, an
unnumbered table (copy attached and labelled APPENDIX 1) which
presents the number and percentage of rats with unspecified (with
regard to organ and description) cancers which clearly shows that
the mid and high dose males and females have higher rates than

5
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the controls. There seems to be an inconsistency in the data
presented in the table (attached) and the text of the paper (page
10) where.it is stated that "hepatocellular adenomas were

" observed 1n 4/23 males and 1/27 female rats given 0.6% piperonyl
butoxide" In the table presented in APPENDIX 1, only a single
male rat is indicated as having a cancer.

Tgble L: Liver_tumors in F344 rats dosed with piperonyl butoxide. Comparison of original
diagnosis (submitted under D192500, no MRID #) and the diagnosis made by Dr. W. H. Butler
(MRID # 429202-01, page 5). .

e o =
Lesion Control 0.62alesl.2% 2.4% Control O.gimal§?2% 2.4%
Butler (26)'  (23) (A7) (25) (25)  (27) (27)  (26)
Focal hyperplaqiai 2 1 2 3 0 0 13 8
Adenoma’ ) 0 8 13 0 0 1 1
Carcinoma’ ) 0 3 7 ] 0 0 5
original (25)"  (25) (15) (25) (24).  (27) (25)  (26)
"Liver tumor" o 1 14 - 25 0 4 22 26

1. The number in () is the number of animals examined. , -

2. Focal hyperplasia is not regarded as a tumor but is included to demonstrate possible
preneoplastic conditions.

3. More specifically v adenoma and hepatocellular carcinoma. Dr Butler did
not specifically state that rats with both an adenoma and carcinoma are counted as having
carcinoma only.

The above table clearly indicates that based on either
the original or Dr. Butler's analysis that there is a test
compound related increase in liver tumors or both hepatocellular
adenomas and carcinomas. The following criteria were used for
diagnosis by the two different pathologists.

. Ooriginal-Based on the classification of Boorman et al (Pathology of the
Fischer Rat, Academic Press, New York, 19802 or 19902 - the
reference is cited with two different dates). In this diagnosis,
nodular lesions were divided into hepatocellular adenoma
(including hyperplastic nodules and neoplastic nodule) and
hepatocellular carcinoma (cellular atypia, structural atypia,
nucleus/cytoplasm and compression of the adjacent tissue).

Butler-No specific reference was provided but Dr. Butler provided the
following comments. Nodular lesions with the presence of abnormal
thickened trabaculae often associated with hemorrhage and necrosis
are classified as carcinoma., Nodules classified as adenomas have
more simple trabecular structure usually 1-2 cells thick with
little or no necrosis or hemocrrhage. Focal hyperplasia are
nodules that differ from adenomas in that the hyperplasia have
differentially organized hepatic cords and the presence of
residual structures. Dr. Butler also stated that "there are no
definitive histological criteria for the differentiation of

6
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adenomas (benign neoplasms) and hyperplasia (a reactive
proliferation). .

2. Lung. Absolute lung weight (relative not reported) was
decreased in the female mid (12%) and high (32%) and male high
(36%). Necropsy revealed "whitish spotting" most notably in the
mid and high dose group males. No histopathology data were
presented to further characterize possible lung injury.

3. Kidneys. Absolute kidney weight (relative not reported) was
decreased 17 or 18% for both sexes in the high dose groups and
necropsy indicated that there were black colored kidneys in all
dose groups. Misshapened kidneys were noted in the mid and high
dose group females. No histopathology data were presented.
Refer to Table 4 in Appendix 2.

4. Cecum and stomach. Necropsy revealed various descriptions
such as hemorrhage and enlargement in all PBO treated groups and
some had hyperplasia. Other descriptions included smooth sur-
face, hyperplasia and edema and polyps. It should be noted that
hemorrhage of the cecum was indicated by the study author as a
probable cause of death for the low and mid dose male groups when
it was present. Refer to Table 4 in Appendix 2. :

S. Spleen. Absolute spleen weight (relative not reported) was
decreased in the high dose male (67%) and female (38%) and lower
but not statistically significant weights were noted in the low
and mid dose groups. This may be related to the observation that
"essential thrombocytopenia was present in 0, 26%, 20% and 38% of
the male rats in the control to high dose groups respectively.
only one female high dose group rat had this condition.

6. Heart, testis and ovary weights. The weights of these organs
were decreased. Since there were no pathology findings reported
TB-I cannot assess these weight effects further.

CONCLUSION (pathology-provisional). NOEL < 0.6%. At 0.6%: liver
weight increase; hemorrhage in the gastro~intestinal system and
black colored kidneys. At 1.2% liver tumors.

No conclusions are being made with respect to the possibility of
effects in the lungs, spleen, heart, kidney or testis which had
organ weight differences and/or color changes but no reported
supporting histopathology.
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CONCLUSION (Study). These data are SUPPLEMENTARY. The study
cannot be upgraded to minimum for a series 83-2 rat
carcinogenicity study because the protocol did not include a
sufficient number of anlmals/sex at 1n1t1atlon of dosing. The
report consists of a series of summary tables only and only data
on the liver pathology are available (in a appended report
prepared by Dr. Butler). The study supports the following
provisional one liner.

Systemic toxicity NOEL and LEL: < 537 mg/kg/day. At 537 mg/kg/dy:
gastrointestinal hemorrhage; increase liver weight; decrease body weight;
effect on -RBC parameters, possible kidney pathology. At 1,877 (males) and

2,002 (famales) mg/kg/day (HDT) possible excessive toxicity as Lndxcated by
50& decrease in body weight.

Carcinogenicity potential: Positive for liver tumors in both males and’
females. :

Fischer 344 strain rat. Dose levels tested: 0, 0.6, 1.2 and 2.4% in the diet
corresponding to 0, 547, 1,052 and 1,877 mg/kg/day for males and 537, 1,061
and 2,002 mg/kg/day for females. .

.. .
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TABLE 4 B .
Gross Findings of Non-neoplastic Lesions

Piperonyl‘butoxide (dietary %)

0 . 0.8 1.2 2.4
Male {surviving)
Number éf rats examined 25 23 is 25
Stomach (glandular)
Hemorrhages 2 1 2 7
Polyps 0 0 0 2
Smooth surface 0 0 2 109
Cecum
Enlargement 0 122 gd 78
Hemorrhages 0 2 3 3
Edema - 0 73 a2 0
Hyperplasia 0 1 '] 2
Lungs ) : -
Whitish spotting 0 0 32 112
Kidneys
' Black-colored 1 ] 108 178
Misshapenv 1 1 0 1
‘Male (dead)
Number of dead rats 5 7 15 8
Stomach
Hemorrhages : 3 1 4 2
Cecum ~
Enlargement 1 6 10 4
Hemorrhages 0 62 108 3
Hyperplasia 0 0 3 2
Female gsurvgving[
Number of rats examined 24 27 25 26
Stomach (glandular)
Hemorrhages 1 1 1 162
Polyps 1 0 0 6
Smooth surface 0 2 .8 128 -
Cecum B
Enlargement 0 73 134 gd
Hemorrhages (] [ 9d 4
Edema ! 0 -] 6 3
Hyperplasia 0 1 0 3 . s
Lungs .
Whitish spotting o 0 0 2
Kidneys ..
Black-colored 0 78 202 258 ¢ eetees
Misshapen o ()] 0 3 8d. ."°,E HER
Pemale (dess) . S
. 14 e
Number of dead rats 6 3 s ? <l ctel®
~ Stomach , o - _ o o
Hemorrhages 1 1 2 3 . )
Cecum ‘ , N Lt ...:..
- Enlargement » : 0 0 0 1 falaet e
Hemorrhages ' S , 0, 1 ; 3 SR
Hyperplasia -0 L‘%B 0 1 ec’ed

. . N
a Significantly different from the appropriate contral (08) walua

-



MEMORANDUM

SUBJECT:

FROM:

TO:

and

* THRU:

REVIEWER

UNITED STATES ENVIRONMENTAL PROTECTION AGENCY

WASHINGTON, D.C. 20460

‘c yENTS
APR 2 € 1988 At A 006668

OFFICE OF
PESTICIDES AND TOXIC SUBSTANCES

EPA Reg. No.: 4816-72 - Piperonyl Butoxide: Review
of a chronic feedlng/oncogen1c1ty study submitted
by the Piperonyl Butoxide Task Force.

TOX CHEM No.: 670
TOX PROJECT No.: 8-=0259
Record No.: 208305

John Doherty ' .ﬁw ;ﬁﬂ’ U'/§/0%
Toxicology Branch <
Hazard Evaluation Division (TS-769)

.Phil Hutton

Product Manager #17
Registration Division (TS-767)

Geraldine Werdlg

Chief

DATA-CALL-IN Section
Registration Division (TS=767)

Edwin Budd

Section HEad

Toxicology Branch

Hazard Evaluation Division (TS-769)

<.
(jb)'
Vs

Mr. John D. Conner, Jr. of the law firm McKenna, Conner and
Cuneo acting on behalf of their client the Piperonyl Butoxide
Task Force has submitted a chronic feeding/oncogenicity study to
meet the toxicity data requirement to support registrations and
tolerances for piperonyl butoxide. Refer to the letter from Mr.
Connor addressed to Ms. Geraldine Werdig of EPA dated August 31,

1987.

. This study was reviewed by- Toxicology Branch (TB) and the
following comments apply.

*

1)
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Toxicology Branch Comments.
1. The study was reviewed and determined to be CORE GUIDELINES.

2. The following "one liner" Applies,

NOEL (absolute) < 30 mg/kg/day. At this level there are
increases in the weight of the liver for
females and a trend for males.

NOEL (toxicity) = 30 mg/kg/day.

LEL = 100 mg/kg/day. At this level there are
increases in liver weight, increases in
cholesterol levels, increased hepatic
"focal mixed cells". All in females.
Trend for increased liver weight in males.

at 500 mg/kg/day there were increase
liver weights and increased hypertrophy
of hepatocytes in males and females.
Increased hepatic "focal mixed cells" and
increased serum cholesterol in females.
Increases in "pigment in follicles" and-
hyperplasia if follicular cells of the
thyroid in both sexes. Decreased body
weight gains in both sexes.

No unequivocal evidence that PB induced tumors in
rats was generated by this study.

Levels tested: 0, 30, 100, and 500 mg/kg/day..

2. As indicated above there were effects noted at the lowest dose
levels tested. These were signs of 1liver weight increases
particularly 'in females with evidence of a trend for this effect
in males. At the lowest dose level, these weight increases were
not associated with pathological changes. The relevance of these
findings with regard to setting the ADI will not be addresse‘ in
this memo but will be addressed when the ADI is evaluated by the
RfD ADI committee. ' ,

/



B A U \‘
Reviewed by: J.D. Dohet 5»1\.“_“*\‘3 '

Section II, Tox. Branch (T$=769C) 5 ' PO
Secondary reviewer: E.R. Budd }‘X’ 00¢6es
Section II, Tox. Branch (TS-763C) % \-
| DATA EVALUATION REPORT .
STUDY TYPE: 83-1: Chronic toxicity rat and _TOX. CHEM. NO.: 670
83-3: Oncogenicity rat
ACCESSION NUMBER: 403237-01 (nine volumes) © MRID NO.: Not provided.

TEST MATERIAL: Piperonyl butoxide provided by the Fairfield American Co. Described
as a yellow oily liquid and Ref # FEG - 32.

SYNONYMS: PB

STUDY NUMBER(S): 81690

SPONSOR: Piperonyl Butoxide Task Force

TESTING FACILITY: Bio-Research Ltd., 87 Senneville Road, Senneviile, Quebec HI9X 3r:
CANADA : '

TITLE OF REPORT: 24-month dietary toxicity study and carcinogenicity study of
piperonyl butoxide in the albino rat. '

AUTHOR(S) : Caroline Graham

REPORT ISSUED: August 27, 1987.

CONCLUSIONS: NOEL (absolute) < 30 mg/kg/day. At this level there are increases 1-
the weight of liver for females and a trend for - ...

30 mg/kg/day.

100 mg/kg/day. At this level there are increasc,.

NOEL (toxicity)

LEL

liver weight, increased cholesterol levels, incr. . --:

hepatic "focal mixed cells". All in females.

at 500 mg/kg/day there were increased liver we: .-
increased hypertrophy of hepatocytes in males 4 :
Increased hepatic "focal mixed cells” and incre:
serum cholesterol in females. Increases in "p:.
follicles" and hyperplasia of follicular cells
thyroid in both males and females, Decreased :::
- gain in both sexes.

’Levels tested 0, 30, 100 and 500 mg/kg/day.

%

Classification: core-GUIDELINES -

Special Review Criteria (40 CFR 154.7):, N/A.

Quality Assurance Statement:

A statement (pages 77 and 78) signed by two individuals whose
signatures were illegible attesting that multiple inspections were made from
the period starting in April 11, 1984 until August 10-27, 1987.

NG
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A. MATERIALS:

1. Test compound: piperonyl butoxide, Description: yellow oily liquid,
Batch: Ref #FEG 32 obtained from the Fairfield American.Co., Purity: 88%
(87.67 to 89.71%), list of contaminants: not provided. The test material
was stored at room temperature away from the light.

2. Test animals: Species: rats, Strain: Sprague-Dawley Crl-CDR, Age: about
50 days at start of test diet feeding, Weight: about 245 to 373 for males
and 152 to 198 for females, Source: Charles River, Kingston, New York.

B. STUDY DESIGN:

l. Animal assignment

Animals weré assigned by\a computer based random number generator to the
following test groups:

Dose in Main Study Interim Sac.
Test - diet 24 months 1 month*
Group mg/kg/day male female male  female
1 Control 0 60 60 10 10 )
2 Control . 0 60 60 - -
3 Low (LDT) - 15 60 - 60 10 10
4 Low (LDT) 30 60 60 10 10
5 Mid (MDT) 100 60 60 - L=

6 High (HDT) 500 60 - 60 - -

*These rats were sacrificed after 4 weeks and when it was determined that t'.:-
was no obvious effects of PB, the remainder of the rats in group 3 (15 mg/+ :
~day) were terminated at week 8.

2. Diet preparétion

Diet was prepared weekly and stored at room temperature but shielded from
.light. Samples of treated food were analyzed for stability over a period c:
5 weeks and for concentration each time the diets were prepared. Top middle
and bottom samples were taken. More than 270 analyses were reported and mc °
of these were reported to be near 100% of the expected target level for the
dose level. There were some outliers (i.e. 31.4% of the target was achiev:.--
for the low-dose group males during week one) but the precision in prepari:.
diets was otherwise acceptable (usually between 90 and 110% of the desired
level). o - ’ ‘

.
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3. Animals received food (Purina Lab Chow 5002) and water ad libitum.

4, Statistics - Statistical analysis of the data was the work of Mr. Ian
McMillan (apparently a consultant to the testing laboratory and residing
in Guelph Ontario). The numerous statistical tests used by Mr. McMillan
are discussed in a 7 page report (pages 59-65). Comparisions were made
with either/or each of the two control groups. Where appropriate the
statistical tests were adjusted to include only those rats at risk.

C. METHODS AND RESULTS:

1. Observations

Animals were inspected Twice daily for signs of toxicity and mortality.
In the later weeks of the study apparently 4 daily inspections were made.
A detailed examination (palpation) was reported as being made weekly.

Toxicity: No clinical signs of PB intoxication were reported as developihg.

Some of the rats in all of the test groups were reported to have displayed
evidence of a viral infection (sialodacryocadentitis) during weeks 24-25 and

28 and again during weeks 63-67. The affected rats recovered after losing

(or failing to gain weight) as well as showing the typical signs of this,
viral infection (swelling of the ventral cervical region and ocular discharge
or abnormal respiratory sounds). Neither the severity or the duration of this
apparent viral infection was reported as being increased in the rats dosed
with PB.

Mortality (survival)

There was no evidence presented that treatment with PB resulted in increased
deaths in any of the test groups as indicated in the following table showing
the number of survivors and percentage dying.

Group Males Females
1 Control - 1 11/(81%) 27(55%)
2 Control - 2 13/(78%) 19(68%)
4 low (30 mg/kg/day) 8/(87%) '22(63%)
5 mid (100 " " *) 11/(81%) 34(43%)
6 high (500 * " ™) - 13/(78%) 30(50%)

*number of survivors/(percent deaths). No group has less than 50% survival
prior to weeks 85-88 for males and 93-96 for females.

-R3-
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2. Body weight
Animals were weighed weekly for first 14 weeks, then biweekly thereafter.

[Note: Control groups I and II appeared similar and the statistical comparision
for the treated rats were made against group I only.]

No consistent significant effects on the weight gain in the rats in the low
- or mid dose groups were evident. The rats in the high dose groups (500 mg/kg/day)
both sexes were reported to have decreases in body weight gain.

Among the males body weight gain was 3-4% less than control group I (stat-
istically significant by the students t test) for the first 10 weeks of the
study. After that time the body weight differences increased to 8% at week 20,
10% at week 40, 13% at week 70, 17% at week 90 and 22% at week 100. At termination
(or week 104) the high dose groups was 21% lower in body weight.

Among the females, the initial weight difference was larger being 6% at week
5 and 9% at week 9. This increment became larger being 13% at week 20, 17% at
week 40, 23% at week 70, 28% at week 90 and at termination the difference was

21%,

On the basis of a sustained weight decrement in excess of 10% (at least after
week 40 for males and after about week 12 for females), the high dose group is
considered to be within the limits for the Maximum Tolerated Dose. TB notes
however, that it would have been desireable for the earlier stages (< 90 days -
of the study) to have shown larger (i.e. 10%) tke decrease in weight gain.

‘A NOEL of 100 mg/kg/day is assigned for this éspect of the study.

3. Food consumption and compound intake

Consumption was determined and mean weekly diet consumption was calculated.
Efficiency and compound intake were calculated from the consumption and
body weight gain data. Dietary concentrations of the test material were
adjusted. for weekly body weight changes for the first 15 weeks and every
two weeks thereafter to obtain the desired levels in mg/kg body weight/day.

The high dose groups (both males and females) showed "slight" decreases
in food intake that on some occasions were statistically significant.

-R4-
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The mean achieved intake of PB for the test groups was 99-100% as shown

in the following table.

Nominal Level

Achieved Lavel

(mg/kg/day) (in mg/kg/day)
Males ' Females
Group 4 30 29.8 29.9
Group 5 100 99,2 ' 99,7
Group 6 500 495.4 497.6

4. Ophthalmalogical examinations

Performed on all surviving rats at week 99 with a funduscope (indirect ophthal-
~ moscope) and a biomicroscope (slit lamp).

No changes attributable to PB treatment were reported. Only a low incidence
of normal age related changes were noted. A. Leith, M.D. was the person
responible for the ophthalmalogical examination.

5. Blood was collected before treatment and at weeks 25,51,79 and 97/98 for’
males/females for hematology and clinical analysis from 10 animals per sex.
The blood was taken from the orbital sinus under light ether anesthesia
The rats were fasted overnight prior to removal of the blood except for
week 97/98 when they were fasted 10-12 hours prior to collection.

The CHECKED (X) parameters were examined.

- a. Hematology

Hematocrit (HCT)*
Hemoglobin (HGB)*
Leukocyte count (WBC)*
Erythrocyte count (RBC)*
Platelet count*

Blood Clotting Measurements
(Thromboplastin time)
(Clotting time)
(Prothrombin time)

PR b
®OX X M XX

Leukocyte differential count*
Mean corpuscular HGB (MCH)

‘Mean corpuscular HGB conc. (MCHC)
‘Mean corpuscular volume (MCV)

Reticulocyte count

* Required for subchronic and chronic studies

No consistent of significant differences were reported between rats dose
with PB and the control groups for these hematology parameters. NOEL > 500 mg/k :-

day.
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by the testing laboratory as being possibily affected by the test material.
addition some of the serum enzyme levels were reported as being reduced.

b.

X

TElectrolytes:

X
X

X

X

X

X

X

X
X

Enzymes

Clinical Chemistry

Calcium*
Chloride*
Magnesium*
Phosphorous*
Potassium*
Sodium*

Alkaline phosphatase
Cholinesterase# (N/A)
Creatinine phosphokinase*®
Lactic acid dehydrogenase
Serum alanine aminotransferase

X

X

X
X

*®

X

“Other:

Albumin*

Blood creatlnlne*

Blood urea nitrogen*
Cholesterol*

Globulins

Glucose*

Total Bilirubin*
Total Serum Protein*
Triglycerides

Serum protein electrophoresis
Albumin/globulin ration
also SGPT)*

%

Serum aspartate aminotransferase (also SGOT)*

gamma glutamyl transferase
glutamate dehydrogenase

Required for subchronic and chronic studies
Should be required for OP
Not required for subchronic studies

006¢et

Of these parameters cholesterol, BUN, and total protein were recognized

several times analyses were made.

In

a. The following table summarizes the data for cholesterol analysis at the

Males Females
Week Low Mid High Low Mid )
25 11(-)1 40*(4) 34** (=) 10 8 7300
51 3(=) 39%(=) 34% (=) 11(-) 35(22) g
79 10(-) - 41(-) 32(-) 13 15 8
97/98 18(-) 38(-) 46(5) 25 93* &

1ncrease over control group 2.
* p < 0.05, ** p < 0,01, and *kk pX 0.001,

-R6=

1. The data are in % increase over control group 1 and the number in (¢) 1s the -
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The number in ( ) is the % increase over control group 2. The study report
compared control group I with the test groups. When a - is present in the ( )
the value obtained for the test group was less than the value reported for con-
trol group II. When there is no ( ), both control group I and control group II
were very similar and it was not necessary to separately conlpare the groups.

The high dose group females were consistently higher at all assay times.
The mid dose group females was higher at termination. There were some increases
noted among the males but no consistent statistically significant effects were
noted especially when the data are compared with control group II.

Increased cholesterol levels are an indication of possible liver, kidney,
thyroid or heart toxicity (refer to J. Whalan "Clinical Pathology Data in
Laboratory Animals, April, 1987). These organs will be further specifically
discussed in this review in the histopathology and organ weight sections.

The test laboratory asserted a NOEL of 30 mg/kg/day based on increased
cholesterol levels in females.

b. The females in the high dose group also showed higher levels of total serum
protein at each time interval tested. Depending upon which control group was
‘used for comparision, as much as 13% elevation was attained. The small magni-
tude of the increase in total protein and the fact that males are not also
affected do not provide a strong basis for associating PB with this increase.

The ‘liver, kidneys and GI tract will, however, be especially examined for
patological changes since toxic insult to these organs may result in hyper-
proteinimia.

Cc. Serum glutamate oxalacetate transmainase (SGOT) was reported as being de-
pressed in both males and females at weeks 97/98. The males were decreased
about 37% and 54% and the females about 22% and 30% for the mid and high dose
groups respectively. The females were also reported to be slightly lower at
weeks 25 and 51 but not at week 79.

The males receiving 500 mg/kg/day were also "slightly" lower in serum
glutamate pyruvate transaminase at each sampling time. Occasionally the next
lower dose group for males and the high dose group females were also lower
for this enzyme,

: TB does not currently associate any clinical significance for a decrease
in the serum levels of this e1ther SGOT or SGPT. Their decreases in this study
are, however, noted.

d. The males in the high dose group were reported as having decreased creatini:.-
phosphokinase levels at week 97 (-63%) but because of the large standard errors
and absence of a similar effect in other groups, this finding is not considered
a definite effect of PB treatment. Similarly, the high dose group females had

.elevated BUN (21%) which also not considered a definite response to treatment.

_NOEL for clinical chemistry is set at 30 mg/kg/day, LEL = 100 mg/kg/day

increased cholesterol levels in females. Other clinical chemistry fzndlngs
are not considered as deflnzte responses to PB treatment.
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6. Urinalysis

Urine was collected from fasted animals at weeks 25, 51, 79 and 98/99.
The CHECKED (X) parameters were examined.

X X
x| Appearance*’ *| Glucose*
x| Volume* ; x| Ketones*
x| Specific gravity* Bilirubin*
x| pH Blood*
X| Sediment (microscopic)* |[x]| Nitrate (nitrite)
x| Protein* x| Urobilinogen
x| Hemoglobin

* Réquired for chronic studies
° Not required for subchronic studies

No con31stent or statistically significant differences were reported
between the rats dosed with PB and the control groups for these urinalysis para—-
meters. NOEL > 500 mg/kg/day.

7. Sacrifice and Pathology -
All animals that died and that were sacrificed on schedule were subJect :
to gross pathological examination and the CHECKED (X) tissues were
collected for histological examination. The (XX) organs in addition
were weighed.

X X X
~ Digestive system  Cardiovasc./Hemat.  Neurologic
x| Tongue |x|.Aorta* xx | .Brain*t
X|.Salivary glands* |x|.Heart* x| Periph. nerve*s
x| .Esophagus* ' X|.Bone marrow* x| Spinal cord (3 levels)*#
x| .Stomach* x| .Lymph nodes* x1.Pituitary*
x| « Duodenum* x| .Spleen* x| Eyes (optic n.)*#
x| .Jejunum* x| « Thymus* Glandular
{x].Ileum* Urogenital xx | .Adrenals*
x| .Cecum* xx | .Kidneys*t Lacrimal gland#
x| .Colon* | x|.Urinary bladder* x| Mammary gland*$
x| .Rectum* xx | Testes*t X|.Parathyroids*tt
xx|.Liver*t x| Epididymides x|.Thyroids*tt
Gall bladder*# |x| Prostate Other
x| .Pancreas* x| ‘Seminal vesicle x| Bone*#
Respiratory Xx| Ovaries*t x| Skeletal muscle*#
x| .Trachea* |x|.Uterus* . x| skin*#

I1x}.Lung* : | All gross lesions
Nose® . : b and masses*
Pharynx® . . ' :

Larynx® ' 7
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* Required for subchronic and chronic studies
° Required for chronic inhalation
4 In subchronic studies, examined only if indicated

by signs of toxicity or target organ involvement ) )
t Organ weights required in subchronic and chronic studies
t+ Organ weight required for non-rodent studies

a. Organ weight

The following table depicts the results of weighting the 11ver from the
rats at terminal sacrifice.

Liver weight as percent increase
when compared to the mean of both

‘ : control grooups.
Males éemales
Group Abs. Relj " Rels Abs Relq Rels
30 mg/kg/day 8.8 9.6 ‘ 5.6 i 20.0ss 11.0 ~ 18.5SS
100 mg/kg/day 9.2 25,.5S8s 10.5 25,288 27.4Ss 23.88S
500 mg/kg/day 20.5Ss | 53,288 24,988 27.188 '_ 70.988 29,3Ss

Abs = based on absolute weight; Rel] = based on weight relative to body weight;
Rel; = based on weight relative to brain weight.

ss = shown to be stat1st1cally significant by the testlng laboratory when compared
to groups 1 and 2.

This table shows that male liver weight is definitely affected in the
high dose test groups and possibly also in the low and mid dose groups where the
trend is evident although there was no consistency in attaining statistical signif-
icance. Among the females, the increases were statistically significant for
all dose groups.

These data support a NOEL of < 30 mg/kg/day. The increase in liver
weights in the low dose group, however, is not necessarily a toxic response to PB.

Testis weight relative to body weight for the high dose group was
elevated 16% when ccmpared to group 2 control but was not significantly elevated
when compared to group'l control. There were no statistically significant in-
 creases or decreases in testis weight when expressed as either absolute or relative

to brain weight. The absence of consistent noticeable effects on testis weight
- is. somewhat surprising because this organ is’ reported as being atrophied (see
below under pathology discussion).
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Histopathology

The pathology report was prepared by George J. Losos, DVM, PhD, Vice President
Nivision of Pathology of the testing laboratory. The report states that complete
histological examination was undertaken on animals in the two control groups and for
‘the high dose group. Histological examination of the rats in' the low and intermediate
dose groups was completed for the rats dying during the study. The liver, kidney,
lung, thyroid, testis, epididymis, ovary, and any observed abnormalities were examined
for the rats killed at termination of the study. The usual procedures of fixing
the organs/tissues in 10% formalin and staining with hematoxylin and eosin were used.
Microscopic lesions were graded for severity. Individual animal pathology sheets with
both gross and microscopic findings are presented. ‘ ‘

Individual Organ Discussions:
1., .Liver Status.

The. liver would be expected to show signs of response to PB insult because
this chemical effects (inhibits) the metabolizing systems found in this organ.
This effect might then result in increased proliferation in the liver resulting
in a larger size and other observable changes. Other indications for special
discussion of the liver in this review are that PB was shown to possibly affect
the serum levels of cholesterol and the liver weights were increased. ' Further-
more the liver of mice and rats has been suggested as being a neoplastic target
organ for for the safrole moeity which is included in the structure of PB.

The following table depicts the total incidences of gross lesions in bo;h
male and female rats which show possible test chemical related effects.

Lesion ' Males ' Females
Description C1 C2 L M H ] C2 L M H
N l N
Area Pale ‘ 4 5 11 8 21 . 5 5 9 12 31
Mass 1 0 0 1 4 1 0 2 2
- Enlargement ' 1 2 -4 7 14 ‘ 0 1 2. 1 N
Prominent lobular 5 1 6 4 7 0 4 4 5 ®
Architecture : '
Area Raised o 4 3 5 3 1 3 3 8
~ Discoloration -~ . 3 3. 2 8 7 ) 0 1 0
Area Dark , 18 18 13 13 8 22 19 24 27

Note: There were 60 rats of each sex per dose group reported as being examined.

C; and Cy are. control groups I and II. L, M and H are the low, mid and high dose
groups respectively.'_

-R10-
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Evidence for PB effects in the liver based on grossly observable lesions is
most pronounced for the lesions described as "area pale" and "mass". In females
even the low dose group may have higher incidences than the controls for the "pale"
condition. . The next four lesions listed in the above table show evidence for
one sex only. The lesion described as "dark area" shows an inverse relationship
with the presence of PB in the diet. .

The following table depicts the total incidences of microscopic lesions
in the both males and females which either showed indications of a response to PB
treatment or are otherwise of interest to the review,

Lesion Males Females

Description ' C C2 L M H - C Cy L M H
» |
Hyper. Hepatocytes 4 2 1 4 291 4 2 0 2 471
Focal Mixed Cells 1 1 4 1 5 3 3 . 3 131 201
Focal Eosinophilic cells 6 6 3 10 12 6 2 5 5 3
B. Duct Hyperplasia 200 26 8 11 11 21 24 20 26 7
Vac. Hepatocytes 14 15 19 23 21 20 - 17 14 7 9
Liver Tumors CC
Hepatocellular 1 1 0 0 1 0 0 0 1 1
Carcinoma : ‘ ,
Jenoma 0 0 0 0 2 [None reported]
(Total Liver Tumors) 1 1 0. 0 3 0 - 0 0 1 1

Note: There were 60 rats per sex per dose reportly examined,
lstatistically sxgnlflcantly increased (see p. 62 of the study report).

Microscopically there were ‘increased incidences of hyperplasia of hepatocytes
in the high dose groups of both sexes. There were increased incidences of focal
mixed cells in the mid and high dose female groups but only in the high dose group
males. The apparent increase in focal eosinophilic cells in the mid and high
dose group males is small and also not noted in the females. Bile duct hyper-
plasia shows an inverse relationship with there being fewer incidences in the
high dose test group for both sexes. There is also a possible inverse relation-
ship noted for vacuolation of hepatocytes for the females. Focal basophilic
cells also showed a negative trend (data not shown). ,

Based on m1croscop1c changes in the liver, NOELs of 30 mg/kg/day in
females of 100 mg/kg/day in males are supported. The liver weight increases noted
in the low dose females are not corroborated by hxstopathologxcal findings. The
three incidences (total adenoma and carcinoma) of liver tumors in the high dose
group males are not statistically significant. The liver tumors were reported to
be found in rats at or near the termination of the study and were not considered
life threatening. The frequency in the high dose group males (5%) for combined
adenomas- and carcinomas was very near the historical control for this strain of-

" rat (up to 4. 5% based on the analysis of over 500 male rats).

@

-R11=-
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2. Kidney Status

Increased serum cholesterol is an indication of possicle kidney damage.’
There were also some indications (but not definitely dose dependent) iricreases
in kidney weight.

i Inspection of the gross necropsy data tables did not indicate evidence
for a dose related increase in kidney lesions in either males or females.
Inspection of the histopathological findings data reveals that both the males
and females have high frequencies (88-97% for males and 53-90% for females)
of chronic interstitial glomerulonephritis. There was no evidence of a dose
related effect in males but among the females there were higher frequencies
in a progressive order (73, 85 and 90% for the low, mid and high dose groups
versus 53 and 63% for the two control groups). Because of the high background
of this spontaneously occurring condition, it is not convincing that the
increased incidences were a direct result of PR in the diet. It is noted, however,
-that the incidence in all females groups when compared to control group I and for
the mid and high dose groups when campared to control group II can be demonstrated
to be statistically significant. Severity was also said to be increaaed.

among the females there was an inverse relationship between PB in the
diet and development of calculi (34% in the control versus 5% in the high dose

group.

: among the males, there were a total of 59 cysts noted at gross necropsy,
but only 1 cyst (in a control rat) was confirmed histologically. Many of the
rats with cysts noted at necropsy were diagnosed as having chronic interstitial
glomerulonephritis.

There were a total of three incidences of kidney tumors reported. Two
incidences of adenocarcinoma (one each in the control males and females). There
was also a single adenoma reported in the mid dose group males.

In summary, there was no evidence that PB clearly affected the k1dney.
A possible increase in chronis interstitial glomerulonephritis is noted in females,
however.

3. Male Reproductive System Status (testis, seminal vesicles, epididymis, prostate)

. Gross pathology revealed that theré were 10, 12, 11, 14, and 23 rats
for which the testis were described as "small”. Mlcroscoplcally there were 25,
25, 26; 33, and 33 rats for which the testis were reported in the total incidence
table as having "atrophy" for the two control, low, mid and high dose test groups.
Both the pathologist's (Dr. Losos) and statistician's (Mr. McMillan) reports show
that there were 11, 9, 20, 28, and 26 incidences of "bilateral atrophy" among
the test groups for the two controls, low, mid and high dose test groups. These
dats showed statisitcally significant .increases for all three treatment groups
when campared to either of the two control groups. There was also noted a tendenc:
towards increased severity of this lesion as the dose level increased.

[Note: The data tables showing incidences of atrophy reported the total number
of rats with either bilateral or unilateral atrophy but not the incidences of
bilateral atrophy alone.. Thus, TB could not confirm the statistics without an
animal by animal accounting of testis pathology. Thxs reviewer also noticed

-R12-
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that the total incidences for "atrophy" for the mid dose group which was reported
as 33 on page A237 does not equal the sum of the incidences among the rats dying
during the study on page Al87 (25) and on page A212 for the rats sacrificed at
termination (0).] . . '

other findings in the testis included that the high dose group was highest
(4 in 60 rats or 6.7%) in incidence of hyperplasia of interstitial cells (versus
0.8% in the combined control groups) and for interstitial cell tumors (4 in 60
rats or 6.7%) incidences versus 3.3% for the combined controls.

. The gross necropsy report indicated that the seminal vesicles were smaller.
There were 3, 4, 9, 10 and 12 incidences for 60 rats per group for this condition
for the controls, low, mid and high dose groups. There were no microscopic
correlates for this condition reported. Neither the prostate or epididymis were
reported to have dose dependent lesions.

In conclusion for the male reproductive system, although the incidence of
"hilateral atrophy" can be shown to be statistically significant, the total incidence
of ‘atrophy (unilateral plus bilatal) was not shown to be statistically significant.
Testis weight was paradoxically increased (about 16%) for the high dose group
rather than a decrease as would be expected to be correlated with atrophy of the
testis. Another contributing factor is that the multi-generation reproduction
study (refer to review by J. Doherty dated October 30, 1987) did not indicate
any effect of PB treatment on the male reproductive function. Thus, TB does
not consider that the data presented provide conclusive evidence that PB effects
the testis or other aspect of the male reproductive system in this study.

4. Adrenal Status

The adrenal gland of males showed an apparent inverse relationhship for
the incidence of "focal coursely vacuolated enlarged cortical cells" with there
being 20, 26, 18, 15 and 7 incidences reported for the two controls (60 and 60),
low (60), mid (56) and high (60) dose groups respectively (number of rats examined).
Among the females, there were 17-19 reported for each group thus not showing ‘
any relationship to the presence of PB in the diet. The mid and high dose
group males can be shown to be statistically significantly different from
control group 2. This observation of decreased incidence among the males for
the mid and high dose males is not considered by TB to be definetly a result of
PR in the diet but is mentioned here because the adrenal gland is an exocrine
gland and the study report maintains that PB may affect circulating hormones
(see discussion below). Although gross necropsy revealed that there were
occasionally higher incidences of adrenal enlargement among the females and female
adrenal weight was higher, there were no histological correlates. It should be
noted that because of the wide variation and standard deviation in adrenal weight
it is somewhat doubtful that the female high dose group was actually higher.

The incidence of tumors (total adenoma plus carcinoma) in the males for
"the adrenal was seven and five of these were in the control rats. Among the
females the total incidence of tumors was six and four of these were in the
control rats. There is thus no evidence that PB induced neoplasms in this
organ. : v



5. Thyroid Status

The study report notes that "marginally higher 1nc1dences of thyroid
enlargement among the males from all dose groups which were found dead or killed
for humane reasons". Inspection of the total incidence table for gross lesions
reveals that thére were 1, 0, 4, 3 and 4 incidences of this condition among
the males and 1, 0, 1, 5 and 2 incidences among the females for the controls,
low, mid and high dose test groups. Microscopically there were noted higher
incidences of "pigment in follicles" for the high dose group (48 of 60 rats
or 80%) versus 37-45% for all of the other male groups and the high dose
female groups (44 of 60 rats or 73%) versus 10-17% for the other females
groups. It is rather apparent that the thyroid is in some way affected as
indicated by the increased incidence of "pigment in follicles" in the high
dose groups of both sexes.

"Hyperplasia of follicles" in the high dose group was also statistically
significantly increased for the males (21 incidences versus 4 or 11 incidences for
the controls, 60 rats per group) and females (1l incidences versus 0 or 4 incidences
of 60 rats per group) when compared with either control group. The mid dose
female group (9 incidences) was also statistically significantly higher when
compared to the control groups 1 (0 incidence). Another finding was that para—
follicular cells showed an apparent dose related decrease.

: There were four types of primary thyroid tumors noted for a total incidence
of 16 among both sexes. Five of these were in the control groups. Follicular
cell adenomas among females were more frequent in the high dose group (3 of

60 rats) than in any other group (0 or 1) but statistical significance was

not attained. It is noted, however, that the 5% frequency reported for the

high dose group exceeds the historical control data for this strain of rat
(0-1.8%). Among the males there were 2 incidences (3.33%) in the high dose

group of this tumor type versus 0 or 1 in the other groups but the range in

males for this tumor type in historical controls is 0-5.3%.

In conclusion for the thyroid gland, it appears that the thyroid is
affected as evidenced by increases in "pigment in follicles" and hyperplasia
of follicular cells (NOEL = 100 mg/kg/day). An increase in follicular cell
adenomas among the females in the hlgh dose group is also noted but the avail-
able data do not prov1de a convincing case for a specific neoplastic response
to PB.

6. Female Reproductive System Status.

Gross necropsy revealed the following incidence of "enlargement" of the
ovary 0, 1, 1, 0 and 4 for the controls, low, mid and high dose groups. There
were no effects noted on weight gain. Microgcopically there was no evidence
of dose related lesions although there were slightly less cysts in the rats
" dosed with PB. ;

In the mammary gland there were less incidences of "hyperplaéia of

-R14~-
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acini (65%) in the high dose group than in the controls (83.:3%). With regard
to female mammary tumors, the following table illustrates the findings for
adenocarcinoma and fibroadenoma. )

Dose Group Adenocarcinoma Fibroadenoma

Control-1 - 8/60(13.3%)1 | 11/60(18.3%)
Control-2 | 12/60(20.0%) ' i7/60(28.3%)
Low (30 mg/kg/day) 10/55(18.2%) 19/55(34.6%)
Mid (100 mg/kg/day) 10/46(21.7%) | 18/46(39.1%)
High (500 mg/kg/day) 11/60(18.3%) 8/60(13.3%)

1Data are incidenes/number of rats (as %)

It is noted here that the low and mid dose groups have higher incidence
of fibroadenoma but the high dose group has the lowest incidence. The lack *
of dose response in this case precludes a relationship between dietary PB
and induction of mammary gland tumors. [Note: Historical control incidence data
for these tumor types were not provided.] -

7. Pituitary Status

Many of the females (82.1 to 89.8%) and males (56.6 to 71.6%) had tumors
of the pars anterior but there was no evidence for increased incidence realtive to
dietary PB.

8. Gastro-Intestinal System Status (abdominal cavity, cecum, colon, digesta,
' duodenum, ileum, ingesta, jejunum, rectum and stomach). .

There were no abnormalities of sufficient frequency to indicate a dose
related effect of PB in these tissues or organs.

. 9. Heart Status. -

There were many rats affected with "fibrosis" in the heart. Among the
males there were 37, 37, 36, 35 and 32 incidences for the controls (60), low
(54), mid (53) and high (60) dose groups respectively (number of rats examined).
Among the females there was a suggestion of an inverse relationship with there
being 26, 18, 13, 6, and 7 affected hearts for the controls (60), low (3%8), mid
(28) and high (60) dose groups respectively. These data, however, fo not provi i
basis to conclude that PB treatment affected this organ.

-R15- (::::>
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10. Lymphosarcomas.

There were 0, 1, 0, 1 and 3 male rats reported to have systemic lympho-
sarcoma, The high dose groups did not attain statistical significance and the
5% frejuency for this group was said to be within the range of historical control
data (up to 7.2%). There were only two incidences of lymphosarcomas among the
females for this condition and these were in the controls.

D. DISCUSSION:

The study report maintains that the primary action of PB is to induce the
formation of liver cytochrome metabolizing systems which would result in
increased levels of enzymes involved with degrading xenobiotics as well as
endogenous circulating substances such as hormones. The study report also
maintains that since these enzyme systems would be elevated there would be
expected to be lower levels of c1rcu1at1ng hormones. The effect on the
hormones would in turn result in effects in both the target and orlglnatlng
organs for these hormones.

This contention is somewhat paradoxical. The primary action of PB is to
inhibit the enzymes involved in drug metabolism and circulating hormones.
This would result in elevation of the circulating hormones. The combined
effects of increased levels of drug metabolizing enzymes plus the inhibition
of these same enzymes by PB would not be expected to cause consequental
effects on circulating hormones. Thus, TB sees little basis for the

study reports discussion which tries to relate the subtle changes in the
pathologcal findings on endocrine and hormone sensitive organs to the liver
effects of PB. The multi-generation reproduction study (refer to review by J.
Doherty dated October 30, 1987)- did not provide any indications of altered
hormonal function at dose levels up to and including a dietary level of 5000
ppm (estimated 250 mg/kg/day).

The testing laboratories speculation that dietary PB alters circulating
hormone levels would have to be proved by quantitating these hormones
if rats dosed with PB.

E. CONCLUSION: OORE Classification of this stuiy is GUIDELINES. The following
one liner applies.

NOEL (absolute) < 30 ng/kg/day. At this level there are increases in liver
weight of females (20% based on absolute weights), a trend
for increased liver weight is noted for males.

NOE:L_(toXicity) = 30 mg/kg/day

LEL = 100 mg/kg/day. At this level there are increases in the weight of
liver (females, 25%), increased cholesterol levels (females), in-
creased hepatic "focal mixed cells" (females) and a continuation of a
trend for increased liver weight in-males.

-316— @ |
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At 500 mg/kg/day there were increased liver weights in males and females,
increased hypertrophy of hepatocytes in males and females, increased
hepatic "focal mixed cells" in females, increased cholesterol in
females, - increases in "pigment in follicles" and hyperplasia of
follicular cells of the thyroid in both males and females. Decreased
body weight gain was noted for both sexes.

No unequivocal evidence that PB induced tumors on rats was generated by
this study. ‘

Levels tested:«o, 30, 100 and 500 mg/kg/day.
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DISCUSSION OF FINDINGS IN A 24-MONTH DIETARY TOXICITY AND

CARCINOGENICITY STUDY OF PIPERONYL BUTOXIDE IN THE ALBINO RAT

This study was conducted at Bio-Research Laboratories Ltd. for
the Piperonyl Butoxide Task Force. It wés conducted iﬁ
accordance with the U. S. Environmental Protection Agency's
Pesticide Assessment Guidelines, Guideline Reference 83-5. It
was also conducted in accordance with the U. S. Environmental
Protection Agency's Good Laboratoiy Practice Standards (40 CFR,
part 160).

The study initially consisted of four treatment groups and two
control groups. The dosage levels in the treatment groups were
15, 30, 100 and 500 mg/kg/day. A fourth treatment group was
included as a time saving measure because the no~éffect 1eve1(
for minor changes in liver cell morphology was not clearly
def}ned‘in a preliminary dose range finding study.  Extra
animals were included in one control group and in the two lower
dose groups (15 and 30 mg/kg/day) so that an interim sacrifice
could be conducted after four weeks of the chronic study. The
highest dosage‘lével without any morphological change(s) ir. the

liver was scheduled to be continued in the chronic study 4and ttre

Page 1 of 3
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other group was scheduled to be terminated. ,NO‘morphological
'changes‘were observed at either dosage level in rats sacrificed
at the fouﬁ-week interim sacrifice so the 30 mg/kg/day dosage
level was selected as the low-dosage level for the chronic

study.

The study was conducted in accordance with the protocol and the
Laboratory's Standard Operating Procedures. The conduct of the
study was monitored by the Laboratory's Quality Assurance Unit
and independently by me as a representative of the Sponsor. No
deviations from protocol or standard operéting procedures
occurred during the conduct of this study which would have
adversely influenced the outcome or the interpretation of the

results.,

At the highest dosage level (500 mg/kg/day), a number of
treatment related changes were observed.\ Most, if not all, of
these changes appear to be the result of the induction of the
liver microsomal enzyme system, a well documenﬁed property of
piperonyl butoxide. These changes included effects oa body
weight, food consumption, clinical pathology, organ weight and

gross and microscopic pathology. No clinical signs, occular

Page 2 of 3
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changes, hemétologic changes or effects on mortality or tumor

incidence were observed.

No body weight or food consumption effects were observed in the
mid-dose group (100 mg/kg/day), but some minor changes in
clinical pathology, organ weight and gross and microscopic
pathology were observed. Again no clinical signs, occular
-changes, hematologic changes or effects on mortality and tumor

incidence were observed.

At the 1oweét dosage level (30 mg/kg/day), no definitive

treatment related effects were observed.

Based upon the results of this study, the dosage levels
evaluated clearly satisfy the maximum tolerated dose

requirements for a chronic toxicity/oncogenicity study and no

evidence of oncogenicity was observed.  All other changes appear

to be adaptive rather than toxic in nature. The no-effect level

for these adaptive changes is 30 mg/kg/day.
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Summary

This qualitative risk assessment of Piperonyl Butoxide was

based upon two chronic carcinogenicity studies conducted in Charles.
River Sprague-Dawley Crl-CDR rats and CD-1 mice. The rats were fed

0,

30, 100, or 500 mg/kg/day of Piperonyl Butoxide for 105 weeks.

The mice were fed O, 30, 100, or 300 mg/kg/day of Piperonyl
Butoxide for 79 weeks.

The statistical evaluation of mortality indicated no

significant incremental changes with increasing doses of Piperonyl
Butoxide in male or female rats. .

Male rats had a significant dose-related increasing trend in

thyroid follicular cell combined adenomas and/or carcinomas. There
were no significant differences in the pair-wise comparisons of the
dosed groups with the controls. ‘

Female rats had a significant dose-related increasing trend in

thyroid follicular cell adenomas. There were no significant
differences in the pair-wise comparisons of the dosed groups with
the controls. ’

(V). RecycledRecyclable
) % Primad with Soy/Canola ink on paper that
containg at least 50% recycied fiber
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The statisticél evaluation of mortality indicated a
significant decreasing trend with increasing.doses of Piperonyl
_ Butoxide in male mice. Female mice showed no significant

incremental changes in mortality with increasing doses of Piperonyl
Bugoxide.

Male mice had significant dose-related increasing trends in
hepatocellular adenomas, carcinomas, and combined adenomas and/or
carcinomas. There were significant differences in the pair-wise
comparisons of the 100 mg/kg/day dose group with the controls for
hepatocellular adenomas and combined adenomas and/or carcinomas.
There were also significant pair-wise comparisons of the 300
ng/kg/day dose group with the controls for hepatocellular adenomas,
carcinomas,. and combined adenomas and/or carcinomas.

Female mice had a significant dose-related increasing trend
and a significant difference in the pair-wise comparison of the 300
mg/kg/day dose group with the controls for hepatocellular adenomas.

Background

A chronic dietary toxicity/carcinogenicity study in Charles
River Sprague-Dawley Crl-CDR rats was conducted by Bio-Research,
Ltd., Senneville, Quebec, Canada, for the Piperonyl Butoxide Task
Force, c/o the McLaughlin Gormley King Company, Minneapolis,
Minnesota, and dated August 27, 1987 (Study No. 81690; Accession
No. 403237-01).

The study design allocated groups of 60 rats per sex to two
separate control groups, which have been combined for this
qualitative risk assessment, and to dose levels of 15, 30, 100, and
500 mg/kg/day of Piperonyl Butoxide for 105 weeks. An additional
10 rats per sex of one control group and of the 15 and 30 mg/kg/day
dose groups were designated for interim sacrifice at week 5. When
it was determined that the rats of the 15 mg/kg/day dose group
showed no obvious effects of Piperonyl Butoxide at week 5, the
remainder of the group was sacrificed at week 8.

. A chronic dietary carcinogenicity study in Charles River CD-1
mice was conducted by the Bushy Run Research Center, Export,
Pennsylvania, for the Piperonyl Butoxide Task Force II, c/o McKenna
& Cuneo, Washington, DC, and dated August 27, 1993 (Study No.
91N0134; MRID No. 429037-01). _

The study design allocated groups of 60 mice per sex to two
separate control groups, which have been combined for this
quélitative-risk,assessment, and to dose levels of 30, 100, and 300
mg/kg/day of Piperonyl Butoxide for 79 weeks.



Survival Analyses

The . -statistical evaluation of mortality indicated no
significant incremental changes with increasing doses of Piperonyl
Butoxide in male or female rats or female mice. Male mice showed
a decreasing trend in mortality with increasing doses of Piperonyl
Butoxide. See Tables 1 and 2 for rat mortality test results, and
Tables 5 and 6 for mouse mortality test results.

~ The statistical evaluation of mortality was based upon the
Thomas, Breslow and Gart computer program.

Tumor Analyses

Male rats had a significant increasing trend in thyroid
follicular cell combined adenomas and/or carcinomas at p < 0.05.
There were no significant differences in the pair-wise comparisons

of the dosed groups with the controls.

Female rats had a significant increasing trend in thyroid
follicular cell adenomas at p < 0.05. There were no significant
differences in the pair-wise comparisons of the dosed groups with
the controls.

Male mice had significant increasing trends in hepatocellular
adenomas, carcinomas, and combined adenomas and/or carcinomas, all
at p < 0.01. There were significant differences in the pair-wise
comparisons of the 100 mg/kg/day dose group with the controls for
hepatocellular adenomas and combined adenomas and/or carcinomas,
and significant pair-wise comparisons of the 300 mg/kg/day dose
group with the controls for hepatocellular adenomas, carcinomas,
and combined adenomas and/or carcinomas, all at p < 0.01.

Female mice had a significant dose-related increasing trend,
" and a significant difference in the pair-wise comparison of the 300
mg/kg/day dose group with the controls, for hepatocellular
adenomas, both at p < 0.01. .

The statistical analyses of the male and female rat and the
female mice wére based upon the Exact trend test and the Fisher’s
Exact test for pair-wise comparisons. The statistical andlyses of
the male mice were based upon Peto’s prevalence test since there
was a statistically significant negative trend for mortality in
male mice with increasing doses of Piperonyl Butoxide.' See Tables
3 and 4 for rat tumor analysis results, and Tables 7 and 8 for
mouse tumor analysis results. '

(23)



Table 2. Piperonyl Butoxide - Charles River Sprague-Dawley
Crl-CDR Rat Study

Female Mortality Rates® and Cox or Generalized K/W Test Results

Weeks

Dose 1-4 5 5-26  27-52 53-78 79-107° Total
(mg/kg/day) | ’

of 1/131 10/130 2/120 2/118 17/116 53/99 75/121
- (62)

30 2/72 10/70 1/60 2/59 6/57 29/51 40/62
. . (65)

100 1/61 0/60 0/60 1/60 6/59 19/53 - 27/61
(44)°

500 0/60 0/60 = 1/60 1/59 7/58 21/51. 30/60
(50)

+Number of animals that died during interval/Number of animals
alive at the beginning of the interval.

*Two separate control groups were combined for this risk assessment.

fFinal sacrifice at week 105. |

( )Percent. .

Note: - Time interﬁals were selected for display purposes only.
. Significance of trend denoted at control.

Significance of pair-wise comparison with control denoted
.at dose level. ‘ .

If °, then p < 0.05. If ", then p < 0.01.

6



Table 1. Piperonyl Butox1de - Charles River Sprague—Dawley
Crl-CDR Rat Study

Male Mortality Rates* and Cox or Generalized K/W Test Results

Weeks

Dose 1-4 5 5-26 27-52 53=-78 79-105" Total
(mg/kg/day) ‘

of 2/131 10/129 0/119 4/119 27/115 . 64/88 97/121
_ (80)

30 1/70 10/69 0/59 1/59 20/58 30/38 © 52/60
(87)

100 1/61 0/60 2/60 0/58 15/58 32/43 50/61
(82

500 5/60 0/55 0/55 2/55 10/53 30/43 47/6Q
‘ (78)

*Number of animals that died durlng ‘interval/Number of animals
allve at the beginning of the interval.

*Two separate control groups were combined for thls risk assessment.

fFinal sacrifice at week 10S5.

( )Percent.

Note: Time intervals were selected for display purposes only.
Significance of trend denoted at control.

Significance of pair-wise comparison with control denoted’
at dose level.

If °, then p < 0.05. If ™, then p < 0.01.
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Table 3

. Piperonyl Butoxide - Charles River Sprague-Dawley
Crl-CDR Rat Study ‘

Male Thyroid Follicular Cell Tumor Rates® and Exact
Trend Test and Fisher’s Exact Test Results (p values)

e da

P=

o* 30 100 500
Adenomas 2/115 1/58 o/ss 2'/53
(%) (2) (2) (0) (4)
p = 0.212 0.740 0.441° 0.375
Carcinomas 1/115 0/58 0/58 2/53
(%) (1) (0) (0) (4)°
p = 0.090 0.665" 0.665° 0.234
Combined 3/115 1/58 0/58 4/53
(%) (3) (2) ‘ (0) (8)

0.040° 0.589" 0.291° 0.142

+Number of tumor bearing animals/Number of animals examined,
excluding those that died or were sacrificed before week 53.

*Two separate control groups were combined for this risk assessment.

*Negative change from control.

spirst adenoma observed at week 79, dose 500 mg/kg/day.

bFirst carcinoma observed at week 89, dose 0 mg/kg/day.

Note:

significance of trend dgnoted at control.

Significance of pair-wise comparison with control denoted
at doge level.

If °, then p < 0.05. If =, then p < 0.01.

+



Table 4. Piperonyl Butoxide - Charles River Sprague-Dawley
Crl-CDR Rat Study

Female Thyroid Follicular Cell Tumor Rates® 'and Exact
Trend Test and Fisher’s Exact Test Results (p values)

Dose (mg/kg/day)

o* 30 100 500

Adenomas@ ’ 1/116 0/57 1*/58 3/58
(%) (1) (0) (2) (5)
p = 0.029" 0.671° . 0.557 '0.109

*Number of tumor bearing animals/Numbér of animals examined;
excluding those that died or were sacrificed before week 53.

*Two separate’control groups were combined for this risk assessment.
"Negative change‘from control.

‘First adenoma observed at week 105, dose 100 mg/kg/day.

V@fhere were no thyroid follicular cell carcinomas diagnosed.
Note: = Significance of trend denoted at control.

Significance of pair-wise comparison with control denoted
at dose ;evel. -

If °, then p < 0.05. If *, then p < 0.01."



Table 5. Piperonyl Butoxide - Charles River CD-1 Mouse Study

Male Mortality Rates® and Cox or Generalized K/W Test Results

Weeks
Dose 1-26 27-52 53-68 69-79f Total
(mg/kg/day)

o* - 2/120 5/118 13/113 20/100 40/120
(33)™
30 1/60 . 2/59 6/57 10/51 19/60

. (32)
100 0/60 3/60 3/57 10/54 16/60

, (27)
300" 0/60 0/60 7/60 6/53 13/60°

' (22)

+Number of animals that died during interval/Number of animals
alive at the beginning of the interval.

*Two separate control groups were combined for this risk assessment.

"Negative trend.

fFinal sacrifice at week 79.

(- )Percent. |

Note: Time intervals were selected for displéy purposes only.
Siénificance of trend denoted at control.

signif icance of pair-wise comparison with control denoted
at dose level. -

©

If *, then p < 0.05. If ™, then p < 0.01.

®



Table 6. Piperonyl Butoxide - Charles River CD+1 Mouse Study

Female Mortality Rates® and Cox or Generalized K/W Test Results

Weeks
Dose : 1-26 27-52 53-65 66-80° Total
(mg/kg/day)
o’ - 2/120 2/118 6/116 20/110 30/120
: ’ (25)
.30 1/60 1/59 4/58 10/54 16/60
‘ (27)
100 0/60 0/60 8/60 15/52 23/60
3 (38)
300 ©2/60 1/58 5/57  12/52 20/60°
- (33)

*Number of animals that died during interval/Number of animals
alive at the beginning of the interval.

*Two separate control groups were combined for this risk assessment.

fFinal sacrifice at week 79.

( )Percent.

Note: Time intervals were selected for display purposes'only.
Significance of trend denoted at control.

Significance of pair-wise comparison with control denoted
. at dose level.

If °, then p < 0.05. If *, then p < 0.01. .
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Table 7. Piperonyl Butoxide - Charles River CD-1 Mouse Study

Male Hepatocellular Tumor Rates* and
Peto’s Prevalence Test Results (p values)

Dose (mag/kg/day)

o* 30 100 300
Adenomas - 17°/107 13/57 22/56 28/59
(%) (16) ' (23) (39) - (47)
p = 0.000™ - 0.111 0.001" 0.000"
Carcinomas 4/100 3/51 . 2/54 ' 7°/53
(%) (4) - (6) (4) (13)
p = ' 0.008" 0.260 - 0.499 0.005"
Combined 21/107 15%/57 24/56 30¢/59
(%) (20) (26) (43) (51)
p = 0.000" 0.116 0.001™ 0.000™

*Number of tumor bearing animals/Number of animals examined,
excluding those that died .before observation of the first tumor.

*rwo separate control groups were combined for this risk assessment.
'First édenoma observed at week 61, dose O mg/kg/day..
bpirst carcinoma observed at week 69, dose 300 mg/kg/day.

‘One animal in the 30 mg/kg/day dose group had both an adenoma and
a carcinoma. :

dFive animals in the 300 mg/kg/day dose group had both an adenoma
and a carcinoma.

Note: Significance of trend denoted at control.
Significance of pair-wise comparison with coritrol denoted
at dose level.
If °, then p < 0.05. If ~, then p < 0.01.
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Table 8. Piperonyl Butoxide - Charles River CD-1 Mouse Study

Female Hepatocellular Tumor Rates* and Exact Trend
Test and Fisher’s Exact Test Results (p values)

Dose kg/da
o* | 30 100 ~ 300
Adenomas?® 4*/116 1/58 1/60 10/57
(%) - (3) (2) (2) (18)
p = ~ 0.000" 0.459" 0.444"° 0.003"

*Number of tumor bearing animals/Number of animals examined,
" excluding those that died before week 53. :

Two separate control groups were combined for this risk assessment.
'Negative change from control.

'First adenoma observed at week 56, dose 0 mg/kg/day.

@There were no hepatocellular carcihomas diagnosed.‘

Note: ‘significance of trend denoted at control.

Significance of pair-wise comparison with control denoted
at dose level. ‘

If °, then p < 0.05. If ™, then p < 0.01.
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SUMMARY | 5/

A bioassay of technical-grade piperonyl butoxide for possible
carc1nogen1c1ty was conducted by admlnlstermg the test chemlcal
in feed to Fischer 344 rats and B6C3Fl mice.

Groups of 50 rats of each sex were administered piperonyl
butoxide in the diet at one of two doses, either 5,000 or 10,000
ppm, for 107 weeks. Matched controls consisted of 20 untreated
rats of each sex. All surviving rats were killed at the end of
the period of administration of the test chemical.

Groups of 50 mice of each sex were initially administered
piperonyl butoxide at one of two doses, either 2,500 or 5,000
ppm. After. week 30, the doses for the mice were reduced to 500
and 2,000 ppm, respectively, and administration of the test
chemical at the lowered doses was continued for 82 weeks. The
time-weighted average doses for the mice were either 1,036 or
2,804 ppm. Matched controls consisted of 20 untreated mice of
each sex. All surviving mice were killed at the end of the
period of administration of the test chemical.

Mean body weights of dosed groups of rats and mice of each sex
were: lower than those of corresponding control groups, and the
depressions in body weights were dose related. Survival of the
rats and mice was unaffected by the pl.peronyl butoxide and was
80% or greater in all groups at week 90 of the bloassay, thus, .
sufficient numbers of dosed 'and control rats and mice of each sex
were at risk for the development of late-appearing tumors.

In the female rats, Ilymphomas occurred at incidences that were
dose related (P = 0.007); in a direct comparison, the incidence
of the tumor in the high-dose group was higher (P = 0.020) than
that in the control group (controls 1/20, 1low-dose 7/50,
high-dose 15/50). However, the incidence of lymphomas,
leukemias, and reticuloses in historical-control female Fischer
344 rats at the same laboratory was 19/191 (10%). These
historical-control groups include one with an incidence of
animals with lymphoma or leukemia of 7/20 (35%) and another with
an incidence of 6/20 (30Z). Thus, the incidence of lymphomas in
the control female rats of the present biocassay may have been
abnormally low, and the occurrence of the higher incidence in the
dosed groups cannot be clearly related to administration of
piperonyl butoxide.

DTTACHHENT
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In the male mice, adenomas of the lacrimal gland occurred at
incidences that were dose related (p = 0.023), but in direct
comparisons the incidences in the individudal dosed groups were
not significantly higher than that in the control group (controls
0/20, 1low-dose 0/49, high-dose 4/50); thus, the occurrence of
this tumor in the male mice was not clearly related to
administration of the test chemical.

It is concluded that under the conditions of this bioassay,

piperonyl butoxide was not carcinogenic for Fischer 344 rats or
B6C3Fl mice.: '
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Abstract—The carcinogenicity of technical-grade piperonyl butoxide was studied in F344/DuCrj rats fed

a dietary level of 0.5 or 1% for 2 yr. Various tumours

were detected in all groups, including the untreated

gontrol group, but no significant dose-related increase in the incidence of any tumour was found. Thus,
it is concluded that under these experimental conditions piperonyl butoxide was not carcinogenic in F344
rats. Unexpectedly, however, ileocaecal ulcers were found in animals of both sexes in both experimental
groups and the incidence was dose related. Further studies are required to establish the mechanism of
induction of ileocaecal ulcers by piperonyl butoxide.

INTRODUCTICON

Piperonyl butoxide (PB), a pesticide used to énhance
the effect of pyrethrin, is known to affect drug-
metabolizing enzyme systems. Recently, in a sum-
mary of a Japanese co-operative programme, PB was

Oriental Yeast Industries Co. (T okyo), mixed with
2%, olive oil. '

Test chemical. Technical-grade PB (specific gravity:
d 1.055; refractive index: n2 1.4978) was purchased
from Takasago Perfumery Co, Ltd (Hiratsuka). The

= " ! purity of the preparation used in these studies was

hs reported to be non-mutagenic to bacteria, cultured o440 897, lfut the other components were not

5 mammalian cells and silk worms (Kawachi, Yahagi, examined’ The batch of basal diet used for the

Kada er al. 1980). An absence of mutagenic activity carcinogenicity study was shown to be free of con-

5 has also been reported for this chemical by others 10 ion ‘by pesticides, benzo[a]pyrene and
(Ashwood-Smith, Trevino & Ring, 1972; White, aflatoxin, and to contain small but acceptable levels
Goodman, Shulgin et al. 1977). The Carcinogenicity o peajc '

e of PB has:..been tested in mice and.rats by several

e groups, who all reported a lack of evidence that PB L

£ was carcinogenic (Cardy, Renne, Warner & Cypher, Subchronic toxicity study

1979; Innes, Ulland, Valerio ef al. 1969; National
Cancer Institute, . 1979).. Accordingly, the Inter-
national Agency for Research on’ Cancer recently
concluded that PB is unlikely to present a carcino-
genic risk to humans (IARC Working Group, 1983).

This. paper describes the results of a 2-yr carcino-
gencity test in F344/DuCrj rats, in which PB induced
ulcers selectively, and ‘at a- high incidence, in the
ileocaecal mucosa.

EXPERIMENTAL

Animals and maintenance. Specified-pathogen-free
Fischer (F344/DuCrj) rats of both sexes were pur-
chased from Charles River Japan, Inc. (Atsugi) and
housed in plastic cages in an air-conditioned room
maintained at 24 + 1°C with a humidity of 55 + 5%.
The basal diet was powdered CRF-1, obtained from

*Part of this work was presented at the 73rd Annual
Meeting of the Japanese Pathological Association, held
in Tokyo in April 1984. The work was supported by
grants-in-aid from the Ministry of Heslth and Weifare
of Japan. )

Abbreviations: H&E = Haematoxylin and eosin; PB= -

piperonyl butoxide. - -

- To establish appropriate dietary levels for the
carcihogenicity study, 6-wk-old rats were divided into
six groups, each of ten males and ten females. PB was
added to the powdered basal diet (mixed with 2%
olive oil) to give concentrations of 0 (control), 0.25,
0.5, 1, 2 and 3% and the diets were supplied ad lib.
to the rats for 13 wk, during which the animals were
given tap-water to drink and were housed-fivé/cage.
At the end of the experiment; all survivors were killed
for a gross and a limited microscopic examination.

Carcinogenicity study

The rats were acclimatized for 1 wk on the basal
diet and tap-water prior to the start of the study,
during which they were housed three or four males or
five females to a cage. Animals were randomly di-
vided into three groups, each consisting of 50 males
and 50 females and, from the age of 6 wk, were given
0 (control), 0.5 or 17/, PB mixed with powdered basal
diet ad lib. for 2 yr. The amounts of diet consumed
were measured monthly for calculation of the PB
intake. Throughout the. experiment, rats in each
group had free access to tap-water. ‘

During the experimental period, all animals were
observed daily, and clinical signs and mortality were
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Table 1. Body and organ weights of F344 rats fed 0-3% piperonyl butoxide in the diet for i3 wk

Organ weights

Kidneys .
Liver Right : Left
Dietary Mean body weight (g) . -
level - g/100¢g g/100 g 2/100 g
4 Initial Final Gaint 2 body weight g body weight g body weight
. : ' Males
0 118 328 210 — 10.84 3.30 1.09 0.33 - 1.09 0.33
0.25 ~nus 314 196* ~ (93) 12.68* 4.02** 1.14 0.36* T4 0.36
0.5 118 - 32 194*  (92) 12.93** 4.13* 1.20 0.38** 1.18 0.38**
1 118 300** 182** (87) 15.26** 5.09** 1.16 0.39** <116 0.39**
2 118 250%* 132** (63) 17.65** 7.03** 1.16 0.46** 1.14- 0.45**
3 117 151** 34**  (16) 16.29** » 10.75** 0.77** 0.51** 0.78** 0.52**
: Females
0 95 7 76 - 5.13 3.00 0.61 0.36 0.62 0.36
0.25 96 172 76 (100) 6.23* 3.62* 0.63 0.37 0.66 0.39
0.5 95 168 73 (96) 6.90%* 4.11** 0.61 0.36 0.63 0.38
1 95 167 72 (95) 8.19** 4.89** 0.66* 0.40** 0.67* 0.40**
2 94 149%# 55¢* (72) 11.89** 7.94¢¢ 0.66 0.44** 0.65 0.43°*
3 96 78+ —-18** 10.66** 13.56** 0.49%* - 0.62** 0.48%* 0.61%*

+Mean weight gain over 13 wk, expressed in brackets as a percentage of the control value.
Values are means for groups of ten rats, except those for the 3% male group (nine rats). Those marked with asterisks differ significantly
(Student’s ¢ test) from the control value: P <005 **P <0.01. ’

recorded. Administration of PB was stopped after
104 wk and basal diet without PB was given to
animals in all groups from then until wk 110, when
all survivors were killed. Moribund or dead animals
were given a complete autopsy and the following
organs and tissues were examined histologically for
development of tumours and non-neoplastic lesions:
brain, spinal cord, pituitary gland, salivary glands,
thyroid glands (including parathyroids), thymus,
heart,, lungs “(including trachea), liver, pancreas,
‘spleen, kidneys, adrenal glands, tongue and oral
cavity, oesophagus, stomach, duodenum, jejunum,
ileum, caecum, colon, rectum, urinary bladder, go-
nads, accessory genital organs, skin, musculature,
mammary glands, lymph nodes, sternum, femur,
peripheral nerves, eyes, ear ducts and nasal cavity. All
lesions and organs or tissues were fixed with buffered
10%, formalin, sectioned -and stained routinely with
haematoxylin and. eosin. Special. stains were used
when necessary. . - -
: RESULTS. - -
Subchronic toxicity study o
‘Only one male, in.the 3%-PB group, died:during
the experimental period. Table 1 shows mean body
and organ weights for each group. From wk 1 of the
experiment, all groups except the females given 0.25%,
PB showed lower body-weight gains than the controls
and groups of either sex given 2 or 3%, PB showed
over 10% reduction in weight gain compared with the
controls. At autopsy, hepatomegaly was marked in
rats of either sex given diet containing 2 or 3% PB.
The relative weights of the liver and kidneys increased
dose-dependently in the experimental groups of both
sexes, and to a considerable degree in the groups fed
2 or 3% PB. Histologically, hepatocyte enlargement
and focal necrosis of the liver.were prominent in
groups given the higher doses of PB. The cytoplasm

of the hepatocytes appeared glassy or vacuolated. In
the digestive tract, no marked macro- or microscopic

changes were observed in any groups, but the caccum .
was.not examined histologically. From these resuits, -

it was concluded that the maximum tolerable dose of
PB in the diet was 1%,

Carcinogenicity study

. Growth curves and mortality. Figure | shows the
growth curves for the animals in each group.
Throughout the experiment, a dose-dependent effect
of PB on growth was apparent in both sexes. By the
end of the administration period, the cumulative
deaths of rats in the control and 0.5 and 1% groups
accounted, respectively, for 16, 38 and 42% of the
males, and 14, 22 and 34% of the females. Just before
death many of the rats showed signs of anaemia and
faecal blood. - '

BP intake, tumour incidence and mean survival time.
The total PB intake, overall benign and malignant
tumour incidence and mean survival time are shown
in Table 2 for the rats of each group. The first
autopsy was at wk 32, when a male rat in the 17/-PB
group was killed because it became moribund as a
result of the toxic effect of PB. All rats surviving
beyond this time were included in the effective num-

bers (Table 2), except for a few in which advanced -

autolysis prevented adequate examination. The daily
food intake was almost constant throughout the

Mean body weight (g)

Duration of test (wk)

Fig: 1. Mean body weights for male and female F344 rats

fed piperonyl butoxide at dietary levels of 0% (——;

control), 0.5% ¢-++) or 1.0% (-—) for 104 wk and killed
at wk 110, .
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Table 2. Piperonyl butoxide (PB) intake, tumour incidences and mean survival times in Fl44
rats fed 0.5 or 1%, PB in the diet for 2yr ’

Dietary Total PB No. of rats Mean survival
level Effective intake in 2 yr with tumourst time and
%) no. of rats* (g/rat) (%, of effective no.) range (wk)

- Malés
0 48 -— 48 (100) 108 (84-110)
0.5 48 52.6 43 (100) 101 (58-110)
1 .46 108.7 41 (89) 97 (32-110)
Females
0 47 — 35(75) 106 (59-110)
0.5 49 35.4 39 (80) 105 (65-110)
1 49 7.5 30(61). 103 (65~110)

*Rats surviving beyond wk 32 (from initial groups of 50}, except those in which advanced

autolysis preciuded adequate examination.

1Benign and/or malignant.

experimental period in all groups. The total PB
intakes in 2 yr (Table 2) were calculated from the
food intake figures. For both sexes, the overall tu-
mour incidence was lower in the 1%-PB group than
in the control group, although the differences were
not statistically significant. For both males and fe-
males, the mean survival time was shorter for the
1%-PB group than for the other two groups.

Organ distribution and histology of tumours. The
sites and histological diagnoses of the tumours found
are summarized in Table 3. In the males of all groups,
tumours of the testis were the most frequent, followed
by those of fhe haematopoietic organs, adrenals,
thyroid, mammary gland, pituitary, pancreas and
lung. In females, tumours of the uterus, pituitary,
haematopoietic organs, mammary gland and thyroid
were the most common. Tumours were also detected
in other organs-or tissues in all groups of both sexes,
but the incidences:were low. None of the experi-
mental groups showed a significant increase in the

" incidence of any specific tumour over that in the

corresponding-control group, aithough the incidence
of hepatic tumours in the males on 17, PB was
slightly higher than in those on 0.5% PB or control
diet. In contrast, the incidences of tumours of the
testis, pituitary, haematopoietic organs and thyroid
in males and of the mammary gland in females were
lower in the 19%:PB, and generally also in the
0.5%-PB, group than in the corresponding control
group, showing afi inverse dose relation. The inci-
dence of C-cell adenomas in males on the 19-PB diet
was low and the'difference from the controls was
statistically significant. Histologically, almost all the

tumours observed in each group were similar to those:

that develop spontaneously in this strain of rat
(Mackawa, Kurokawa, Takahashi et al. 1983).

Non-neoplastic lesions in the digestive tract. Table

4 summarizes the incidence of non-neoplastic lesions
in the gastro-intestinal tract in each group. Erosioas

(Fig. 2), ulcers (Fig. 3) and regenerative hyperplasia .

(Fig. 4) occurred in the ileocaecal mucosa in all the
experimental groups and their incidence was dose
related. In many. rats with ulcers, haemorrhage of
the caecum and colon was prominent. Histologically,
the main lesions were chronic ulcers with
inflammatory-cell infiltration and granulation. In
some rats with these ulcers, ossification was detected
in the mucosa near the ulcer. Only one ileocaccal
tumour was detected, in-a male rat in the 0.5%-PB
group; histologically this: was diagnosed as an ade-

[ Rt -

nocarcinoma (Fig. 5; Table 3). In this region, how-
ever, there was no atypical cell growth, such as is
characteristic of preneoplastic lesions, in any rats in
the PB-treated groups.

DISCUSSION

PB is known to inhibit drug-metabolizing hepatic
microsomal enzymes, but it has a biphasic effect; its
immediate effect is to inhibit the enzymes; while its
administration over an extended period has been
reported to result in increased liver weight, enlarge-
ment of hepatocytes, proliferation of smooth endo-
plasmic reticulum in the cytoplasm of the hepa-
tocytes, and a corresponding increase in the
quantities of cytochrome P-450 and other drug-
metabolizing enzyme systems (Goldstein, Hickman &
Kimbrough, 1973). In the subchronic study reported
here, the hepatomegaly and hepatocyte enlargement

_observed in the higher dose groups were consistent

with that report.

Previous studies have not shown that PB is mu-
tagenic or is carcinogenic to mice or rats (IARC
Working Group, 1983). In the study reported here,
many benign and malignant tumours were detected in
each group, including the control group, but no
incidences were significantly higher in PB-treated
groups than in the controls. This result indicates that,
as reported by others, PB is not carcinogenic. On the
contrary, the incidences of some tumours, such as
interstitial-cell tumours, pituitary tumours, mono-
nuclear cell leukaemias and thyroid Ccell tumours in
males and mammary tumours in females, were lower
in the groups given the higher dietary level of PB.
However, these data may be attributed to the shorter
survival time of the rats in these groups.

Since the daily food intake was similar in all groups
throughout the experimental period, the reduced
body-weight gain in the treated groups is likely to
have been due to the toxicity of PB. The early deaths
in- the high-dose group were attributable to the
ileocaecal ulcers induced by PB, although clinical
signs, such as anaemia and faecal blood only became
apparent shortly before these rats died.

The high and dose-related incidence of erosions,

“ulcers and regenerative hyperplasia in the ileocaecal

mucosa of the PB-treated rats was an unexpected
finding. In a carcinogenicity study, Cardy et al. (1979)
used F344 rats and technical-grade PB at the same
dietary levels as in our study, but did not detect
lesions of .this type. Neither have such lesions been

-
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Table 3. Sites and types of tumours in F344 rats fed 0.5 or 1.0% piperonyi butoxide in the diet for 2 yr

Incidence of tumours (%)t
Males Females
Dietary levet (%)). .. 0 0.5 1 0 0.5 1
Tissue/tumour type Effective no./group... 48 43 46 47 49+ 49
Genital system
Testis—interstitial-cell tumour 100 100 87 — — -
Uterus—endometrial polyp — — —_ 21 16 27 ,
—adenoma —_ — —_ 2 2 0
—adenocarcinoma — - — 4 4 0
Vagina—squamous-cell carcinoma —— — 0 0 2
—fibrosarcoma - - — 2 1] 2
Ovary—granulosa-cell tumour — — _ 2 0 0
~-arrhenoblastoma —_ - 0 2 0
~~granulosa/theca-cell tumour — — — 0 2 0
Mammary gland—fibroma 8 4 4 0 0 2
—fibroadenoma 4 2 7 13 8 2
—adenoma 0 0 0 2 0 0
—adenocarcinoma 0 0 0 2 0 0
Endocrine system
Pituitary—chromophobe adenoma i0 6 4 17 20 6
—chromophobe carcinoma 0 0 0 0 4 0
Thyroid—Creell adenoma 21 15 4= [ 16 4
—C-cell carcinoma 2 0 0. 0 0 0
—papillary adenocarcinoma 0 0 2 0 0 0
Parathyroid—adenoma 0 2 2 0 0 0
Adrenal—phaeochromocytoma 13 15 17 4 2 8
-—malignant phaeochmmocytoma 2 8 4 0 0 9
—ganglioneuroma 0 0 0 0 2 2z .
Pancreas—insuloma 8 2 4 4 0 0
~—malignant insuloma 2 0 0 0 0 0
—acinar-cell adenoma 0 2 0 0 0 0
'Haematopoietic system
Spleen—mononuclear~cell leukaemia 23 19 13 17 12 10
Bone marrow--malignant histocytoma(?) 2 0 0 0 0 0 .
Thymus—thymoma 2 0 0 0 0 2
Respiratory system. =~ -
- Lung—nhohrlbronchmlat ldcnom [ 10 2 2 Q 0
. 10 0 0 0 2 0
0 0 2 0 2 2.
e 2 0 0 0 0
0 1] 1] 2 1] 0
0 0 2 0 0 0
0. 2 0 0 0 0
e A 0 0 0 0 0
T2 2 6 0 2 0
e ] 2 -0 0 0
0 4 0 0 0 0
] 2 1] 0 0 o
Q 2 0 0 0 0
2 2 o - 0 ] 0
0 2 0 . 0 0 (1]
0 2 0 0 0 0
0 0 0 0 2 (1]
0 2 2 0 0 0
4 2. 0 2 2 0
0 - 1] 2 0 - 0 ']
0 0 0 2 0 0
2 0 .0 0 2 0
0 0 0 [1] 2 0
0 2 2 0 0 0
2 0 [] 0 0 0
) 2 0 1] 2 0 i
2 0 "2 0 0 0
2 0 0 0 (/] 0
2 0 4 0 0 (]
fNumberofnnlﬂ'eaed,Wuamupdmdmwnmbamdnmnp.mmmrkedmm
anamkd:.ﬂ'ennmﬁanﬂy from the control value (P <0.05 by chi-square test).
found in any other previous long-term studies on the tively in the ileocaecal mucosa of rats. Some anti-
effect of PB in rats and mice (Epstein, Joshi, Andrea inflammatory drugs are known to induce gastro-
et al. 1967; National Cancer Institute, 1979). Thus, intestinal ulcers (Shriver, White, Sandor &
. this is the first report that PB induces ulcers selec- Rosenthale, 1975), but following oral administration
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Fig. 2. Erosion of the ileocaecal mucosa in a llO—wk—old male rat fed 19 piperonyl butoxide in the dlet
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Table 4. Non-neoplastic lesions in the digestive tract of rats fed 0, 5 or 1% piperonyl butoxide in the diet for 2yr

No. of rats with lesions in the:

. Glandular Caecumy
Forestomach stomach Ileocaecal region colon
Dietary Effective
level no. of - Regenerative
a) ratst Hyperplasia  Ulcers Erosion Erosion  Ulcers  hyperplasia  Ossification Haemorrhage
’ Males
0 48 0 0 0 0 0 0 - 0 0
0.5 48 [ 3 2 1 17 6* 7* 5
t 46 1 I t 3 240+ 10%* ge* gr
Females
0 47 0 0 0 0 0 0 0 0 -
0.5 49 0 0 0 0 ! 0 0 0
l 49 0 0 1 i 22 2 0 6*

" tRats surviving beyond wk 32 (from initial groups of 50), except tho:

se in which advanced autolysis precluded adequate examination.

Numbers marked with asterisks differ significantly (chi-square test) from the control figure: *P < 0.05; **P <0.01.

of these drugs, the ulcers are generally found in the
stomach and/or small intestine. In our study, how-
ever, the ulcers were restricted to the ileocaecal

mucosa,-and no erosions or ulcers with a dose-related

-incidence were observed in other parts of the gastro-
intestinal mucosa in the experimental groups. The
induction time of ulcers attributable to PB was also
characteristic; ulcers usually appear soon after oral
administration of high doses of anti-inflammatory
drugs, but the ulcers in PB-treated rats were observed
at a late stage of the experiment. Sarles, Dove &
Moore (1949) reported earlier that signs of acute
piperonyl butoxide toxicity in laboratory animals
included anorexia, vomiting, diarrhoea, haem-
orrhagic enteritis and bloody discharge from the nose
and eyes. In our subchronic toxicity study, however,
no marked change was observed in the digestive tract
of any treated groups, and in an acute toxicity study,
we detected no ulcers in the small intestine including
the ileocaecal mucosa. These results indicate that the
ulcers induced by PB differ from those induced
by anti-inflammatory drugs, with respect to their
location and induction time. _

The mechanism of the formation of ileocaecal
ulcers by PB is not clear. Since PB did not induce
ulcers in the stomach, the mechanism may not be
related to the direct action of PB. Moreover, since
Kimura, Deguchi & Murata (1983) reported that
only 2.4 of a dose of PB given orally was excreted
in the faeces in 24 hr, it is unlikely that PB given
orally remains in the ileocaecum long enough to
induce ulcers directly. The PB used in this study was
of technical grade, and its purity was about 899, but

- its major contaminants were not examined. Gener-

ally, technical-grade PB contains many compounds
related to PB (Albro, Fishbein & Fawkers, 1972) and
the toxic effects of these contaminants on the intes-
tinal mucosa are unknown. On the other hand, there
are reports that oral administration of indomethacin,
an inhibitor of prostaglandin synthesis, causes
intestinal ulcers in rats and that the intestinal flora
may play a role in the development of these ulcers
(Benoni, Cuzzolin, Raimondi & Velo, 1981; Kent,
Cardelli & Stamler, 1969). Studies are needed on the
effect of PB or its metabolites on the intestinai flora,
to determine the mechanism of ulcer formation by
PB, as the PB-induced ulcers are observed in the
lower digestive tract. o

In this study, regenerative hyperplasia of the mu-

cosa was observed in the ileocaecal region. However,
precancerous change or carcinoma in situ was not
observed in any rats in- the PB-treated groups, al-
though one adenocarcinoma was detected in a male
given 0.5% PB. This adenocarcinoma may have been
connected with the ileocaecal ulcers, because this type
of tumour does not occur spontaneously. Cardy et al.
(1979) also reported one unusual neoplasm in the
caecum of a rat treated with PB. Neither tumour
seems likely to be related to a direct action of PB
or its metabolites, however, because of the low
incidence, the lack of any dose-related occurrence and
the absence of precancerous lesions in this region.

On the other hand, the chemical structure of PBis
similar to that of safrole, which is known to be a
hepatocarcinogen. Epstein et al. (1967) reported that
PB increased both the hepatotoxic and carcinogenic
effects of Freon 112 in Swiss mice. Our study suggests
that PB has no hepatocarcinogenic activity in F344
rats, since it did not increase the incidence of hepatic
tumours. ~

From the above results, we conclude that PB
showed no carcinogenic activity in F344/DuCrj rats
when given continuously in the diet for 2 yr. How-
ever, an unexpected finding was that PB induced
ulcers selectively and dose-dependently in the
ileocaeca: mucosa.
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
WASHINGTON, D.C. 20460
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OFFICE OF
6(3)2 ' PREVENTION, PESTICIDES AND
TOXIC SUBSTANCES
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n" A‘GENC‘

- MEMORANDUM

SUBJECT: EPA Id# 067501. Piperonyl butoxide. Review of a
' series 83-2 mouse carcinogenicity study. Evidence
for liver carcinogenicity.

TOX CHEM No.: 670

PC No.: 067501

Barcode No.: D194633
Submissxon (o) 447069

FROM: John Doherty, Ph. D. ‘b/ 2‘/ 3
' Section 1V, Toxicofo Brancijy I
Health Effects Div on (H7509C)

TO: : Linda DeLuise/Jay Ellenberger
Product Manager #50
Special Review and Rereglstratlon Division
(H7508W)

THROUGH: Marlon Copley, DVM, Section Head ;ézqééb7

Section IV, Toxicology Branch I
Health Effects Division (H7509C)

I. @m_w_s;_qu ‘ M/?%'

The series 83-2 mouse carcinogenicity study with
piperonyl butoxide was reviewed and determined to be CORE
GUIDELINE. No additional mouse carcinogenicity data are required
at this time. The study demonstrated increased incidence of
liver hepatocellular adenomas in males and females and
hepatocellular carcinomas in males. This information together
with other relevant data will be presented to the Health Effects
Division (HED) Carcinogenicity Peer Review Committee to determine
the carcinogenicity classification of piperonyl butoxide.

Toxicology Branch-I recommends that new registrations
for this chemical which result in significant increases in
exposure should be not approved until the carcinogenicity
classification of piperonyl butoxide is determined. No
regulatory action is needed at this time regarding current
registrations of piperonyl butoxide. _

1 S |
@
. - (). Recycled/Recyciable



II. i equested

The McKenna & Cuneo Law Firm on behalf of their client
‘the Piperonyl Butoxide Task Force II has submitted a series 83-2
. carcinogenicity study in mice as a part of the reregistration
requirements for piperonyl butoxide (PBO). This.study has been
reviewed by Toxicology Branch I (TB~I) and the following comments
apply. ' '

IITI. Toxicology Branch Comments

1. The study was determined to be CORE GUIDELINE. A copy of the
DER is attached. ~

2. The study demonstrates that dose and compound related
increases in hepatocellular adenomas in males and females and
hepatocellular carcinomas in males result from dosing with
piperonyl butoxide. The issue of the carcinogenicity
classification of PBO will be reviewed by the HED Carcinogenicity
Peer Review Committee. No date has been set for this peer review
at this time. ‘ » _

3. The liver pathology data used by Toxicology, Branch-I (TB-I)
in preparing the DER and determine the carcinogenic potential of
PBO was the consensus of a Peer Review that included the study
pathologist Dr. Patricia E. Losco and the sponsor's consultant
pathologist Dr. Charles Firth and monitored by Dr. Edward H.
Fowler (the Associate Director of the Laboratory).

The registrant has also prepared a document entitled
"Submission of Pathology Reviews from the BRRC Mouse Oncogenicity
Study and a Review of Long-Term Studies with Piperonyl Butoxide"
dated Septemb?r 30, 1993 and prepared by the Piperonyl Butoxide
Task Force II'. This document contains a report on the reading
of liver slides by Dr. W. Ray Brown (Veterinary Pathologist) and
a comparison of Dr. Brown's assessment with the consensus .
assessment mentioned above and with the readings of selected
slides by still another pathologist Br. W.H. Butler. The report
also discusses how the tumors may arise by secondary (non-
‘'genetic) mechanisms. Cursory review of this document indicates
some differences in the tumor counts but the qualitative
conclusion that the study is positive for liver tumors does not
change. :

TB-I will reassess the differenceS»ih the actual tumor

. 1This document was sent directly to HED and as of this date does not
have an MRID No.. It will be resubmitted through channels and reviewed at a

later time.



counts obtained by the different pathologlst and present the
_ report to the HED Carc1nogen1c1ty Peer Review Committee when
piperonyl butoxide is rev1ewed by the Commlttee.

4. The GLP statement as signed by the study sponsor (Dr.
Frederick Preiss) was provided under separate cover (MRID No.:
429780-01). In this statement some 17 deviations to GLP
standards were indicated. TB-I acknowledges these deviations but
does not consider any of these of sufficient magnitude to
compromise the conclusions of the study. The laboratory,
however, should be advised to correct these deviations for future
experlments. : .
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' \[§31; Pipé:onyl butoxide-mice/1993]
Reviewed by: John Doherty, Ph.D. ;

tO[,:.f,léf%
Section IV, Tox. Branch (H7509C) '

_ Secondary reviewer: Marion Copley DVM.QQ e
Section IV, Tox. Branch (H7509C) 2GC LN |
| | ‘ ez T

DATA EVALUATION REPORT

STUDY TYPE: 83-2. Carcinogenicity-mice TOX. CHEM. NO.: 613
: ) : PC Number: 067501
MRID NUMBER: 429037-01 (3 volumes plus supplement) and 429780-01
: (GLP report).

TEST MATERIAL: Piperohyl butoxide, Lot # FEP-100 12/12/89.
90.78% purity.

STUDY NUMBER(S): 91NO134
SPONSOR: Piperonyl Butoxide Task: Force II
TESTING FACILITY: Bughy Run Research Center (BRRC)

TITLE OF REPORT: "Chronic Dietary Oncogepicity Study with
Piperonyl Butoxide in CD-1" Mice".

AUTHOR(S): S.J. Hermansky and C.L. Wagner
REPORT ISSUED: August 27, 1993
CONCLUSIONS:

Strain: CD=-1 mouse. Doi.‘lovcll tested: Control (two groups), 30, 100 or 300
mg/kg/day. R

NOEL and LEL (Systemic Effects): 30 and 100 mg/kg/day. At 100 mg/kg/day and.
above: liver weight increase (threshold level = 30 mg/kg/day for males). At
At 300 mg/kg/day: minimal body weight gain decreases in males. Females:

LEL > 300 mg/kg/day for body weight. N

c;rcinogonic'pot-ntialz' Treatment related increases in liver tumors in both
males (hepatocellular adenomas and carcinomas) and females (hepatocellular
adenomas only). ‘

c1assitiéttioh: core-GUIDELINE. The study satisfies the
requirement for a series 83-2 carcinogenicity study in mice.

Special Review Criteria (40 CFR 154.7): Demonstration of liver
carcinogenicity. ' S :

Quality Assurance Statement: Provided. v

Good Laboratory Practice Statement: Provided as per MRID No.:
Several deviations from GLP standards were indicated but these
are not considered by TB-I to alter the conclusions of the study.

1l
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Experimental Constants:

1

Test Material: Piperonyl butoxide (5-[[2-(2-butoxyethoxy)ethoxy]methyl-6-
propyl-1l,3-benzodioxole or alpha-(2-(2-butoxyethoxy]=-4,S-methylenedioxy-2-
propyltoluene. It was stated as being of 90.39% purity as determined by the
sponsor. Described as a yellow, slightly viscous liquid and to be from Lot No.
FEP-100 12/12/89.

. Test Animals: CD-1 strain mice obtained from the Charles River Laboratories

{Portage, Michigan). They were described as being of 32 days old on receipt.
They were determined by the testing laboratory to be free of diseases. During
the study, the animals were housed one per cage and were fed with Purina’
Rodent Chow #5002. :

Basic Experimental Design: ’ \ 4N'75LJ64L¢/

_ The study consisted of five groups of 60/sex./ There
were two separate control groups and three test dose grpups which
were dosed at dose levels of 30, 100 and 300 mg/kg/day The test
dose levels were achieved by monitoring the body weight and feed
consumption of the previous weeks and adjusting the dietary with
the appropriate dose level of PBO in ppm. There were no. interim
sacrifices or other satellite groups. The dose levels selected °
were based on a preliminary range finding study (described
briefly in the study report) in which there was decreased body
weight (males more severely affected than females), liver weight
increase, hepatocellular necrosis and marked hepatocellular
hypertrophy at 1000 mg/kg/day. .

Analytical Chemistry: , - .

Assessments of stability, homogeneity and concentration
of the test material in the prepared diets were assessed and are
summarized as follows. The procedures and results of these
assessments are located in Appendix I of the study report (pages
81-97. PBO was determined in the feed by means of a HPLC.

1. Stability: Studies were conducted on dietary preparations of 38 and 3800
ppm. The samples were assayed after preparation and on days 7, 14 and 21
following storage at room temperature in either open hoppers (7 and 14 days)

or polyethylene sealed containers (all intervals). From 95.6 to 99.1 and from -
94.8 to 100.7 percent of the nominal concentrations for the 38 and 3800 ppm
groups, respectively, were detected following standing indicating that the PBO
is stable under the experimental conditions. . C

2, Homogenejty: Studies were conducted on dietary preparations of 38 and 38Cs
ppm. Three samples were reportedly taken from the top, middle and bottom of
the mixing bowl. The mean for these for the 38 ppm preparation samples (all
9) was 37.7 + 2.3 ppm and the percentage range was from 93.4 to 108.3 with a
coefficient of variation of 6.3. The mean range for the 3800 ppm samples was
3601 + 30 ppm and the percentage range was 92.9 to 95.5% with a coefficient !¢
variation of 0.8. ‘These data indicates that acceptable homogeneity was
achieved for the preparation assessed. .
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3. Congcentration; Data for dietary preparations prepared at weeks 1, 2, 3, 4
and for each fourth week thereafter were presented. Data for both the male and
female diets were presented separately. With only two reported exceptions,
the dietary concentrations were from 90.3 to 108.8 percent of the target dose
level. Two preparations were only 87.5 to 85.2 percent of the target. These
data indicate that the target dose levels were achieved throughout the study.

Statistic¢s. The following statistical procedures were used.

HuStatlstlcalmTestwr__ _ wwm’wmrﬁggfgggters Investlgated

Levene’s test for equality of Quantitative continuous variables
variances (body weight, feed

consumption, hematology etc.
Analysis of variance (ANOVA) :

t-tests - ' | used when F value of the ANOVA was
| - significant
| pooled t-test for pairwise ' when Levene’s test indicated similar
comparisons - variances, and when the ANOVA was
: | significant
separate variance t-test for when Levene’s test indicated hetero-
pairwise comparisons geneous variances - were compared by

ANOVA for unegqual variances.

Kruskal-Wallace test followed by Nonparametric data
Mann-Whitney U-test.

Il Fisher’s Exact test 8 Incidence data

Lfoe Tables analysis : ’ Incidence data

Control groups were compared with each other and each
dose group was compared with each control group.

ADDITIONAL METHODS AND RESULTS
1. Clinical reactions and survival. The mice were assessed
twice daily for mortality and signs of clinical reactions.

The study report asserts that no clinical reactions to
treatment resulted and that survival was not affected by treat-
ment.

§ There were 44, 36,. 41, 44 and 47 males and 41, 49, 44,
37 and 40 females which survxved the full 78 weeks of exposure
until termination by sacrifice for the control-1, control-2, 30,
100 and 300 mg/kg/day groups. Thus all groups had greater than
50% survival and the mean surv1val time in days was similar for
all experimental groups. .
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2. Body weight and feed consumption. Body weight and feed

consumption were assessed weekly. The test dose levels were kept
constant at 30, 100 and 300 mg/kg/day by monitoring the body
weight and feed consumption and adjusting the level (in ppm) of
PBO in the feed. ) '

The study report asserts that only small decreases in
absolute body weight and body weight gain in high dose male and
female groups resulted. Male absolute weight was statistically
significantly reduced (about 6.8%, p < 0.01 at week 74 and about
5.9%, p < 0.01 at termination). Body weight gain for males both
the mid and high dose groups was statistically significantly
reduced for most of the study when compared to the second control
group only. The high dose group occasionally reached statistic-
ally significant reductions in weight gain when compared to the
first control group. Over the course of the study the males
gained 11.4, 12.4, 12.7, 11.6, and 9.6 grams (the standard ‘
deviations were about 33% for all groups). The high dose group
- was statistically lower when compared to either control group (-

15.7%, p < 0.05 and ~-22.6% p < 0.1). . )

/ Female body weight and weight gain rarely showed
statistical differences. At week 4, all groups were 28.7 to 28.9
gms in weight. Over the course of the study, all groups gained
from 12.1 to 12.8 gams with there being no indication of a .
compound related effect. . :

The study report asserts that no biologically
significant effect on mean feed consumption was observed in any
dose group of males and females. Occasionally decreases in feed
consumption were noted in the high dose group but these diff-
erences were small (under 5%).

CONCLUSION (body weight effects). Based on the small effects on
body weight gain in the males, TB-I considers that an adequate
dose level was assessed. In females, however, there were no
effects. Neither sex is considered to have been assessed at too
high a dose that elicits competing toxicity.

3. Hematoloay. Blood was sampled at one year and just prior to

sacrifice. At one year only the controls (both) and high dose

. groups were assessed. At termination all groups were assessed.
‘The CHECKED (X) parameters were assessed based on the presence of
data reports. - - ’

x| Hematocrit (HCT) x| Leukocyte differential count*
x| Hemoglobin (HGB) x| Mean corpuscular HGB (MCH)
x] Leukocyte count (WBC) ., |X| Mean corpuscular HGB conc. (MCHC)
x| Erythrocyte count (RBC) x| Mean corpuscular volume (MCV)-
x| Platelet count ’ Reticulocyte count
Biood Clotting Measurements {Thromboplastin time)
1 . {Clotting time) | {Prothrombin time)

b}

4

lcfé



(83-2. piperonyl butoxide-mice/1993]

The study report asserts that no compound related effects
were noted. TB-I concurs that this conclusion is supported by the data
presented. ~ : ‘ :

: Sacrifice and Pathology The survivors were sacrificed at

- Week 78 by anesthesia with methoxyflurane and téerminated by severing
the brachial vessels to permit exsanguination. The mice were subjected
to. necropsy, organ weight analysis and histopathology (no spec1a1
staining techniques were employed).

4, W t ana is. The following organs were assessed for
absolute weight and weight relative to body and brain.

liver “heart

kidneys . spleen

brain xncludxng stem - testes

] Only the liver was determined to have weight deviations
associated with treatment. Table 1 below illustrates the liver to body
weight ratio for both males and females for all animals surv1v1ng to
termlnatlon and for the males not having tumors or obvious masses'.

Table 1. Relative liver weight at termlnatlon in male and female mice .
dosed with PBO.

Test Group ©  Males ~Females
All animals Without tumors |\ All animals
N  Ratio N  Ratio : '
Control-1 44 6.06 37 5.82 : : 5.82
Control-2 |36  5.87 30 s5.58 5.77
30 mg/kg/day | 41 6.49ns 30 5.64 ’ 5.78
(7.1%) : .
100 mg/kg/day 44 7.04* 23 5.88 6.31%*
< (16.2%) Lo (8.4%)
300 mg/kg[day 47 10.13*= 19 8.15 ns 6.96*»
(67.2%) oy | d9.em

Da:aAare“the mean relative weight and

these means for males and about 11% to 22% for females. Number in () is the per-= -
increase when compared to control group 1.

* p < 0.05, ** p < 0.01 relative to either of the control groups but not alwaye - - -
groups. ns = increased but not significantly. It was not clear from the study :» =
if statistics were done on the animals without masses.

' The above table indicates that the liver welght for * .
mld and hlgh dose group males and females is increased. The low ! -
male group is increased slightly (7.1% and 10.6%) but neither the
absolute (6.7% or 10%) or the weight relative to brain (6.9% or 1°

was statistically significantly increased (first control and seccr!

4

-

'Data for absoluto'woight and weight relative to brain weight ’
. demonstrated essentially the same pattern and are not illustrated in this DER.

S
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‘control comparisons).

CONCLUSION (organ weight). NOEL and LEL = 30 and 100 mg/kg/day At -
100 mg/kg/day and above liver weight increased in both sexes. [The
lowest dose level for males is also slightly increased but not
significantly lndlcatlng a possible threshold level.

- [Note: TB-I flnds the assessment in the absence of masses of interest
but the effect is being based on all animals available.]

5. issue and ¢ athology. Based on inspection of the data
presented the following tissues and organs were reportedly examined.

jgestive system Cardiovasc. /Hemat. Neurologic

x| Tongue (0-1) x| Aorta x| Brain

x] Salivary glands x| Heart x| Sciatic nerve

x| Esophagus x| Borie marrow x| Spinal cord (3 levels)

x| Stomach* Ix] Lymph nodes x| Pituitary

x| Duodenum x| Spleen i x| Eyes (optic n. ?)

x| Jejunum ~ |%x] Thymus (thymxc reg) Glandular

x| Ileum Urogenital x| Adrenals

x| Cecum x| Kidneys x| Lacrimal gland

x| Colon x| Urinary bladder x| Mammary gland (females only)

x| Rectum - x| Testes x| Parathyroids )

x| Liver+ x| Epididymides x| Thyroids .

x}.Gall bladder x| Prostate Other
‘x| Pancreas x| Seminal vesicle x| Bone (sternum/femur)
Respjratory x| Ovaries x| Skeletal muscle

x} Trachea x|.Uterus x| Skin

x! Lung x| Cervix

x| Nose (0-1) x| vagina

Pharynx :
x| Larynx (0-2)

Reports of lesions were also noted in the following organs/tissues (numbe: examlned in
each dose group):

adipose tissue (0-4 males, 0-3 females); mesentery/" omatum" (morc correctly omentm&(
O-1 males, 0-3 females); subcutis (0-1 males, 0-2 females); ears (1-7 males, 0-6
females); nares (O-1 males 0-1 females); paws/feet (0-1 males, O-1 females); tail (J3-4
males, 0-3 females); bone/joint (0-1 males); Harderian gland (0-3 males); vasa -
deferentia (0-1); coagulating gland (0-2); penis (0-8); ureter (2-6 males); urethra
(0-1 males); peritoneum (0O-1 females); bone vertebrae (0-1 females); diaphragm (0-1
females)

. The protocol called for examination of all the animals in the
two control and the high dose groups except for the liver, lung,
kidneys and for any gross lesion which were examined for all dose
groups. Routinely the tissues were reportedly paraffin embedded,
sectioned at approxlmately 5 microns and stained with hematoxylin and
eosin. No mention was made of any other stain used for these studies.

Individual organ dlscu551ons and other pathology
considerations. :

. o ’ - ] | | V»<zz§2>
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A. Liver. The study report concluded that the liver was a target .
organ with respect to increased weight and increases in non-neoplastic
and neoplastic lesions. Table 2 below illustrates the increases in
non-neoplastic and neoplastic lesions in the liver based on the report
submitted under MRID #429037-01. The data reported below for liver
tumors is the consensus of a Peer Review that included the study
pathologist Dr. Patricia E. Losco and. the consultant pathologist Dr.
Charles Firth and monitored by Dr. Edward H. Fowler (the Associate
Director of the Laboratory). - :

Tablé_g. Liver non-necplastic and neoplastic lesions in CD-1 mice dosed with piﬁeronyl
butoxi e, ) i i

Lesion : Males ' Females
Cc=-1 c-2 . 30 100 300 C=-1 c-2 - 10 100 300
. plastic
Hemorrhage .2 1 3 2 13=» 3 3 1 4 7
Hypertrophy 6 11 1 16+ 43%» 0 4 0 1 ' 9+
Hyperplasia 0 2 1 2 5 0 0 0 1 4
H - ] t. 1 . . ]
Adencma 3 9 8 13 . 22*% 28%» 2 2 .1 1 10~*
(%) (15%) (13%) (22%) (37%) (47%) | (3.3%) (3.3%) (1.7%) (1.7%) (16.7%)
Hist Control (mean = 13.6%, range = 8,7-21.7%) (Mean = 0.8%), range 0-1.7%) B
Carcinoma 2 2 3 2 7 None diagnosed.
. (1.7%) (1.7%) (5%) (l.7%) (11.7%) : .
Hiit control ' (mean = 2.4%; range = 0-5%) 0%, none reported.
iéé;ii"...' iio. i6 ..'.ié.....é;;;f’..sa;;. 'i"""é"."'i"""‘i""'ié;;'
18.3%) (16.7%) (25%) ) 1.7% 1.7% 16.7%)

All groups had livers from reportedly examined. Non-Neoplastic and neoplast:c
data for males are from Appendix 3 Table 15 page 194-195 and for females are from Appendix 3
Table 19 page 240-241. : . ; ‘

* p <0.05 and ** p < 0.01, study report statistics by Fisher' Exact Test.

Historical control data are based on 8 studies of from 59 to 70 CD-1 strain mice. All
studies were from the Bushy Run Research Center and were conducted over the years 1983 <>
1990. Refer to attachment to study report entitled "Summary of the Bushy Run Research
Center (BRRC) Neoplasm Historical Control Database in CD-1 Mice".

1. More specifically hepatocellular adenoma and hepatocellular carcinoma.

2. Total number of animals affected with either a carcinoma, adenoma or both.

S. Animals WwiTh c.dmas thal may or M‘r wt hae Coarcingm&

The above table indicates that both males in the mid
and high dose and females in thé high dose groups have statist-
ically significant increases in hepatocellular adenomas. The low
dose group males (22%) also has a possible increase in adenomas
in excess of the concurrent control groups (15 and 13%). The
control groups (both 3.3%), for the females have a slightly higher
rate of incidence than the historical controls (range 0-1.7%).
This, however, does not affect the conclusion that the high dose

7
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group (16.7%) has a compound related increase in liver adenomas.

The high dose group males have an obvious increase in
hepatocellular carcinomas that does not reach statistical
significance but is clearly in excess of the ‘historical control
range for the CD-1 strain mouse. '

The non-neoplastic lesions in the liver (hypertrophy,
hyperplasia and hemorrhage) are considered by TB-I to be expected
findings in mice with liver tumors. - The hypertrophy is most
likely a response to the increased microsomal enzyme production
induced by the inhibition of the microsomal enzymes by PBO. The
hemorrhages are possibl’ related to the physical presence of the
tumors. -

, Some additional comments on the character of the liver
tumors that are considered related to speculation on their origin
are presented in APPENDIX I of this DER. ‘

- B. Thyroid. The rat carcinogenicity study (refer to HED Document
No.: 006668 and MRID No.: '403237-01, BioResearch Ltd., Study No.:
81690, August 27, 1987) indicated that there were increases in
“pigment in follicles" and hyperplasia of follicular cells in
both males and females. : .

In this study, only the two control and the high dose groups
were examined. There was no evidence of any compound related
increase in any lesion type in either males or females. The
condition "pigment in follicles" and the lesion hyperplasia of
follicular cells were not mentioned among the thyroid findings
for either sex. c

CONCLUSION (pathology): NOEL and LEL for liver non-neoplastic
pathology is 30 and 100 mg/kg/day. Indications of carcinogenic
potential is evident by test compound related increases liver
hepatocellular adenomas in both sexes and hepatocellular
carcinomas in males.
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i

ONCLUSIOu éhls study is classified as CORE GUIDELINE. The
- following one liner is supported.

NOEL and LEL (Systemic Effects): 30 and 100 mg/kg/day. At 100 mg/kg/day and
above: liver weight increase for both sexes (threshold level = 30 mq/kg/day

.for males). At 300 mg/kg/day: minimal body weight gain decreases in males.

Females: LEL > 300 mg/kg/day for body wexght. ,

Carcinogenic potentxal- Treatment related increases in liver tumors in both
males (hepatocellular adenomas and carcinomas) and females (hepatocellular
adenomas only).

Strain: CD-1 mouse. Dose levels tested: Control (two groups), 30} 100 or 300
mg/kg/day.. . ) . ‘ :

Note: The dose levels were considered adequate although there
was no systemic effect in females other than liver weight
effects. ‘The presence of liver tumors in this sex in the high
dose group precludes the need for an additional study at higher
dose levels.



(83-2. Piperonyl butoxide-mice/1993)

1

Appendix I.

Additional Information ;néluded in this DER for possible future

]

The study report contains some information on the
character of the liver tumors (page 15, in Appendix 3, page 124
of the study report) where it states:

"The appearance of many hepatocellular adenomas in PBO
treated animals in this study, particularly in the high dose
group, was characteristic for most animals, and was different
from the common appearance of spontaneous adenomas. Adenomas in
PBO treated mice were frequently composed of large, polyhedral,

~densely-packed cells with abundant, granular, eosinophilic
Cytoplasm. Many adenoma cells had enlarged pleomorphic nuclei,
and some had eosinophilic cytoplasmic inclusions. Adenomas in
PBO treated mice, particularly in males, were generally large,
often encompassing most of the affected lobes. Multiple tumors
were common, more so in males, and a few males had malignant as
well as benign liver tumors".

Among the males, the tumors were further categorized
along the lines of staining characteristics as follows for the
controls (two), low, mid and high dose groups:

Basophilic adenomas 7, 6, 10, 15 and 10.
_ Eosinophilic adenomas - 4, 1, 3, 8 and 19.
Mixed type adenomas o, 1, 2, 2 and S.

[(Note: some tumors were classified as both basophilic

. and eosinophilic such that the these numbers represent the number

of adenomas of each type found at each dose level.]

_ The female high dose group had 9 incidents of the
eosinophilic adenomas to indicate that compound related increase
in adenomas is of the eosinophilic type. An increase in
eosinophilic appearance of cells has previously been associated
with an increase in the smooth ‘endoplasmic reticulum in the
cytoplasm (Burger and Herdon, Amer. J. Pathol. 48:793-803 (1966).

TB-I considers the above discussion to be of possible
importance in characterizing the origin of the liver tumors
~induced by PBO. This information may be taken into consideration
in determining the carcinogenicity classification of PBO and
other chemicals which are known to affect the microsomal
oxidation system.

10
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Letter to the editors

Piperonyl butoxide induces\hepatocgllulai' carcinoma

in male CD-1 mice

 Toxicology
BTTACHREN 7
8

O. Takahashi, S. Oishi, T. Fujitani, T. Tanaka, M. Yoneyama . ’ ;
Department of Toxicology, Tokyo Metropolitan Research Labocatocy of Public Health, 2¢-1, Hyakunincho 3-chome, Shinjuku-ku, 169, Japan

Reeaved. 18 January 1994/Accepted: 8 March 1994
Abstract. Male CD-1 mice in groups of 52, 53 or 100

were administered piperonyl butoxide (a-{2«(2-butoxy-

exhoxy)eﬂxoxy-4.§~me:hylenedioxy-?.-pmpyltol‘nene) in the -

diet at levels of 0 (control), 0.6 and 1.2% for 12 months.
Hepatocellular carcinoma was induced in treated groups in
a dose-dependent manner but not in the control group. The
incidences of hepatocellular carcinoma were 113 and
§2.0% in mice given 0.6 and 1.2% piperonyl butoxide,
indicating that piperonyl butoxide can cause hepatoceliular
" ‘carcinoma in mice as it is known to do in rats.

Key words: Piperonyl butoxide - Hepatocellular carcino-
ma — Hemangiosarcoma — Carcinogenesis. - Mice

Introduction

Piperonyl butoxide (a-{2-(2-butoxyethoxy)ethoxy]-4.5-

methylenedioxy-2-propyitoluene) is widely used as a sy-

nergist for pyrethrins and related insecticides on a variety
of fruit, vegetable, forage, and grain crops. It is also used on
.livestockandinagriaﬂnn:luusaswellasinnﬁous
domestic pesticide aerosol formulations. Piperonyl but-
oxide has been a legal food additive in Japan since 1955. Its
maximum approved use level is 0.024 g/kg (24 ppm) in aw
cereals, and acceptable daily intake (ADI) for humans is
0-0.03 mg/kg body weight (Joint FAO/WHO Meeting.

1973). Pyrethrin formulations pmducsd for stored crops in

Japan in 1986 totalled 233 tons.

’ mhmmdmdmmmwﬂnﬁm
dﬁldmluofmmcmﬁynﬂydmhqﬁamm
ummfmmmmmwmmm

wmmmm»mumwmadm‘

Correspondence to: O. Takahashi

We initially detected the hepatocarcinogenicity of pi-
perony! butoxide in Fischer rats and its teratogenicity in
mice (Takahashi et al. 1994; Tanaka et al. 1994).

We now describe only the hepatocarcinogenicity of this
chemical in male mice which were included in a chronic
toxicity study conducted to learn the species differences of
the toxicity of this compound. .

Materials and methods

w&wm&aam;wmwm-
astional Corporation (Tokyo) was used. The purity was 943% by gas-
mmmm.muﬁsmmmmnﬁol
noc isosafrol. Specific pathogea-free male Crj:CD-1 (ICR) mice
(4mm)mmmmmxmmmn
Japan) were housed individually in chip-bedded pol plastic

‘mhmwwﬁiﬁmﬁmaawofzstl'cm

Mﬁmﬁ&qd”tiﬁ.mwhnﬁaﬁufmlmkma
blnldia(CB-ZﬁomClﬂJmnlnc.Tokyo).mmM
to three groups of 52, 53 and 100 each and were given basal diets
containing Py tatoxide at levels of 0 (conwol), 0.6 or 1.2%.
M.mmumfaxzmmmm"e
the same s those of the chronic test for razs (Takahashi et al 1994),

‘_Mmﬂﬂﬁcmmullﬁ.%fmh‘wm

that this level was acutely toxic o mice and that

* all those given 2.4% piperonyl butoxide died within | week, 30 this

-Mddﬁly.mddiniddpsmmmmwce

laﬁons:msmddﬁso(lsimm.ﬁudv’nhbnﬁaﬁ‘%
formaldehyde solution, and & hi ic examination was con-
wnum«mmdmuﬁmm
mWWM“MWWM“m
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“Table 1. Hyperplastic and neoplastic lesions of the liver of male CD-1 mice adminisiered piperonyl butoxide in'the diéz for 12 months

Piperony! butoxide (dietary %)

. Control 0.6% 12%
Surviving mice ) .
Number of mice 49 2 . 81
Hepatocellylar hyperplasia : 1 oy 20 (3835 8 (99
ular adenoma® | 10 ™(13.5) 219 (25.9)
ular carcinoma® L 0 (0.0 & (115) 43% (53.1)
ular adenoma and carcinoma® S 10 . 13» 25.9) 64* (79.0)
Postnecrotic peliosis 0 0.0 0 00 16* (19.8)
A i jal sarcoma (small) 0 (0.0) 0 (0.0) 24% (29.6)
Hgnngloaxdodwlul sarcoma (large) . 0 (0.0) 1 (L9) 127 (14.8)
Number of mice 3 1 19
Hepatocellular hyperplasia ’ 0 0.0} 0 (0.0) . 0 (0.0)
ular adenoma 0.(0.0) 0 (0.0) : 1(5.3)
Hepatocellular carcinoma 0 (0.0) 0(0.0) 9 (47.4)
Hepatocellular adenoma and carcinoma 0 {0.0) 0 (0.0) ) 10 (52.6)
Postmecrotic peliosis . 0 (0.0) 0 (0.0) 1(53)

i ial sarcoms (small) 0 (0.0) 0 (0.0) - 000.0)
Hemangioendothelial sarcoms (large) 0 (0.0) 0 (0.0) 6 (31.6)
Surviving and dead mice B ’

Number of mice 52 53 100
Hepatocellular byperplasia , 119 200 37.7) g (8.0
Hepatocellular adenoma* 1(19) ™ (132) 22% (22.0)
Hepatocellular carcinomas 0 (0.0) & (113) 52% (52.0)
Hepatocellular adenoma and carcinoma® 119 13% (24.5) .. 74 (74.0)
Posmecrotic peliosis 0(0.0) © 0 (0.0) 17 (17.0)
Hemangioendothelial sarcoma (small) 0 (0.0) 0 (0.0) 245 (24.0)
Hemangioendothelial saccoma (large) . 00.0)

19 - 18v (18.0) *

« Numbers in parentheses are incidence (%)

. ® Significandy different (P <0.05)ﬁomthemol(0§)vdnebyﬁshﬁ‘unapmubﬂkym

< mmmaﬁwﬁmmmm

Frith 1992), Therefore, the preseat results are clearly sig-
nificant. By the way, 1.2% used is equal to 500 times the
maximum approved use level for aw cereals in Japan.

" NCI (1979) reported negative results of carcinogenicity
of piperonyl butoxide at up to 2804 ppm (0.28%) for about
, 2years(5000ppmfo:30weeksand20009pmforaﬁmher

' 82 weeks) using B6C3F1 mice. In that experiment the
doses were lowered in the midst of the experiment, prob-

- ably due to the high lethality or toxicity. Furthermore, the
incidence of spontaneous hepatocellular carcinomas of
B6C3F] mice was very high (10 out of 20 male mice of the
_control). We therefore do not consider - this study to be
adequate. In fact, when we used B6CIF1 mice in a pre-
liminary study, this strain could noc tolerate even a 1L,2%
level of piperonyl butoxide. This is one of the reasons we
used CD-1 mice in preference to BGC3F1 mice. With re-
gardwtheNCIsm_dy.it;bou!dhenmﬁdMalowerdose
was used than in the present study. The absence of an effect
maycouspondmmenonliwitymggmdbyd\edis-

pmponionaeinctuseinlimuophmbetween.tbelow

References

mmu.matum;smmmmwco-l
mice. Toxicol Lex 61: 67~74 .
GndSC.WeilCS(lM)Suﬁsﬁuf«m;ias.mHnysAwad)
mmmdmw.mmunvm
pp 435-483 :
M&MOM(IW)WW&MMO
Tech Rep Ser No. 525). FAOY'WHO, Geneva )
Natioaal Cancer Instinss (NCT) (1979) Bioassay of piperoayl butoxide
&MW!(NGT&RQS«N@ 120). Gov-

W0.0WS.RM'LMtYmM(lm) .

Mmm«mﬂmhm:m:m-
dndum mothuoedhlﬁm‘ Fundam Appl Toxzicol 22:
Tanaka T, Fujitani T, Takahashi O, Oishi § (1994) Developmental
mm«wmum—nmrwn.
Lett 71:'123-129 : ‘
umtrmx.szmmw&mmc.w-
M'W(lmnwmmdw’moﬁm
on DNA damsge, cysotoxicity, ceil proliferstion and meoplastic
conversion ia rat livec Cancer Lot 73: 1-10 .
WMW&W&WF(IM)W
ammwa;umwmww
WW!&:I«-N%




o

—

-’

llllIlllIllllll'Illl|Illllillllllll'llIIlllllllI!!lll'llllll!llIllllllllll!lllllllllllIlLllllI!lIllllll-llIllll.lllllllllll'lllll|Il!Illlll!lllll.llllllllllll‘ll!lllllll!

o 7 N . 7 N wwi v | v/ | v | vl | s8] nowsew | uaB0IAd 04314 Uy -DjURBEINY

ll«l|o|l||lv||!«||l!nl|0|l||||l|||||llcolv||llll|0|l||tl00l||'tlllllllllllCIlililllntittitlivlltllllillalllllllllillllllillulllliclllllllllQl||llllllCtl!lll!illl!lCllllll

- N | oW v/ | v/ | v/N 7 N v/ | vn |l v | g8 | suowes | sauy-d(uabuIny

llIllIlllIaIllllt-!lillllllIIIIIIIIIOlIl!Ilillllllllillillllllll!lrl!lll'llll!lllilll|||0Illll'l!lllll!l!!llllll'l‘llll'lllllllll!lllllllll!IIII'IOIl.l'l!lllll!!lilllllll

- v | v/ | | v | v/ | v | i | wnl l¢ | 1aedeq | uojIwIne aueB-djusbeIiny

tl|0|l|lillclloacttll|lll|lvl||l|l|llllllllllll!lllllll||llllul!!llllllvlllloul|llil||||t||llllilll|||lllll|l'-llllll.lll&llllllllcltll|ll!l.l!ll!l.ul.'ll!lllll!lllll!lll

wn | v | N | v | Nl vl wn | |ew/swooor < | Wl 26| 3taaes | yoon ¢-10us0q

l|l|||a|l|||'l||0||||llclallll|lllllllllllt!lllllllil!l|||lll'||l|l|llllllollatltlllllillllllolllllll'lllli|OllllllllclullillluCCIIQIO!l||llllllllll0|lllllll0.ll!llllt!ll

v | v/ | wn | v | N | v | v | - I ste | aames | o ¥oon ¢-1ouueq

ATTRAHNEVT s

lllllﬁlvhalluutu|t|ll|||l|tll|l|0a1|otl|||||!llll|||'|||l|l||||llallicllllllllvlntlllllC|||lal||lll|||llIlltlctlo|l|l|l|llrllllQlllllillllolll.llllllillillltllicllillllnl

v | v | v/ | v | v | | | ewougog | swowes| olsel| dop |  Jusd | -Bujpasy

llllntl|l|l!llll|»l|a|||llcl||||c|l|||llllll.!lllll!lll!llilll|||t||!0ll!l.llll||l||'|lll|00000ll||0lllllOllll!lr!lllllll!llllllllllilllllt!lllllllllllllllll.lllll!llllll

v | v | N | wn | wn | g | widooog| widooz| lasl| sop| JEA | -Bujpady

l|||l1l|||o|l||llullicl||l|ll|ll||l||lll'|lllcalllnllnlol!lt||l|l|||I|||l|Illlllllllllullllllldlllllll(!ll'llll.illlllnlllllllllllllll!llllllllllllllllllllll!ill!!l|lOlll

i | /N | v/ | i | vl | | sw/twm 255 | ¢ | slisel s | Buipees dju0dyd

ltlltl|l|ll'|llooi||'01lll||l|t|l||lllllllll|lllllllloIOI||!ll||l‘llltln||l|l|ll¢l||0l|lll|l|lJ|lClllllt.lltlllilllcllllll|l|lllllOtllllllllll|0lll.llil!ll.l.lll!llllllli

v/ | v/n | v/ | v | v | | | wdd-gooor | widoooi | s el s | JesK Z-3juaBou}oses/Buipesy

|||Illl«lllltil!ltll!tlunlc!olllll||lllnlllllicoalill|lllllllllllll!lluallnlillllll!ltl|Il!llll!ctllll||llIllltllllll'!.lll!l!ll'll!lllll!llll.lll!llllll'lll'lil!!lllli.l

v/N | v | N | wwi v/ | | 8x/6w 0o < | Bx/0w of | ¢ |l sl jus | Jwed 2-24usBou}aJed/Buipady

|||l||lc||lol|||C|tl||llll|l|||||||llllill||0l0l|ll.llll!lillllllll|l|||||lllll||0l|l|l.l!lllolllllllllll|lll!lllll!lllllillllllllltlLinlIllllllll!illllt.il!lll!llllllll!

wn | v | 7N v | N | | | widoooor | wddooor | |as! 303 | Jush 2-ojusBou}d4wa/Buipesy

lll||tl||ll|||ll||lvca!ouln!AIAOlliulllllll|004l|l|lll!lllllll.t!llurll|l|llllllll!ll'lllllil'!lllllilllll!lllllill||l|l'l.!l'llbl.lllllllllll.lll.lllllll.lllllll‘tllllll

wwl - v v | | R7CN I | i | sla| oo 2juaBou}dIe)

llll‘I|lllil|lll|llll!llQIl'lll|IIlllllIQ!IllllIlllIlllll.!lll'!ll!lllll'llll‘lllIl.lllllllllIIllll!llll'lllllllllllll’!lllll!lll‘llllllIIIIl.ll...lll".'lll.flICIIIIICII

| /N | v | v | S| | | wdd ggol | ¢t | leal o © 9jueBou}dsw)

.:!...u-o......-.--..:---n..-o--.,--.-.au::--c-..-.u---ru..--..-o-uu......---c-c..n---onnu-uoannc.o:a.i'onuoa:.:u..u:-on.ouon.c-....no!...o-..nu-u»u..on.n..c-!.-..u.-cnaa

/N | v/n | /N | /N | v | . ! | wdd goos | ¢ | |6l 3eq | A ajueBoujaler

v/N | w/n | v | o wn| Swes | Gybs | Sybwoor |, Swowos| 9lgs| eom { ) ajuaou}dse)

|||ll|||l||t||«|||lll||l|lllll||ltlllllllllljl!l!ll|l|l|||0lllllll|!l||ll0!!|llllnll|lltll0l0|‘lll|l|'l|l|llllll|llllll.lllﬁlil!lll"lllQIIIOIQDIIOOJIII|llll|llllllll|0ll

v/n | wdd gooor |  wdd goot | | | v | v/ | | )l stlel e | UojIeIeUEB §-UD|INPOIdaY

|||10'|0||ll0|lc|lolr|1||10l||lllllllllllllllclll||||lll||1iiol|lll|l||lll||llllll|lill|||l|llll|l|ll|||||0l|l‘lllOClIIIl!!I!llIQI!All!!I!!Oll!lllllllllltlllll.llllllllll

- W | wdd goog < | wdd goos | wdd goot | v/ | owm | . "1 alesl e | uoIeIeUss 2-U0jIINpoIdey

.nglcllllllllcclllllll:i!llli!lllllil!ll!ll||||J|00||l||||ll|||||ll|ll!lllilllll||ll!||l!llll'llll!lll'll|Ql!l.l|ll!ll'lll!lllo|ll|||l||llllllll.ll!lllllll'ill.lll!ll|0||l

/N | | 6x/8w ooz < | Gx/6wgoL | Bw/Bw qg | v/ | el | | 9198l 31ams | Apmis A3ja4x0) 1e3useiolaneq

1l|-!0|l|ll|4|||0l|l|tllllllccnll'ltl100|l||||||||ll||ll|0!|t|lllllutl|l||||lllllltll!lllllllllllltllllll!l!llllllnCill'l!lltll|lllllllt!lltlollil'lli!ll!lllllllllllllill

/N | [6x/6w gooL < |  Gx/6w gos |  B3/6w 002 | /N | | | l oaliesl 30a | Apmis A3pojxol e3usudolsasq

l|0|l|||||||ll|i)|llin|ll||l||||l|||lnnl|ll!ll!llll!l!l!lnlllllllllclllllllliillulﬁllllitillllna|llt!lilllll"lllllllllllllO'lllllllllttllltl.lll|Ill.l!illll!!ill-lil!lll

| | 6x/6w 005 < | | Bx/Ba gos < | wel w | | | mieal 100 | Apmis A3191¥0L 183uoNd01249Q

||||||00|-|||||||!||l|lllocl|||||!1|llil|l|lll|lll!lll|1I|llllllcilllilillulillllllllllllll!lll!lllllin!lllill!llllltlﬁalltllllﬂllllllllll!’!llllltll!ltzlllllillli'lllil'

/N | : | S | - N | wn | I I 11921 aa | Apmis A33oi¥oy e3uswdolaaeq

mcemmcann.- 01|l|0|||ll!lcvlitlltillnlclnll.illlll!.tlllooolll|l|||lllll0|ll|||0!lllllltlll.lollll:li!lilll!lll!i!lla|0|llllllll||r00l|lOlll!l|ll||lllllllllll!llllllil!il

_Ez_ §>ua_ d.;ua_ d:s._d.:s,..,dﬁs..o_d..s..o_ d..m»u_._m_..mﬁ_.a_ﬁ_mm_um%_ _,E:u @
/00343 /00443 ) : )

0L9 ~ °OR XO&L

epIX0Ing TAuozedyd :¥Od ATIIOU XOL FLOOV-NON



(/¥

|||ll|lunanlnllc||ll||nlOllllilln|lt||||||lllll|liillllltltilli!l!lltllll'lol|lll|lnll0|lll|lllﬁnl|llllol||l!illllll'llcllllllllulllil!lilllll'll!llll!!Clllllllillillllll

| ] | | | | | | | slisel Bop | dxe AUl AJojus JewWiue “wog

| ] o | | i | I | lgs| ®ws] -dxe -Aus A1ojes jemjue “woq

||||!|lllllll|||:QCllnl-llll!l|||l||l0||l|||||llli||lilnlllllllllllllllllllc!|l|lo|llllllllllll!.llOllllllorlllll!ltltlllll!llltlllll!lllllllllillll!lll!ll!||llllll||ll0!

I I | I I | | . I | nlzslnd)eop| -dxo -Aus A1ojes Jewiue “wog
T 26 | b 290 | e e aejen uiim “wog
_________.._NiaZs_%z..a:.._!ss._

| | | | | | I I | nlzel maws| ‘dve “Aud Arajes (wmjue “woq

| | | - i 1 I ‘ | | vige| sesioy| due ~Aus A3pjus Jemiue “wog

| | - ] | | ) ] | : | | viwl e | cdee Aue A19jes Jesiue “wog
lcnnnanlncunctlun|||||Ol|||lnl||||||lnlaucllllluucvlllcnlllu-||||l||0||lil.lotuiultllliil!lQlllllv)llllt.l!lnulvinl|l|0l||ltl|0lu||||||l||||0|\Ll|||||||l||lllll|l|0ll|||l
| . | | I I , | I | 1 nlos| zsdop| “-dxo "Aue A3ojes jomjue ‘wog

| I | | | | ] | I nlal Bop | -dwxe “Aud A3ojus Jewiue "woq

| | I | I | | | | nlze| 3| “-dxo -Aus A3sjes (ewjue "woQ

cllllllllliillrlllllﬁn||lil|l|ll|nllll|I0illllldllllllllllll!llll|||0llllllll.llillll.!llll!!llllll'bl!llll!lll!!llilIll!llIloIll!llllllllllllllllllllllll'!ll(lllllllll!l

I I | | b | _ - N |l slel aw]. "W} 10QEION .

||0'la||cololltlnlulc|ollllonlllnlnl!i||ltootllliiilllltucllllllltlllll!lOl|||||r|l'|ll|||00||al|10||ll0||l¢lllllll||ll|t||t|10llll|ll|llallll|Olllllllll!lll!llllll!--loo

I I | | . I | I I slsel 3w $2)30U ) YOoRRIRY4

atllnclll.41|1l|||0l0|0|||i|l|||llltll|l||llllllllllill|l|l|0l||llll!l.ll!lll'l.llulllli.lllill'llllll'll0l!.OIIQOIOlllol0lllillltll.lllllll'!l!lll!llllll.llll!lllllll!!l

- wl - v | wn | wn | wn| /N | v vis| e o | 2)39U8B0349 -2jusBeIny

J I SR RIS GNP EpRESPRLRPESPEPIS R PPPP RTY  ee EL E LA LS EEE LR L LA L bbbttt bt At

- wnl - vl R R v | /N | v/ | v/ | vkl viselwoond| oa3ja uy "Jieqe “wosyd -InK

Oll|||l||||0l'v'!ll'll|lclllc||ltll!illlnllntllclnlllll!llll!ttllli!llllllll|lcllcllltltn|0|!l||l|lllll'lll.lll!t!llulltlIlllllll!'l!lllillnlll!ltllllllllll!lll'lllllilll

¢ /N | v/ | v/n | v | | /N | /N | v | v]se]sseon | 1OWOSONOIYD- I JUSBEINY

|||l|¢la|||ll.|l||l0!|t|ll|lltcllcloclllllllll||lcli|00(l0||ll|l|||lll||l|llllillll!l!!litlllllolilltlllnlllll'llllllt!llltllll!llllllllllltllill'llllll!lllllllil!'l!ll’l

<5._ ._m:za_ ._m_;ua_ ._m:s._m:i_..w._oo.a_d..szo_ ..u._m>m_._u..ma.ﬁ_&_mu_wu%_ .»85
/00443y /00¥d3¥ : ‘ o

0L9 =~ "ON XOL
epTxoIng TAuoTedya 1WOL FTIAOHd XOL FILNOV-NON



T dJoNd

XONIOVY NOILOILOMA TVINIHNONIANE ‘g0

s

SYOWNE ONIWWVIOOUd mmHDmEOU ol and YANIFANO

ADOTOJIXOL FHL NI QEANTONI NOLLVIWJOINI

o~

*338 ¥a)-14) As\mep snBeads uy Asp/Sx/6w 005 ‘00l ‘0f ‘0 :paiIsal 819
“1GH 3% 2A1366oN :A3}0|USBOOUD (1GH) AEp/BY/64 00§ < T3ON djuabodug S—
*3yBjan Apoq U} SPSEIIIIP PIMOYS SINDS . O
pue $19A9] 0J31S31042 PISEIIIUL SEM )
S2)0Wa) 11V "SINIS Y10q U} PIOJAYI Y3 J0 $1139 JBINDL|104 Jo wiseyd
: uj saseaJsouj pue sa3jAcoieday jo AuydosysadAy , '
 pue S3YBIeM JIAL) Paseasduy Jam 43y (1GH) Aep/8y/8u 00g IV ‘ ) ‘ ‘ 29/22/8 ‘06918
- *(S9)10UR) UL 118) 819AI] 10431SI|OYD PISEII) v Jrue) *o9qenp . ‘9qe1 YoJeasasola
N ajyeday U} sIseasou} ‘siybiam JaAly uj T ) . 1ed  :89309ds
g 299900 SISWIIIUY 3N 2JaY) - Aep/6/6u 00 IV "SIIRW U} 8S3EEIIIIP JOJ PUILY . : o JUIA Z-0juabou)osea/Buipasy;
. SULepInd puR S3)0uR) U} SISUAISIP IYGIIN JAAL) lAep/Ox/6w Of > TION OjuwRIsAS [10-0€2€0% | © X998 pjxoIng jAuodedid | . (9)2-£8 pue (®)|-£8
. ’ , . 2561
. : . . . . Ag.——vol.ﬁo.:.-_..s
*u0§IRPIRIaS *IM 3 ‘sebueyd.-Im uebio #3390 *posdad *429p ’Aydoay C . s 1e9}0uds
- -JadAy 1193 dyedey -wdd 000’0l = 131 duRIsAS ~wdd 000l = 130N I1wR3sAS KLY 2-2{uaBou}24e3/Buipady
£0S700 _ : 000°62Z Pue 000’01 ‘0001 ‘001 :Pai1sal 8)3Ad1 epixoIng YAuosadid | - (9)2-g8 pue (9)1-58
; . . 26/60/60 :popiAcad Jou
. L - © 403U9) "sed uny-Aysng
, : *Aep/83/8w 00S 3 001 ‘0Of ‘0 3519A3) s3soq T, v ts0§ods
. ' ‘298600 *438 |-Q) U} S9)Wua) 3 SS8W U} PISUIOU| 0818 SIYBIaN JIALT *Asdosdau . ' ajuatoujae)
© - AJeyuowaddng UO PIseq SI|BW Uj SISBUW JIA]] U} ISBIINL s2392jpuy sodad AJeujwliaid LLdd epjxoang yAuosedid {q)2-¢8
- 6L61 ‘9-£0-1S
: . Ct O "38UL JEUE) YRUOIIGN
“~udd 0002 < 7307 0%uQ (M Apoq *433p) wdd 90l > 130N IsAs © 0, eope  isejdeds
uaBoouo aAjIeBan “udd 4082 3 9£0°L :813A9] IBeIIAY Cudd goo2 . . ajusbou} e
~ 205700 % 005 03 PIonpay asop SYIM OF JOI4U) wdd 0005 PUR 00T :PIISII 81349 opixoIng yAuosadid (q)2-£8
. . 6L6L 9-£0-16
*3BU] JOUND (BUCJICH
. ] ] : . 394 :saidads
udd 000§ < 30N 0%UQ °(*3M Apoq *Jo9p) wdd 0005 > TION I1WRIsAs : , : ajuabou}ase)
205%00 . uaBouO AA}IEBaN “udd 0000} PUR 000S P18 81N “apyx0Ing JAuosadid (e)2-£8
R *(Ajuo sewousape JeIN}199030d3y) ,
S2]9W9) PUB (SEWOUJDJED PUR SEHIOLIPE JUIN]1A20IRdaY) SI oW
Y10 U} SJowny JIA}] 4o PALdisod PaJsepisuod 31ej3udlod djuaBou}aLe)
. *3yBian Apoq Joy Aep/By/Bw 00 < 131 89)Eway
*5310W Uy 9980423p UE6 JyBian Apoq ewiuw sAep/Gx/Bw 00F IV "(SI 10w
Joj Aep/By/Bw OF = 19A9) PIOYSIIYI) 9SVIINI} JYOIIM JIAL) 394A0QE pue .. gel1e/e0 29cLONL6
: p/Bx/6w 00} IV “Aep/By/6w Q0L Pue Of :(8329}}9 3|we3sAs) 1307 pue J3ON o T 403ue) "say uny Aysng
199010 . ' ~Aep/By/Bu QOf 4O “00i-d34 #3101 x@s06 | -93jm  :sajdads
ujaping 001 ‘Of ‘(sdnoJB OM}) 10JIU0Y :PIISIY S1IAR) 980( "ISNOW {-@F UIBJIS - 10-L£062Y Y23 epjroIng Yuosadid | ojuaBouyase)
#1N3WNJ0G v $1Ins3y "ON GiuM TN MORSMAED
© /30vi¥93¥00 (1]} . FNOISSIIV , ’
W/AZ/LL  SQRLRING ASWD ITRA . ADLEOING T/0sedid ~L0RL90 30T "2°d
9-€0~TIS :#DIAY~-BYD SYUEKITINO X0k
0L9 S#TITMSND 1-951/03H/83CIOIL8ad A0 FOLIAO

JHL 40 ALIATIVA

A0 ADVHNOOV FHL FHALNVIVO wﬁéa JONNVO <@m ,



£29200
[T CJUVEY )

sLy200 |
PHIeAU

" 688010
aug)eping

£05%00

859010
Adejuaue jddng

£29200
AJejuawddng

lllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll

#1N3WNOOG
- /30¥¥93¥00

9-€0-1S
_ 0LY

- syoyyd O!EE&QO&& ¥ALOJWOD OL ANd YANITANO
ADOTOJIXOL FHL NI QHANTONI NOLLVIWYOSNI FHL 40 ALIAIIVA . -
¥0 AOVENOOV FHL FAINVIVAD XLLNZRIND LONNVO Vdd

*Aep/Bx /6w 00§ < TION °suojleulojjew w.mc..u ._.o SjuBlJIBA (R19)9)S
Joujw JO SIJIPIIUY AYY pue ‘IYBIIN 18IV JO JBUIIITW 1I3))3 Aj9st9Ape
30U PIP U04IRISIB JO GL-9 SAUP w0y 6Y/6w 00 vcn 02 ‘s2L 'g 29 :sasog

. o 28/\/Yy vd3 Aq -paideooy
.\~¢m...o.-3.ozuon.::ouuuuc_ooma<u:oEo_uu:;:_ —2

*(4) p/BA/Bw Q°12 40 €791 ‘g 2 pus (W) P/BY/BW g°2¢ JO §°Sl ‘672 03
Bujpuodsaaiod wdd 000z 40 009 ‘001 ’g :pa1sal} §)3A9] asoq °sbBop a)Bedy
o : (s} uj

%98 PuUe S2)8W UL X2G) "IN JIAL) FALIRIAI U aseyeydsoyd sujieyie

U} (X00S <) SITLIIIUL IJLULIIP (SI M U} p/B%/6w g-2¢) wdd 0002 IV
*(sa1eWa) X461 3 SN XEL) °IN JIAL] IALIR)RI puR (say10w U} X09) Isereyd
-soyd auEIeN|8 "JoU} JOj SPUSIY puB ULRB "IN Apoq *4d9p :p/By/Bw G°S}
IV "(sa19w Uy p/6y/Bw G gL pue 6°2) wdd 009 PuU® Q0L = 131 PuU® 130N

' (s3Bueyd 1yBIan JaAL] pus 3yBian Apoq)
sudd gpog = 1371 d1waIsAs ~wdd gl = IION 21uRI8AS
! -+ -uckl gooLL PUe ‘000§ ‘002 ‘08 :PRISIT 813

© *(4) Aep/By/Ba 200°2 Pue 190°1

*265 pue (W) P/6X/Bw 291 Pue 250°L ‘1%S °0 03 Bujpuodsaliod 1aip au3 uj
xy°Z pue ‘2°| ‘90 ‘0 PIISI 8)9AI) 980Q °"IVJ LRSI YHE JIYISd “SI|EW
. <9 7 SI]10W Y3OQ U} SJOuNI JIA}) Joj IAlIisod s1ej3uajod 2juaboujade)
' *3yBian Apoq uy 9883429p X0S AQ PIIRILpUl

su A310i¥03 9A}S5a9X2 9\1qissod (LGH) P/Bx/Bw (1) 2002 PuR (W) 48°L W
-ABojoyred Asupiy @1qissod ‘ssajawesed D8Y Uo 199449 23yBian Apoq “J99p
-23yBiam JoA}] paseasou} ‘abeysloway jeuj3Isajuioslset Aep/By/8w LEGIV
*p/BY/Bu 2§ > 1307 PUR TION A3}I)X03 I{WAISAS SUOISNIIL0D |BUOLE|AOId

Buiaq Apnis Sjyl Sapn)oaJd SUOJIRAIISGO PUS: s1owIe Naj 00] "SRUIIPE Pue
sAsuply ‘JaAt) - ABojoyied ssosn *suieb jyBjam Apoq - wdd 000’0t = 131
“udd 000} = 130N “wdd 000’S2 PU® 000°0L ‘0001 ‘004 ‘0 40 S19A3) P34

S $OTY-JVD
S #TTIANSYO
¢ dova

SLINS

" +a1qeadasov ..:_83 .

£29£8000

20-09262%

10-20262%

/NO1SS32IV

,.6\_&\:

SYANITANO XOL
1-914/0aH/83ATOILSHd 40 FOIII0

95280050

10-09262%

10-96€82%

| %09
. ©.*4ya9) apjxoINg YAuodadyd

s

Soo._. ) epynoIng jAuotadid

X8.°06

~ *y2e3 epyroIng JAuosedid

_ epixoIng JAuosed}d

200600 PUe® 200606 3301
found X5 %6 PUS £°96

_ **yo33 spixoang VAuosadid

*yo9) epjroIng JAuosadyd

$QILNTYd 1SV 3714
; .

" XONEOY NOIIOILOYA ‘IVINIHNOVNIANZ °8°0

e

v

J

. 6261

€6E3Ly ‘wavyd *yddy “xoi

e 383yads

Apmis A3jogxol jejusudolansg
- (e)E-E8

outorre 21690-£558
14
) s :3340ads
Apmas A3}o1xo) e3uswdo}anag
- (e)e-£8

© £661/60 $500-2%S
03 °*dojsAsg pue *S3Y "IusIU]

Bop :s@)o8ds
"JURA | -Buipeds -
Qi-£e
S 2561
298 'L P3N "doyy °p Cwy
_ _Bop :sajoeds
4904 |-Bu|poad
(@L-£8
: T g66l
YIIH gnd J0 QU 99y "I9N oAxol
. s vs  3sejdeds
Bujpeey WOy
, (@)|-£8
: ... 6d6l
£6EsLy “wieyg "1ddy *¥o)
s :89)o0ds

..-o>. 2-91uebou | 2489/8upady
(e)2-£0 puv (9)1-£8

NOLLVLID,

apyxoIng JAuousdid -105290 3000 "3°d



SYOYYd ONIIWIWVIOOYd ¥4LNdWOD OL 3NA YANITINO

ADO0TOOIXOL FHL NI Q4ANTONI NOLLVIWJOANI JHL 40 ALIIIVA . : N
¥0 AOVANODV HHL FHINVIVNO XLINRMIND IONNVD Vai o . N
P » ov—..ﬂu_.-a._ . . ' r L SO ,

PItw @ - Aep/By/Eu ool => 1301 _-_E& .uuuo... 119 29 sywsapida ay3 jo _
UL JRUNG) JUL DIUOJYD PUB S)S0IRJYIAdAY ‘SisoyIuede - A}19218010381H1 ’ )
asop yBiy pus | - : . , 26/11/20 £200-29S

piw ay3 3@ uojiewenbsdp uo)3IIppe Uy tasop Aep/By/Bs 0L Y3 38 Bupunssyy T, *YoiN ‘weneleN - JQY1

) 3 owopd ‘oudylAua JYBL1S AdaA - Paysiiqelsa Jou - JION (jewiaq) 18207 ; . . o 1qqes  sseydeds -
. 209600 . =(asop 3jwi)) Aep/Bx/Bu 000L <= T3ON I1uWe1sAS . 100M £-j0uJag
wwiuiN , . *syjqqes AZN uy Aep/Bx/Bw gooL pue 00S ‘001 ‘0 s3sod |10-28122Y %1°68 9pixoIng Auosadid - z-29
o ) : . , 3jqqes  :s9)oads
) ; , 5 . upapedAd | ’ AN C-10ws0q
AJe3uswajddng 21 Aep. Aq 9/z up Bupaua)d/n ujys Asp pamMoys sjeujue y/y £26292 Tyoay spyxoInq JAuosadid . 2-28
; 2)1quadasae A1jei0y | o , g - . 661
Bupeq Apnis Sapn)oaJd SUCIIRAIISGO PUR SIVNUE Noj 00 °SeUAIPE : o £6E22y “wisyg *ddy "xo}
. pue sAsupiy ‘4eAj) - ABojoyiwd ssosg "wdd 000'SZ PUY 000°0L 38 PIsEa.LIP ‘ . , 0y :sopdeds

€29100 3yBian Apog “wdd 000’52 1@ $3993)9 J9A1T “wxdd 000°01 = 131 "posday - %08 | . uoj3sseues g-uojionposdey
Aswyuawaddng ‘wdd poOl = 130N -poJdoy wdd 000°S2 PUR 000’01 ‘000t ‘00L ‘0 :813A%) pai o Y293 epjxoanq jAucsadigd _ e
~sdnd uj uieB *IM Apoq PIsuAIIP XL 03 dn :y Aug : . _ A 98/1/2 ‘69918
wdd go0S = 1371 "dojaaeg “wdd 000l = 130N *d0)9ARC . : ' . *U] YoJeessiolg
(x21L uteB *3n Apoq poseasaap) wdd 000S = 137 18usRIeN | BLLL9L00 o ‘ ; jel  isejoeds
219900 , -wdd 000l = 730N 19uJaleN *(1GH) wdd 000S < 130N "posday 099592 | - _ : - UO}IBJOURB 2-uo|3onposdey
aunyaping | - *438 A9)neg-anbeuds uy wdd 000S 7 000L ‘00§ ‘0 :PaISAI S1IAI | -SE9E92 *yoey apyx0anqg jAuosedid : 9-£8

. : *831Gq84 93 4yn
ZN ‘U0}49e3838 4o 61 - 2 sAup Uo 3BeAUB Aq Aup/Bx/Bw 002 PUe ‘001

*0g ‘0 @ sasog “{1GH) Aep/By/Bu 002 = TION 183UNNd019A3Q UO1INIIJIP %001 :A3pang , 0) *do)eARg pUR S8y "13ualu]

. ) pasEaJoap SU PIGIIISIP 109449 91JULJapul uv 088 ‘' ulud JyBian , - 26934tuep] (9)ces oagsod | 319984 :sejoads
921200 Apoq Uy 9882J9p 33U} sep Idow “Aep/By/Ow 00Z IV (upes yBiam Apoq | 26125100 w0 92404 Xsel) opedd (e Apmag Ayjajxo} _oucnlﬂow!ie .
. q)E-£9

sufisping | - 2593J99p) Aep/By/Bu g0} = 131 1PUJRIUN ‘Aep/Bxy/Bu 0g = 130N 18UIION | 926192 " juyoey epywoIng jAuosadid

*(1GH) Aup/Bx/0m 000’ <= 1ION 193UvNd0)IAR]

. *paseaJouy

uojeIsnIoUs eseulsed 3 aBaeydsip pes ‘sURIS AULIN ‘ggaulon je3tueBosn
40 aouapioul ay) ‘uo)idensucd pIRj pue uied JyBiam Apoq passasdop

03 uoIipPe Uy ‘Aep/By/6u OOL IV °UOILISNIUR Jeseulsad pue 3B18Yd
-S1p PaJ: 93JUIBOIN JO IDUIPIOUL PISRIIIUL F JUSEINIIY JO 6-9 sdep Buy

-4np LUO1IdUNSUCD POOS 3 JUNNIBIIY Bupinp ueB *IN Apoq U} UO{IINPaL *8i8 . : e o : 16702721 ‘905-%S
i 3938 UO paseq ‘p/Bx/Be (0S = 1307 JSUIIEN °p/By/6w Q02 :TION JeLIIBN - i JOjUe) °say uny Ayang
. N *aAjsn]ou} ‘uoyIviseB jo ¢i-9 . : 3ea  :se)oads
801010 sAep woJ) 8184 @) A3yMeg-anBusds JueuBasd o3 JajeM PIZiUCLIP UY aBuael | . 00L-d34 10} ‘ound | Apnig A3jopvol 1R3usmdoj8Aeq
supsping | Aq pasaisiuupe ‘Aep/6%/6e 0001 PUS 00S ‘002 ‘9 :paseisjulupe 89804 |10-808E2Y %82°06 ®py¥0INg JAucsedid . T N
#ININND0Q VD : . oSS - - . ON TIM Wi _ MOTLAVLED
/30v¥93¥03 0L A . , - /NOISSIIN . . . o
; 96F0Z/LL  SORANTHS [BWT ATHS apxon TAvesedid ~(OSI90 3009 "3°d
. 9=€0-~TS ' :#DTY-BYD , SYINITANO XOI
0L9 3#TTIMSYD T-91/d3aH/SECIOIL8Fd A0 FIDIIIC

€ 3oud \ ; ' XONFOY NOILOHIOWS THINTHNOMIANG °8°Q

98/L/2 *200-29S



iﬁs

9 _ncunwuu<

" 500LL0
21qeadasay

805%00
@)qeadadsay

8£7£00
s1quadasay taodd

SHONNE ONIWWVEOO0Ud ¥ZLNAJWOD OL INA YANITANO -
ADOTODIXOL FHL NI GHANTONI NOLLVIWYOANI FHL 40 ALIATTVA
3O XOVINOOV JHL mm.HZéDG XTLNSREND .—.OZZ<U vdd

“@3p jo siseue _au:u_ua.uu 18WI04 (2 jeisdrew Jo Ayiund 3§ 8dunos (|

" :6uipiAosd sJosuods 03 3123{gns 3)qeidadse >:ac2a_>o.i *aAyjeBaN

*(UOIBALIOR Jo aoussaud ayy Ul W/Bn 02L- R
% "Aj19e Jo 30UdISqE BYI Ul /BN 0E-0Z) 21X010IAD SN J8Y3 S)aAd) FSop
ButpNoUL 08d 03 pasodud 1199 U} PIIBIJPUL IJIM SUO|IVIIIGR WOS
JO 20UDPIAY ON *SUOLIRIISGE WOSOWOIYD *JOUE JO SIINSaJ dAL3isod

u:eu._::o_. A1192160101G J0U UO}IRIIRA PadjIou - JJodas jeul} o3 by
*@suodsas 180AINbI US PIJaP|SUOD SN 322549 SIYY ‘paul

’81043U02 aALIisod ‘1eiJalew 3189) UO UOjIewIou} Iptacsd Isne Josuods
*uo 1R jdioaad Jo 819A2) A3191%0) 03 dn *AL3IR INOYIIN/YIIM ‘81190 OHD Ui
SUO|IVLIIGR SUOSOWOIYD P SIBUBYIXS PIBEOIYI-JIISIS YI0q JO) IALIRBIN.

-*(SHIIN/JIN 0} 30VJIU0D Japun) "(9I8P JO JUSWINIIY 18I118(I018 pue: X

<

t0-8£108Y

(26199

.ﬁr_ioe
0£9252

o

*y293 apix0Inq Auosedid

001-d34 #30) {X9L°06
*4233 apjxoInq jAuosadyd

+y293 apj¥oIng YAuoaedid

(A13and paeasun)

*y293 epjx0Ing JAuoJedid

A
£

£9/v2/5 103404 Y81 08d
*5u| $3)38u0ig UO3I3LT

81193 ON) :99jdoeds’

9139u2B03AD -aiuabeiny
“9-98

t

£6/02/60 122€%-1-S1991
uvojajzel

81192 OH) :sajoads

COJIIA U Cddeqe ‘WOJYD -INW

2-n

. §8/1L/8 {906£5-10V
*oUl #133471°Q INYIIY

Assse OH) :s9j0eds
JSNOSON0 143 - I jUaBuINY
AqQ)2-v8

£8/92/6

T *aup $3j30u0ig LO3IET
81192 Luj joumew  :39}230ds

*usBo3Ad 0J3 A U} - -JjueBeinyg

@z-9%

£9/92/5 193404 ysuL 084
‘g lOng—. syun.—

, w)jeucw)es :9sjoedg
iﬁg : sowy-2jueeany
21qe3dadoy ‘ , . “9A}IuBaN | Y293 spjxoIng Auosedid (")2Z-
_ . s o - £8/92/6
*(SHIIN/JLN 03 3I8J3UOD JOPUM) “RIVP JO JUSWINGSY 9I}18{1038 1UojIRuINI] SUS
J_o._ucou 2A$1180d ‘19149308 389] UO LOLINWIOJUS apiAcsd Isnm ._o-conm I 9149300q  :98)20ds
8£9£00 (SHIIN/JIN 03 12843u0d) uoIwlidisaud Jo A3}19Y3a) jo 819A9) 03 dn < h . ;:._i peimysun) co_u-u-l ausS-djusdeinyg
9)1qe1daday °Aoud UOLIBALIOR uzoﬁ_: pue yain ‘wnjanuiydAy *§ Uj SUO|SIIARY JOJ dA}IeBaN tn\._ ) .:uou apjxoIng YAuosedyd : (e)2-y9
#ININD0G  1VD m:_.mu.. *ON QNN i:.m—s. " NOILVLID
/3av¥93¥00 Yol /NO1SS3IV , _ :
v6/12/bL  :G3ININd 1SV} 3TN pyx0anq YAuosadid -106290 3000 *3°d
© . 9=£0=TS S#OTU-8VO - SYANITINO XOL
' 0L9 :§#TTAMSVD T-41/031/834X01183d 40. ZOIIA0

¥ 3duda - RONEOW NOILOALOWI TIVINIHNOYIANA °8°N

ot



t

8£2800
9 1quadasosun

252200
21q83deodeun

252200
a1qmidasoeun

£81600
aup1eping

609900
Aseuawd ddng

.
lllllllllllllllllllllllllllllllllllllll L R AR R L e S e L S AL St A b LAl bbbl bbb bl mecowanes

#1N3WN20Q
/30V493800

9-£0-T§ $#DIU-HYD
0L9 :#TTAMSYD
s aova

uo sdnoJdB Xy 3 Xi 34l jo SUIILY Maj @ Uf AJUO PIAJIISQO) SIA1IIY IYI O3
aunsodxa Y3in PIINYaJI0d aq 0) pausadde (,pueis 111K ‘A)isow uMop S3))
‘passasdep A)23643pou, SU PIULJIP PIPJOIIL 19AY] I8aYBLY) uoyssaldep Ajuo
$380 404 “UIOPQR JOMO] YL L0 BURNYIALY 1yBL1S ‘Bujjued ‘aBIeydsip Je N30
snoJas 1yBL1S :(Bugheids sa3je Ayaieipawy spojsad up Ajuo pus) su0LIR)
-Nunoj Xy B X 03 pesodxa sbop M3j ® :_ Ajuo paAaJasqo swoidwds 31qissod

pabues sasop 2)6uLs qURIAXOUD] °PIJBUY A1308 Y)Y Jo SwdY ul “sw 9°2)
0} G2°§ a4aM sonjeA Builpuodsatlod Y3 81D Joy IsuedB 9L 62 03 2i°il
woJy pabued (SUOJIVINWIOY Xy JO Xi ‘319JYaA Y3 Jayyga $0) suoijeaydde
19npiALpuy ‘sBop 4oj *Apmis Aep |2 ® jo yi 3 2 ‘0 SAep uo sjuauoduod
(9A1308UCU) 31IIYIA YL JO SIUBLPAIBUL IAJTW B3} SO *JUOD XYy B JO LOYIVY
-nuJoj pasodoad 3yl YIpn pakesds suom (sajddnd/sudlly djeway £ 3 e ¢
.32.8 IINpR | ‘Ijew Jnpe | jo uc.unmacou yous) sBop ¥ 8382 Jo sdnoJy

*910) IBUSN PIPUNWOIFY IYI XG-€ I PRSIy
ucz *210a obesn 1aqe) ay1 e (Pio sAwp si-9) sajddnd Uy 8329j49 ON

1

« *3304 abesn _uonco-!aoo.. ayl Xg - € 3w !.auou 100
"wa. oBusn 19q9) 943 3@ (P10 shep 3 1) Su913 ) U0 8399432 ON

.Qo g£-2°2)
dnoss @s0p Mo} peisadas Iy Ly 3Isan0) Y)Y pue ..x:.s.ov dnoJB asop no)
216uss Y3 Aq Pan0110) ‘(X%9°0€-£°£2) dnosB asop YBiy AW Ul I8AyBLY sen

$3294 9y) U} punodwod juased jo abeluadssd AyYp AupIN Y Uy Juesud

- 9494 opixnoIng JAuosadid Juvded Jo siunowe 9dw43 AJup "Bujs 210X0}POZUI
Y3l U0 aBpjiq UIAYIGW Y1 JO UOFIBPIXNO JO/PUR UIRYD Bp§S

..o._uo ay3 jo 28uAB}O JUNbISNS PUR LOIIUPIXO BIVY YBNOJYY PAIIOS FIM
5231 10GUIw Y613 ISIYL °$IIVS Y UL PIJS{IUIP] 0818 IISM YOIYN JO ALY
faupdn oYy Uy PIiFLIUIP| 49N $31110GRIAN IYUBET "JIALY Y pue FuLIBAILY
. 110US Y} U} 949K S]9AD) ISSUBIY YL °SINSS|I YUY UJ PIUBERL XC°L >
puR XG0°00L 03 X98°26 SuM AJ9A0294 ‘sAup 2 JI3JV *(XE"|1E-£2) uiIn

SY3 U} PIJIA0IIL JJIN SIUNOWE JISSI) ' (X10°YS O3 §46°9%) 83993 Ay u|

*$23110GUISW JO IUNIINIIS. JO AI|IUOP} FUWIIIIP O3 pow 9o s3dws31e ON
*pajuasald suM UOJIUIIIJ INSS)Y 1319308 JO INIVPIAD ON "AJ9A}193dsas suy

g9 03 92 7 %2 03 2| UsaM1aq PoEad UO|IBIIXD 1839y puUe AJeuiin "SIy 9
0 y Joyje yead sjeAd) poolq vc- 39843 [9 Y} wod} paqiosqe b:o_c s} 84

sSLINSAY

mﬁﬁZHﬂﬂzo

Buoje ‘suelity B 538D XY UL Jtey vvzne JO 20UAIININ. (Yl 3 2 ‘2-0 u.»-v\

Xy 38 BY/6 GLY0"0 ©3 2900°0 wodj pue ‘xi e 8Y/6 0010°0 O3 8100°0 wo4y

PaJaa03a4 sen apixoIng jAuctadid woay 9L W3 O 1S0W ‘SJy @Y-9f IV

10-92591%

10-20490%

20-20.90%

LO-7866LY

“ON GIuNW
/NO1SS320V

y6/12/14

XO0L

10-28661% |

%2°0 ‘00Y M89) IX1°0 V520

ae:.-u .no § €19 18]
- %06 ¥oanq *dydixsL*
UIIYISIRG XL quedANouRd

(epixoang
1Auosadid pue sujIyIsdAd)
.!ou IN €904 8,3uabives

(epjxoIng
1Auosadid pue sulJyIadid)
quo) N Weo§ 8,3ueebBiues

(Asgand
1835Weyd01pRs XL °66)
spix0Ing JAuosed)d-ayL

cujeys o.v.-
1AyIsuAxoy39AxoIng

. -2)-2) oy3 uj peyyeqe))

:98.53 1Auosadyd
WiAIwW

$03ININd A8VY 3NN

V-

lﬂ.—..\nﬂﬂ\ 83AIDIN8Ad 40 ADIAAO
XONEOV NOILOZLO¥A TVINTHNOUIANA

*g°n

7»./
N
~

. 08ILI6
o-~; £*Up) *s9Y BIUERY
. 83w 3 sBop :99|00ds
*dne “Au >u8-. iU “wog
1-98 .
5-\~.._ 1960-9 7 2498 |
U] 92]AI9S 3y
Bop :sajoeds
..93 AU, >uou-. Jowjue "wog
1-9%
. /e
u..._ $9IjAISS *S0Y Qe °Joud
393 :sepdads
“dwo *AU® Ajejus jmjue wogQ
I 2 ¢ ]

_ 68/50/0L $S2810d
f*uag Bujise) °10i8
.38 399)00ds
wejjoqelen .

1-58°

. se/gt/0L
swoajen syBnossng
s cse|dods
$2}39U} NOSMMIBYd
N X

) ‘aujAal’

suscencnw

lllllllllllllll memcenconmsncave

.8:5.-9

epyxoIng JAuosedid -105290 3000 *I°d

s . mmommm ONIWIWVEOO0Ud zm.HDmsou O.H ANA YINTT, mZO
ADOTOIIXOL. FHL NI GHANTONI NOLLVWYJOINI FHL 40 ALIAITVA
Jo NU<~500< HHL mm.HZéDQ XTINZRIND JONNVO Vdd -



la1nsas @ se paasasqo aJom sBop JO/pus SIWO LY 8303})3 I8JIADR juedjyusys |

SYOWT ONTWWVEOO0Ud ¥ELNJWOD OL AN ANTTANO

ADOTODIXOL FHL NI GIANTONI NOILVIWJOANI JHL 40 ALIAITVA |

- 4O XDV¥NOOV FHL FEINVIVND X1LNAYYNO LONNVO Vdd

© eu0jIBWJOJU} JRUOIIIPPE INOHIIM 31qUIdIIT JON “UJR0D JO

_ jutod @ 0818 8} ,U0}18d)(dde Awvsds jo Aseundoeui JuaJeyul Iy, 03 SV
(g1 °d) sodas up JuaAwO) *(Jokeids-und © woaj) 3onposd SIYY JO AJaAL1ep
40 9384 03 se papiAosd uollewsojul ON «aansodxa Xi @ {3 M BULIINI20 I8} ]
Ajuo 03 UBJEAINDY ,8143U}, 03 3nSodud UB U} PIIINEIL AIBIUIIUCD XY o [
ay) jo uojiudy|ddy "UCLIVINWLIOS SEYD LY ,SIJUY, YILR B} UJAJU0D 182480} ,
.03}%03 jo ujod 8 "3onposd pasodoud a3 jo uojieagidde-asn jewiou jo

oU IVLYN “SIFIIVJIP JOLARIR]G ButwoosB 83sadns ‘4| Aep uo BSujheuds
49338 sAep maj @ Joj 3..3:02..&.4.._-: +A110, JO UOLIBAIISIO YIiH
. . &

)25



. - . . et

SHONYE ONINWVEOOU HAL(Ia0d OL 2t 8aNIFaNG ° 7

. : | ADOTODIXOL THL NI GAANTONI NOLLVWMOANI HL 0, ALIQNVA « . . -k,
. . . ' ¥0 XDVNNDDV FHL HAINVAVND wﬁZmé:u .Szz<o §m o R
; - ’ .n_i_u:_..: J0 >.:£Eucu . : R R T B
. . . ELTUTRE] .53385: .:o.unsucou poos ‘3yBlen Apoq se sJuejswesed yons . St T s ST L e
: U0 §303)9 Aue Jo sUDIEIjpUl OU 2Jem BJAYY § ‘dnosB XOL Y Up WRAR ' T S t Y TY Y
tA3)94%0) jo swoldwAs oU 43N 3s24) "shep 4| JOj PIAIISGO J3M SlEWUL ‘ aoe.— *>dao}Asig ..»uuo.z. L . .Z:: 230318 sesuRy
. ‘Bugdesds Bujno}104 u0iIBINLICS 0Gedsld B 3K padeids aser Yojun J¢ pue - Co L, fxgheg quesdvouss gt | e Sop :segoeds
Co 222010 | 1. HWE $o Bulisisuod dnodB jo4juod B sem aJayi *3anposd 8yl jo uvojleoyidde . R R - | n_m £%£90°0 ViJjiIsw .&3 .>co >u8= dl._:- ‘woq
.. .} ®gmdaddy asn-jeuiou ¥0L Jo “XE ‘XL 918uj8 © paaja3as 800p Jy ‘Wy jo sdnoJp flo-sgveRy | . | -8439L *X91°0 sujpIyIRIAg . . be98

S R T .:;cv 2-5 .to>u sou0 a_ 238 14-3 &}seq 3-% Lo et e - S no\am\.SaNN.—S.mn— R
o L uo vo:&n unov 194U} ¥z 3812A3) 950( °898J0Y PIIG POXiH se2josds 188} . e e 33.0 ov_xou:a T o3¢.oe..< 8411-018 .
o : . *898J40Y Ui SUOJIINIL JOYlO : . _aco..&K lyg7g sujayled |7 . gesdoy ssejoedg . .-
o .7 991010 C g0 :o.unx...; _as._ov uy :38 @jes3uscu0] Aeids Ay4 yess) weusss Joj | - . ehd t%9°0 vjyrsmsedAa) | .nxo cAUQ >u8- _l._...- ‘wo§
¢ ejqeydasay RO A oun.. aBesn Pappaumiodas 33 X2 0 (sasop >:nv oL co_unu:nn peieadsy |10-6£592Y S >.-.Em. Apd yesa] weudes | . - L-98

: A o cymgueInw pamsjass Ajsnogasud | - O ey _
ygn voczeou U 393%34 .Eouuz_ u} 3onpodd sEy3 jo asn yewsou | - - o S ] - e
BY3 Y3 jn paIwioosse (X4) A19ses jo ujBsew sjenbops Ajqeucssed & 8} | .o - " o PR IPUCE * L
. B4BY) IBYY SIIVIISUCLIP. ‘S |PNIS PINIJARS 325.5..@ 241 Yaga ‘Apnae R S L .
SIY3 f8URI3PN B43 40 AUR Uj PIAIISQD IS 8109510 18260103 X03 UL - L S Do e
-§3juBjs of "JusuBs.4) J23J9 ABp PUCDRS BY3 2)qE3dep J3Busy-ou sER 3ng N I TR B IR T
‘Bujdedds Y1y oy BulNo)10) SUSIIEY 97y Uj PIAIRSGO SEM soussvedde Jeod | ¢ P O L A
Jpey JAqjRyo, v *sBuss jewJou LIYIIN 31§38 e Ing ‘Bujdeads BupKollo) . ' . o R R B S )
| ABp 3y} U0 PaASISGO DJaM (UOIIDBIUL B3 YK USIIEY BYd sem uojidaoxe)_ ’ v el " .
CSUSIIEY 97§ Ul POAISEGD SaunleJaduel 183034 wnwjulw oyl “Bujlesds yiy . ' ., B T
syy Buino)jos pesssidep A1IyBiis soM (UOJIIVJUL 39843 AJolsapdsss B aARy | - . : - T DL _
=, 03 pasouBejp A)juenbasgns) ualiy aug -swB 4592 0F 20°€1 woiy pesdues | . R ,
2828:&- aAlImyund {swl 259 03 20°§ wosp poues suojlediidde ayBuis | .7 ’ ‘ o R - 7
- JENPIAIPUE Ul S| T 8JY Z UDYY oJowm OU SEA USIIYY SuC Aue Joi Avsds yay | ' %26 ssyio iyze 00y seDiyl A s V8I9/E .
LR ) pue 38] UIINIeq pasde)a sujly j830f “AJp 03 uoj3IBIWIC) oy Joy Bujdesds | . = n..o 893 fyg® g jAucsed | L {eue33in) 182 88)oeds
HLIADER00 [ ¢ 1 . USPMIBQ BWi3 JURLIEHINS YIEM ‘Uollenic) BYY Yigm samjd & peAeads’ . . §d fxGL° MpJulemsng fygic v f .&3 >:o >uo»-o .lE- *wog
;@jqeadeasy | - o} - o @JaM (8q) @°f 7 972 uesmlaq Bujybjan ‘plo yIIM Li-yi) suaIpy nis- . :_.Euu:‘ ..np m.z.gxocﬁ - N . . ,.,eo

....cun..!.u..cuau.u-...-a:cn:c:.n....;no...nnu!.n.c.c:.o.-.:.a..ucooc....n-........!........:......,.....-..:-..!..-;!.2:.-..1,,
. - : [}

- #ININNJ0G  (4VD v o - S1ns3 , - O QIYM R Ao e
/30v¥93900 | X0L . : S o ,_ o pomssm L Lot

x,:NE \ a&:z 18¥ ~.L§
ot

R 825_,:9

pIXOING 1AURINT(S OSLP0 BEOT D7

.

" 9-g0-1s tom-s¥@ . . - ‘ouaNI7ANe Xo& s :
ot 0L9 3HTTAMSYD & . : : - 1-G1/GIR/8AAIDTISIE 40 mgm.ﬁa L
s -@pvd .. © . .. - . KONEDY. zomaomaoxm aﬂazmzzoﬁ%m .m a

I . QEANTONI Sz & .EmaoE Bﬁ.ﬁwﬁz: z< quo&ﬁ zongomé



SUOWET ONINWVEOO0Ud YELAAINOD 0L 30d YANTFINO

>OO._OU~NOH.E.~.H NI QIQNTONI ZOF<§OE JHL 40 ALIATIVA . - . o M
¥O XDVENDJOV. IHL FHLNVIVIO ATINZRIND IONNVO Vdd - - , R ™~
. T . . . i
. — N ST o ‘s . ’ o :
vy . R §9/82/11 ‘99-9895
. - o °oliy #opaau}1§as
. 3184 $82}00dS
428800 : o * . . : ) 05a1 1840 93N3Y
supiaping | € 4 , _ ; {paujcuod) 83/8w 00 < 0SGT 120-SLESEY | - ‘3B %i6 °3°3 9 8pjonang . i-18
_ . 62/9/8 105510
. . | . ‘ *j@A3 Ajegeg us3jjodossod
: o : W BN/B (69°9-96'E) €y = PUIqEO) 05AY | BRI R ©. w4 ssajoeds
922L00 . : . - BB (94°9-€5°€) 1°% = (4} 0541 . | 4660 opivoIng jAuosedid - .. 0set jedo BINOY
wujuil | € o *6%/8 (€0°5-6£°%) 2y = (W) 06G1 210992 | - Ajqeunesud yoeg apiowang | - . ) §-19
- - h AT 204679 £199-06 -
. ‘ . . : . . Bugs - - mdug, Aeeplw ejdog
869200 R ‘ 84y gy 3@ gw/Bw ¢°¢ | .- supsyyesAd 28w gf dJAGO e ssejondg
.t-urm.ﬁ_&:m - pus sy 4} 3@ gu/Bu J°g 8u B2A}108 JO "3U0D cosive | - Ba 42} spixoIng i:..r_!:n 1 usjled3uesucT Siy¥-jepoeds

I ..+ 383 3Inpe jo By/B g jo 3anposd eyl jo |.

layes uojieaydde 518uge ® uo peseq PI0) § O J030BS A12)88 B BDIBIIBUCHRD
Apn3s sy) polow JUSWIBDIYT O3 SUSEIDES OU BIBR BJBY) *ghep suju 30
_'pojsed B Joj dnosd peieasiun Ue UIIR paJseciwoo pue sBop Joj ocodweys ¥oil
- pus ea)3-diys 8,3umebiag jo By/wb cZ Jo B/wl g Jo 8184 .8 1 PIBCR BJSH
{58045 uUB}SI3d PUB (8L IJOYS UB3jJauy) 2383 IJNpe (Nes/g) XIS jO 8dnosn

© EAFIZI60 2E640-9EY-0C -
LT jeu0jIeUseINg °3°3°Y°d -
e - 8382 ; 188}38dg
joe jEmiue *@0Q
Ao

"o (spixeang yAuodedid -
S %6°D lugaylewind %1703
. ... sBop Joj codweyg %9i).
L, pue eeyi-diys 8,3useBleg

Caive A 43®

‘818010 |

e e e e A R L L LI LY R L LR L it S iniinbedabiodediniiiaibhebebatiine i weosame R AR RO ARO R R ARICSCOD GG B m B soesescsncsne

SIS : . oN-Giwdc - - . TelEEiWM - I . NOLAVLED
v < - /HOISSZOY o Lo : .
. 96/12/L0  103INING ISVY 34 - _8:81 iuosedid -106290 3000 *3°d
- . . . . . o . ,
"9-€0=-T§ I#DTU-FUD. T SUANITENO XO0% -~ .
G oLe SHTTAMEND , -7 1-g%/qdH/s3AIDIL8dd 40 HDILEO,

¢ dpva - - KONV NOIIOALOUd amazm:zcma>2m\.m.pw_ C
_ | " aQDNI JON 1 100COYA CHEISIORING NV ONLLHO4NS NOLLVIWHOINI

& T e



. SHOWNT ONIWAVIOOUd MALOWOD OL AN MANTHING ., o oo
_ AS0TOOIXOL FHL NI QGIANTONI NOLLVINYOAINI JHL 40 XALIArTVA - : N

922100
TV B

926800

supisping | . ¢

922100
UNWIUIN | €

" 625600
?)1qeydasoy y

428800 |
auppeping | ¢

428800
- supeping | ¢

- 922100
wwiviN | ¢

- 40 XOVNODV HHL FHINVAVNO XTLNRRND LONNVD Vdd . _ LT

84y 2, 1@ 0Jdz paso3s 118
s211s "wwRyIAIa Ajuo fewapd oN "9y°0 = SId

~ *shep } :_‘ vo._.co_u :o_u-:...:...o\vca w§o>_o>c_ s ‘:<

sAep ) Aq pale?)d 3_33 i Y]
paysem §/) ‘poysemun 9/2 U UOJIEILJIY IYBIYS

* 1933N P U UOII W | > 83)d13Jed
30 %GL) /64 &° m Pa31833 1997 °182 Aajmeg-anbesds Al AJoBajed °xo)

- *¥93M 2U0 JO} SjEwjue Jwos U} BuYINIIq PaJoge) § Bujujels (93 juab-oue

2848Y9s|p |9USEU ‘UOLIVA}1ES ‘UDLIGWIIIN) PPN} SwolduAS PIALAINS
.. 8ed :< u..:aoaxo Jy 4 J0) (3pixoing jAuosadid) /64 6°G < 0S5

“1/6w 2)°y < 0501

B/ 0202 < 0507

B83/82 < 0SQ1 #3121 130w ON

€0-SiISLY

210992

10-00661Y

Y0-SLISLY

£0-SLISLY

L0972

’ 838
u.x. ;:o..o&a >3c_§uu.i

X5°68 Yoa1 epjouing

" ep'e X16 '"2°3 @ opjonIng

X562 (ya93)
apixoIng YAuodaedid
Aqeunsasd Yoy spiaeang

aand %2706 9pj¥oINg VAuosedid

“1*w X16 **2°3 g opjowIng

*1"® %16 **2°3 @ pjonIng

~ X§76% sphxoang ico._&.u

3..1!-..8. apioeing |

’ 6L/12/L ‘85510

*1eA3 A30jes ey} jodowso)
Jiqqes  tsaoads
UOLIRIJAIL (owsep Adewiad
S-i¢

" eR/9L/LL 980095
“u] MOpIM]113S
, 3gqes  :sajoads
:o.a-:.:. 9ho Asswiag.
- 918

% R\o\o tvgsio
*19A3 Aj8jes ue3}odowso)
S 33qqed. - isajoeds

. ..833....: oA Auowmyud
. 18

16/91/80 ‘0££9-16
*ou] s2|weuAp/oig

s :80)deds

33 uoj3eeyu} ANV
£-i8 -

89/60/72\ ‘o-169§
*Ul NOpEsW)1j31S

300 :sejoeds

aﬂ.. uoi3eeguy 3oy
£-18

s/l 199-09¢
*u] Mopeow) (13§
‘31qqes  :sajoeds

0507 1weJsg 8anov

218

© aLler fassi0 .
.!,u Ayejus weljjodowso)
3jaqes  :sajouds

cma._ 1Swieg 83ndY

2-18

'
PRI IS PRI REpE RS IETPPR SR T AR N LT T L R R L e kel b ndad bbbl et bttt uialainiainteishininic b

#1N3KND00 vl

/30vy93¥00  ¥ol

9~£0-1S
0L9

3 §OTU-TWO
: #TTIMSHO
8. FONVd .

s1nsy

QQQZHQQZO

a

“ON Q7

/NQISSIIN

I/ -

X0%

SODAMRNS NSV 2T

RN

i

1-41/03aH/8FITIXITA JO TOLIRT
XONIOV NOIIOFIONA TYINTWNONMTANIT

‘8°M

MOLANARD -

O10ING NAUOSA ~AQRLPD 200D



928800
auL1apinY

Ase3uaud ddng

¥INIWNO0Q  1VD
/3av¥93¥00 - XOL

9-£0~-1S 3#DTU-BVYD

0L9 H#TTHMBND

6 dadNd

SHOWNT ONTWWVEOO0Ud ¥ALAJWOD OL 3na YANTHINO
ADOTODIXOL FHL NI GHANTONI NOLLVINYOANI FHL 40 ALIGITVA
40 ADVANDOV FHL FLINVIVNO XLINIIEND LONNVO Vdd

. s8yd -o:_:,e. 92|3}5Uds J0U PIP 31

J9z13|8Uds @ JON

- *g3iqqed 03 JURI{JJI} esopow ¥ 8} I

20-5L1SLY

90-SLISLY

/NO1SSINWV -

ce6292

1" %16 **2°3 § spjowIng

/

_ epj¥ong 1Auosedyd

1" %16 °°3°3 § sppONINg

LU L

(e

$9/22/21 ‘98-069S
*ou] Nopesw 43S
. 98)d wsund . :sajd0ds
UOFINZIINIS YNNG
T o 9-18

81d wsuin8 isejoeds -

. UOIIWT}IIBUSS JEEISE
o 9-i8

89/62/1L 98-609S
*au] mopesw))}3s
31qqes - :8a}oeds,
uojIeI ) TN Atewiid
_ - S-18.

lllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll

. we/t2/AL t03ININd 1SV 3NM4 op)xoIng JAuosedid -106290 3000 *3°d.
PN . . . ..

SUINITINO XOL

1-81/03R/834101I83d 40 FOIAI0

i

' XONZOY NOIIOALOHd TUINIWNOWIANZ °S°N

‘wa



4

Mechanistic Data for Piperohyl Butoxide (PBO) Oncogenic Hazafd Identification and

Risk Assessment!
Executive Summary

PBO has a long history of safe use and a complete toxicological data base. PBO was not
genotoxic in a comprehensive battery of tests conducted by the Task Force and has been
assayed in séveral oncogenicity studies in rats and mice. An increase in benign liver tumors
was observed in the mouse oncogehicity study conducted in response to an EPA Data Call In.
fn that study,- eosinophilic hepatoadenofnas were observed in CD-1 mice at dose levels of 100 -
(males only) and 300 mg/kg/day (males and females). There is a growing recognition that

not all chemically-induced mouse liverl tumors are of equal regulatoi'y concern and that
knowledge of the underlying biology of a chemical-induced mouse liver tumor is important to
 both the hazard identification and risk assessment. The goal of this research is to provide '
information that permits a more rational and scientific understanding of the potential
carcinogenic hazard of PBO under realistic conditions of exposure. This discussiqn of
supplemental data concerning the mechanism of tumor formation was undertaken as a result

of the December 2 meeting of the PBO Task Force with EPA technical and regulatory .
management staff®. Sufficient data are now availabie to show that PBO has little or no

potential for oncogenic risk in humans.

: lPrepared by PBO Task Force [I. Member companies are AgrEvo, S.C. JOhhson, McLaughlin, Gormley
King Company, Prentiss, Takasago and Endura.

ZEPA participants: P. Fenner-Crisp, S. Irene, K. Baetke, L. True, J. Ellenberger, and A. Dixon.
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L _Introduction

Tﬁe value of mechanistic information in the regulation of potential human cércinbgens is
being increasingly recognized by regulatory Agéncies and scientific review bodies in the US
and other countries. Mechanistic understanding has played an important role at the US EPA
in regulating certain chemicals that have the potential to induce tumors in rodents.
Knowledge that a carcinogen acts through an_unequivocally génotoxic mode has led to great
caution in the extrapolation from rodents to humans. In other cases in which the mechanism
does not involve direct genotoxicity, such as the o-2u globulin-induced renal tumors in male
rats, rodent follicular cell thyroid tumors, ahd rat bladder tumors resulting from stones or-
microcrystal-inc'iuced irritation, the understanding of mechanism has clearly reduced the level
of concern for human exposure to the rodent oncogens. The draft revision to the EPA
Guidelines for Carcinogen Risk Assessment (EPA, 1994) describes the utility of

understanding the mode of action:

"The purpose of analyzing the mode of action is to make a reasoned judgment
about the ways agents appear to be producing carcinogenic effects. This
judgment affects theuways of charaqterizing hazards to humans and means of
evaluating potential dose-response relationships. Given the gaps in the general
understanding of carcinogenesis, these analyses and judgments do not lay out
detailed molechlar mechanisms. Nevertheless, commonly available data ‘
support general views as to physical, chemical, and biological factors that
appear to be influencing the carcindgénic process and are acknowledged by
scientists as playing a role. For hazard characterization, these analyseé address
the relevance of the animal tumor model to humans and the conditions of )
expression of potential hazard...For dosé-response -assessment, these analyses
help to guide the development of biologically based models for low-dose

extrapolation.”

The importance of biological information relevant to the understanding of the oncogenic



3
process has also been emphasized by the National Toxicology Program (NTP) Board of
Scientific Counselors. NTP is now incorporating mechanistic studies, including some of the
studies discussed in this paper, into their cancer bioassays. With respect to the generation of
mechanistic information, the NTP Carcinogenesis Working Group of the Board of Scientific

Counselors concluded:

"The NTP places fbo much emphasis on testing per se [i.e., too much emphasis
on hazard identification] and not enough emphasis> on providing mechanistic
insight required for a realistic interpretation of tile significance of the test
results with regard to human health. This should change. (National Toxicology
Program, 1992, cited in Goodman, 1993)" |

'Mquse liver tumors are a co@on finding in oﬂcoéenicity bioassays and may be associated

with either genotoxic or non'genotoxic etiology (Ashby and Tennant, 1988). Their relevance to
human risk assessment has been the subjéct of contiﬁuing discussion (see, for example,

reports of the fifth mouse liver tumor workshops sponsored by the International Life Sci»ences
Institute). As research has progressed on the biological nature of liver tumors induced under ,
different conditions in various strains of mice, it has become 'increasingly élear that not all

mouse liver tumors should be of equal concern from ;1 regulatory standpoint (see Example 3

in the recent draft EPA Guidelines for Carcinogen Risk Assessment). Mechanistic studies

now permit better characterization of the nature of mouse liver tumors and a more rational

and scientific understanding of potential oncogenic hazard. These data can be used to

confirm a lack of oncogenic risk to humans.

%



IL Background

PBO is used as a synergist to enhance ‘the insecticidal properties of the pyrethroids and other
pesticides and has a long hiétory of safe use. The use of PBO greatly reduces the amount of
active ingredient that must be used for insecticidal purposes. Between 1982 and 1986 PBO
was subject to Re-registratiori and Data Call In (DCI) by the US EPA. A Task Force was
fonned in order to conduct the studies requested by the EPA. | ’
Although PBO had been subjected to extensive oncogenicity testing, additional oncogenicity
testing in rats and mice was requested by EPA. A well-conducted study in the rat, performed
in response to the EPA DCI, showed no increase in neoplasia at any site (Graham, 1992). . In
the mouse, the most recent . study available (céonducted in response to the EPA DCI) found
eosinophilic nodules that have been claséiﬁed as benign liver tumors in both males (100 and -
300 mg/kg/day) and females (300 mg/kg/day)(Hermansky and Wahner, 1993).

A‘The mouse oncogenicity study (Hermansky and Wahner, 1993) showing the increase‘ in
benign liver tumors was conducted in response to the EPA Data Call In notice and was run at
~a dose level approximately twice that pfeviously employed. The high dose 1e§el was
associated with reduced weight gain, and dramatic increases in liver weight, consistent with
that seen in earlier chronic and subchronic studies. The increased liver weight is the result of
the demonstrated ability of PBO to serve as an inducer of microsomal mixed function oxidase -
and to increase hepatic enzyme synthesis (including P-450 isozymes) following repeated
exposure (Wilkinson et al., 1984). Necrosis and hemorrhage of the liver was observed at the
high dose level. At termination of the mouse oncogenicity study after 78 weeks there was a
statistically significant increase in liver eosinophic adenomas/hyperplastic nodules in males at
100 mg/kg/day and in males and females at 300 thg/kg/day 1,0,0,9, 17 in males and 0, 1,
0, 0, 9 in females for the two control groups, and the 30, 100 and 300 mg/kg/day groups,

respectlvely) The incidence of neoplasia is as follows:

NEXE
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Table. Summary of neoplastic findings in the CD-1 Mouse Liver

_ Dcée lé‘;el

Adenoma (dfj

Carcinoma(d’)

Adenoma (2)

Carcinoma(?)

~ Total

‘examined

PBO was not genOtoﬁc in a comprehensive battery of studies conducted by the Task Force.
PBO was examined for mutagenic activity in the Ames test and was found to be negative

* (Lawlor, 1991). PBO did not induce chromosomal aberrations in CHO cells under both
acnvatlon and non-activation conditions (Tu, 1986) and did not increase unscheduled DNA
synthe51s in rat liver cells in culture (McKeon, 1986) or in human liver slices (Price et al
1994). A mouse dominant lethal assay also confirmed the lack of genotoxmlty (Epstein et al,
1979).

In summary, PBO induced hypertrophy of hepatocytes and increased cell turnover, eventually
resulting in an increased incidence of eosinophilic adenomas in a susceptible strain of mouse.
This response was predictable based upon the pharmacological properties of the compound.
PBO induced liver adenomas in one study in the mouse (NOEL= 30 mg/kg/day) but showed

' no increase in tumors in the rat in studies considered by the EPA as scientifically acceptable.
" PBO is not genotoxic in a battery of studies conducted by the Task Force including the
mouse micronucleus study, CHO chromosomal aberration study, the Ames assay and in
unscheduled DNA synthesis studies. The tumor type that has been associated with PBO,

eosinophilic hepatoadenomas, commonly. occurs with nongenotoxic oncogens in some strains
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~ of mice. The relevance of this tn‘rnor for human risk assessment has been Widely questioned
and it has typxcally been of low concern at regulatory agencies. At the recent ILSI mouse |
_ liver tumor workshop, Drs. K. Baetke and R. Engler of EPA presented a number of factors

that effect the level of concern for a mouse liver oncogen. As applied to PBO, these factors

lead to a low level of concern:

1. The incidence of tumors is increased only in a strain with a moderately-high backgronnd
rate. | | |

2. Only benign tumors are increased.

3. PBO is not genotoxic.

4. A clear positive response is observed only at dose level with persistent enzyme induction
and liver cell hypertrophy. |

5. There is a clear threshold for the liver cell hypertrophy and the oncogenic response.

6. Only a single site in ’a single species shows an oncogenic response.

7. There are no indications of early onset.

Nevertheless, to assure the EPA that PBO is unlikely to be a human oncogen under realistic
conditions of exposure and that a threshold-based approach is most appropriate for risk |
assessment, the Task Force has undertaken a number of addmonal initiatives that are not
 typically requu'ed by the EPA. These studies have been conducted to show that PBO mduces
mouse liver tumors via the sequence of enzyme induction, liver cell hypertrophy and

proliferation in susceptible mice.

[ Sy



Group A

1. Unscheduled DNA synthesis in human liver

2. Cell proliferation studies in rats and mice

3, Enzyme induction studies

4. Comparative metabolism and pharmacokinetic studies
(with expert summary)

5. Comprehensive exposure assessment

.Comment:

All of the items in Group A are either completed, underway or are planned for the near .
future. It is expected that all of the work described in Group A can be subrmtted to the
Agency in the next 6 months. Initiatives in this group are those that the Task Force believes

are of greatest utility in determining the risk that PBO may pose for humans. .
Rationale:

1. Central to an understanding of the mechanism. of toxicity of PBO is making a
determination of whether or not PBO has the ability to directly damage DNA. A study of
unscheduled DNA synthesis (UDS) in human liver from 5 healthy humans was recently ‘
undertaken by the Task Force (Price et al., 1994). No increase in UDS was found in human
 tissue. This negative genotoxicity finding is consistent with other Task Force studies. This
study will be submitted to the Agency by April 15. ”

2. The importance of increased cell proliferation in the carcinogenic process is now being

better understood and may be incorporated into more sophisticated risk assessment models

[ 35—
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such as the Moolgavkaar-Knudsen model (Mooigavkaar et al., 1986). Th'ev Task Force is
undertaking cell proliferation studies in the m(;us’e. To date, study\res’ults in the mouse
indicate that PBO'caus,es a transient but significant increase in cell proliferation in the liver
(Phillips et al., 1994). These .studies will be completed, summarized and submitted to the
Agency by April 15. ' |

3. PBO is known to be both an inhibitor and an inducer of cytochrome P-450 isozymes
(Wilkinson et al., 1984). Characterization of the pattern and dose-response for induction in
various species will allow better correlation of enzyme induction/cell proliferation/

oncogenicity. These studies are underway and will be submitted by April 15.

4. In the rat PBO is metabolized via oxidation ahd subsequent cleavage of the ether side
chain or methylene bridge on the benzodioxole ring and is rapidly eliminated from the body.
It is now understood that species differences in response to toxicants are due to a very large
extent to the concentration of the proximate toﬁcmt at the target site. These studies will
investigate in vitro PBO metabolism in excess donor human liver from transplant material.
+ The results from that study will be compared with the metabélism of PBO in rats and mice.
" Pharmacokinetic studies will be conducted in rats, mice and humans (if possible). The rat
metabolism and pharmacokinetic studies have'beén completed and submitted to the Agency.
Metabolism studies in the mouse have been recently completed and an overview of all
metabolism/ pharmacokmetlc studies is in preparation. This information will be submitted to
the Agency within 4 months.

5. The ability to predict the oncogenic hazard posed under realistic conditions of exposure is
of paramount importance for regulatory purposes. The Task Force proposes to collect and
analyze information characterizing exposure by all routes. This information will facilitate |
prediction of oncogenic hazard and risk assessment. This work will be completed within 6

months.

[ Se



Group B .

1. Reversibility study in the mouse

2. Oncogene activation -

3. Alterations in cell-cell communication
4. DNA hypomethylation

5. Transplantation studies -
Comment:

These long-term studies héwe been undertaken for other mouse liver turnof oncogens. They
would determine whether PBO-induced lesions are reversible, whether they are likely to
progress and whether they have the potential to be transplanted. The PBO Task Force would
consider undertaking these studies only if EPA concluded that they could potentiélly allow

reclassification of PBO-induced lesions as nonneoplastic.
Rationale:

1. Reversibility studies (also called "stop exposure" studies) have been conducteci for
phenobarbital and a number of chemicals tested by the National Td:iicology Program
(Maronpot et al;, 1987). For phenobarbital, hepatbadenomas were shown not to progress to
carcinomas upon the cessation of treatment and the number of eosinophilic nodules decreased
. in animals returned to control diet after 60 weeks of exposure and sacrificed at 80 weeks
(Evans et al., 1992). | |

2. It has been sugéested that oncogene activation studies (and study of inactivated tumor
suppressor genes) may provide a greater understanding of the underlying nature of mouse
liver neoplasia (Reynolds et al., 1987). Activated proto-oncogenes, particularly the H- ras

13 5
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oncogene at codon 61, have been found in spontaneously occurring and genotoxic carcinogen-
induced tumors (Chen et al, 1993). A decreased incidence of H-ras oncogene activation has
been observed in mouse liver tumors induced by the moﬁse liver oncogens phenobarbital
(Pedrick et al., 1994) and oxazapam «(Cunkningham et al., 1994). The relevance of these
DNA alterations (and their absence in some murine hepatic tumors) is unknown at the present

time.

3. Alterations of cell-cell communication are found in mouse liver tumors induced by
nongenotoxic agents and may be a-necessary precursor to tumor development (Goodman et
al., (1993)). '

4. Alterations in DNA methylation is a common finding in mouse liver tumors induced by
nongenotoxic agents. Ray et al., (1994) has suggested that this may be a necessary precursor

of tumor development.

5. Tumor transplantation studies into nude mice are a measure of the aggressiveness ofa
tumor i.e., those tumors that are transplanted ahd continue to grow are more highly neoplastic
than those that fail. The ability of transplanted tumors to grow in agar media could also be
examined. Eosinophilic mouse liver tumors associated with phenobarbital have been found to
be less transplantable than those induced by genotoxic mouse liver carcinogens (Pedrick et al.,
1994). ‘ ’

/3%
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