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MEMORANDUM

SUBJECT: ASANA (Esfenvalerate) - Minutes of Meeting of
' January 13, 1989 - EPA Registration Nos. 352-496 —

and 352-515%5
TOX Chem No.: P&~ 26§ (/

Project No.: 9-0801A
Record Nos.: 239684,
239685

FROM: William B. Greear, M.P.H.:J;QLL_ﬁ.JLm*V Vg

Review Section II

Toxicology Branch I - Insecticide, Rodenticide Support
Health Effects Division (H7509C)

TO: Adam Heyward/George LaRocca, PM Team 15
Insecticide-Rodenticide Branch
Registration Division (H7505C)

- W
THRU: Marion P. Copley, D.V.M., Section Head Zfwon
Review Section II
Toxicology Branch I - Insecticide, Rodenticide Support
Health Effects Division (H7509C)

and —

Judith W. Hauswirth, Ph.D., Chief W w MM‘%//E/?%
Toxicology Branch I - Insecticide, Rodenticide Support
Health Effects Division (H7509C)

Under the cover letter dated February 1, 1989, D.A.
Wustman of Dupont has submitted the minutes of a meeting
generated from a meeting that was held on January 13, 1989 to
discuss miscellaneous registration issues.



-2

A correction should be noted on page 2 of the minutes
of the meeting. The OPP RfD Committee has not yet convened
to discuss whether the ADI of 0.045 mg/kg/day, derived from
the 20-month mouse oncogenicity study, should be divided by
a factor of 4. The reason 4 may be used is because the mouse
study was conducted with the racemic technical which contains
4 isomers in equivalent proportions, of which only the §5-
isomer is insecticidally active; however, the new technical
is almost exclusively composed of the §5-isomer. A decision
on whether the factor 4 should be used to decrease the ADI
will be held in abeyance pending the submission of a number
of reprints on the activity and relationship of the 4 isomers
of fenvalents. '



OMMEROIAT/FINANCIAT, INFORMATION IS NOT INGLUDED

MEMORANDUM OF DISCUSSION
Time: 10:00-12:00 noon, January 13, 1989

Place: EPA Offices, Arlington. VA

Present: From EPA Adam Heywﬁfd

Registration
J. W. Hauswirth Toxicology
J. H. Olney Dietary Exposure
H. Fonouni Dietary Exposure

S. L. Stanton Dietary Exposure

From DuPont N. L. Redfearn Registration
D. A. Wustner Registration 4

P. W. Lee Environmental Studies

A general introduction was presented to acquaint all participants
with the planned agenda and the objectives of the meeting (DAW).
As previously committed, DuPont is now in a position to replace
DuPont PYDRIN 2.4 EC (containing fenvalerate) for all uses in
food crops with the single isomer product, DuPont ASANA XL 0.66
EC (containing esfenvalerate). To do this, ASANA XL must have a
use label that includes all of the present PYDRIN 2.4 EC uses.
With PYDRIN out of food use, DuPont wished to address the pending
uses for fenvalerate and new uses for (es)fenvalerate, the

magnitude of the tolerances, and the tolerance assessment. The
visuals used are included as attachment I.

Subsequent discussions mainly addressed the two major céncerns of
the Agency--(1) the nature and magnitude of the residue from

ASANA versus PYDRIN on crops, and secondary residues in

livestock and milk from ASANA uses; and (2) the determination of

an appropriate ADI for ASANA from the current chronic toxicology
data base. The wvarious issues that were discussed will be
treated separately in this memorandum.

Issue: DuPont ASANA XL 0.66 EC Use Label.

ASANA X1 is presently labeled for use on a subset of PYDRIN
labeled crops. Before DuPont will remove Pydrin from
agricultural use, all of the present PYDRIN uses must be
transferred to the ASANA label--the "parity" label. DuPont
applied for a label amendment to ASANA for all the additional
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Cancellation of PYDRIN 2.4 EC will have two other beneficial
effects. First the reduced use rates, by elimination of the
insecticidally inactive isomers, reduces environmental
contamination. Second, It will not be necessary to reregister
food uses of PYDRIN under the mew amended FIFRA minimizing cost
to both the Agency, and DuPont. «

Issue: Acceptable Daily Intake.

The OPP ADI committee met on November 15, 1988 to consider
establishing a new ADI for fenvalerate of 0.05 mg/kg/day based on
a NOEL of 200 ppm (5.3 mg/kg/day) for esfenvalerate in a recently
completed one-year dog feeding study. Reevaluation of all of the
chronic data caused the committee to propose an ADI of 0.045
mg/kg/day based on the NOEL from a mouse oncogenicity study of
fenvalerate, with a 100-fold safety factor. The committee then
divided this number by 4 in that the technical used was
racemic--i.e. composed of the four isomers of fenvalerate while
the chronic toxicity of fenvalerate is attributed to the
SS-iscomer of fenvalerate. Thus, the mice were challenged with

racemic fenvalerate, only approximately one-fourth of which was
the neuro-toxic SS-isomer.

There are two technical bases supporting the use of the NHOEL from
the one-year dog study in determining the ADI for esfenvalerate.
These are: the definition of the residue, and how it 1s measured;
and the causes of the toxicological effects that determined the
NOEL’s in the two chronic studies.

The definition of the residue: The dose is compared with the sum
of the tolerances--or the anticipated residues--multiplied by
appropriate food factors to determine acceptability of dietary
exposure. Presently, the toxic residue from either fenvalerate,
or esfenvalerate uses, is defined as parent only, and the
approved enforcement methods evaluate the sum of all four
isomers., The ADI, the tolerances, and the enforcement methods
must be chemically consistent. Thus, unless the tolerances are
based and enforced on only the single SS-isomer, the ADI should -
continue to be based on all four isomers. It should be
emphasized that the analytical wethod which is stereospecific to
the SS-isomer of fenvalerate--esfenvalerate--using chirel HPLC is
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extremely difficult and time-consuming. The method requires
equipment that is not readily available in most residue
laboratories and is not rugged enough to be used as a routine
enforcement method.

To further support the definition of the residue as the sum of
the isomers, some isomerization of field residues has been
detected. Under weakly basic conditions, the cyanohydrin carbon
is easily racemized. All of the data that are available are
consistent with a interconversion of the SS- and SR-isomers.

This is observed in the present GC method as an increase in the
size of the first peak (containing the SR- and RS-diastereomers)
and a concomitant reduction of the second peak (containing the
S§S- and RR- diastereomers). This isomerism is not common nor has
it been seen to go to completion, however, it does complicate the
definition of an ASANA residue.

Toxicological effects: The low dose effects generally seen in
chronic and subchronic studies with (es)fenvalerate are either
microgranulomas in liver, spleen and lymph nodes, or neurological
effects. The SS-isomer of fenvalerate is a sodium channel
agonist. This activity is completely stereospecific to the
SS5-isomer and is responsible for the activity of (es)fenvalerate
on nerve membranes. Microgranuloma formation in mice is also a
stereospecific effect, however this effect is only caused by the
RS-isomer. Work by Sumitomo scientists in Japan has unequivocally
demonstrated that the microgranulomas are a consequence of the
accumulation of cholesteryl (2R-2-(4-chlorophenyl)isovalerate
--that is the cholesterol ester of the R-isomer of the
fenvalerate acid--in the affected tissues. The formation of this
ester conjugated by metabolism, and the formation of the
microgranulomas, are completely specific to the RS-isomer of
fenvalerate. Microgranuloma formation was not observed in a
companion study using the resolved SS-isomer of fenvalerate as
the test material. An interim report through 26 weeks of this
Japanese work can be found in Tab 44 of Volume IV of the original
ASANA petition--EPA Accession No. 254115. Copies of two reprints
that report the work through 52-weeks are included as Attachments
I1 and III. These studies also provide chronic toxicity data
(l-year mouse feeding studies) that directly compare the
SS-isomer, the SS- SR-isomer pair, and racemic fenvalerate as
test materials.

The technical fenvalerate that was used in the mouse feeding
study proposed for use to determine the ADI contained about 25%
of the RS-isomer, the isomer that causes microgranuloma
formation. In contrast, the ASANA technical typically contains
around 5 % of the RS-isomer. Therefore one would calculate that
approximately five-times as much ASANA would have to be consumed
by the mice to reach the equivalent NOEL with regard to the
RS-isomer which cause the microgranulomas. This further suggests
an ADI of 0.23mg/kg/day (150 ppm . 0.15 / 100 = 0.23) if
extrapolation is done from the mouse NOEL. The fenvalerate mouse
study is not appropriate to use in the ASANA tolerance
assessment. The low dose effects in the dog feeding study with
ASANA are neurological, and microgranuloma formation was not
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observed Thus, the one-year dog feeding study is the most
appropriate to address the chronic toxicological end-point for
ASANA.

Considering that esfenvalerate has already largely displaced
fenvalerate for use in the US, and when fznvalerate (PYDRIN) is
out of the channels of trade, all of the subsequent use will be
SS-isomer, the one-year dog feeding study using esfenvalerate
technical as the test material is the most appropriate study for
use in determining the ADI. .

Issue: Tolerance Assessment.

It appears that the tolerance assessments performed for DuPont

and that performed by the Agency reach similar conclusions. It
was noted that different ADI values were used, the reasons for

which are discussed above.

Issue: Residue chemistry--General.

From the viewpoint of performance, the active ingredient in
PYDRIN is the SS-isomer, i.e. esfenvalerate, the ai in ASANA.

All of the studies using racemic fenvalerate that support the
registration of PYDRIN also support the registration of ASANA
since the test material always contained the active isomer as
well as the other three, inactive isomers. At low
concentrations, the isomers appear to act, and are acted upon
independently. Thus, the SS-isomer alone will perform, degrade,
etc. in an identical manner to the SS-isomer in the presence of
similar concentrations of the other three isomers. The fate of
ASANA will be identical to the fate of the SS-isomer as part of
the residues from PYDRIN. Moreover, a number of studies have
compared the behavior of isomer preparations to the behavior of
the racemic--several of these studies will be discussed below and
have previously been submitted to the Agency. These studies all
show that different isomer preparations behave no differently
than the racemic. Residues from ASANA will be quantitatively less
than those from PYDRIN because of the reduced use rate.
Qualitatively ASANA residues will be the same.

Issue: Magnitude of the ASANA residues.

The present tolerances for fenvalerate were established based on
a PYDRIN use. Given the definition of the composition of the
products, and the definition of the residue, the tolerances will
be quite large for an exclusive ASANA use. The Agency has very
little field residue data comparing PYDRIN to ASANA. DuPont has
about 40 additional field studies that report residues from
PYDRIN and ASANA side-by-side on a variety of crops. These data
will be submitted to the Agency. Because there continues to be
some PYDRIN in channels of trade, the tolerances probably cannot
be changed for some time but progress towards resolution of this
question can be made.
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Issue: Chemical Nature of the Residue on Plants.

Several plant metabolism studies have been conducted with racemic
fenvalerate to determine the fate of fenvalerate on crop plants,
and to define the chemical nature of the residue. These studies
have been summarized in "Residue Chemistry and Metabolism of
SD43775 (Shell Summary, 1985)", MRID No. 151250, and are also
summarized in the table below. In short, little absorption or
translocation of the l4C-fenvalerate was evident. In addition to
undegraded fenvalerate (ca. 80 % of extractable), the
decarboxylated fenvalerate (SD54597, a photoproduct) was the
major degradation product detected on plant surfaces. There were
several minor products (from the acid and alcohol moieties)
resulting from the cleavage of the parent ester; however, all
were present in very small amounts--less than 5 $ of the applied
radioactivity.

Test plant Wheat (1) Cotton(2) Tomato(3)
Test location Outdoor (CA) Outdoor (CA) Outdoor (CA) ~
Time (weeks) 10 4 7
14-C Position Acid Alcohol Acid Alcohol Acid Alcohol
Solvent Ext. ’ 36 27 53 56 79 84
As SD43775 30 22 35 40 66 66
SD54597 <1 <1l 8 7 4 6
Minor <5 <5 10 9 9 12
Solid Resid. 8 8 2 4 3 4
Percent Appl. 44 35 55 60 82 86
Test plant Soybean (leaf)(4) Soybean (pod)(4) Bean(5)
Test Location Outdoor (CA) Outdoor (CA) Greenhouse
Time (weeks) 5 5 8.6
14-C Position Acid Alcohol Acid Alcohol Cyano
Solvent Ext. 47 66 83 79 59
As SD43775 37 55 79 - 76 - 43
SD54597 6 6 <1l <1 1
Minor 4 5 4 3 15
Solid Resid. 4 6 1 2 8
Percent Appl. ’ 51 72 84 81 87

(1) RIR-22-001-85, no MRID or Accession No’s. Reviewed by RCB in
. a review dated May 3, 1985 in connection with
PP#4F3003/4H5419 and PP#4F302]1 transmitted to
Shell by letter dated May 10,1985.
(2) TIR-22-110-76, MRID No. 71632
(3) TIR-22-104-79, MRID No. 35651
(4) TIR-22-111-79, MRID No. 100104

(5) Pesticide Science. 5, 215-23, 1980., MRID No. 141454,
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There has been a considerable toxicology, environmental
chemistry, residue and secondary residue data base developed on
the photoproduct. The results of these studies have convinced
the Agency that the photoproduct, SD54597, is not of
toxicological concern and is not a necessary part of the
tolerance expression.

Issue: Stereoselectivity of Plant Metabolism of Racemic and the
SS-Isomer Fenvalerate.

Reference: Mikami, N., N. Wakabayashi, H. Yamada, and J.
Miyamoto. 1985. The metabolism of fenvalerate in
plants: The conjugation of the acid moiety.
Pesticide Science. 16, 46-58. Attachment IV.

The paper referenced above directly compares the metabolism of
racemic fenvalerate with the SS-isomer on cabbage plants grown
and treated under laboratory conditions. The data clearly show
that there were no significant qualitative or quantitative
differences between the metabolism on cabbage of the racemic or
the SS-isomer. The wundegraded parent remained the major
radioactive component recovered from the leaf surfaces. Since
this study was conducted in the greenhouse, the decarboxylated
photoproduct was observed as a minor metabolite. Ester cleavage
products, free and conjugated, were observed from both the acid
and alcohol portions of the ester. The only degradation product
to exceed 5 % of the applied radioactivity was the conjugated
fenvalerate acid. Differences in the relative magnitude of
metabolites in this study relative to those discussed above are
most likely attributable to the greenhouse conditions leading to
lower rates of photolysis.

Together, the plant metabolism studies with fenvalerate or the
SS-isomer demonstrate (1) that the bulk of the residue remaining
after a (es)fenvalerate treatment is parent, (2) that the residue
remains on the plant surface where applied, (3) that the only
significant outdoor degradation product is a photolysis product
that is not of toxicological significance, and (4) that other
potential degradation products are in amounts less than 5 & of
applied. It is important to emphasize that virtually all of the
degradation of fenvalerate occurs on the outside of the plant,
and that the major pathway outdoors is photolysis. Photolytic
reactions, such as the loss of carbon dioxide from fenvalerate,
would be expected to be unaffected by optical isomerism, thus,
the single SS-isomer will degrade photolytically in an identical
manner and rate to the racemic mixture.

Issue: Chemical Nature of the Radioactivity in Fat of Rats.

Four rat metabolism studies have been conducted to demonstrate
the overall pharmacokinetic characteristics of racemic
fenvalerate and an SS-isomer enriched preparation of fenvalerate
SD92459. These four studies have MRID No’s of 85749, 99109,
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144166, and 144165. The results were consistent and demonstrated
that there were no apparent differences in metabolism, or tissue
accumulation of racemic fenvalerate, or the SS-isomer enriched
fenvalerate (ca. 45 % SS-isomer), with one exception. The
reviewer noted that there was a discrepancy in the proportion of
parent in the fat of the rats. 1In earlier rat metabolism
studies, undegraded parent accounted for greater than 90 & of the
radioactivity in the fat. In these studies, only about 55 % of
the fat residues were identified as parent for the racemic, and
15 % in the SS-isomer enriched studies.

Further characterization of the rat body fat was conducted and
the results were submitted to the agency on March 15, 1985.

These results were reported in MO-RIR-22-005-85 which is included
as Attachment V. Also included as Attachment VI is the Agency's
response and review of the study (dated August 6, 1985). An EPA
MRID or Accession No. is not available. The submission was in
connection with EPA File Symbol 201-URI, which became 352-1NE and
then DuPont ASANA Insecticide 1.9 EC EPA Registration No.
352-502.

The results of the reanalysis of the rat body fat from the four
studies showed approximately 99% of the 14C-residues in the body
fat could be recovered by hexane-acetone (3:1) homogenization and
extraction. Greater than 95 % of the organic-extractible
residues were characterized as the undegraded parent.

Significant levels of water-soluble or tissue-bound and other
minor organic-extractible metabolites were not detected. There
were no differences evident in the overall residue distribution
pattern between the sex of the test animals, label position, or
the isomeric composition of the test compound. The differences
between original metabolism studies, and these studies questioned
by the original EPA reviewer were attributed to incomplete
extraction. Upon reviewing the supplementary report, the Agency
agreed.

Issue: Chemical Nature of .the Secondary Residues in Animal
Tissues and Milk From SS-Isomer Residues in Animal Feed.

A summary of the many secondary residue studies that have been
submitted for fenvalerate is available as "Summary: Residue of
Pydrin Insecticide in Milk, Meat and Eggs." Shell Chemical
Company, 1983., MRID No. 132554. There have been three 28-day
feeding studies performed on lactating cows using
14C-fenvalerate. Feeding levels were 79, 10.9, and 0.15 ppm
radiolabeled material in the cow diet. The magnitude of the
radiocarbon residue was investigated in milk and tissues, and the
magnitude of the parent residues were determined in the milk in
all three studies. In the 79 ppm study the chemical nature of
the residue was extensively investigated in various tissues. The
data show that within analytical the error of the determinations,
virtually all of the residue in the milk was parent. Material
balance indicates that the concentration of metabolite(s) is
negligible.



It has been demonstrated in animal and plant studies that,
excepting the mode of action of the SS-isomer on nerve membranes,
and the chronic effect of the cholesteryl ester metabolite from
the RS-isomer, the SS-isomer (ASANA) behaves no differently at
residue levels than the racemic (PYDRIN). The SS-isomer was
approximately 25 % of the radioactive material used in the
ruminant studies briefly reviewed above. There was parent, and
no metabolites, found in milk as a result of feeding high levels
of the racemic fenvalerate. Therefore it is most likely that
there will be parent, and no metabolites found from feeding the
SS-isomer of fenvalerate. It should be emphasized that the
residue levels on on animal feeds will be smaller from the field
use of the lower use rate SS-isomer, and consequently, the
secondary residues in meat, milk, and eggs will be
correspondingly smaller.
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AGENDA
(ES)FENVALERATE-- PYDRIN ASANA
1113789

DU PONT PYDRIN 24 EC
DUPONT ASANA XL 066 EC
NEW USES

TOLERANCE ASSESSMENT

DAW 1/12/89



PYDRIN /7 ASANA

PYDRIN-- o First registeredin 1977

o Pyrethroid insecticide--fenvalerate.
0 Racemic mixture of 4 optical isomers.

o Demonstrated early-on that one isomer
is active.

0 Presently registered for use on many

ASANA--

crops.

0 Field use rate inthe 0.1-0.2 1b. ai/ﬁ
range.

o First registeredin 1986.

o Pyrethroid insecticide--esfenvalerate.

o Single active optical isomer of
fenvalerate.

o Presently registered on a subset of -
PYDRIN crops.

o Field use rate in the 0.03- 0.05 Ib. ai/a
range.
DAW 1/12/89



1. PARITY LABELING FOR ASANA XL SO THAT
DU PONT CAN EXIT THE PYDRIN BUSINESS,
AND THAT THE FOOD USES OF PYDRIN 24
EC CAN BE CANCELED.

2. AFORWARD PLAN TODEAL WITH THE RESIDUE
QUESTIONS, OUTSTANDING PETITIONS, AND
NEW USES FOR ASANA XL.

DAW 1/12/89



Asana XL

Apply: 8/17/88
No new tolerances

Add:  Sugarcane Blueberry
Sunflower Caneberry
Stone fruit Carrots
Pears Collards
Almonds Okra
Filberts Radish
Ornamentals Turnip

Revise : Directions for use

DAW 1/12/89



New Uses Applied
—CROP PP No. SUBMITTED
(FAP No.)
Grapes 2F2657 3/82
2H5340
Forage 2F2746 8/82
Sorghum | 4F3003 11/83
Alfalfa 4H5415 (alfalfa withdrawn 4/85)
Range, 4F3004 11/83
Pasture
Wheat, 4F3021 1784
Barley 4H5423
Celery 4F3023 1/84
Brussels S. 4F3030 1/84
Sugarbeets 4F3120 7/84
4H5437
Spinach SF3172 11/84
HeadLettuce  2F2500 1781
’ (withdrawn 1/85)
Citrus 4F3022 1784
4H5424 (withdrawn 5/85)

DAW 1712789



(ES)FENYALERATE

TOLERANCE ASSESSMENT

Analysis performed by Technical Assessment Systems Inc.

0 All residue data used has been submitted to EPA

0 ADI 0.050 mg/kg body wt/day

0 ADI based on chronic dog using esfenvalerat

SUMMARY (U.S. Pop)

Analysis

EXISTING TOLERANCES

PROPOSED TOLERANCES
(exist + proposed + livestock)

ANTICIPATED RESIDUES
(as above, fenvalersts deta)

ANTICIPATED RESIDUES
(as above, esfenvalerate “data”)

Total Exposure
MG/KG

0.0196

0.0474
0.0058

0.0026

% ADI

39

95

12

DAW 1/12/89

@



PROPOSED TOLERANCES

ANTICIPATESD RESIDUES
TOLERANCE (PPM.) ANTICIPATED RESIDUE
| PYDBIN ASANA
SORGHUM 8 1.25 055
WHEAT 1 0.22 0.10
BARLEY 5 1.35 0.60
SPINACH 30 1733 763

ANTICIPATED DIETARY INTAKE FOR POULTRY

(ppm)
COMMODITY ANTIC. PROP. ANTIC,
RES. IN FEED DIET RES.
SORGHUM 1.25 0.60 0.750
BARLEY 1.35 0.50 0675

MAXIMUM TOTAL ANTICIPATED DIETARY INTAKE --- 1.425

(Using tolerances the maximum would be -=7.3)

DAW 1/12/89
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PYDRIN / ASANA RESIDUE STUDIES

o Performed from 1983-1986

© Mo var of the AR satioaseney

o The ASANA / PYDRIN resi tio of 0.44
vfas derlﬂwecf> fr%m tr'f:?é \“ererg Q?udies.

0 73 separate locations.

o 44 were performed with PYDRIN and ASANA
in side-by-side experiments.

0 29 are ASANA alone.

) 2'.2 rtl:gogso ?ﬁ:rtiepresented (14 reg, 6 pend,

o ASAENI} / PYDRIN residue ratio is 0.35 using
data from abqve where residues were
greater than 0.1 ppm.

DAW 1/12/89



ATTACHMENT II



b e

Differential Metabolism of Fenvalerate and Granuloma Formation

I. identification of a Choiestero! Ester Derived from
& Specific Chiral isomer of Fenvalerate

HIDEO KANEKO, MASATOSHI Musuo. AND JUNSH!I MIYAMOTO

Laboratory of Biochemistry and Toxicology. Takarazuka Research Center, Sumitomo Chemical Company, Lid.,
4-2-] Takatsukasa, Takararuka, Hyogo 663, Japan
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TOXICOLOGY AND APPLIED PHARMACOLOGY 83, 148-156 (1986)

Differential Metabolism of Fenvalerate and Granuloma Formation

I. identification of a Cholesterol Ester Derived from
a Specific Chiral isomer of Fenvalerate

HIDEO KANEKO, MASATOSHI MATSUO, AND JUNSHI MIYAMOTO

Laboratory of Biochemistry and Toxicology, Takarazuka Research Center, Sumitomo Chemical Company. Lid.

4-2-1 Takatsukase, Takarazuka, Hyogo 665, Japan

Received April 24, 1985; accepred October 7, 1985

Differential Metabolism of Fenvalerate and Granuloma Formation. 1. ldentification of 3 Cho-
lesterol Ester Derived from a Specific Chiral Isomer of Fenvalerate. KANEKO, H., MATSUO, M.,
AND MIYAMOTO, J. (1986). Toxicol. Appi. Pharmacol. 83, 148-156. On a single po administration
of the four chiral isomers of fenvaierate ([RS}w-cyano-3-phenoxybenzyl [RS}-2<(4-choloro-
phenyl)isovalerate) to rats and mice at 2.5 mg/kg, the [2R.aS}-isomer showed relatively higher
residues in all analyzed tissues as compared with the other three isomers. Similarly, this isomer
showed higher tissue concentrations than other isomers when mice were fed a diet containing
500 ppm of the [2S.aS}, [2R.a5}-, and [2R.aR}-isomers for 2 weeks. The [2R,aS}somer produced
a lipophilic metabolite in all the examined tissues on the besis of thin-layer chromatography

- analysis, but not for the other somers. The amounts of lipophilic metabolite differed among
tissues, being higher in adrenal, liver, and mesenteric lymph nodes following feeding 1o mice st
500 ppm of the [2R.aS }-isomer for 2 weeks. However, the amount did not increase proportionally
with time and apparently resched a plateau within 2 rather short time. This metabolite was
identified as cholesteryl [2R})-2-{(4-chlorophenyl)isovalerate ([2R}-CPiA-cholesierol ester) on the
basis of spectrosnalysis and chromstographic behavior after purification on silica gel, Florisil,
thin-layer, and high-pressure liquid chromatography. The presence of the same metabolite also
was indicated in rat tissues. The CPlA-cholesterol ester was rapidly formed and found in all the
analyzed tissues of mice | hraﬂernsulepondmnmuonohh:ﬂk,d}-m © 1986

Acdemic Prem, lac.

It will be reported in a subsequent paper of
this series that fenvalerate, a photostable py-
rethroid insecticide ([R.S}-a-cyano-3-phen-
oxybenzyl [RS]-2-(4-cholorophenyl)iso-
valerate; Sumicidin, Pydrin), caused micro-
granulomatous lesions in adrensl glands,
mesenteric lymph nodes, liver, and/or spieen
of rats and mice, and that of the four chiral
isomers, one specific isomer, the [2R.aS }-iso-
mer, produced suck histological changes
(Okuno et al., 1986). With respect to the met-
abolic fate of fenvalerate, the racemic mixture
and the [25,aS}-isomer, which is imsecticidally
most active, were extensively studied in rats,
0041-008X/86 $3.00

Capyright © 1986 by Acudemic Pram, tac.

Al rights of mpruducuion & sy fors el

mice, and dogs by using three radioactive
preparations labeled with '“C in the acid and
alcohol moieties as well as the cyano group
(Ohkawa er al., 1979; Kaneko er al.. 1981,
1984). The major metabolic reactions were
oxidation at the 2- and 3-positions of the acid
moiety, and at 2- and 4'-positions of the al-
cohol moiety, ester cleavage, and conjugation
reaction of the resultant carboxylic acids and -
phenols with glucuronic acid, sulfuric acid,

and smino acids (giycine and taurine), as well
as conversion of the cyano group to thiocya-
nate and CO,. No noteworthy retention of the
radiocarbon from either acid or slcohol moiety
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FENVALERATE METABOLISM AND GRANULOMA FORMATION, I

was observed, but the cyano carbon was re-
tained 10 a certain extent mainly in skin and
hair.
Thus, aithough it appears that there is no
significant difference in general metabolism
_among the four fenvaierate isomers, & more
detailed comparative metabolism study of the
four isomers was undertaken in rats and mice
with acid-labeled preparations in order to find
out possible differences in bioretention of me-
tabolites, which may be associated with the
difference in capability of inducing granuloma
formation.

METHODS
Spectroscopy

Proton magnetic resonance (PMR) spectrs were deter-
mined in deuteriochloroform with tetramethylsilane as an
internal standard on & Hitachi R40 spectrometer at 90
MHz. Electron impact mass specirs (MS) were obtained
with & Shimadzu gas chromatograph-msss spectrometer
Model 6020 with direct insertion method at 70 eV. The
polarity of samples in chioroform was measured with a
Perkin-Elmer Model 241 polarimeter at 23°C.

Chemicals

Feavalerate labeled uniformly with *C ip the chiloro-
pheny! ring [chlorophenyl-“C] was synthesized (Kans-
maru e al.. 1981). The specific activity and the radio-
chemical purity were 53.2 mCi/mmol and more than 99%,
respectively. To obtain each of the [chlorophenyl-'“C]
[25.aS] (ablxrevisted & Aa), [25.aRKAS), [2R.aSKBa),
and [2R.aRBA)-fenvalerate somers (Fig. !), racemic
[chiorophenyl-*Clfenvalerate was subjecied to high-pres-
sure liquid chromatography (HPLC) under the following
conditions: Jesco FLA-A20 (Japen Spectroscopic Co.,
Lid ) desscier, UVIDEC 100-1I (254 men); recorder, UN-

et

(343) = (Be)

(nes 0= (ner) ®

PG, 1. The four chirel isomers of fenvalersie. *isbeled
carbon.
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JCORDER U-228 (Japan Spectroscopic Co., Lid.); col-
umo, SUMIPAX OA-2000 (2 X (5 um, 8 mm i.d. X 250
mm) plus 10 gm, 8 mm id. X 500 mm) (Sumitomo
Chemical Anslysis Service); solvent, s-bexane:1,2-dichlo-
roethane:isopropy! alcobol (500:30:1) or n-hexane:isopro-
py! aicobol (500:30); Sow rate, 3 or 4 mi/min (Chap-
man, 1983). About 10 mg of [chlorophenyl-*“Clfenvalerate
in 50 ut chioroform was injected. The chromatographic
eluting patiern of the four isomers is shown in Fig. 2. The
opticel purities of '“C-lsbeled preparations obtained were
97.1,>99, >99, and 96.6% for the Aa-, AS-, Ba-, and BS-
isomers, respectively, determined as described above except
for column and flow rte; column, OA-2000 (5 ym, 4 mm
id. X 250 mm) end Sow rate, | mi/min. Fenvalerate ls-
beled with C in the carbonyl group (“CO; 24.5 mCi/
mmol) of the acid moicty was also synthesized in this lab-
ortory (Kanamaru er al., 1981).

Nonradioactive Aa- snd AS-isomers were synihesized
in this lsborstory (Aketa er al., 1978), and the Ba- and
BA-isomers were purified from the B-isomers (Ba/BS,
1:1) by silica gel column chromatogrephy with n-hexane:
cthylacetate (10:]1 or 20:1) as the eluting solvent. The
chemical and optice) purities of these samples were deter-
mined by HPLC to be more than 97%.

The authentic standard cholesteryl (2R}-2<(4-chloro-
phenyl)isovalerate ([2R}-CP1A-cholesterol esier) was syn-
thesized as follows: [2R}-2-(4-chlorophenyl)isovaleric acid
chioride was condensed with equimoler cholesterol in
benzene and pyridine o yield the corresponding cholesterol
ester. The crude CPiA-cholesterol esier was purified on
silica gel column chromatography with the solvent n-hex-
ane:diethyl ether (9:1, v/v). Recrystallization of the cho-
lesterol ester from n-bexane yielded white crystals with a
melting point of 134 1o 138°C. (25} and [2RS}-CPIA.
cholesterol esters were synthesized in & similar manner.
PMR spectrs including assignment of proton signals are
shown in Fig. 3. The weak molecular ion peak (M) was
obeerved st m/z 580, together with M + 2 at m/2 582, as
shown in Fig. 4. The base peak at m/z 368 shows the
cholesteryl moiety (Brooks er al., 1968; Fears er al., 1982).
Other CPlA-cholesterol esters showed the identical spectra
&8 [2R}-CP1A-cholesterol ester. The optical rotations of
three CPIA-cholesterol esters are shown in Table 1.

Thin-Layer Chromatography

Precossed silics gel 60F254 chromatoplates (20 x 20
cm, 0.25 mm layer thickness, E. Merck) and reverse phase
RP-8F254S chromatopiates (10 X 10 cm, 0.25 mm layer
thickness, E. Merck) were used for both analytical and
preparative purposes. For identification of metsbolites,
one- snd two-dimensional thin-layer chromatography
(TLC) was carvied out: (A, B) in two-dimensional TLC
mesns that A is solvent for the £ direction and B for
the second direction. The sanderds used in this wudy were
prepared similarly 10 those in the previous studies and
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Z(Adalunplmyl)-z-hydmxy-}hydlmymﬂhyl butanoic
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butenedioic acid anhydride, 4'-OH-fenvalerate, a-cyano-
3-(4-hydroxyphenoxy)benzyl 2<{4-chlorophenyl)iso-
valerate (Ohkaws ef al., 1979, Kaneko e o/, 1981). The
Ry values for fenvalerate metabolites were reported pre-
viously (Ohkaws er al., 1979). The following soivent sys-
tems were used: (A) n-hexane:toluene:acetic acid (3:15:2,

two developments); (B) petroleum ether-diethy! ether (7:
3); (C) petroleum ether:diethyl ether-acetic acid (90:10:1);
(D) carbon tetrachloride; (E) tetraline:n-hexane (1:3); (F)

R

A wwm -
d o, Ny - A b

KANEKO, MATSUO, AND MIYAMOTO

cyciohexane:benzene (4:1); (G) n-hexane:diethy! ether (19:
13 (H) tetraline:n-hexane (1:1), (1) acetic acid; (J) methy!
ethyl ketone:methanol (7:3); and (K) benzene saturated
with formic acid:diethy] ether (10:3, two developments).
The radioactive spots were localized by radicautography,
and the authentic standards on TLC plates were visualized
under uv light (254 nm). CPlA-cholesterol ester on TLC
plates was detocted by spraying with Zatkis reagent
(FeCly - 6H,0 dimolved in water, acetic acid, and sulfuric
acid) and then hesting.

Column Chromatography

Silics gei column chromatography (Kiesel Gel 60, 70-
anuh.E.Meltk)mwrMommththefollowmg
solvent systems; (a) a-bexane:diethyl ether (9:1); (B) n-
hexane:acetone (4:1%; (C) benzene; and (D) petroleum
mm(mxwumnmm
(Florisil PR, Wako Pure Chemical Industries, Ltd., Japan)
was performed by using a-hexane:diethyl ether (19:1).

High-Pressure Liguid Chromatography

Five systems were used for preparstive and analytical
purposes: (A) Lichrogorb RP-18 (5 ym; 4 mm id. X 2§
cm, E. Merck) with acetonitrile:isopropyl alcobol (3:7),
flow rate, 0.8 mi/min; (B) same column with acetonitrile:
isopropyl alcohol:m-hexane (3:2:2), flow rate, 0.8 ml/min:
(C) Lichrosorb S1-100 (10 um, 4 mm id. X 25 cm. E.
Merck) with n-hexane:diethyl ether (199:1), flow rate. |
mi/min; (D) 1-15 ODS (15 um, 20 mm i.d. x 250 mm.
Yamamura Chemicais Co., Japen) with acetonitrile:chio-
rolorm-isopropyl alcohol (1:1:1) (Perkings er al.. 1981).
flow rate, 3 mi/min; (E) same column with scetonitrile:
chloroform:methanol (1:1:1), Sow rate, 3 mi/min.

L ] s 7 L] S

'y 3 2 1 Oppm

F1G. 3. PMR spectra of authentic standard {2R}-CPIA-cholesterol ester.
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FIG. 4. MS of authentic standard [2R1-CPIA-cholesterol
ester.

Animals and Treatments

Male ddY mice and male Sprague-Dawiey rats were
purchased from Shizuoka Agricultural Cooperative As-
socistion for Experimental Animals (Shizuoka, Japan).
Animals were aliowed 10 acclimatize for at least 7 days
prior 10 use. All experiments were carried out in 8 tem-
persture- and humidity-controiled room (23 = 2°C, 60
= 10%, respectively) with a 12-br light/dark cycle. Animals
were supplied with a diet (CE-2, Clea Jepan Inc., Osaka,
Jepan) and water ad libitum.

Each of the '“C-labeled preparations was suspended in
10% Tween 80 agueous solution, and four mice (30 to
35 g) and two rets (250 for 270 g) were treated with & single
po dose of each of these labeled preparations a1 2.5 mg/
kg The trested animals were housed in all-glass metabo-
Lism cages (Metabolica-CO2, Sugiyamagen Iriki, Japan)
for 6 days after administration. Blood was collected under
light diethy} ether anesthesia 6 days after administration
and then seversl tissues were excised to determine the
radicactivity by combustion and liquid scintiliation count-
ing (LSC).

Male ddY mice (30 1o 35 g) were housed in suspended
stainiews-siee] cages with wire mesh in the bottom and fed
a diet containing 500 ppm [cklorophenyl-“ClAc-, Ba, or
Ba-isomers (1.6 mCi/mmol) for | and 2 weeks. They were
pared by adding a cors ol solution of each labeled com-
pound (o the puiverized rat chow (CE-2) and mixing for
30 min. The rate of addition of corn oil was 2% on the
basis of weight. Homogeneity and coment of each “C-
Isbeled compound in the diet were determined by 8 com-
bination of combustion enalysis and LSC of 3 1o 6 mmpies.
Tissues were pooled and extracied with the following or-
gasic solvents 10 get suficient radioactivity to analyze the
metabolites in each tissue by TLC. Tissues, except adrenal
glands and mesenteric lymph sodes, were bomogeaized

in methanol with a Polytron (Kinemstica, Switzeriand)

uumummmmm
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procedure was twice performed: the precipitate was re-
suspended with ethyl acetate:methanol (2:1), shaken for
10 min, end centrifuged at 3000 rpm. Adrenals and lymph
nodes were homogenized with ethyl acetate in a Potter-
Elvehjem homogenizer with a Teflon pestie, and the ho-
mogenate was filkered through peper. The supernatant
for determination of total radioactivity in the tissues. The
extracts were subjected to TLC analysis io solvent sysiems
A and C, and amounts of metabolites on TLC plates were
quantified by radioanalysis.

Furthermore, seven male ddY mice (30 to 35 g) were
treted with a single po dose of (chlorophenyl-'*C]Ba (2.3
wCi/mmol) suspended in 10% Tween 80 solution st sbout
70 mg/kg which is roughly equivalent to 500 ppm. Tissues
were excised at appropriate intervals to determine the
concentrations of the metabolites by TLC analysis as de-
scribed sbove. )

Separation and Identification of Mewabolites

To purify and identify persistent tissue metabolites, rats
and mice were fed diets containing fenvalerate and/or the
B-isomer (1:1 mixture of the Ba- and BS-isomers) as fol-
&8s those described in the 500-ppm feeding study.

Rats. One hundred (emale Sprague-Dewley rats (7
weeks oid, Charles River, Japan) were fed 1500 ppm
{“CO}fenvalerate (2.0 mCi/mmol) for 2 weeks and then
killed to remove liver, adrenal glands, ovaries, spleen,
mesenteric lymph nodes, and kidneys. These tissues were
homogenized with methanol, ethyl acetate, or chioroform:
methanol (2:1) in a Wering blender, and centrifuged at
3000 rpm. The precipitate was homogenized similarly
twice. The supernatant fractions of esch tissue after cen-
trifugation were concentrated, and the metabolites were
partitioned between m-hexane and acetonitrile. The 'C-
labeled metabolites present in the a-hexane layer of the
tissues were purified successively by silica gel column
chromaiography (solvent systems B, C, and D), Florisil
column chromatography (m-hexane:diethyl ether, 19:1),
and preparstive TLC (solvent sysiems B and 1). The pu-

TABLE |

OPTiICAL ROTATION OF THREE AUTHENTIC
CPIA-CHOLESTEROL ESTERS

fal¥’

=317
-177
+3.1

Compound

{ZRS}CP1A-cholesterol ester
{25)-CP1Acholesterol ester

Note. All compounds were dissolved in chloroform at
the concentrations of 6.4 10 7.7 mg/ml.
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sified metabolites from tissues were subjected to MS anal-
yiis, two-dimensionsl TLC cochromatography (solvent
sysiems (D, E); (D, F). and (F, H)) end/or 10 analytical
HPLC (systems A, B, and C). They were also hydrolyzed
iz 8 solution of 10% NaeOH methanol solution overnight
snd anslyzed by TLC with solvent systems A and K after
adjustment of the pH to 2 and extraction with & solution
of diethy] ether and ethanol (2:1).

Mice. The livers of 125 male ddY mice (7 weeks oid,
Shizuoks Agricultural Cooperative Amociation for Ex-
perimental Animals, Jepan) treated with 4000 ppm B-iso-
mer for 2 weeks and 1500 ppm [chiorophemp-*C}
feavalera ¢ (0.5 mCi/mmol) for the following 1 week
(2:1), and the extracts were partitioned between a-hexane
and acetonitrile. The “C-labeled metabolities in the n-
hexane layer were purified by silica gel (soivent A) and
Florisil column chromatography (n-hexane:diethyl ether,
19:1), followed by TLC (solven: C) and preperative HPLC
(systems D and E). The purified metabolities were sub-
jected to spectroanalysis.

Radioassay end Radioawography

The content of radiocarbon in the arganosoluble frac-
tions and in the urine was determined with & Packard

KANEKO, MATSUO, AND MIYAMOTO

Model 460CD Liquid scintillation. spectrometer. An aliquot
(0.5 mi) was added 10 8 low-potassium giass vial containing
10 mi of a toluene scintillation fluid (7 g of 2,5-diphenyl-
oxazole and 1 g of 1,4-bis(2-methylstyryllbenzene in | liter
of a 1:1 mixture of toluene and ethylene glycol monoethyl
ether). For determination of '*C in tissues and unextract-
abie fecal residues, samples were air dried and then about
200 mg of each sample wes oxidized in & Packard Model
306 sample oxidizer prior to liquid scintillation counting.
A 9:15 mixture of Oxisord-CO; and Oxiprep-2 (New En-
gland Nuclear) was used for combustion analysis. Quan-
tification of radioactive metabolites on TLC plates was
carried out by scraping appropriate gel regions into scin-
tillation vials and counting, &s described above.

RESULTS
MC.Tissue Residue
Table 2 shows '“C-tissue residues 6 days af-
ter a single administration of '“C-chiral iso-

mers to rats and mice. The Aa-, AS-, and BS-
isomers showed very low residues in all the

TABLE 2

MC.TISSUE RESIDUES AT 6 DAYS AFTER A SINGLE po ADMINISTRATION OF {chlorophenyl ‘ClAa-, AS-, Ba-,
OR BS-ISOMER TO MALE ddY MICE AND SPRAGUE-DAWLEY RATS AT 2.5 mg/kg

Rat Mouse
Tissue Aa A8 Ba Bg Aa Ap Ba B8
ng equivalents/g wet tissue
Adrenals 122 6° 142 2 371267 23z 4 g 66 597 53
Blood - -— -— -— 7¢ O 132 0 192 O 32 0
Fat S11£26 326+73 304x44 756210 4312129 49648 1172 9 314240
Heart 22 0 2¢ 1 40219 4z 2 <34 <3 62z 25 <3
Kidoeys 9z 1 6 4 25 7 72 3 3z 3 722 43z 1 4z 1
Liver 2=z 1 2021 72228 19212 13z 7 20t 4 392 32 N=x23
Lungs Jz O 3z 1 25z 7 52 7 <3 <3 452 19 <3
. .

lymph

sodes 4511 68212 38+ 9 H4x51 = W0 47z17 205154 33225
Spiecn 3z 220 62z1 4 ) <3 <3 92z 11 <3
Temes <1 <} 4z 1 <1 <3 <3 26t 6 <3

Note. Four mice end two rats were killed 6 days after a single po administration of each of the “Clabeled chiral
fsomers. The data represent mean values of four mice and two rats.

* Results expremed as £ = SD of four mmples.
 Anslyzed wgether.

*Not measured. -

4 Below dewction limits.
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tissues analyzed, although the radiocarbon in
the fat was relatively high. On the other hand,
the Ba-isomer showed a quite different pat-
tern, with relatively higher residues in the an-
alyzed tissues of both animals, particularly in
the sdrenal glands, liver, meseateric lymph
nodes, and spleen. However, the fat did not
contain the highest amount of the radiocarbon
among the analyzed tissues.
To demonstrate the diference in the tissue
residues more clearly, '“C concentrations in
mouse tissues were measured after male mice
had been kept on a diet containing 500 ppm
[chiorophenyi-'*C]Ba-isomer for 1 and 2
weeks. The Aa- and Bg-isomers were used as
references and the same dosage was given to
mice. The maximally tolerated dosage of the
Aa-isomer was 500 ppm, and the Ba-isomer
at this dose is reported to cause granulomatous
changes in mice (Okuno er al., 1986). Table
3 gives the results. As indicated by 'C tissue
residues on single po doses, the Ba-isomer also
showed. higher '“C concentrations in all the
tissues analyzed, particularly in the adrenals,
liver, and mesenteric lymph nodes, than the
Aca- and Bf-isomers. TLC analysis showed a
lipophilic metabolite, less polar than fenval-
erate {(e.g., 0.55 and 0.18 in solvent system C
for 2 lipophilic metabolite and fenvalerate, re-
spectively), was present in all the tissues of
mice treated only with Ba-isomer. This me-
tabolite was found as a predominant metab-
olite in all the analyzed tissues of mice treated
with only Ba-isomer (Table 3), together with
the parent compound and CPIA and 3-OH-
CPIA ss minor metabolites. The adrenal
glands showed the highest concentration of
this metabolite, followed by liver and mes-
enteric lymph nodes. On the other hand,
smounts in the brain, biood, and testes were
smaller than those in other tissues. Amounts
in most of the tissues were not in parallel with
feeding periods, although the amounts in-
creased slightly after 2 weeks. The amount of
s lipophilic metabolite in the tissues tends to
reach a plateau easily. On the other hand, no
detectable Lipophilic metabolite was found in
any tissues of mice trested with the Aa-isomer.
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The metabolite was not formed from the BS-
isomer in any tissues of mice except in the
liver which contained trace amounts (less than
one-five hundredth of Ba). Tissues of mice
treated with the Aa- and BS-isomers contained
unchanged parent compound, CPIA, and 3-
OH-CPIA ss major components.

Identification of a Lipophilic Metabolite in Rat
and Mouse Tissues

Rats. The '“C distribution in n-hexane and
acetonitrile layers afier extraction of the tissues
was variable. Of '“C in adrenal, ovary, and
spleen, more than 70% was found in the n-
hexane layer, whereas '“C in liver, kidneys,
and mesenteric lymph nodes was partitioned
into the n-hexane layer to the extent of 30 to
50%. The TLC analysis (solvent system A or -
C) of the n-hexane layer of these tissues re-
vealed the presence of the same lipophilic mie-
tabolite as that described above. On Florisil
column chromatography, the bulk of n-hex-
ane-soluble '“C in the liver was found in the
cholesterol ester fraction (Carroll er al., 1961).
This finding implies that the metabolite ap-
peared to be s cholesteryl ester conjugated with
the acid moiety of fenvalerate. The metabolite
from the liver was not purified in sufficient
quantity to confirm the chemical structure by
PMR. Thus, the following procedures were
used to identify it.

(A) Release of [“CICP1A by hydrolysis of this metabolite
with 10% NaOH methanol solution as evidenced by TLC
analysis in-solvents A snd K.

(B) identify the “C-lipophilic metabolite with the au-
thentic standard CP1A-cholesterc! esier by chromatogre-
phy, in the following manner:

(s) TLC: Two-dimensiona) TLC (silica gel); (1) (D,
E), (2) (D, F), end (3) (F, H). One-dimeasional TLC (re-
verse phase); (1) 1 end (2) J. R, values of CP1A-cholesterol
ester were as follows: 0.32, 0.41,0.32,0.73, 0.64, and 0.64
for soivents D, E. F, H, |, and J, respectively.

(b) HPLC; The retention times were a3 follows: 8.1,
6.1, and 5.2 min for HPLC sysems A, B, and C, respec-
tively

(€) MS: The “C metabolite from livers gave the ame

spectre 83 those of the suthentic standard, the bese peak
being m/z 368.

(2
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TABLE 3

HC AND A LIPOPHILIC METABOLITE CONCENTRATION IN THE TISSUES OF MICE FED DIETS CONTAINING 500 ppm
[chlorophenyl-"“ClAa-, Ba-, OR BS-ISOMER FOR 1 AND 2 WEEKS

Timue Weeks Aa Ba B8
#g equivalents/g wet tissue
Adrenals 1 19.0 (ND)* 128.9 (112.8) 26.1 (ND)*
2 10.4 (ND) 1732 (128.7) 21.1 (ND)
Blood 1 4.7 (ND) 5.1(0.4) 3.5 (ND)
2 4.1 (ND) 5.6 (29) 3.0 (ND)
Brain 1 - 12 (ND) 0.7 (ND)
2 - 1.4 (0.8) 0.9 (ND)
Heart 1 1.9 (ND) 10.7 (0.8) 19 (ND)
2 1.7 (ND) 15.1 (11.4) 2.3 (ND)
Kidneys 1 $.3 (ND) 2000.7 8.5 (ND)
2 10.3 (ND) 21.5(6.7) 8.8 (ND)
Liver 1 14.4 (ND) 92.4 (42.4) 129 (0.1)
2 12.6 (ND) 105.0 (73.4) 12.8 (ND)
Lungs 1 2.3 (ND) 16.9 8.8) 40 (ND)
2 1.8 (ND) 31.2(200) 5.1 (ND)
Mesenteric e 12.3 (ND) 73.4 (51.8) 9.4 (ND)
lymph nodes 2 7.5 (ND) 86.2 (64.0) 12.1 (ND)
Spieen 1 1.9 (ND) 143 (12.3) 0.8 (ND)
2 0.7 (ND) 20.6 (15.0) 1.0 (ND)
Testes 1 - 33(.8) 3.6 (ND)
2 - 6.2 (4.8) 1.4 (ND)

Note. Seven 10 ten male ddY mice were fed diets containing 500 ppm [chlorophenpl-'“ClAa-, Ba-, 0r BS-isomer for
1 and 2 weeks. Each tissue removed afier death was extracted with organic solvents and subjected o radicenalysis and
TLC analysis in solvents A and C. The R, values for & lipophilic mewbolite were 0.55 and 0.91 for the former and
latter solvent systems, respectively. Quantification of radicactive metabolites on TLC plates was carried out by a
combination of scraping the sppropriate silica gel region and LSC.

* The figures in the parentheses show amounts of 2 lipophilic metabolite.

¢ ND—below detection Eimi
€ Not analyzed.

Based on the above findings, the '‘C-metab-
olite in the hexane layer of the liver was iden-
tified as CP1A-cholesterol ester. The metabo-
lite in the hexane layer from the adrenal,
ovary, kidneys, spleen, and mesenteric lymph
nodes showed the same retention time by
HPLC as those of the suthentic CPlA-choles-
terol ester.

Adiice. PMR were measured at each step of
the purification procedure to confirm purifi-

cation. The samples contained triglycerides
and cholesterol esters afier purification on sil-
ica gel column chromatography, but only
cholesterol esters after Fiorisil column chro-
matography on the basis of PMR. The crude
cholesterol ester fraction (261 mg) was sub- -
jected 1o preparative HPLC (systems D and -

E) giving 3! mg of the purified metabolite.
This metabolite was subjected to PMR and
MS. These spectra agreed with those of the
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authentic standard (cf. Figs. 3 and 4). The op-
tical rotation of the purified metabolite was
[a] = —38.5. From these findings, this he-
patic metabolite was identified as [2R}-CP1A-
cholesterol ester. Based on the TLC cochro-
matography in solvent systems A and C, ali-
pophilic metabolite detected in tissues of mice
treated with 500 ppm Ba-isomer was demon-
strated to be the CP1A-cholesterol ester.

CPIA-Cholesterol Ester Amounts

To have information on organ specificity of
the presence of the CPIA-cholesterol ester,
male ddY mice were given a single po dose of
[chlorophenyl-"C]Ba-isomer at 70 mg/kg, and
several tissues were analyzed at appropriate
intervals. CP1A-cholesterol ester was found in
the intestines, mesenteric lymph nodes, blood,
and kidneys 30 min after administration, but
not in the liver (Table 4). However, this me-
tabolite was detected in all the analyzed tissues
afier | hr. The amount of this ester was rela-
tively high in the adrenals, liver, and mesen-
teric lymph nodes. The liver tended to contain
the highest amount.
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DISCUSSION

Only the Ba-isomer of fenvalerate yielded
a persistent metabolite in tissues of rats and
mice. This metabolite was identified as (2R]-
CPlA-cholesterol ester, which was actually re-
tained in large amounts particularly in adre-
pals, spleen, mesenteric lymph nodes, and
liver. CPlA<cholesterol ester was rapidly
formed axd detected in all the analyzed tissues
within 1 hr after a single po dose of the Ba-
isomer. So far, there have been a few reports
on conjugation of xenobiotics with cholesterol.
These are carboxylic acid and ester derivatives
such as cycloprate (Schooley and Quistad,
1982), methoprene (Quistad et al., 1976), BRL
24139 (Fears e al., 1982) and chiorambucil
(Gunnarsson e al., 1984). However, the crit-
ical difference in conjugation reactions with
cholesterol among chiral isomers as revealed
inthepraempaperhasnotbeenreponed.

Interestingly only the Ba-isomer gave [2R]-
CPlA-cholesterol ester, although the Ba- and
Bg-isomers will yield the same [2R)-CP1A
which is the acid component of [2R]-CPIA-
cholesterol ester. This fact implies that CPIA-
cholesterol ester appears not to be produced

TABLE 4

CmmamammmmummAHnAMuwD&ormz
FENVALERATE Ba-ISOMER AT 70 my/kg

Tissue 0.5 1.0 1.5 20 30 6.0 120 240
#g equivalenty/g wet usue
Adrensis - -_— - - 8.2 129 20 15.8
Blood 0.2 0.5 0.6 ND? 04 0.2 0.9 0.6
Brain -_— . - -— . - ND ND ND ND
Intextines 27 46 43 6.0 - - - -—
Kidoeys 04 32 6.6 5.0 2.7 1.3 33 ND
Liver ND 13 3 46 15 124 143 17.8
DMesenteric :
lymph sodes 21 92 127 214 44 202 298 15.3
Spleen ND 35 4.5 5.7 e 25 32 20
Note. mmmmmundnmmmmmmmwwaumﬁﬁu



156

via CPIA-CoA derivative mediated by acyl-
CoA:cholesterol O-acyltransferase (ACAT).

To date, conjugation reactions have gen-
mllybeeneonsidendtobeassociatedwith
rapid excretion and detoxication (Paulson,
1982). In fact, most of the classical conjugation
reactions of xenobiotics with glucuronic acid,
sulfuric acid, glutathione, and amino acids, for
example, lead to rapid elimination of the agly-
cones from the animal body. On the contrary,
the lipophilic conjugates such as cholesterol
esters, triglycerides, and fatty acid esters are
inmenlexcretedslowlyandmmherper-
sistent in tissues (Hutson, 1982). Thus, the
toxicological significance of lipophilic conju-
gates will be duly considered. In this connec-
tion, it is noteworthy that only the Ba-isomer
which produced microgranulomatous lesions
in rats and mice is capable of forming CPIA-
cholesterol ester. The possible relationship be-
tween granuloma formation and CPlA-cho-
lesterol ester is discussed in a accompanying
paper (Okuno et al., 1986).
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of a Lipophilic Conjugate from Fenvalerate. OKUNO, Y., SExi, T., IT0, S., KANEXO, H., Wa-
TANABE, T., YAMADA, T., AND MIYAMOTO, J. (1986). Taxicol. Appl. Pharmacol.. 83, 157-169.
Male mice of the ddY strain were fed a diet containing the [25.aS}, [25.aRS}, [2R.aS}-, and
[2R.aR}-isomers of fenvalerate. Microgranulomatous changes were observed only in mice treated
with the [2R.aS}-isomer at 125 and 1000 ppm for 1, 2, or 3 months. In contrast, the changes did
Bot occur i mice treated with the [2R.aR}isomer under the same conditions. Feeding of the
[25.aS5} and [25,aRS}-isomers for | yatdidnotmtheniamnulommommmnsoo
or 1000 ppm. To clarify the causative agent of granuloma formation, cholesterol ester of
2-(4-chlorophenylisonlericndd(CPlA).llimhiﬁceonjumﬁom the [2R.aS}isomer of fen-
valerate, was injected iv into ddY mice. Microgranulomatous changes were observed in the liver
of mice treated with the [2R}, (25T, or [ZRSHCPIA-cholesterol ester | week afier a single treatment
of 1, lo.orlwmuuuwelluinﬁvadmiamadwhhuindedouofwoﬂomyk;of
u(nmwmmuptwwuwwummmw
luwwhydmﬁmdmmummdniﬁumdaiwdﬁom

and Taxicology, Takarazuka Research Center, Sumitomo Chemical Company. Lid.

H-labeled]2R}-2{4chlorophenyl)isovalerate and cholesterol. Histochemistry also was positive
for cholesterol ester in livers of mice treated with the [2R.aShisomer of fenvalerate. These results
lend suppon for the hypothesis that CPLA-cholesterol ester is the causative sgent of microgran-
ulomatous changes induced by fenvalerate. © 1986 Academmic Prom, lac.

With respect to the subchronic and chronic
toxicities of fenvalerate (Sumicidin, Pydrin,
[RS}-a-cyano-3-phenoxybenzyl{RS}-2-(4-
chlorophenyl)isovalerate), a syanthetic pyre-
throid, several studies have reported that
chronic dietary administration of fenvalerate
did not produce a carcinogenic response to
mice and rats (Anonymous, 1981; Parker &
al., 19832, 1984). However, in a 2-year study
of mice, treatment-related, nonneoplastic
as muhifocal microgranulomas, were observed
in lymph nodes, liver, and spieen of male mice
treated with 50, 250, and 1250 ppm or of fe-
male mice treated with 250 and 1250 ppm

157

(Parker ef al., 1983a). The microgranuloma-
tous changes were also observed in lymph
nodes, liver, spleen, and adrenal glands of male
and female Wistar rats treated with 500 and
1500 ppm in a life span study (Anonymous,
1981). Parker er al. (1983b) also reported he-
pstic microgranulomas in a 6-month feeding
study of fenvalerate in Beagle dogs. It was
considered important to examine the changes
in more detail and to clarify the mechanism
of development of the hepatic lesion in order
to assess the toxicological significance. There-
fore, metabolism studies have been reported
in the first paper of this series in relation 1o
granuloma formation (Kaneko er al., 1986).

0041-008X/86 $3.00
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The present study is intended to demonstrate
that a lipophilic conjugate from a chiral isomer
of fenvalerate is the causative agent of gran-
uloma formation, taking the results of metab-
olism studies into consideration.

METHODS

Animals. Male ddY mice that were 4 weeks of age were
purchased from Shiruoks Agricultural Cooperative As-
socistion for Experimental Animals (Shizuoka, Jspan).
They were housed five mice per cage in polycarbonate
cages, 81 the bottom of which were shavings, and they
were given feed (CE-2 Type, Cles Japan Inc., Osaka, Japan)
end tap water ad libitum. The snimals used for the feeding
study with fenvalerate isomers and a 6-month study with
244-chiorophenyl)isovaleric acid (CP1A »-cholesterol ester
were held in rooms in a specific pathogen-fres experimental
unit and maintained at a tempersture of 21 10 26°C with

a relstive humidity of 40 to 70%. Other animals were held
in roomns of a conventional unit controlied at 2 temperature
of approximstely 25°C, and e reistive humidity of ap-
proximately 60%. The animals were acclimatized for |
week before dosing. -

Test materials and diets. The [25.aS] (designated as
Aa), [25.aRSKA)-, [2R.aSKBa) and [2R.aR}B}iso-
mers were prepared in the authors’ laboratory. The Aa-
isomer (chemical purity, 100.0%; optical purity, 99.6%)
was prepared from the A-isomer (chemical purity, 95.2%;
optical purity, 98.3%) which was synthesized by conden-
mation of [25)-24{4-chrolophenyl)isovaleric acid chioride
with a~cyano-3-phenoxybenzy! alcohol. Three lots of the
Ba- end the BS-isomers were purified from the [2R.aRS}-
isomer synthesized snalogously to the A-isomer by silica
el column chromatography with a-hexane:ethyl acetate
(20:1) &s an eluting solvent, as described by Kaneko er al.
(1986). The chemical and optical purities of the Ba-isomer
were 97.1 10 99.1% and 97.3 to0 98.6%, respectively. Those
of the BA-iscmer were 99.3 10 99.7% and 99.3 to0 100.0%,
respectively. Technical (racemic) fenvalerate (chemical
purity 96.1%) was manufactured by Sumitomo Chemical

TABLE |

INCIDENCE OF FENVALERATE-INDUCED GRANULOMATOUS CHANGES SUCH AS ‘ilﬂmMNULOMAS AN'D GIANT
CELL INFILTRATION IN LIVER, SPLEEN, AND LYMPH NODES OF MICE TREATED WITH FENVALERATE ISOMERS*

PP

Feeding period (weeks)
Dossge
Chemical (ppm) 4 8 13 26 9 52
Control 1 0 -t -— % 1, Y 0%’ 0%~
Aa 500 -— -— o’ % (123 0%~
A 500 -— — % % o%* 0%
1000 -_— — o’ 0% % 0%t
Racemic 500 -— -— 100%* 100%° 100%* 95T o5
Control 11 0 % % 0% - -_ -—
Ba 125 % 70%° 60%°* - - -
1000 100%°* 100%°* 100%° -— — -—
Bs 128 (1, (1, % -— - -—
i 1000 o 0% % - - -

* Unless otherwise sisted, the aumber of animals examined was 10.

*'No scheduled termination.

rvmmmmmmmhmmmmwmma-hmm
Hm.mwmwmwumumummhwmmyumm
granulomatous formstion in both the liver and mesenteric lymph nodes in a former study (Parker # al., 1983a).

“ Granulomatous changes similar 10 the fenvalerate-induced changes were observed in the liver and lymph nodes of

oac costrol eximal.

°Ne=20
IN=9,
EN=1}.
tN=§
IN=18.
iN=§,
tN=12
®p < 001.
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Company, Lid. These fenvaierate isomers were dissolved
in an sppropriate volume of com oil, and then the solutions
were mixed with basal diet (CE-2 type) and given to the
mice. The final concentration of corn oil was adjusted to
2% in the diet for both treated and control groups. Cho-
lesteryl (2R}, [2S), and {2RS)}-244-chlorophenyl)-
isovalerste (abbreviated as [2R}-, (25}, and [2ZRS}-CPIA-
cholesterol) were synthesized by the method reported by
Kaneko er al. (1986). The chemical paurities of [2R]-,
(25T, and [2RS}-CPlA-cholesterol were 97.0, 96.8, and
93.8%, respectively. The [2RS}-CPIA-cholesterol labeled
with ’H at the chloropheny! ring with the specific sctivity
of 460 xCi/mg was synthesized by condensation of *H-
(2RST-CPIA acid chioride with cholesterol. Then *H-{2R]}-
CPlA-cholestercl was separated by high-pressure liquid
chromatography (HPLC; columan: SUMIPAX OA-2000,
2 X (5 um, 8 mm i.d. X 250 mm; solvent: n-hexane). To
prepare the suspension for iv administration, 1.5 g of the
[2R}, (25}, or {2RS)-CPiA-cholesterol was mized over-
night with 70 g of glass beads. 3 g of Tween 80, and 30
mi of distilled water in a Sandgrinder (Igarashi Kikai Seizo
Co.. Lud., Tokyo. Japan). The beads were removed by

= v

R + @y . -
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centrifugation (1900g, 30 min; stock solution). The mean

-particle dismeter of CP1A-cholesterol was 0.2 um afier the

centrifugation. The stock solution was diluted with 2 10%
Tween 80 aqueous solution before dosing. The radicactive
CPlA-cholesterol was suspended in 2 102 Tween 80
aqueous solution with 2 mortar and pestle.

Feeding of fenvalerate isomers. Groups of 50 male mice
were fod diets containing corn oil only, 500 and 1000 ppm
Ada~isomer, 500, 1000, and 2000 ppm A-isomer. or 500
ppm technical (racemic) fenvaleraie for up to 52 weeks.
Ten males of each group were killed at 13, 26, or 39 weeks
and 20 maies of each group were killed at the termination
of feeding. In a separate experiment, sdditional groups of
30 males each were fed diets containing comn oil only, 125
or 1000 ppm Ba-isomer, or 125 or 1000 ppm BS-isomer.
Ten males of each group were killed at 4, 8, and 13 weeks
after dosing.

Intravenous injection of CPIA-cholesierol. Groups of five
mice were trested with single iv injections of [2R}. {25},
or [2RS}-CPIA-cholesterol through the tail vein at dosages
of 1, 10, and 100 mg/kg. The administration volume was
8 mi/kg body wt. The mice were killed | week afier in-

\ ..
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g, 1. Granuloms formation in mouse kiver es related to chirality of fenvalerate (HE, X155). LeR, the
iver gfter | 3-week feeding of the [25.aST-isomer of fenvaleraie a1 500 ppm. No granulomstous changes are
observed. Right, the liver after 13-week feeding of the {2R.aS }-isomer of feavalerate at 1000 ppem. Micro-
granuloma and giant cell infiltration (Langhans'’ type cells) are noticed.
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jection. In another trial, groups of 25 mice were similasly
tregied with iv [2ZRE-CPlA-cholesterol doses at 10 and 30
&g/kg. The administration volume was 3.5 mi/kg body
wt in this case and the mice had been fed only the bessl
diet (CE-2 Type) for 26 weeks. Five mice of esch group
were killed a1 |, 4, snd 8 weeks afier the injection. The
surviving enimals were finally killed afler 26 weeks. In
both experiments, the control animals were trested with
the vehicle oaly.

Inuravenous injection of *H-{2R}-CPiA-cholesterol. The
suspension of radioactive CP1A-cholestero! in 10% Tween
. 80 squeous solution was given intrevenously to mice &t
the rate of 400 xCi/mouse or 0.87 mg/mouse (spproxi-
mately 30 mg/kg), and microscopic autoradiography wes
carried out with liver from mice killed 1 and 5 weeks
theresfier.

Obsevvation items. Obeervation for moriality wes made
8t leas: once 8 day during the experimentsl period of all
studies.

Histoparhological examination. Al every scheduled in-
serval, the mice tested with fenvalerzte isomers or unls-
beled CPLA-cholesterol were necropsied, and liver, spleen,

R >
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adrenal glands, and mandibuler and mesenteric lymph
Bodes were dimected out. Any other tissues indicating gross
sbnormality were also disected cut. All these tissues were
fixed in neutral buffered Formalin. The fixed tissues were
processed and embedded in paraffin. Sections (5 o 10
pm) were sisined with hematoxylin and eosin (HE) snd
exsmined under a light microscope. Liver and mesenteric
fymph nodes of mice from all the groups in the feeding
study of fenvalerste isomers killed a1 4 and 13 weeks, liver
and mesenteric lymph nodes from control and 500 ppm
techuical fenvalerste groups killed at 52 weeks, as well g5
livers of mice from the 8- and 26-week groups treated with
30 mg/kg [2R}-CPIA-cholesterol, were also subjected 10
transmission electron microscopy. Semples of liver and
fymph nodes were fixed in 2.5% phosphate-buffered glu-
araldehyde (pH 7.4), washed in the buffer alone, postfixed
in 1% phoghste-buffered osmium tetroxide. and then
embedded in epoxy resin (WEB12, Weko Pure Chemical.
Osaka, Jepan). Thin sections (600-700 A) were stained
with lead citrate and uranyl scetste #nd examined with 2
Hitachi H-300 electron microscope (Hitechi Lid.. Tokyo.
Jepen) 8t TS kY.
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$10. 2. Geanuloms formation is mouse mesenteric lymph nodes as relsted o chirslity of fenvalerate
{HE, X155). Lef, the lymph node sfier 1 3-week fonding of the (25.45 -isomer of fenvalerate &t 500 ppm.
Mo granulomatous changes are observed. Right, the lymph aode after | 3-week feeding of the 2R aS)isomer
of feavalerate 8t 1000 ppmn. Both giant cells of Lenghers’ sad foreign body types sre men.
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liver (%10.000). Liver of & male mouse fed the [2R.aS}
isomer of fenvalerste at 1000 ppm for 4 weeks. Crystalline
rods or'needles (arrows) are seen.

Microscopic auromdibgraphy. A dipping technique

similar 10 that described by Bogoroch (1972) was applied
as follows. Frozen blocks of liver of mice treaied with the
tritium-labeled CPlA-cholesterol st sbout 30 mg/kg and
killed afier { and 5 weeks were fized in 10% phosphate-
buffered Formalin and sliced st 8 um. The seciions were
mounted onto glase slides and then costed with Sskurs
NR-M2 emulsion (Konishiroku Photo. Industries. Tokyo,
Japan). The sensitizer was exposed 8t 4°C overnight sand
developed. The tissues were then sained with HE and
exsmined under a light microscope.

Histochemistry of cholesierol ester. To demonstrate the-

presence of CPlA-cholesierol in the phagocytes, hisio-
chemical staining of cholesterol ester was performed on
the same liver used for microscopic autoradiography. The
sisining was carried out by Schultz’s method (Schultz,
1924). Frazen blocks of tiver fixed in 10% phosphate-buff-
ered Formalis were sliced 2 10 10 20 um, pleced in ferric
ammoniun sulfuse solution for 48 to 72 br a1 37°C, and
rinsed briefy in distilied water. One drop of freshly pre-
pared acetic-sulfuric acid solution (1:1) was then placed
on the ghiced sections, which were examined under & light
microscope within a few min. To demonstrate identity of
erystailine rods ie the cells of microgranulomatous foci
induced by fenvalerate, the same himochemical staining
of cholesierol ester was performed in livers of male ddY

161

mice fed diets containing 1000 ppm Ba- and BA-isomers
for 8 and 13 weeks.

Swatistical analysis. The natistical significance of dif-
ferences in incidence of pathological findings was tested
with the Fischer's exact test. Differences were considered
significant when p < 0.05.

RESULTS
Monrtality Rate

Almost all the mice fed 1000 ppm of the
Aa-isomer and 2000 ppm of the A-isomer de-
veloped severe hyperexcitability and tremor
which are characteristic of the compounds:
they were dead within 2 weeks. There was no
mortality in groups exposed to racemic fen-
valerate or the Ba- and Bf-isomers. A higher
mortality was observed at 100 mg/kg for both
[2R}- and [2RS)-CPlA-cholesterol (2/5 and
3/8, respectively). No mice died in the group
given [{2S]-CPlA-cholesterol. All the ireated

PG. 4. Crysialline rod (srrow) in giant cells of mouse
ymph node (X10,000). Mesenteric iymph node of & male
mouse fed the [2R.aS}-isomer of fenvalerate a1 1000 ppm
for 4 weeks. '

)



FIG. 5. Crysulline rod (arrow) and lysosomes (arrow-
beads) in giant cells of mouse lymph node (Xx15,000).
Mesenteric lymph node of male mice fed technical fen-
valerate at 500 ppm for 52 weeks.

animals in the second trail with [2R]-CPIA-
cholesterol survived for 26 weeks, and one
control mouse died after 100 days.

Microgranulomatous Changes Produced
by Fenvalerate Isomers

Light Microscopy

Liver, Iymph nodes, and spleen. Table 1}
shows the results of histopathological exami-
nation of surviving mice treated with fenval-
erate isomers. Under the present conditins, the
Aa-, A-, and BS-isomers were not found to
cause granuloma formation, whereas typical
changes were observed in the Ba-treated
groups as shown in Figs. | and 2. The histo-
pethological changes observed in liver, spleen,
snd lymph nodes in Ba-treated groups were
identical to those in racemic fenvalerate.
treated groups. The granulomatous changes

OKUNO ET AL

consisted of microgranulomas and giant cell
infiltration. The granulomatous changes were
mainly observed in the medullary cord of the
lymph nodes, in the white pulp of spleen, and
in the periportal area of the hepatic lobules.
Hepatic microgranulomatous foci were less
frequently present in the midzonal and cen-
trilobular areas. There were no remarkable
changes in the tissues surrounding the micro-
granulomatous foci.

A treatment-related change was observed in
the livers of 500 ppm Aa and 1000 ppm A
groups; namely, a decreased incidence of he-
patocellular cytoplasmic vacuolation was no-
ticed in the groups. The incidences in control,
500 ppm Aa, and 1000 ppm A groups were
9/10, 2/9, and 3/9 at 13 weeks; 10/10, 4/10,
and 1/8 at 26 weeks; 10/10, 4/10, and 4/6 at
39 weeks; and 14/20, 4/11, and 5/12 at 52
weeks, respectively. Hepatocellular adenoma

- was observed in one control mouse killed at
52 weeks, and one mouse found dead at Aa
500 ppm had Jeukemia. y

* TABLE 2

FORMATION OF MICROGRANULOMATGUS CHANGES IN
LIVERS OF MALE MICE TREATED WITH [2R}-. [25]-. AND
[2RST-CPIA-CHOLESTEROL BY A SINGLE iv INJECTION®?

Dosage Micro- Giant cell
Chemical {mg/kg) granuloma infiltration
Control 0 - =
[2R] 1 + -
10 + *
100¢ +4 ++
[25]) i * -
10 + z
100 ++ +4+
[2RS) i . + *
10 ++ ++
100° ++ ‘et

-, pegative; £, trace; +, slight: ++, moderate; +++,
severe.
3 Unlem otherwise mated. the number of snimals ex-
smined was 5.

« Solitary focus of giant cell was observed in 2 few mice.

IN=3,

*N=2

&
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TABLE 3

FORMATION OF MICROGRANULOMATOUS CHANGES IN LIVERS OF MALE MICE TREATED WITH
[2R}-CPIA-CHOLESTEROL BY A SINGLE iv INJECTION®

Week after injection

Dosage

(mg/kg) Finding 14 44 8¢ 26¢

0 Microgranuloma - - - -

Giant cell infiltration ¢ - - -

10 Microgranuloma + + + -

Giant cell infiltration - - + +

30 " Microgranuloma ++ ++ + -
Giant cell infiltration + ++ +++ ++

? The symbols are the seme as in Table 2.
¢ Five animals per group were examined st each stage.

‘Nnumundmmuandlomdmuutedpwwmmmnduzoween '

4 Solitary focus of giant cell was observed in one mouse.

Adrenals and other tissues. No microgran-
ulomatous changes were observed in adrenal
glands or any other tissues of mice in any
groups. The incidence of neoplastic changes
was very low with the exception of lung ade-
noma. Lung adenomas were observed in sev-
eral animals. However, there was no difference
in incidence of this common spontaneous tu-
mor between control and treated groups.

Electron Microscopy

Liver and lymph nodes were examined by
transmission electron microscopy. The results
were as follows. The ultrastructure of granu-
lomatous foci was similar in Ba- and racemic
fenvalerate-treated groups. There were many
activated macrophages and giant cells which

- phagocytosed needle- or rod-shaped crystals
as shown in Figs. 3 and 4. The crystals were
more often found in the |3-week groups than
in the 4-week groups. The crystals were also
observed in liver cells of mice fed 1000 ppm
of the Ba-isomer for 13 weeks. Such crystalline
inclusions were never observed in the tissues
of mice in the control, Aa-isomer-, and A-
isomer-treated groups. The phagocytes often
formed numerous pseudopods loosely inter-
twined with those of adjacent macrophages,

so that the cells were not interlocked by the
pseudopods. Heterochromatin was often
marginated along the nuclear membrane.
Lipid droplets were sporadically found in‘the
cytoplasm of these phagocytes. There were no
remarkable changes in the tissues surrounding
the phagocytes. The ultrastructural findings of
liver and lymph node in the 52-week group of
the racemic fenvalerate were basically the same
as those in 4- and 13-week groups. However,
the phagocytes often had a large number of
lysosomes within the cytoplasm, as shown in
Fig. 5. The lysosomes sometimes contained
the crystalline rods.

Microgranulomatous Changes Produced by
CPIA-Cholesterol

Liver. The results of histopathological ex-
amination of mice trested with CPlA-choles-
terol are shown in Table 2. The microgranu-
lomas or compact accumulation of mono-
nuclear phagocytes, and formation of multi-
nucleated mt cell (giant cell infiltration)
in livers of mice treated with [2R}, (2S])-.
and [2RS}-CPlA-cholesterol were essentially
identical to those observed in fenvalerate-
treated mice. The changes in the [2RS]-CPIA-

(5
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cholesterol group were more prominent than
in the [2R}- or [25}-CPlA-cholesterol group.
For all three compounds the changes were dose
related. Table 3 shows grades for microgran-
ulomatous changes in the liver of mice treated
with a single iv dose of [2R]-CP1A-cholesterol
and kept for a 6-month observation period.
The granulomatous changes were observed at
all the periods. Giant cell infiltration was
clearly observed at later stages, while micro-
granulomas were clearly present at the early
stages. as shown in Fig. 6. At 26 weeks, mi-
crogranulomas were no longer observed in the
treated mice. These changes were mainly no-
ticed in the midzonal and periportal areas and
were localized in sinusoidal spaces in affected
animals. Electron microscopic examination
was carried out on liver of mice in the 30 mg/
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kg group killed at 8 and 26 weeks. Giant cells
and activated macrophages had phagocytosed
numerous crystalline rods. The rods were
similar in appearance to those observed in
fenvalerate-treated mice. The phagocytes had
numerous pseudopods and an abundant cy-
toplasm laden with a large number of organ-
elles. In the livers of the 26-week group, the
phagocytes ofien had a large number of lyso-
somes within the cytoplasm, and the lyso-
somes sometimes contained crystalline rods,
as shown in Fig. 7.

Spleen and lymph nodes. The formation of
microgranulomatous changes was not as clear
in spleen and iymph nodes. Namely, giant cell
infiltration of spieen was noticed in two mice
treated with 100 mg/kg of the [2RS]-CPIA-
cholesterol as well as in one mouse from the
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F1G. & Micrograsulomatous changes in mouse kiver (HE, X155). Left, microgranuloms in liver of g male
mouse killed | week after a single iv injection of 30 mg/kg of [ZR}-CP1A~cholesterol. Right, giant cell
infitration in liver of & male mouse killed 26 weeks after the same treatment. Two giant ceils of foreign

body type are seen.
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8-week group treated with 30 mg/kg of [2R]}-
CPlA-cholesterol. Giant cell infiltration of
mesenteric and mandibular lymph nodes was
observed in one mouse treated with 100
mg/kg of [2RS}-CPlA-cholesterol.

Histochemistry and Microscopic Autoradi-
ography

Figure 8 shows the results of microscopic
‘autoradiography of the liver obtained from 2
mouse treated with H-labeled [2R}-CPIA-
cholesterol. The *H label was clearly localized
in giant cells and Kuppfer cells in both the 1-
and S-week groups. Giant cell infiltration was
more frequently observed in the S-week group
than in the 1-week group. Figure 9 shows the
histochemistry results of cholesterol ester in
mouse liver obtained from the 5-week group
treated with the labeled compound (left). The
mouse liver obtained afier feeding of 1000
ppm Ba-isomer for 8 weeks was also stained
(right). The positive color was observed most
frequently in giant cells of livers from mice
given CPlA-cholesterol and the Ba-isomer.
The results were also positive for liver of mice
given 1000 ppm of the Ba-isomer for 13 weeks.

DISCUSSION

The histopathological examinations as re-
ported herein demonstrated that the Ba-iso-
mer of fenvalerate is the causative component
for granulomatous changes. Electron micro-
scopic examinstion of liver and lymph nodes
demonstrated the presence of crystalline in-
clusions in the citoplasm of the phagocytes in
microgranuloma foci in both Ba-isomer- and:
tacemic fenvalerate-trested groups. Such
crysials were never observed in either liver or
lymph nodes of mice treated with three other
isomers. It was shown in the preceding paper
(Kaneko e1 al., 1986) that several tissues, in-
cluding liver, spleen, and lymph nodes, from
mice fed the Ba-isomer contained CPlA-cho-
lesterol. These observations suggest the caus-
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stive reiationship between the granuloma for-
mation and CPIA-cholesterol. Moreover, it is
known that cholesterol crystals cause granu-
lomsatous changes (Hiraide er al, 1982;
Mcallister and Ferrans, 1983; Perzin, 1983;
Manz, 1983). Bayliss (1976) reported that
granuiomas were found in the subcutaneous
tissues of rats treated sc with crystalline cho-
lesterol. Therefore, it can be presumed that
the CPlA-cholesterol derived from fenvalerate
caused the granulomatous changes. This pre-
sumption is supported by the fact that micro-
granulomstous changes were found in the
present studies in all the groups treated with
the synthesized [2R]-CPlA-cholesterol. Elec-
tron microscopy examination of ivers of mice
treated with the [2R}-CPlA-cholesterol de-
monstrated the presence of crystalline rods
similar to those observed in liver of mice
treated with fenvalerate.

The results of histochemistry and micro-

PG. 7. Crymalline rods in a giam cell of mouse liver
{>10,000), 26 wecks after 2 single iv injection of 30 mg/
kg of [2R}-CP1A cholesterol. Crystalline rods (arrows) are
seen ingide lysosomes (srrowheads).
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" FiG. 8. Microscopic autoradiography of mouse liver treated with tritium-labeled CPIA-cholesierol (X464),

1 week (left) or 5 weeks (right) after a single iv injection of about 30 mg/kg of *H-|2R]-CPIA-cholesterol.
3H Isbel is localized in Kupffer and giant cells.

scopic autoradiography clearly demonstrated
that [2R}-CPlA-cholesterol was phagocytosed
by phagocytic cells in the microgranulomatous
foci in mouse liver. Moreover, the histochem-
ical staining of cholesterol ester in liver of mice
fed the Ba-isomer of fenvalerate developed
positive coloring in the giant cells.

It is concluded that the causative agent of
the microgranulomatous changes induced by
fenvalerate is CPLA-cholesterol which is pro-
duced in several tissues of rats and mice from
the fenvalerate Ba-isomer (Kaneko er al.
1986). As described in Table 2, not only [2R}-
CPlA-cholesterol but slso the [2S] analog
which is the component acid moiety of fen-
valerate Aa- and AS-isomers was capable of
inducing granulomatous changes. It has been
shown that the Aa- and AgS-isomers (more ex-

actly the A-isomer or a mixture of Aa and AB)
never produce such histological changes.
which is, apparently, a discrepancy from the
results shown in Table 2. However, if the ab-
sence of in vivo biosynthesis of [2S]-CPl1A-
cholesterol, as demonstrated earlier (Kaneko
et al., 1986), is taken into account, then the
apparent discrepancy can be resolved.
Clinical observation of mice treated with
fenvalerate isomers reveals that remarkable
differences exist in the toxicological properties
among the chiral isomers of fenvalerate. The
most potent isomer in producing neurotoxic
signs and death was the Aa-isomer. In con-
trast, the Ba- and BS-isomers caused neither
neurotoxic signs nor death. These data agree
with those reported by Nakayama et al. (1978)
in which the Aa-isomer had the highest po-

@
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F1G. 9. Histochemistry of cholesterol ester in mouse liver (%X619), § weeks after & single iv injection of
sbout 30 mg/kg of *H-[ZR}FCPlA-cholesterol (left); and after 8-week feeding of the [2R.aShisomer of
feavalerate ot 1000 ppm (right). Positive coloring (arrows) is observed in giant cells in both Livers.

tency in terms of both insecticidal activity and
acute toxicity in mammals while the B-isomers
had little effect on insects or mammals. In mice
treated with CPLA-cholesterol, there was a sig-
ificant difference in mortality among {2R}-,
[2S}, and [2RS}CPlA-cholesterol-treated
groups. The mortality of {2R}- and {2RS}-
CPlA<cholesterol-treated groups was higher
than that of [2S5}-CPlA-cholesterol-treated
group. Although the mechanism of lethality is
known, the [2R}-CPIA-cholesterol seems to be
more toxic with respect to the lethal action.
The microgranulomatous changes were ob-
served in lymph nodes, liver, and spleen of
fenvalerate-treated mice as already described.
However, in mice injected with CPIA-choles-
terol, the changes were not clearly seen in
lymph nodes and spleen. The difference in the

organ specificity of granulomatous changes
between fenvalerate and CPlA-cholesterol
may be due to the difference in administration
route and/or due to endogenous or exogenous
CPl1A-cholesterol.

Kaneko er al. (1986) reported the in vivo
retention of CPlA-cholesterol esters by various
tissues such as adrenal glands, heart, kidneys,
lymph node, spleen, and liver in mice. How-
ever, fenvalerate was not reported to cause the
microgranulomatous changes in such tissues
as beart, kidneys, and adrenal glands in mice
(Parker, 1983a). The apparent contradiction
may result from the following differences
among organs. The content of CPlA-choles-
terol in liver and lymph nodes where the gran-
ulomas were observed was generally higher
than in other organs except for the adrenal

&
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glands (Kaneko er al., 1986). There might be
a threshold value for the formation of micro-
granulomatous changes. However, the content
of CP1A-cholesterol in adrenal glands of mice
was even higher than in liver and lymph nodes
(Kaneko er al., 1986). The following consid-
eration couid be made with respect to the ab-
sence of granulomatous changes. It is reported
that the adrenal glands contain large amounts
of cholesterol which is mostly esterified and
present in large cytoplasmic droplets of ste-
roid-forming cells (Myant, 1981). Although
the localization of CP1A-cholesterol in the of-
gans has not been clarified, it can be speculated
that CPlA-cholesterol is contained in the lipid
dropiet because of its physicochemical prop-
erties. If the ester is present in the lipid droplet
and is not released from the steroid-forming
cells, macrophages cannot phagocytose the es-
ter, so that no granulomatous changes would
be expected.

The process of microgranuloma formation
by CPlA-cholesterol, shown in Teble 3 and
Fig. 6, was clearer than those by fenvalerate.
The process is considered to be as foliows:
First, the CPlA<cholesterol is phagocytosed
into mononuciear phagocytes or Kuppfer cells.
Second, the ceils mature and form an aggre-
gation, called a microgranuloma. Then, the
cells fuse with cne ancther to build muitinuy-
cleated giant cells.

The CPlA-cholesterol ester is an example
of a lipophilic conjugate in addition to tri-
glyceride and fatty acid conjugates (Hutson,
1982). Althoughtheformanou of these lipo-
philic has been reported earlier
(Leighty ez al., 1976, 1980; Crayford and Hut-
son, 1980; Fears & al., 1978, 1982; Quistad &
al., 1976, 1978; Schooley and Quistad, 1982;
Gunnarson & al., 1984), the toxicological
significance of lipophilic conjugates has not
been elucidated. The present report demon-
strates that CPlA-cholesterol is 8 causative
agent of granuloma formation in animals. This
is the first example of a lipophilic conjugate
whoee toxicological significance has been re-
ported.

OKUNO ET AL
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The Metabolism of Fenvalerate in Plants:
The Conjugation of the Acid Moiety
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(Revised maruscriptreceived 25 July 1984)

The metabolism of the pyrethroid insecticide fenvalerate [(RS)-a-cyano-3-
phenoxytanzyl (RS)—Z-(4-chlorophenyl)-}methylbutynte] (I). and of its most
insecticidal (a$.2S) isomer (II). has been examined in cabbage plants ‘grown and
lreaied under laboratory conditions with [*Clchlorophenyl- and [ring-""C]benzyl-
labelied preparations of the two compounds. Both insecticides disappeared from
the treated leaves with similar half-lives of approximately 12-14 days; they
underwent ester cleavage to a significant extent. together with some hydroxylation
at the 2- or 4-position of the phenoxy ring. and hydrolysis of the nitrile group to
amide and carboxyl groups. Most of the carboxylic acids and phenols thus produced
occurred as glvcoside conjugates. In separate experiments, the uptake and
metapoiism of 2-(4-chlorophenyl)-3-methylbutyric acid (X). the acidic half of the
molecuie. were examined in the laboratory, using abscised leaves of kidney bean,
cabbage. cotton. cucumber and tomato plants. The acid X was found to be readily
converted. mainly into glucose and 6-O-malonylglucose esters in kidney bean,
cabbage and cucumber plants, into glucosylxylose, sophorose and gentiobiose
esters in cotton. and into two types of triglucose esters with differing isomerism in
tomato. One of the acetyl derivatives of the trisaccharide conjugates was identical
with the syntheiic deca-acety] derivative of the [1=6]-triglucose ester.

1. Introduction

Fenvalerate [(RS 1-a-cyano-3-phenoxybenzyl (RS)-2
din’) is one of the most potent pyrethroid insectici
plants and other crops.!? The metabolism of fe
reported® and it was shown that a large number o

~(4-chlorophenyl)-3-methylbutyrate] (*Sumici-
des, controlling various insect pests on cofton
nvalerate (I) in bean plants has already been

hydrolysis at the ester bond and/or hydroxylation of the
3-phenoxybenzoic acid (VI) and its hydroxy derivatives,
acid (X). Both of these metabolites occurred also as glycoside conjugates in plants. In a previous
publication.’ it has been shown that VI was rapidly converted in abscised leaves of various plants
into more polar products by esterification with glucose. glucosyixylose. gentiobiose. cellobiose,
maionyiglucose and two tvpes of triglucose with differing isomerism. Further. More er al.5
suggested the presence of glucosylarabinose ester of V1 in cotton, vine and other plants.
Fenvalerate has two chiral centres: at C-2 of the acid moiety and at the a-C of the aicohol
moiety. Among the four isomers. the most active possesses the absolute configuration of (aS$,25).
In the present paper the metabolic fate of fenvalerate and the (a$.25) isomer in cabbage. is

reported. together with results of the subsequent work on the fate of X in abscised leaves of
cabbage. tomato. bean, cucumber and cotton plants.

alcohol moiety. Major metabolites were
and 2-(4-chlorophenyl)-3-methylbutyric
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2. Experimental methods

2.1. Radiolabelied compounds
The following C preparations were used: fenvalerate (I) and its (a$.25) isomer (IT), >99%

optically pure, both labelled uniformly either in the chlorophenyl ring. referred to as the . :~';
{chloropheny]-'*C] compounds, or in the ring of the benzyl group, referred o as the [benzyl-“C] R
compounds; and (RS)-2-(4-chlorophenyl)-3-methylbutyric acid (X) labelled uniformly in the ! 3 \f '
phenyl nucleus. These labelled compounds were prepared in Takarazuks Research Center, : ';;'}&f'.'
Sumitomo Chemical Co. L1d.%? The specific activity was 15.6 Cimol™! for ['*C]X and the | e
[chlorophenyi-'*C] compounds, and 20.8 Ci mol ™! for the [benzyl-'“C] compounds. The radioche- . . . 5T¢
mical purities of all samples, as determined by thin-layer chromatography (t.l.c.) were >99.5%. : ERSs
& ‘{ “"vx %
2.2. Unisbelied reference compounds . St
The unlabelled compounds listed in Table 1 were prepared for reference purposes. The "‘:ﬁ"
- procedures for the syathesis of 1-X. and their R, values by t.l.c. in various solvent systems. are .
reporied elsewhere 10 The acetyl derivatives of the mono-, di- and tri-saccharides of X were . 3_‘]&‘
: synthesised by the same procedures used for those of V1. The R, values by t.l.c., along with the o
! spectrometric properties are summarised in Table 2. ,;,_{\’
. 2.3. Chromatography : 1“_
Precoated silica gel 60F-254 chromatoplates (20x20 cm, 0.25mm laver thickness. E. Merck) - ‘:
were used for analytical and preparative purposes. The solvent systems used to develop ) b $;
thin-laver chromatograms were (by volume): I _“ o
A, hexane + toluene + seetic acid (3+15+2); ;' -
B. benzene (saturated with formic acid) + diethy! ether (10+3); ;"‘s 3
C. hexane + diethyl ether (20+1): =
( : D. ethyl acetate + ethanol + water (4+2+1); ) fﬁ
Teble 1. Fenvalerste and its derivatives
Esiers with skeleton iniact sad a decerborvisied derivesive

1 (RS)-a-Cyano-}-phenorybenn! (RS)-2-(&-chlorophenyl)-3-methyibutyrate
o ($)-a-Cyano-3-phenoxybenzyl { S)-2-{ &-chiorophenyl)-3-methyibulyrate
m a-Carbamorl-3-phenoxybenzl 2-{4-chlorophenyl)-3-methyibutyrate

1A) a-Carbozy-2-phenoxvhenzyi 24 4-chiorophenyl)--methyibutyrate

v 3-{4-Chlorophenyl -4-methyl-2<{ 3-phenoxyphenyiipestanenitrile

. 3-Phenozvbenzyl derivenives

Jmicr- ) 3Phenozvbenzoi scid
‘otton v 3(2-Hydrozvphenoxyibenzoic acid

been VI  3{sHydroxypbenonyjbenzoic acid
uh of = L-Phenceybeszyl alcokol

were «-Chlorophanyl devivative -
ut‘}'nc x 2{¢-Chisropheryi)-3-methvibutyric acid
‘vious
siose x 14{2-(4-Chloropbenyi)-3-meributyrii|S-0-glucopyrancee tewrs-aceiste
' al® 1{2-{¢-Chiorophenyi)-3-meitniburynyi}5-D-10pborose hepu-aceiaie

1-{2-(4-Chilorophenyil- L methy ibuntyi}-S-o-laminarabinose bepia-aceiste

xn

XIm

v 142-{4-Chiorophenyi)-3-meths Ibutyrii]-S-D-cellobicie bepia-aceiste
sohol xv 14}2-{4-Chilorophenyl)-3-methyibutyni]-4-p-gentiobiose hepra-acersie

xwi

Xv

- 25). 1{2-(+-Chloropbemi)- >-methyiutynyl}- 2.3 4-tri-O-acenyh-6-0-2.3,4-tri-O-sceryh-Daylepyranceyl - 5-0-
e G glucopyTanose . A
ze. is 14{2-(4-Chiorophenvl)3-metbriunTyi}-0-23 4.6-tetrs-0- aceryh-S-b-ghucopyTancsyl =6)-0-2.3.4,&xi-0-
es of acetyhS- plucopTancsyi-{ 1=6)-0-23 4-Ani-O-aceryHf-o-glucopyTanose
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Tabie 2. Asahtical dizs for <-i4=chloropaen) i)-3-methy butyric acid (X) and its glycoside acetyt derivatives

R, values* .
lal, a1 25°C

Compound E F (chloroform) 'H-N.m.r. data (ppm) (dewterochioroform solution)

X 0.0% 0.1 61CL0) 11.01H. &). 7.31 (4H.s). 3.15 (JH.d. J=10 Hz). 2.3 (1H.m). 1.06
(1H.4. J=7 Hz). 0.70 (1H 4. J=? Hz)

X1 0.05 0.5 =17.44C8.6) 7.30 (4H.5). .75 (1H.d. J=9 Hz). 5.0-5.3 (3H.m). 3.7-4.5 (3H.m),
3.0 (1H4. J=10 H2), 2.4 {1H.m), 2.0-2.1 (12H.4xs). 1.05(3H.dd.
J=7 Hz). 0.7 (3H.4d. J=? Hz)

xu 0.29 [/ X o =13.2°4C7.3) 7.35 (4Hs). 5.65 (1Hd. J=9 Hz). 5.53 (1H.4. J=9 Hz). 3.4-5.8
(1I2H.m). 3.25 (1H.4. J=10 Hz). 2.4 (1H.m). 2.0-2.) (21H. Ts). 1.07
(3H.dd. J=7 Hz). 0.75 (3H.4d. J=? Hz)

xm 0.29 0.8 =35.1"1C2.3) 7.30 (4H.5). 5.63 (1H.4. Jw9 Hz). 5.53 (1H 4. J=9 Hz), 3.16 (1H.d,
J=10 Hz). 2.4 (1H.m). 1.95%2.10 (21H. 7x3). 1.0 (3H.4d. J=? Hz).
0.7 (3H.dd. J=7 Hz)

XIv 0.33 LOR 5 =3.71C8.5)  7.20 (4Hs). S8 (1H.d. J=9 Hz). 5.53 (1H.d. Je=9 Hz). 3.5-5.3
(12H.m). 3.15 (1H d. J=10 Hz). 2.45 (1H.m). 2.0-2.1 (2)H. Txs). 1.0
(3H.dd. J=7 Hz). 0.7 (3H.dd. Ja=? Hz)

Xy 0.31 QX =280 (C4.6) 7.3% (3Hs). 8.7 (1H.d. J=9 Hz). 5.65 (1H.d. J=9 Hz). 3.5-5.5
(1SH.m). 3.23 (1H.d. J=10 Hz). 2.4 (1H.m). 2.0-2.18 (21H.7x3). 1.05
(3H.dd. J= 7 Hz). 0.75 (3H.4d. J=? Hz)

m <32 0.5; =25 (Ce T (3Hs). 557 (1H.4. J=9 Hz). §5.53 (1Hd. J=9 Hz). 3.5-84
(14H.m). 3.2 (JH.d. J=)0 Hz). 2.4 (JH.m). 2.0-2.1 (18H.6xs). 1.0
t3H.d¢. J=7 Hz). 0.7 (3H.dd. J=7 Hz)

nu 0.3 .45 S RN (o 1

7.38 (4Hs). 5.70 (3H.3xdd. J=9 Hz), 3.4-5.5 (2H.m). 3.2 (1H 4.

J=10 Hz). 2.4 (1H.m). 1.95-2.15 (30H.10xs). 1.06 (3H.dd. Jm7 Hz).
2.7 13H.dd. J=7 Hz)

“ Solvent symems: E, c3lorofomm - ety acetate (2-1 by volume): F. benzene + ethyl acetate (1-2 by volume).

E. chloroform «+ ethy1 acetate (2+1);

F. benzene - ethy! acetate (1+2).
The solvent systems used for two-dimensional
foiiows: (A xZ. B) indicates deveiopment in the first direction twice with solvent system A. and
in the second direction with solvent svstem B.

The radioactive areas on chromatograms were
detected by autoradiography. and unlabelled standard chemicals were detected under ultraviolet
light.

High-performance liquid chromatography (h.p.l.c.) was performed with 2 Hitachi Model 635
using a stainless steel column (20x0).3 mmi.d.). packed with Hypersil ODS, and eluted with
water + acetonitrile (1-4. by volume) at a flow rate of 1.3mlmin=>. Component elution was

monitored with 2 multi-wavelength detector (230 nm) and a Berthold radioactivity monitor 1B
503 linked in series.

development are illustrated. for example. as

2.4. Spectroscopy

Proton nuclear magnetic resonance (n.m.r.) and “C.n.m.s. were determined, in either
deuterochloroform or tetradeuteromethanol, with Hitachi model R-40 and R-900 spectrometers
at 90 MHz. respectively. Infrared (i.r.) spectra were recorded on a Hitachi model 385
spectrometer. as powssium bromide disks or as a liquid thin film on sodium chloride crystals.
Optical rotations were measured with a Perkin-Elmer polarimeter at 25°C in chloroform (1-dm
cell). Gas chromatography-mass spectrometry (g.c./m.s.) analyiis was carried out on Finnigan
model 4000 gas chromatograph-mass spectrometer equipped with mode! 6111 data system. The
¢olumn conditions were: colums. 5% PEG-2UM on 80-100 mesh GasChrom Q (50%0.2cmi.d.
glass column); oven temperature, 110°C; injector temperature, 140°C; separator temperature,
2X0°C; carrier gas. helium at 20 m! min~". The ionisation energy and trap current were 20 eV and

150 xA. respectively. Field desorption mass (f.d.m.s.) spectra were recorded on a Hitachi M-80
spectrometer equipped with model M-003 data system.
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Liquid scintillation counting (1.s.c.), combustion analysis and autoradiography were performed as
reported previously.!!

2.6. Plant trestment and extraction
2.6.1. Treatment with ['“C]fenvalerate (I) and its optical isomer (II)

Cabbages (Brassica oleracea, var capitata cv. Shikidori) were allowed to grow in a greenhouse at
25(£2)°C tefore or after treatment. Either a [chlorophenyl-'“C) or a [benzy!-'“C) preparation of
1 or Il was evenly applied to the upper surface of two fifth-sixth leaves of the 4-week old
seedlings at the rate of 20 ug in 200 ul acetone per leaf (approximate area 25cm?) by a
microsyringe. The treated plants were sampled by cutting them off at ground level and separating
them into the treated leaves and the non-treated shoot portions. Each portion of the plant was
cut into small pieces and homogenised in a Waring blender for 10min with 10ml of
acetone + water (1+1 by volume) per gram of the plant material. The mixture was filtered and
the residuum was re-extracted twice in the same way. The combined filtrate was radioassayed
and then evaporated to dryness on a rotary evaporator at 40°C. The residue was redissolved in a
small volume of acetone + water (1+1 by volume), and an aliquot of this solution was subjected
to t.l.c. :

2.6.2. Treatment with [*4C]-2-(4-chlorophenyl)-3-methylbutyric acid (X)

In addition t0 cabbages, the following four species of plants, grown in the greenhouse with
daylight and temperature at 25(+2)°C, were used in the experiments: cotton (Gossypium spp, cv.
Giza); kidney bean (Phaseolus vulgaris L., cv. Nagauzura); cucumber (Cucumis sativus L., ¢v.
Kurumeochiai): tomato (Lvcopersicon esculentum Mill. cv. Fukuju No. 2). Mature leaves were
removed as required. The petiole was immersed in water and cut an angle of 45° using a scalpel.
Groups of three abscised leaves were immediately transferred to a 100-ml glass flask containing
an aqueous solution (100 ml) of {*“C]X (1 ug mi™"), so that the cut ends dipped into the solution.
They were maintained in the greenhouse before sampling. The treated leaves were extracted as
described above in section 2.6.1.

Separate experiments were carried out using 200 sbscised leaves that were supplied with an
aqueous solution_(4 Litres) of [*“C]X (100 ug ml™") for up to § days. The extracts were partitioned
between diethyl ether (200 ml) and distilled water (300 ml) to separate the 14C.metabolites from
the mass of coloured plant materials. Approximately 90% of the radiocarbon remained in the
aqueous fraction. After acidification to pH 3. the aqueous layer was partitioned with ethyl
acetate to extract the starting material and malonylglucoside conjugates. The ethyl acetate layer
was concentrated, and the metabolites were purified by preparative t.l.c. in solvent system D,
and by h.p.l.c. The remaining aqueous fraction was neutralised at 0-5°C and lvophilised to.give a
yellow syrup. Some metabolites were purified by column chromatography on a Sephadex G-25
and Sephadex G-50 column (3emi.d.x80cm), and by repeated preparative t.l.c. in solvent
system D and in chloroform + methanol (141 by volume), and by h.p.l.c.

2.7. Charscterisation of metabolites

Metabolites were identified by t.l.c. cochromatography with suthentic samples, before or after
enzymic hydrolysis, metbylation or acetylation. Direct comparison by t.l.c. of metabolites from
two labelled preparations of I or II was used to distinguish products retaining the ester linkage

from the hydrolysis products. o

2.7.1. Hydrolysis with enzymes

The conjugated metabolites of 1, I (>5000 disintegrations min~"') and X (1-2 mg) were dissolved
in an acetate buffer (1ml) at pH 4.5, and incubated with S-glucosidase (2mg, almond, ﬁ'om
Sigma Lid) or cellulase (2 mg, Aspergillus niger, from Sigma Ltd) at 37°C for 12 h. The enzymic
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v cleavage was complete under these conditions because no further cleavage occurred on either Tsble 3. Amour
. longer incubation or reincubation with enzymes.

2.7.2. Analysis of the aglycone moiety

e The aglycone released on treatment with enzyme was extracted with ethyl acetate (1 mlx3) for
. radioassay by l.s.c. and analysis by t.l.c.

b 2.7.3. Analysis of the sugar moiety | Sample
The aqueous fraction, containing sugars released on treatment with cellulase, was analysed Treated leaves
gl directly by tl.c. in butan-1-ol + propan-2-ol + water (130+47+23 by volume). or in butan-1- Enrna “C
i ol +acetone + water (4+5+1 by volume). Sugars on t.Lc. plates were detected by spraving with. Unchangec
. either silver nitrate solution (50¢ litre™"), or a solution of 2.3,5-triphenyltetrazolium chloride 'l‘\: ree
. (20glitre™") in 1M-methanolic sodium hydroxide solution, followed by heating to 110°C for § (conj

min. The R, values of the various saccharides were reported previously.!? In paraliel. a certain v
volume of the aqueous laver was subjected to colorimetric anzlysis at 620nm by the V1 (free
. anthrone-sulphuric acid method,' to determine the glucose content. vn(z:’«
2.7.4. Acetylation m“:‘;":
; Samples were treated with acetic anhydride + pyridine (2+1 by volume) at 80°C for 1h. The B (-
reagents were then removed under vacuum and the products were analysed directly by t.l.c. o :fm
- con;
2.7.5. Methylation : : x::r::)
Samples were methylated with an ethereal solution of diazomethane for 1 h. The products were omm)
subjected to analysis by g.c./m.s. Bound *C
] Unireated sho
3. Resuits Towa! C
3.1. Metabolism of fenvalerate (I) and its (a$,25) isomer (T1) in cabbages

After foliar application of '*C-labelled I or II to cabbages, the recovery of total radiocarbon occurred r
gradually decreased. After 48 days. approximately 36-39% of the applied radiocarbon was between tt

R recovered from plants treated with [“CJII. Most of the recovered radiocarbon resided in the
" treated leaves. with less than 3% of the dose in other parts of the plants. Analysis by t.l.c. 3.2. Uptal
: showed that no parent compound was found in the shoots. except in the treated leaves.

As the gly
) Fenvalerate (I) and its isomer (II) disappeared from the treated leaves with initial half-lives of mexabo%isr
s 14 and 12 days, respectively. The concentrations of I and II after 48 days were 0.63 and nature of -
e 0.56 ug g~', respectively. There seemed to be no difference in the rates of metabolism of l and 1
) in cabbages. 3.2.1. Co
K A number of metabolites were present in the plant extracts, in free and conjugated forms. The abscis
;- More than nine free products were detected by t.l.c. on silica ge! plates in solvent system A. 3 davs. !
Each product, separated by preparative t.l.c., was identified by two dimensional cochromatogra- (dgsiinau
: phy with the synthesised compounds, in the following solvent systems: I, IH. IV and VI-X C5). were
< (A,B); Dand V (A, Cx6). ) with absc
- The conjugated metabolites, located at the origin of the t.1.c. plates in solvent system A, were cabbages
L scraped off, eluted with methanol + water (1+1 by volume) and then developed lflin bvtlec. in- tomato 2
e solvent system D. At least four products were detected with the [chlorophenyl- “C] iabel, and : plants. Ir
s seven products with the [benzyl'‘C] label. The individual conjugates were subjected to was hard
v B-glucosidase and/or cellulase hydrolysis, and the released aglvcones were identified as described
g sbove. The minor conjugates were readily cleaved by f-glucosidase, whereas the major : 322. 1d
o conjugates were resistant to f-glucosidase hydrolysis but completely cleaved by cellulase. Some ¢o:
; The amounts of I. Il and their metabolites in cabbages are summarised in Table 3. The tomato. (
e (aR.25) isomer of I was hardly found in the treated leaves. suggesting that no aR/a$ Each of
= epimerisation occurred in plants. The major metabolites of I and 1I were ester cleavage products, aglycone

such as 3-phenoxybenzoic acid (VI) and 2-(4-d)lorophenyl)-3-methylbutyric acid (X), which {“Clagh
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Tohie 3. Amounts of feavalerate (1), the (aS3S)-femalerate Bomer (8). and their metabotites in cabbages, 24 and 48 days
sfter foliar spplication of *C-labelled preparations

HC (a3 % of the applied dose)

(aRS2RS)-Fenvalerate (a525)-Fenvalerate isomer
[Chbwophenyt-“C]  [Bensvi“C] [ChlorophenytC] [BemnyiC)
Sempie 24doys 48dsys 24deys 4d8days Udays 48days Udays 4B davs
Trented leaves 5.8 333 526 3.5 5.4 327 29 3.5
Exiaa MC 54.6 22 459 s 22 283 43.0 303
Unchanged § or [I 40.7 18.8 36.2 19.9 375 173 31.8 17.1
m 11 13 08 16 0.8 10 0.7 1.4
EV tfree) 0.5 0.7 0.2 0.6 0.1 <0.1 03 0.1
{conjugated) 0.7 07 0.2 04 02 0.3 0.s 0.3
v 1.8 22 19 21 0.6 0.1 09 0.5
V1 ifree) — -— 0.} 0.1 -— -_ .01 <0.1
{conjugated) -— - 32 31 - - 4.5 4.0
V1 (free) -— -— <0.1 <0.1 -_— - 0.7 05 -
{conjugsied) - - 0.3 .0.2 o~ - 0.1 03
VI (free) —_ —_— «<0.1 <0.1 -_ - <0.1 0.3
(conjugsted) - - 11 11 - - 22 19"
IX tfree) - - <0.1 0.1 - —_— 0.2 <0.1
_1conjugated) - - 0.1 0.1 - - 1.0 <0.1
X (free) 0.1 03 - - 1.1 19 -_ -—
(conjugated) 71 47 -_ - 8s $4 — -
Onhers 2.6 38 1.7 2.8 39 23 23 39
Bound "'C 22 1.1 6.7 87 37 44 39 1.2
Unireated shoots 14 30 0.6 1.0 0.9 0.5 1.2 08
Towl **C 58.2 J6.3 3532 385 57.3 332 50.7 »N3

occurred mainly as glvcoside conjugates. It appears that there was no significant difference
between the amounts of metabolites formed from I and II.

3.2. Uptake and metabolism of [“C)X in sbscised leaves

As the glvcoside conjugates of X were major plant metabolites of I and Il. separate studies of the
metabolism of X in abscised leaves were undertaken in order to obtain more information on the
nature of the conjugates formed.

3.2.1. Comparative metabolism of [*C]X in abscised leaves of various plants

The abscised leaves of cabbages were treated with an aqueous solution of X (1 ug ml™") for up to
3 days. Uptake occurred readily, and analvsis by t.l.c. showed that one major product
(designated as C6). together with small amounts of unchanged X and two minor products (C2.
CS5), were present in the plant extracts (Figure 1). The parallel experiments were also carried out
with abscised leaves of tomato. cucumber. bean and cotton plants. The metabolic profiles of X in
cabbages were very similar to those in bean and cucumber plants, but different from those in
tomato and cotton plants. Relatively large amounts of C5 were found in tomato and cotton
plants. In addition. C3 was found only in cotton. and C7 and C8 only in tomato. In contrast, C6
was hardly detected in extracts of corton and tomato leaves. :

3.2.2. Identification of metabolites

Some components (approximately 3-15 mg) were isolated from a total of 200 abscised leaves of
tomato. cotton and cabbages treated with an aqueous solution of [*“C]X (100 ug ml~") for 5 days.
Each of the purified samples was quantitatively hvdrolvsed by cellulase. and the released
aglycone and sugar moieties were identified by thin-layer cochromatography. Furthermore. the
[**Claglycone and sugar moieties were quantitatively analvsed by l.s.c. and colorimetric methods,
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Figure 1. Autoradiogram of e thin-laver chromatographic
plate. showing scparation of the metabolites of 2-(4-
chlorophenyi)-3-methylbunyric acid (X) in abscised leaves of
various piants: (A) cotton. (B) tomato. (C) cabbage. (D)
kidney bean and (E) cucumber. The developing solvent was
ethyl acetate » ethanol + water (442+1 by volume).

respectively. and the molar ratios of glucose to the aglycone were determined. The results are .
summarised in Table 4. ’

Component C1 was identified as unchanged X by thin-layer cochromatography in solvent
systems (A, B).

Component C2 was identified as 1-[2-{4chlorophenyl)-3-methylbutyryl)--p-glucopyranose
based on the information described below. The component released an equimolar mixture of X
and glucose. and upon acetylation gave one product of low polarity by t.l.c.. which had identical
specific optical rotation ([{a], —16.8%) and R, values with those of XI.

Component C3 released unchanged X. glucose and xvlose. Although the molar ratios of the
sugars to X were not determined. acerylation gave one less polar product with a molecular ion of
mie=T759. suggesting the presence of equal moles of X. glucose and xylose in the molecuie. As

‘ the specific optical rotation ([a], ~1.4°) and the R, values of the corresponding acetate were very
_close to those of XV1. component C3 was identified as l-[Z-(4-chlorophenyl)-3-methylbutyryl]-6-0—
(B-o-xylopyranosyl)-S-p-glucopyranose.

Each component of C4 and C5 released two molar equivalents of glucose to one of X. and
upon acetylation gave less polar products with the same molecular ion of m.e=833. It is likely.
therefore, that these products are diglucose conjugates with different glucosidic linkages. The

Table 4. Analytical dats for ghcoside conjugates of 2-{4-chicrophenyl)->methvibutytic acid (X)

H.ple
relentios Cellulase rreerment
(mia) Aglveone Sugar(s) Fauy asid (glucose/agivcone)  (mue by [.d.m.8.)

Glucose ND 10 s ¢
Glucose ~xviose \D -— %
Glucose ND 2.1 s
Glucose ND 20 Qs
Gluzne Melonic 2ad 1.2 - ' Ak
Glucose ND 31 ome 9
Glucose ND 30 1119 -
Glucose Malonic acid 21 -—
* Retestion time of X=4.3 min. 21
ND=nx detecied.
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acetyl derivative of C4 had an R, value that was very close to those of XII or XIII in solvent
system F. However. the specific optical rotation ({a], ~12°) was in good agreement with that of

XII and apparently different from that of XHI. On the other hand, the R, value of the C5 acetyl N e,
derivative was close to those of XiIl. XIV or XV in solvent system F. However, the specific : &{r
optical rotation ([a], —23.8°) was in good accord with that of XV, but different from that of the || g
laminarabinose (XIII) or cellobiose (XIV) ester. Thus, components C4 and C5 were considered ! ‘ :.;:. s
to be 1-[2-(3-chlorophenyl)-3-methylbutyryl}-2-O-(8-p-glucopyranosyl)-8-D-glucopyranose (a ’ Ao
sophorose conjugate) and 1-[2-(4-chlorophenyl)-3-methylbutyryl)}-6-O-(5-p-glucopyranosyl)-5-o- ‘i i
glucopyranose (a gentiobiose conjugate), respectively. ¥
Component C6 released unchanged 1, glucose and malonic acid in molar ratios of 1.0:1.2:0.8. I Ry
Malonic acid was identified by g.c./m.s. and estimated by selected ion monitoring mass g o
spectrometry at m/e=101 and 132. according to the methods reported previously.* Component
C6 was labile and was converted into C2 to a limited extent on t.l.c. in solvent system D. The @
spectra showed the strong absorption bands at 2500-3000. 1600 and 1390 em™! corresponding to “2 9
the carboxyl and carboxylate groups. This evidence suggests that C6 is a malonate hemi-ester "E’;h
derivative of C2. The substitution position of the glucose moiety with malonic acid was .

determined by comparison of the }*C-n.m.r. spectra in tetradeuteromethanol. As shown in EPP;
Figure 2. the spectrum of C6 differed from that of C2 primarily by the additional signals derived e
from the carbonyl carbons (188.1, 190.7 parts 10~%), and the lower shift of the signal (from 61.4 parts 5%
10~ 10 63.6 pars 10~°) originating from the C-6 position of the glucose moiety. It appears that the Y
signal due to the methylene carbon of malonic acid overlaps with that of tetradeuteromethanol. o
Based upon these results. component C6 was identified as 1-[2-(4-chlorophenyl)-3-methylbutyryl}- " ) ;’g
6-0-malonyl-8-p-glucopstanose. e
Although C7 and C8 appeared to be a single product on t.l.c. in solvent system D, they were “xd
separated from each other by h.p.l.c. (Table 4). Components C7 and C8 released three molar a0

( . equivalents of glucose 1o one of X. and upon acetylation gave less polar products with respective *
R, values of 0.23 and 0.20 on t.l.c. in solvent system E; both of these products showed the “'
molecular ion of m-e=1119 (M~ +1) by f.d.m.s. (Figure 3). Therefore, they were isomers of a s

- triglucose ester of X. with different substitution positions for the glucose moiety. As the T
deca-aceryl derivative of C7 was identical to XVII on t.lc. in solvent systems E and F, e
component C7 was tentatively identified as 1-[2-(4-chlorophenyl)-3-methylbutyryl]-O-f-p- :}'v

Table 5. Uptake and metabobsm of 2-4~chiorophenyl}-3-methyibutyric sad (X) in abscised leaves of various plants over 8 ‘ ;
34 or 72-h period ;}.‘r
“C (as % of the applied dose) 3
Besn Cabbage Cotion Cucumber . Tomato E
Sample b7 T - 244 T2h uh  MRb 24 T 24b Th i
4C in plaas 23 .2 ®.6 0.0 ns ®.8 69 ns 268 68 .
Emracs 07 S8 M8 &7 B6 649 €1 17 17 Q4 !’:K
c (X) 25 0s 33 a8 no 33 27 2 14 33 L7
Q os - 32 22 34 32 1e 02 oS 12 13 .
= - - - - 80 29 - - - - =
<] - - - - 37w - - 03 14 e
=} 02 13 <01 <01 2.4 12.1 01 04 0s 23 | IE =
< 62 46.0 5.9 5.0 02 0.9 30 a3 - - R o
« - - - - - - - - 89 281,
c - - - - - - - - 98 20 . =
(= ] 01 <0l <01 < <01 <01 <0.1 01 0e 27 : ’ Y
Ohbers 12 38 34 3s 43 4.1 0.1 03 23 190 . g2
Bousd residue 16 34 48 63 30 49 08 11 17 2 S
MC im weter £85.6 2 s 13.4 54.9 233 94 T4 Qe 250 oy A
Towl C 97.9 8.4 8.4 834 0.s5 93.3 9.3 90.2 84 928 :
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glucopyranosyi-(1—sf)- O-g-p-glucopyranosyl-(1—6)-O--p-glucopyranose. Further characterisa-
“tion of CB has yet to be carried out. i

Component C9 released X, glucose and malonic acid in molar ratios of 1.0:2.1:0.9. As only
limited convession to C4 occurred on t.l.c. in solvent system D, C9 was considered to be the
malonate hemi-ester derivative of C4. The substitution position of malonic scid with sophorose
remains unknown.

The smounts of these conjugated metabolites in various plants are summarised in Table 3.

4. Discussion

Afier foliar treatment. feavalerate and its (aS$.25) isomer similarly disappeared from the treated
leaves of cabbages. with half-lives of 12-14 days under laboratory conditions. Both insecticides
underwent hydroxylation at the 2- or 4-position of the phenoxy group. hydration of the nitrile
group to the amide group with subsequent hydrolysis to the carboxyl group. and cleavage of the
ester linkage. as in the case of metabolism in bean plants.’ It appears that the rate and route of
metabolism of 1 are not affected significantly by the chirality st C-2 of the acid moiety and the
a-C atoms of the alcohol moiety of the molecule.

The major metabolic route in cabbage and bean plants was by cleavage of the ester linkage,
leading to the formation of 3-phenoxybenzoic acid (VI) and 2-(4-chlorophenyl)-3-methylbutyric
acid (X). The resultant carborylic acids occurred in plants, mainly as two types of glvcoside
conjugates. The acid (X) was iound 10 be further metabolised, mainly to its malonylglucoside,
together with small amounts of glucose and the gentiobiose ester in abscised leaves of cabbages.
It appears that these glyeoside conjugates also uecurred in intact cabbages to which 1 had been
applied as a starting material: this evidence was based on the comparison of the R, values on
t.l.c. The malonyliglucoside was resistant to S-glucosidase hvdrolysis but was completely cleaved
by cellulase. whereas glucose and the gentiobiose conjugates were readily hydrolysed by both

. EnzVmes. .

As shown in Figure &. the metabolic pathways for X were somewhat plant-specific. The
malonylglucoside was predominant in bean. cabbage and cucumber plants. whereas the two types
of triglucose esters with different isomerism. and the glucosylxylose. sophorose and gentiobiose
esters were predominant in tomato and cotton plants. respectively. The glucosylxylose ester was
found only in cotton. and the triglucose esters only in tomato. Although one of the triglucosides
was not identical with the svnthetic [1—6] triglucoside derivative. it could be formed by the
stepwise addition of the gluccse unit to the sophorose (C4) or gentiobiose (CS5) ester. Such 2
hypothesis is supported by several authors.'** It seems possible that introduction of the pentose
unit or malonic acid. at the primary slcohol of the glucose moiety. interrupts the build-up of a
longer sugar side-chain.” The structures of these components were clesely snalogous to those
found for the metabolites of V1.

Based upon the available iniormation. the terminal residues of I and II in plants are likelv to
be the unchanged parent compound, together with glvcoside conjugates of ¥1 or X. These
metabolites in plants were amslogous to those in mammals,” except for the nature of the
conjugating moieties. It has been reported that upon oral administration to rats. the glucoside
conjugates of VI. IX and X were absorbed. mainly as their corresponding aglycones, after
cleavage of the glvcoside linkage by gut microfiora. and were then completely eliminated 2s 8
mixture of metabolites very similar to those derived from VI, IX and X, respectively. 22!
Conjugation with glucose significantly lowered the acute oral toxicity of IV, IX and X in mice. 2
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ATTACHMENT V



Esfenvalerate toxicology review

Page is not included in this copy.

Pages 6( through ég are not included in this copy.

The material not included contains the following type of
information:

__ TIdentity of product inert ingredients

Identity of product impurities

Description of the product manufacturing process
Description of product quality control procedures
Identity of the source of product ingredients)

Sales or other commercial/financial information

A draft product label

The product confidential statement of formula

Information about a pending registration action

The document is a duplicate of page(s)

$ FIFRA registration data

The document is not responsive to the request

The information not included is generally considered confidential
by product registrants. If you have any questions, vplease contact
the individual who prepared the response to your request.
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m § UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
: WASHINGTON, D.C. 20460

orrice oF
PEBTICIRES AnD TBXIC SUBETANCESR

Dr. E. L. Hobson

. Shell 0il Company . AG 6 1985
Suite 200 o
1025 Connecticut Ave., NW.  Shell Development Co.
Washington, DC 20036 She Modssto

Dear Dr. Hobsen: °! AUG15 1985

- o O
Subject: 85 Pydrin® Insecticide 1.9 = L:L’I‘D'ff_'ﬁ.l
EPA File Symbol 201-URI

Your Letter Dated March 15, 1985

This is in response to your letter of the above date, transmitting
residue informatien in support of the above product., After reviewing the .
additional residue information, the Agency has concluded that the deficiencies
cited in our letter of December 13, 1984, have been resolved. Please
Tefer to our letter dated October 17, 1984, for other data requirepents
and/or deficiencies.

The toxicology data package is still under review. When completed,
we will send you the results. As you requested, enclosed is a copy of our
residue chemistry scientific review for your information,

George T. LaRocca
Product Manager (15)

- Insecticide~Rodenticide Branch
Registration Division (T$-767)

Enclosurs

)



Esfenvalerate toxicology review

Page Tl is not included in this copy.

Pages through are not included in this copy.

The material not included contains the following type of
information:

____ Identity of product inert ingredients

____ Identity of product impurities

_x; Description of the product manufacturing process
____ Description of product quality control procedu;es
____ Identity of the source of product ingredients%/
Sales or other commercial/financial information
A draft product label

The product confidential statement of formula
Information about a pending registration action
FIFRA registration data

The document is a duplicate of page(s)

The document is not responsive to the request

The information not included is generally considered confidential
by product registrants. If you have any questions, please contact
the individual who prepared the response to your request.
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fenvalerate, only ca 15t of tne fat residues was determinec ts de
the parent. No additional identification of residues or explanstion
of discrepancies has been furnished., This will be reguirec.

Shell's Kesponse

Shell has submittes a report, MO-RIR-22-005-8B5, entitled

.“Characterization of 14C-Residues in the Body Fat_of Rats

Foliowiny & Sinjle Orel Dose of 14C-SD 43775 and 14C-5D 92459*.
incomplete extrastion wae perceived to pe the cause of these
giscrepencies.

kCe's Comment

Iris report ic resumalliy the written form of what was presented
or: thieg igeue ir & reeting helC earlier this year (memo of
Conference, 37/734/E3). ET 43775 6enctes the rscemic mixture -and
§D L2332 referes to the SE isoner-enriched fenvaierate,

Ir. th1s report, & nmixture of hexane and scetone (3:1) insteaZ |
of =2yust hexane wes used for extraction. A larger samp.ie size was
g:sc empioyes (3 gremeg cf composite body fat tissues rather than
i gram o inguinal fat). The hexane-acetone extracts were com>inegd,
guegsenied in 0.1 N citric acid buffer (pB 3) and the l4C-residues
were pertitioned into chioroform. Greater than 9%% of tne activicy

in the fz: tiesues wzs extracted into the chloroform while the
squedus pra2se and the insoluble solid tissues contazined negligirle
levels of radicasctivity. The chloroform extracts after concentretion
were further partitioned ajainst l:1 hexane-acetonitrile te remeove
lipoghilic coextractives. The acetonitrile phase which contazinel

the 14C-residues was corcentrated. The residue thus odtained was
placed or. &2 silics gel plate and developed fivst with hexane fcllowel
by 25:25:1 hexane-acetone-acetic acid and 75:25:1 toluene-ether-atetic
acid. Autoradiograms showed greater than 95% of the recoverel
activity was undegraded parent from all four treatment groups. °

The identity of fenvalerate was confirmed by GC.

We conclude undegraded parent is the residue of concern in the
body fat of rats regardless of the isomeric ratio in the fenvalelrate
séministered. The results agree with those from previous metadbolism

studies. This deficiency is resolved.



