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Attached is the proposed mechanism of action data presentation document on Molinate for
consideration by the Mechanism of Toxicity SARC, along with the DATA EVALUATION
REPORTS of the critical studies. Additionally, copies of other papers, either published or pre-
publication papers submitted by the Registrant, are appended.

1. Statement of Proposed Mode of Toxicity: Based on the nature of the Molinate-induced intra-
testicular lesion and the dependence of spermatid release by the Sertoli cell on testosterone, it is
hypothesized by the Registrant that the male reproductive impairment caused by Molinate is the
- result of a block in the production of testosterone by the Leydig cell.
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. Below is a list of the relevant studies used in this document.

I3

a. [MRID 44918001] Ellis, M. K. and Farnworth, M. J. (1999). First Revision to MOLINATE:
Effect of Molinate and Molinate Metabolites Following Seven Day Administration on Testis and
Sperm Morphology in the Rat.

b. [MRID 43158202] Hadge, MCE. (1993). Molinate: Sperm Morphology in the Rat. )
¢. [MRID 44521004] Wickramaratne. A. (1997). The morphological effects of the throcarbamate
herbicide, molinate, on the ovary, adrenal and testis of the Sprague-Dawley Rat.

d. [MRID 44918002] Ellis. M. K. and Farnworth. M. J. (1999). MOLINATE: Investigationinto the
Mode of Action in the Rat Leydig Cell /n Vitro.

e. [MRID 44765003] Foster, J. R. (1999). Neutwral Cholesterol Ester Hydrolase: A Kev Enzyme in
the Control of Steroidogenesis in Rodents,

f. [MRID 44918003] Ellis. M. K. and Farnworth. M. J. (1999). First Revision to MOLINATL:
Effect of Molinate and Molinate Metabolites on Plasma and Testicular Interstitial Fluid Hormone
Concentrations in the Rat /» Ivo.

g. [MRID 44521003] Ellis. M.K.: Coutis. C.T.; Lovatt, C.A.; Richardson, A.G.; Laird, W.1D;
Cooper. G.K.; Moore, R.B.: Pitts, M.R.; Dunn, D.S.: and Wickramaratane, G.A. (1997). Species
Comparison in the Metabolism of the Herbicide Molinate.

h. [MRID 42361308] Horner, J. M. (1992). Molinate: Mechanistic Study in the Pregnant Rat.

1. [MRID 44373601] Williams. 1. (1997). MOLINATE: An Evaluation of Vaginai Opening in Rat
Pups.

j- ABSTRACT . Jewell. W. T, And Miller.M.G. (1999). Comparison of Human and Ry Metabolism
of Molinate in Liver microsomes and shices.

k. PUBLICATION. Jewell, W.T. and Miller, M.G. (1998). Identification of a Carboxvlzsterase as
the Major Protein Bound by Molinate. Toxicology and Applied Pharmacology 149, 22¢-234.

. PUBLICATION. Jewell, W.T. Hess, R.A.. and Miller, MLG. (1998). Testicular Toxicity of
Molinate in the Rat: Metabolic Activation via Sulfoxidation. Toxicologyand Applied Pharmacology
149, 159-166.

m. PUBLICATION, Ellis, M.K..; Richardson, A.G.; Foster, J. R.; er al. (1998). The Reproductive
Toxicity of Molinate and Metabolites to the Male Rat: Effects on Testosterone and Sperm
Murphology. Toxicology and Applied Pharmacology 151, 22-3Z.

n. [Accession No. 00245675] Killinger, ] M.; Downs, C.R.; Minor, J.L.; er al (1981). Ordram
Fertility Study 1in Male Rats: Mechamsm/Site of Action.

o. [IMRID 44521002) Wickramaratne, A. (1997). MOLINATE: Rodent Reproductive Toxicity and
lts Relevance to Humans: A Review.

p. [MRID 44521G05] Wickramaratne, A. (1997). MOLINATE: Elucidation of the Processes
Underlying the Reproductive Effects in the Male Rat.
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3. INTRODUCTION. Molinate is a reproductivetoxicant. and the rat 1s the most sensitive species
for this effect. The Registrant’s position is that the reproductive effect of Molinate “requires the
production of molinate sulfoxide and the dependence on the enzyme cholesterol ester hydrolase for
steroid sex hormone production.”™ Additionally, the Registrant concludes that the reproductive
toxicity to the rat is induced by a mechanism that is specific to rodents.

4. BACKGROUND. Decreased fertility, abnormal sperm, decreased percent motile sperm,
decreased sperm numbers, decreased litter size, decreased % born live, decreased pup viabilitv.
increased incidence of microscopic lesions in the ovary. testes, and adrenals, delayed vaginal
opening, and reproductive organ weight effects are consistent findings in the rat following exposure
to Molinate. Molinate causes a distinctive sperm lesion, and the morphological changes in the testes
are considered by the Registrantto be consistent with a delayed release of the late spermatids to the
seminiferous tubular lumen, a process controlled by the release of testosterone. The hypothesis.
based on the nature of the Molinate-induced, intra-testicular lesion and the dependence of spermatid
release by the Sertoli cell on testosterone, is that male reproductive impairment caused by Molinate
is the result of a block in the production of testosterone by the Leydig cell. The Registrant contends
that there is a requirement for metabolic activation for the impairment of reproduction and concludes
that the results of the studies strongly suggest that Molinate sulphoxide is the proximate metabolite
responsible for the block in steroid production following Molinaie exposure to the rat.

5. MECHANISM OF ACTION ISSUES
A, PHYSIOLOGICAL MARKER: altered sperm morphology

In a 13-week inhalation study [MRID 00241965] in rats on Molinate, abnormal spermatozoa were
found in the epididymides.In a rat fertility study [MRID 00245675] designed specifically to identify
the stage of the spermatogenic cycle affected by Molinate, there was an increase in the number of
abnormal sperm and an increase in the number of seminiferous tubules with degenerating
spermatids/spermatocytes per testis. In a 4-week inhalation study [MRID 415892037 in the rat, there
was an increase in the percent of abnormal sperm [detached heads, sperm with broken membranes
between head and midpiece. or between midpiece and iail sections). The data sugpested 1o the
Registrant that the mid- to late stages were affected, with the major effecs being on the late spermatid
stage. NOTE: In several preliminary studies in rabbits, sperm abnormalities were evident also.

1. In a study designed specifically to assess sperm morphology [MRID 44918001}, Molinate and
Molinate sulphoxide displayed an increase in abnormal sperm [detached heads, mid-piece lesion,
tail abnormalities] following the 7-day exposure period in rats,

Ellis, M. K. and Farnworth, M. J. (1999). First Revision to MOLINATE: Effect of Molinate
and Molinate Metabolites Following Seven Day Administration on Testis and Sperm
Morphology in the Rat. EXECUTIVE SUMMARY: In a special study [MRID 44918001]
to establish whether the sperm abnormalities observed following Molinate exposure are due
to Molinate or its metabolites, 4 Sprague-Dawley CD male rats/group were administered
Molinate (96.9% a.i.) at 40 or 140 mg/kg/day, or Molinate sulphoxide at 10 or 20 mg/ke/day,
or 4-Hydroxymolinate at 10 mg/kg/day, or Hexamethyleneimine at 10 meg/kg/day vig
subcutaneously-implanted osmotic mini-pumps for 7 days. Both light microscopy and
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scanning electron microscopy were used to examine sperm samples obtained at necropsy.

None of the test materials displaved any apparent adverse effect on the weight of the testes.
Light microscopy examination revealed an increased incidence of detached sperm heads at
both dose levels of Molinate [26%-36%] and Molinate sulphoxide [+25%]. Mid-piece
lesions were observed at a comparable incidence [=10%] in both dose groups of Molinate
and in the high-dose group of Molinate sulphoxide. The highest incidence [=10%)] of tail
abnormalities was observed in the high-dose Molinate group. In general, 4-Hydroxymolinate
and Hexamethyleneimine did not show an effect on sperm morphology, although a slight
increase in the incidence of mid-piece lesions and tail abnormalitiesabove control was noted
in the 4-Hydroxymolinate group [an apparent increase in tail abnormalities was displayed
in one of the 3 rats examined under the light microscope and ihe slight increase in mid-piece
lesions was noted compared to the lack of this finding in the control].

2. In another study [MRID 43158202), the administration of Molinate via gavage for 35 days
resulted in a dose-related increase in sperm abnormalities in the rat.

Hadge. MCE. (1993). Molinate: Sperm Morphology in the Rat. Zeneca Central Toxicology
Laboratory. EXECUTIVE SUMMARY: In a special study [MRID 43158202], male
Crl:CD(SD)BR rats [12/group] were exposed 1o Molinate [96.8% a.i.] via gavage for 35

-

consecutive dayvs at dose levels 0f 0, 0.5, 1, 2. 3. 4, and § mg’kg‘day.

There were no deaths or clinical signs that could be attributedto treatment, and body wetights
and body-weight gains were comparable among the groups. The objective of the study was
to define more precisely the NOEL for changes in sperm morphology observed in the rat
following exposure to Molinate. All rats displayed headless sperm, but the percent abnormal
was greater at all dose levels of Molinate [not explicitly dose-related] compared to the
controls. There was a dose-relatedincrease in the incidence of sperm midpiece abnormalities.
and the number of sperm affected was increased with increasing dose. None of the
concurrent controls displayedthis type of abnormality. No NOEL for sperm morphology was
determined.

3. In a paper entitled “The morphological effects of the thiocarbamate herbicide, molinate, on the
ovary, adrenal and testis of the Sprague-Dawley Rat” [MRID 44321004; no individual data
submitted], the results of a study in which male rats were dosed for 35 days via gavage at dose levels
of 0, 10, 30, and 60 mg/kg/day are reported.

Testicular atrophy and necrosis of the spermatid cell population, primarily in Stage V11
tubules, were observed at 30 and 60 mg/kg/day and sperm, taken from the epididymis,
showed a distinct abnormality of the head-midpiece junction. No effect was reported at 10
mg/kg/day. In a published paper that refers to this study, it is stated that at high doses of
Molinate, the development of spermatogoniaand spermatocytes was normal, but on passing
through the division processes to develop into spermatids, an abnormality consisting of
multinucleation and nuclear and cytoplasmic degeneration was seen. At the stage of
spermatid release, large residual bodies formed and the lumen contained an increased
quantity of extracellulardebris. In addition, mature sperm heads without tails were observed
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at the base of seminiferous tubules, apparently in the process of being reabsorbed by the
Sertoli cells. The lesion was said to be consistent with a disruption of the normal process of
Spermatogenesiscausing a delaved reiease of the late spermatids from the epithelium of the
Sertoli cell into the seminiferous tubular lumen. It further states that, in the rat. this process
progressesin a highly synchronized manner. The spermatids are released at 3 specific stage
of the spermatogenic cycle {Stage VIII, as classified by LeBlonde and Clermont. 1952] in
a process that is tightly controlled by testosterone [Steinberger and Ducket. 1967]. The
association of the initial lesion to the stage of spermatogenesis that is dependent upon
appropriate concentrations of testosterone within the seminiferous epithelium [Stage VIII]
suggested (o the Registrant that Molinate was causing a perturbation of testosterone
svnthesis, release, or actjon within the testes.

4. Inone of the first mechanistic studies performedon Molinate in the rat [Accession No. 00243675].
Molinate exposure to male rats resultedin a decrease in male fertility at dose levels of 4, |2, 30, and
60 mg’kg/day for periods from 5 days to 5 and 10 weeks.

Sperm abnormalities were observed following 5 and 10 weeks of treatment ag dose levels of
4 mg'kg/day and above and included detached sperm heads and tails. heads and 1ails bent a
abnormal angles, and rupture of sperm membranes at head-midpiece and midpiece-tail
junctions. The NOAEL js 0.2 mg/kg/day, and the LOAEL is 4 mg/Kg/day, based on
decreases in the % viabje sperm, % motile sperm, % normal Sperm, sperm counts,
numbers of implants, number of viable fetuses, and increased pre-implantation loss .

5. Elis, MK.; Richardson, A.G Foster, J.R.; et al (1998). The Reproductive Toxicity of Molinate
and Meabolites 10 the Male Rat: Effects on Testosterone and Sperm Morphoiogy. Toxicology and
Applied Pharmacology 151, 22-32. NOTE: This paper reports the results of several studies: not al|
have been submitted to the Agency; i.e., there are no individual data for review. The data reported
in this paper on sperm morphology are apparently from MRID 44918001, discussed aboveunder A,

A distinctive sperm lesion was observed following 7 davs oral and i.p. administration of
Molinate 10 male rats. At a higher dose level [140 ing’kg/day for 7 days), this lesion was
accompanied by morphological changes to the testis that were said to be consistent with a
delaved release of late spermatids to the seminiferous tubular lumen, a process said to be

controiled by the release of testosterone.

6. Jewell, W.T. Hess. R.A., and Miller, M.G. (1998). Testicular Tokicity of Molinate in the Rat:
Metabolic Activation vig Sulf; oxidation. Toxicology and Applied Pharmacology 149, 159.146.

Testicular damage was evaluated histopathologically in Sprague-Dawley rats 48 hours. and
1.2, and 3 weeks after single i.p. injections of Molinate [>99% a.i.] at dose levels of 100-400
mg/ke. The results were reported as foliows: Testicular damage, characterized by Sertoli celi
vacuolation, failed spermiation, and phagocytosisof spermatids particularlyevidentat Stages
X and XI were observed following | week at 200 mg/kg and after 48 hours at 400 mg/kg.
With increasing time, damage progressed until disorganization of the seminiferous
epithelium was extensive, multinucieared giant cells were numerous, and neither
Spermalozoa nor late siep spermatids were present. At 3 weeks a‘ the 200 and 460 mg/ke

<
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dose levejs, germ celis in the seminiferous tubules were almost completely absent. Ng
damage was observed at |00 mg/kg at any time point. Testicular damage similar to that
observed at 400 mg/kg Molinate were reported for Molinate sulfoxide administered at 200
mg/kg. It was noted in the paper that the direct intratesticular administration of Molinate
sulfoxide into the testis did not result in a lesion, suggesting to the authors that either
Molinate suifoxide is not the final toxic metabolite responsibie for Molinate's testicular
effects orthatintratesticularinjection does not ensure adequate delivery of toxicant 1o
the testis.

B. BIOCHEMICAL MARKER: perturbation of testosterone biosynthesis

Based on the nature of the sperm lesion observed following Molinate exposure to male rats and the
morphological changes in the testes, the Registrant hypothesized that the effects were the result of
a block in the production of testosterone by the Levdig cell. The effect [modulation of testosterone
production] in the rat is hypothesized to be a consequence of an inhibition of cholesterol ester
hydroiase [n-CEH]. which in tum is saidto be a consequenceof metabolismof Molinate to Molinate
sulfoxide.

1. In a special in vivo study [MRID 449180037 on steroid hormone concentrations in piasma and
testicuiar interstitial fluid in male rats. decreases in the precursor steroids were observed following
oral and i.p. administration of Molinate and i.p. administration of Molinate metabolites,

Ellis, M. K. and Famworth, M. J, (1999}, First Revisionto MOLINATE: Effectof Molinate
and Molinate Metabolites on Plasma and Testicular Interstitial Fluid Hormone
Concentrations in the Rat Ji Vivo. EXECUTIVE SUMMARY In a special study [MRID
44918003] 1o test the hypothesis that the toxicity of Molinate is due to metabolic
biotransformation. 6 Sprague-Dawley CD male rats/group/time point and test materia] were
administered single ora) [Molinate (96.9% al) at 50, 100, 200 mg/kg] or single
intraperitoneal (i.p.) [Molinate at 40 mg’kg; Molinate sulphoxide at 1, 10, 20 mg/kg:
Moiinate sulphone at 1, 2.5, 10 mg/kg; 4-Hydroxymolinate at 1,5, 10, 43 mg/kg; and
Hexamethyleneimine at 3,40 mg/kg] doses and sacrificed at 2 hours, 6 hours, or 24 hours
post dose. Male steroid hormone/precursor [testosterone, androstenedione, |7q-
h}-’droxyprogesterone, progesterone, and cholesterol] concentrations in the plasma and
testicular interstitial fluid were monitored.

Decreased piasma testosterone and androstenedionelevels were observed following oral and
i.p. administration of Molinate, i.p. administration of Molinate suiphoxide, and i.p.
administration of hexamethyleneimine. Decreased interstitial fluid lestosterone,
androstenedione, and pregesterone levels were observed in these same groups. Decreased
interstitial fluid i 7a-hydroxyprogesterone levels were observed following oral and i.p.
administration of Molinate and i.p. administration of Molinate sulphoxide. Slightiy elevated
plasma cholesterol levels were noted in the Molinate [ora) and i.p.] and Molinate sulphoxide

[i.p.] groups.

2. In an in vitro study [MRID 44918002], the effect of the addition of precursor steroids on the
inhibition of testosterone synthesis by Molinate and Moiinate suiphoxide in Leydig cell cultures

T



from male rats was investigated.

Ellis. M. K. and Farnworth, M. 1. (1999). MOLINATE: Investigation into the Mode of
Action in the Rat Levdig Cell i Vitro. EXECUTIVE SUMMARY: In a special study
[MRID 44918002] 10 examine the effects of Molinate [96.9% a.i.jand Molinate sulphoxide
on steroid hornone production in isolated rat Leydig cell culture, Leydig cell cultures were
treated with non-cytotoxic concentrations of Molinate [400 .M] and Molinate sulphoxide
[400 M), prior 0 the supplementation with testosterone steroid precursors
[androstenedione, 17a-hydroxyprogesterone. progesierone,  22-hydroxycholesterol,
cholesterololeate, pregnenolone, and cholesterol (latter two onl ¥ in the Molinate culwres)],
The control Leydig cell cultures were treated with dimethy] formamide [DMF]). A positive
control, Ketoconizole [0.3 uM]. was also included in this study. Additionally, the effects of
Molinate {3.125 .M to 400 uM]. Molinate sulphoxide [0.008 uMto 10 «M], and Molinate
sulphone [0.30 nM to 50 nM] on cholesterol ester hydrolase [n-CEH] activity in the Levdig
cell cultures were investigated.

Decreased testosierone levels were observed in Levdig cell cultures treated with Molinate.
Molinate sulphoxide.and Ketoconizole comparedto the DMF conirol cultures, Ketoconizole
displayed the lowes! testosterone values. There was a dose-related increase in testosterone
production followingaddition of increased levelsof the precursorsteroids progesterone, 1 7a-
hydroxyprogesterone. and pregnenolone. androstenedione in the Molinate, Molinate
sulphoxide. and Ketoconizole Leydig cell culwres, but only slight increases following
addition of cholesterol, 22-hydroxycholesterol. and cholesterol oleate.

Also in this study, both Molinate sulphoxide and Molinate sulphone were shown to inhibit
cholesterol ester hydrolase [the enzyme that converts chelesterol esters to cholesterol], in
vitro. This enzyme was shown to be only slightly inhibited by Molinate. NOTE: In a
published paper [Ellis, et o/, (1998); below ], Molinate was shown to inhibit this enzyme in
vivg,

5. Ellis. M.K.; Richardson, A.G.;Foster,JR; et al (1998). The Reproductive Toxicity of Molinate
and Metabolitesto the Male Rat: Effects on Testosterone and Sperm Morphology. Toxicology and
Applied Pharmacology 151, 22-32, cited above under A5.

Molinate caused a marked decrease in the concentration of circulating and testicular
wstosterone at dose levels [240 mg/kg/day in corn oil for 7 days] where a distinctive sperm
lesion was observed. Additionally, esterase activity in the Leydig cells was inhibited
following Molinate exposure, in contrast to an in vifro study where it was shown to be a poor
inhibitor of esterase activity.

The following was also discussed in this paper: The control of spermatogenesis is directed by the
production of testosterone but is intimately controlled by the Sertoli cells that lie within the
seminiferous epithelium. The effect of Molinate may result from a direct action upon the Sertoli cell
or indirectly by perturbing Leydig cell biochemistry that ultimately results in the inhibition of
testosterone synthesis. An effect on esterase activity was used as a marker of perturbed Leydig cell
blochemistry in vivo. It is stated that esterases are exquisitely expressed within the Leyvdig cells



8

within the testes and are 2 sensitive marker for damage [Bingfang. er al (1995); Somkuti. o7 a/
(1987)]. Although the roles of these enzvmes are uncertain, jt is conceivable that they are
involved in the release of cholesterol from its storageester, ultimately fortestosteronesynthesis
[Bingfang, er ol (1993): Somkuti, et af (1987)].

Also reported in this paper are the results of a single-dose ora study in which Molinate [40 mg'kg]
markedly inhibited esterase activity in the Leydig cell, and this inhibition was said to have been
present at a time before morphological damage was apparent within the seminiferous tubujes.
Following a 10-day administration of Molinate, a significant reduction was observed in esterase
activity at dose Jevels that induced morphological damage within the testes [dose levels not cited].

not been submitted for review]; no dose levels were reported and the route of exXposure was not
reported,

4. In 2 paper [MRID 44765003 no individual data included] entitled Neutral Cholesterol Ester
Hydrolase: A Kev Enzvme in the Controi of Steroidogenesisin Rodents, two confiicting s1atements
regarding neutral cholestero] ester hydrolase were found. On page 12 in the second paragraph of 3.
Neutral Cholesterol Ester Hydrolase [n-CEH]). it states that two major forms of nCEH have been
reported from rat testes. both of which appear to be specific to the organ. One type is iocated within
the Leydig cell while the other appears 1o be specific to the Serioli cel]. At the top of m: ze 14, which
1s the jast paragraph under 4. Regulation of nCEH, it states that nCEH has been shown to be
exclusivelylocalized in the Leydig cells of the testes and not to be expressed in the Sertali cells or
germinal epithelium.

5. Jewell. W.T. and Miller, M.G., (1998). Identification of 2 Carboxylesterase as the Major Protein
Bound by Molinate. Toxicology and Applied Pharmacology 149, 226.234. The study investigated
the nature of the binding reaction of “C-Molinate, “C-Molinate sulphoxide, and "C-Mojinate
sulphone in liver and testis microsomal preparations. The effect of Molinate administration on in
ViYo esterase activity was assessed both by enzymatic Ineasurement and b histochemical
measurement,

testosterone biosynthesis.
C. SPECIES SPECIFICITY

Although previously the Registrant had argued that the rodent-specific reproductjve Impairment
following Molinate exposure could be attributed solely to the difference in metabolism between the
rat and man. the recent submjssion states that, although the metabolic profiles of Molinate differ
aCross species [rat, mouse, rabbit, and man], “this difference is considered insufficient 1o account
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solely for the differential susceptibility of the species examined.” The Registrant states that the
mechanism of the reproductive impairment has been associated with a perturbation of testostergne
synthesis; a consequence of an inhibition of nCEH by Molinate sulfoxide. In the 1998 Ellis,
M.K., et al paper cited above, “The Reproductive Toxicity of Molinate and Metabolites o the Male
Rat: Effects on Testosterone and Sperm Morphology™, it states that Molinate sujfoxide inhibits
general ester hydrolysis within the Leydig cells of the rat testis, and such action would also preyent
the release of cholesterol from its storage ester within this cell type; a reaction catalvzed by the
enzyme neutral cholesterolester hydrolase, nCEH. The paper continues as follows: The major source
of cholesterol in rodents is from high-densitv lipoproteins [HDLs] in plasma [Gwynne er al, 1976,
Barterand Lally, 1978; Sigurdsson er al 1979; van’t Hoofte er al. 1981 Glass er al, 1983] that are
hydrolyzed within the cel cvtosol by nCEH. In rabbit, dog, and man, the majority of the cholesterol
15 obtained from low-density lipoproteins [LDLs]; the cholesterol being released on acidic hydrolysis
in lysosomes [Payne et al. 1985, Havel and Hamilton, 1988]. Therefore, it is stated that the
inhibition of cytosolic nCEH by Molinate suifoxide [see below under METABGLISM]in the rabbit,
dog. and man is unlikelv to significantly affect cholestero] availability in these species as this
enzyme is not required for the release of chojesterol from LDLs [Latendresse e o/, 19931, Molinate
sulfoxide is a major ntetabolite of Molinate in the rat. mouse. and dog and consequently. metabolism
alone would suggest that these species would be equally susceptible to the reproductive effects of
Molinate. According to the Registrant. the formation of Molinate sulfoxide is a prerequisite for the
reproductive impairment caused by Molinate, but the species sensitivity is dependent upon
physiological and biochemical differences.

D. METABOLISM

According to the Registrant, the metabolism of Molinate in mammals is primariiv by three routes:
carbon oxidation [hexahydro-1 H-azepineoxidation]to 3- and 4-hydroxymolinate sulfuroxidation
to Molinate sulphoxide, and thiocarbamate cleavage to hexamethy]eneimine[Figure 1. page 28 of
MRID 44521005, copy appended]. The sulphur oxidation pathway, via a sulfoxide [and possibly
sulfone] intermediate, yields a cysteine or mercapturate conjugate. It is stated that the proportion of
metabolism through each of these pathways varies in rat, mouse, rabbit, dog, monkey, and man
[Table 1, below]. The numbers in [ ] are from a paper [MRID 44521003] entitied “Species
comparison in the nietabolism of the herbicide molinate™ by Eliis, MK: Coutts, CT; Lovatt, CA: er
al. . submitted by the Registrant previously [discussed below], while the other numbers are those
presented by the Registrantin slides at 2 meeting. The Registrant’s position is that sulfur oxidation
of Molinate is a prerequisite for the onset of the Sperm, testis, ovarian, and adrenal effects. It
is argued that the rat metabolizes Molinate predominately by this route and man does not. However,
this is based on data from studies in the rat at highdose levels [72 m g/kg po] and a study in humans
at a very low dose [0.03-0.07 mg/kg po].

Table 1. Proposed Species Differences in Metabolism of Molinate

Primary Biotransformation Pathways

species
carbon oxidation sulfur oxidarion thiocarbamate cleavage

~D



rat 30132] 46 ]

29] 24 (33]
mouse 30 [30] 2821] 42123}
rabbit 82163} 917] 9151
dop 37|38] 19|33} 40 [28]
monkey 43 i9 ]
man 39 | not detertnined

1. Ellis, MK ; Coutts, C.T.; Lovar, C.A.: Richardson, A.G.; Laird, W1D. Cooper, GK.: Moore,
R.B.; Piuts, MR ; Dunn, D.S.; and Wickramaratane, G.A. (1997). Species Comparison in the
Metabolism of the Herbicide Molinate. [Submitted to Drug Metab. Dispos.]. A study report with
individual data from this study has not been submitted to the A gency for review to date. STUDY
DESIGN: In a comparative metabolism study [MRID 44521003; no individual data submined],
a single dose of Molinate {40 mg [“Cl]Molinate/kg} was administered via gavage 10 Sprague-
Dawley rats, CD-1 mice, pure bred beagle dogs. and New Zealand rabbits, and urine and feces were
collected over a 72-hour period post dose. Blood samples were collected at termination only from
the rats and mice.

All four species rapidly excreted the radiolabel, and Molinate was extensively metaholjzed
to more polar productsin all species. At a comparative oral dose of 40 mg/kg. the proportion
of the administered dose recovered in the urine was: rat {male 74:6%:; female 73=3%),
mouse (male 65:15%: female 63=19%), dog (male 82:£6%). and rabbit (male 83:8%).
Radiolabel recovered in the feces of rats and mice accounted for 162+8% and 24214%,
respectively [similar data for dogs and rabbits not provided]. The % of the adminjstered dose
found as the urinary metabolite mercapturate conjugate (metabolite XVI) was 23% (rat), not
detected (mouse), 7% {(dog), and 2%, (rabbit).

Molinate was not identified in any of the analyzed urine samples. Sulfur oxidation of
Molinate: Sulfuroxidationalope generatesprincipally Molinate sulfoxide, which may further
oxidize to Molinate sulfone. Neither of these compounds was identified in the urine of any
species, but the author states that “their formation is inferred from the identification of both
a molinate cysteine conjugate (metabolite XII) and mercapturate (metabolite XVI)."” These
two metabolites are derived from a glutathione conjugation of Molinate suifoxide (and
sulfone) followed by sequential loss of glutamatic acid and glycine. The glutathione
conjugation reaction is expected to release ethane sulfenic and ethane sulfinic acids
from Molinate sulfoxide and sulfone, respectively; however, these products were not
identified in this study. A minor metabolite of this sulfoxidation pathway is 4-
hydroxymolinate mercapturate (metabolite V). Hvdroxviation of the S-ethyl moiety: It is
proposed that S-carboxymethyl molinate (metabolite XVIII) may be derived from two
independent pathways [Figure 3, appended]: (1) hydroxylation of the S-ethyl moiety to yield
compound XX, followed by sequential oxidation to aldehyde (XXI) and acid (metabolite
XVIID); (2) transamination of the cysteine conjugate 1o the Pyruvic acid analogue (XVII)
followed by oxidative decarboxylation. It is stated that the metaboljte profile for
[“*C]Molinate suifoxide in the rat and mouse would favor pathway | and preclude pathway
2 [there was no analogous statement regarding the rabbit or dog]. Hydroxvlation of the S-
ethyl moiety at the carbon adjacent to sulfur with loss of acetaldehyde vields hexahvydro-] H-
azapine-l-carbothioate that was identified as the glucuronide (metabolile VII.

/(O



Hydroxylation of the hexahvdro-]f—l-azepine (hexamethyleneimine) mojety: At least six
glucuronides of hydroxylated molinate were found, which were converted to the aglycone
upon glucuronidase treatment. Analysis of the most abundant of these metabolites
established the S-ethy! group was intact and hence hydroxvlation had occurred about the
hexahydro-IH-azepine ring. The major products of hexahydro—lH—azepine ring
hydroxylation in the rat. mouse. and dog are 3- and 4-hydr0xym01inale glucuronide
{metabolites XIV and X1, respectively), whereas in the rabbit, 4-hydroxymolinate sulfate
predominates (metabolite V). It s stated that it is hikely that the six glucuronides are
diasterioisomers derjved from hexahydro-]H—azepine hydroxylation at C-2,C-3,and C-4.

Overall, it was concluded that sulfur oxidation was a major route of metabolism in the
rat, mouse, and dog, but carbon oxidation predominated in the rabbit.

Metabolism of molinate sulfoxide in the rar: Administration of [14CIMolinate sulfoxide [40
mg/kg] to rats resulted in the rapid appearance of three metabolites in the urine. with =729,
of the administereddose being eliminatedin the urine within 24 hours. The major metabolite
was the mercapturate metabolite X VI, which accounted for 862 of the recoveredradiolabe!.
Also identified wag 4-hydroxymolinate mercapturate (metabolite V. 9% of recovered dose).
It is stated that the identification of metabolite V is supportive of hexah}-'dro~IH-azepine
oxidation being secondary to sulfur oxidation, The third metabolite (metabolite X1X. 39%%)

Following single, oral [gavage] doses of ["C]Molinate [1. 40, and 200 mg/kg] 1o rats, “the
proportion of the oral dose excreted as the mercapturate (metabolite XVI) decreased with
decreasing dose.” “A1 a dose of 200 mg/kg molinate abous 32% of the urinary radiolabe] was
excreted as metabolite XVI, whereas, at doses 0f 40, 16 and 1 mg/kg molinate, metabolite
XVI accounted for ahout 29 [25in table]. 22 and 119 of urinary radiolabe], respectively
It is stated that the “Data suggests tha carbon-oxidation predominates at low doses of

oxidation.™

2. Inacited study in human volunteers exposed [route not indi cated]to Molinate [amount not stated]
at “concentrationsabove the permitted occupational €Xposure concentration”, sulfur oxidation only
accounted for =1-5% of the administered dose, the principal route of metabolism being to 4-
hydroxymolinate [Krieger, R., et al (1992). The Toxicologist 12, 126].

3. In another human study [MRID 425 82302) in which a single oral dose of 5 m g Molinate [body
weights 70-103 kg) was tested, 4-hydroxymolinate was also demonstrated to be the major urinary
metabolite [=39% of the dose] in man,

4. In a recent published article by Jewell, WT and Miller, MG [Drug Metab Dispos (1999), July 27 .

(7} 842-847), a comparison was made of the metabolic capability of ra and human liver
microsomes and slices to form either nontoxic ring-hydroxylated metabolites of Molinate or the
toxic metabolites derived from the sulfoxidation of Molinate. 1t is stated that sulfoxidation would
be the preferred high-dose pathway whereas hydroxylation would predominate at low dgge
levels in both species. '
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SUMMARY of DATA in SUPPORT of MECHANISM of TOXICITY [malesj: From the
mechanistic studies submitted to date that include individual data. the following have beep
demonstrated: (1) Molinate, Molinate sulphoxide, and hexamethyleneimine €xposure vig the i.p,
route and Molinate exposure vig the oral route result in decreases in testosterone and other sterojd
hormones in both the plasma and the testicular interstitial fluid; (2} Molinate sulphoxide and
Molinate sulphone inhibi: nCEH in vitro, Molinate only slightly; (3) an increase jn testosterone
synthesis is observed ix vitro following addition of testosterone steroid precursors to Leydig cell

E. FEMALE RAT EFFECTS

Historically, the male rat has been the focus of studies on Molinate. However, in severa routine
studies; i.e,, the 2-year rat, 18-month mouse, 2-generation reproduction, and chronice dog. effects
were observed in the ovarjes in female animals and the adrenal glands of both sexes. Since the

hormones. and the production and maturation of sperm within the testes is absolutely dependen:
upon the appropriate concentrations of testosterone a1 the appropriate time. a link berween the three
tissues suggested 10 the Registrant a common pathogenesis for the observed effects of Molinate in
the rat. namely a perturbation of the steroidogenic pathway. All three tissues syvnthesize their
respective steroid hormones vig common pathways using cholesterol as the precursor chemical. Boih

1. To further Investigate what the Registrant considers “rodent-specific” reproductive toxicity
following high doses of Molinate, a study was performed to investigate the effects of Molinate in
the female reproductive organs and adrenals. Female Sprague—Dawley rats  were dosed with
Molinate vig gavageat 0, 10, 40, 100, and 150 mg’kg/day for 7 days {individual data not submitted:
MRID 4452} 004).

ADRENAL GLAND: In the control, it was stated that in o] red O-stained frozen sections,
the adrenal cortex stained “strongly for the presence of lipid™, Adrenal glands in the MoJinate
fernales at 100 and | 50 mg/kg/day were visibly enlarged compared to the control and showed
ahypertrophiedadrenal cortex. The cells lying within the adrenal cortex, particularly those
of the zona fasci culata, were enlarged with centrally-locatednucle and a grossly vacuolated
cytoplasm. The oil red O-stained sections showed that the celjs had accumuiated large
amounts of positive—staining hipid in their cytoplasm. OVARY: Histological appearance of
the contro! ovarian tissue was said to be normal, while in the frozen sect; ons, stained with
oilrad O, the interstitial tissue showed that the majority of the oil red O positive cells were
present in the interstitial tissue, with lesser amounts being found in the corpora lutea, Marked
hypertrophy of the interstitial compartment was observed in the Molinate females at 100 and
150 mg/ke/day, with the hypertrophied cejls exhibiting a vacuolated appearance. In the oi]



2. In a mechanistic study [MRID 42361308), Sprague-Dawley female rats were administered
Molinate at doge levels of 75, 135, and 200 mg/kg/day on days 7-9 of gestation.

necrosis and loss of cells in the zona fasciculata, and increased neutral hpid content in cells
of these two regions of the adrenal cortex at all dose levels. NOTE- In a 2-generation

the NOAEL for ovarian lesions was 6 ppm [0.34 mg/kg/day] and the LOAEL was 50 ppm
[2.9 mg/kg/dav].In the deﬁnin've2—generati0nreproduction study, the NOAEL for ovary and
adrenal lesions was 20 PPm [1.9 mg/kg/dayland the LOAEL was 50 ppm [4.7 mg/ke/day],
In the 2-vear rat study, the incidence of ovarian lesions was increased significantly over
control at 300 ppm [15 mg/kg/day] and was above that of the historicaj controlat 40 ppm [2
mg/kg/day]. There was N0 apparent increase in ovarian lesions at 7 ppm {0.4 mg/kg/day).

metapyrone. amphenone. and antline. These compounds are said 10 induce lipid accumuiation in the
adrenal gland by inhibiting one or more of the enzymes involved in the steroidogenic pathwayv, and
morphological changes are seen in the mitochondriaand smooth endoplasmic reticulum of affected
cells of the adrenal. However, no comparable effects have beep observed in the ovarian tissue.
according to the Registrant, ——

The increased accumulation of lipid droplets [cholestero] esters] within the adrenocortical cells and
ovanan interstitial cells following Molinate administrationto female rats “may reflect a similar mode
of action to TOCP and TCP”. These compounds produce their effect in rodents vig differen
mechanisms to that described for those chemicals that directly inhibit steroidogenesis and the
principal mode of action is believed to be vig 2 dominant inhibition of neutral cholestero] ester

1
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NOTE: There is no discussionin thjs Paper regarding whether TCPresultsin similar femht):_effects
as those observed with Molinate ip, erther the male of female rat or Whether the effects Oof TEP are
considered specific to the rat.

F. MISSING PIECES

Critical pieces that are missing: (1) data On the effect of Molirate on the acidic hydrolases n

lysosomes, whijch the Registran States are respongibje for releasing cholestero) in non-rodent

species; (2) dose required 1o Saturate metabolic pathway; (3) demonstration of an inhibition of n-
j n mhibit;

feni-l_i‘t}-'/reproduction were observed. Additjonall;r, Other mechanism have not been ryled out; e.g.,
effect on the pltuitary, aherations of LH. etc., and there are no dara On testosterope concentrations
in the seminiferous tubule flyjd. Since the metabolic pathway in the dog appears similar to the
metabolic pathway in the rat. a study to InVestigate possible Sperm effects in he deg following
Molinate sulfoxjde CXposure woyld provide further information on the Proposed spec;es specificity.

G. DISCUSSION
Although the mode of action PTOposed appears Teasonable, all of the mechanistic studies have beep
performed at high-dose levels. 1S known that there js adifference jp metabolism between low-

the effect of Molinate o the acid hydro]ase Purperted 1o be involved ip cholestero] release in the
Ron-rodent. Since some effects are observed at low-dose Jeve]s <1 mg/kg/day), is there another
mode of actiop at these levels? I the study that demonstrates z decrease ip the concentration of the
Precursor hormones, a5 well as testosterone, in the plasma and interstitia] fluid, no effect was
observed on cholestero] levels [onj Ythe plasma was monttored for cholesterol}. The purported key



