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comment: The Registrant has submitted -a subchronic neurotoxicity
study in rats, which is a data requirement for Molinate. This study
has been reviewed, and the DER is appended.

MOLINATE: Subchronic Neurotoxicity Study in Rats. Study # PR0949;
Report # CTL/P/4289, dated May 10, 1594.

I : Under the conditions of the study,
administration of Molinate to Alpk:APfSD rats of both sexes
[12/sex/group] at dose levels of 50 [Jd 4.0/9 4.5 mg/kg/day], 150 [CJ
11.7/9 13.9 mg/kg/day], and 450 ppm (J 35.5/9 41.0 mg/kg/day] for
at least 90 days resulted in a dose-related decrease in body weight
[0c 86%/9%9 84% of control at the high dose; 99 93% of control at
the mid dose; 99 94% of control at the low dose], body-weight gain
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[0F 78%/99 65% of control at the high dose; 99 84% of control at
the mid dose; 99 88% of control at the low dose], food consumption,
and food utilization. At the high-dose level, (1) females displayed
an increase in landing foot splay at week 5; (2) both sexes
displayed an incvease in the time to tail flick at week 14; (3)
both sexes displayed a decrease in forelimb grip strength during
week 9; (4) females displayed a decrease in hindlimb grip strength
during week 5 and males displayed a decrease during week 14.
Additionally, a decrease in the time to tail flick was observed at
7eek 5 in males at all dose levels, but there was no dose response.
‘lo aprarent effect was demonstrated on overall motor activity in
m-1::s, but when compared to pretest values, high-dose females
displayed increased motor activity following treatment. There was
a dose-related decrease in both brain and erythrocyte
cholinesterase activities in both sexes, and a dose~related
decrease in NTE activity at all dose levels in both sexes compared
to the control values. Absolute brain weight was decreased
significantly in both sexes at the high-dose level.
Microscopically, nerve fiber degeneration in the sciatic nerve and
the sural nerve was increased in the high-dose males compared to
the control incidence. Several FOB parameters were altered during
the study, and motor activity in the high-dose females appears to
have baser increased relative to pre-troatment values. HMales
displayed nerve fiber degeneration in the sciatic and sural nerves
at the high-dose level. There was a dose-related decrease in brain
and erythroccyte cholinesterase activity, and decreased NTE activity
was observed in both sexes at all dose levels. Although no NOEL warx
attained in this study for the decreased brain cholinesterase
activity observed in females, the decrease at the low dose in bot.
sexes is considered minimal [93% of control]. This study is
classified Core Minimum, and it satisfies the guideline requirement
(82-7-SS] for a subchronic neurotoxicity study in the rat.

cc: Debbie McCall, CCB
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DATA EVALUATION REPORT
STUDY TYPE: subchronic neurotoxicity - rats
Guideline: 82-7-ss IOX. CHEM. NO.: 444
shaughnessey No.: 041402
MRID NO,: 432707-01 )
IEST MATERIAL: Molinate
SYNONYMS: S-ethyl hexahydfé;1H-azepinc-1-carhothioau; Oxrdram
STUDY NUMBER: PR0O949; Report # CTL/P/4289; CTL Ref. Y06367/025
SPONSOR: Zeneca Agrochemicals
TESTING FACILITY: Zeneca Central Tbxicology Laboratory /UK
w: Molinate: Subchronic Neurotoxicity Study in ‘Rats
AUTHOR. JM Horner
REPORT ISSUED: May 10‘, 1994

; : ¢ Both a guality assurance statement and a GLP
compliance statement were provided.

EXECUTIVE _SUMMARY: Under the conditions of the study,
administration of Molinate to Alpk:APfSD rats of both sexes
(12/s2x/group] at dose levels of 50 [J 4.0/9 4.5 mg/kg/day), 150 [C
11.7/9 13.9 mg/kg/dry], and 450 ppm (J 35.5/9 41.0 mg/kg/day] for
at least 90 days re.ulted in a dose-related.decrease in body wright
(00 86%/99 84% of control at the high dose; 99 93% of cont-ol at
the mid dose; 99 94% of control at:the low dose], body-weight gain
[co 78%/99 65% of control at the high dose; 99 84% of control at
the mid dose; 99 88% of control at the low dose), food consumption,
and food utilization. At the high-dose level, (1) females displayed
an increase in landing foot splay at week 5; (2) both sexes
displayed an increase in the time to tail flick at week 14; (3)
both sexes displayed a decrease in forelimb grip strength during
week 9; (4) females displayed a de¢:rease in hindlimb grip strength
during week 5 and males displayed a decrease during week 14.
Additionally, a ”~rrease in the time to tail flick was cbserved at
week 5 in males at all dose levels, but there was no dose response.
No apparent effect was demonstrated on overall motor activity in
males, but when compared to pretest values, hich-dose female

displayed increased motor activity following treatment. There was
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a dose-related decrease in both brain and erythrocyte
- ¢iolinesterase activities in both sexes, and a dose-related
decrease in NTE activity at all dose levels in both sexes comparad
to the control values. Absolute brain weight was decreased
significantly in both sexes at the high-dose level.
Microscopically, nerve fiber degensration in the sciatic nerve and
the sural nerve was increased in the high-dose males compared to
the control incidence. Several FOB parameters were altered during
the study, and motc: activity in the high-dose females appears to
have been increased relativs to pre-treatment values. NKales
displayed nerve fiber degeneration in the sciatic and suvral nerves
at the high~dose level. There was a dosi-related decrease in driin
and erythrocyte cholinasterase activity, and decress24 NTE activity
was observed in both sexes at all dose levels. Although no NOEL was
atzaiaed in this study for the decreased brain ocholinesterase
setivity observed in females, the decrsase at the low dose in both
noxes is considered minimal ([9'% of contrel]. This study is
classified Core Minimum, and it si.tisfies the guideline requirement
[82-7-SS] for a subchronic neurotoxicity study in the rat.
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MATERIALS:
Test Compound: Molinate; Description: amber liquid; Batch #:

CTL reference # Y06367/025; Purity: 96.8%; Source: ICI
Agrochemicals/UK. NOTE: Appendix A consists of a Certificate
of Anaiysis {aated 12/17/91] and a Certificate of Re-Analysis
[dated 8/31/93]. On the former certificate under Supplementary
informatich is the statement: For Study No: 31/91/0169 and at
the top of the page, Y06367/025/001 is hanu-w..tten and dated
12/23/21. The latter certificate has nothing listed under
Supplementary information, but Y06367/025 is hand-written at
the top and dated 9/6/93. Additionally, TB II notes that the
Data reference, the Analytical reference, and Methods of
analysis differ between the two certificates. Both
certificates show 96.8% as the purity.

Test Animals: : rat; gtrain: Alpk:APfSD; Age: =28 dayvs
on arrival; Weight: Week 1: males 180-183 g/females 151-153 g:
Source: Specific Pathogen Free (SPF) colony maintained at the
farriered Arimal Breeding Unit at Zeneca Pharmaceuticals,
Alderley Park, Macclesfield, Cheshire, UK.

Statist ~2: toqv weights - analysis of covariance on initial
Tweei. 1] bicy weight per sex; weeklv food consumption, food
ufilis - clen, sotor activity measurements, time to tail-flick,
landiv~y _Zoot gplay, fore- and hind-limb gqrip strength.
cholincorezase activity, NTE activity. and GFAP levels -
analysis o2 wariance per sex:

brain widta - analysis of varjance and covariance on final
body weight 2nd .ethod of kill per sex. Analysis of variance
and covariance were carried out using the GIM procedure in SAS
(1989) . Least-squares means for each group were calculated
using the LSMEAN option in SAS PROC GIM. Unbiased estimates of
differences from control were provided by the difference
between <each treatment group least-squares mean and the
control group least-squares mean. Differences were tested
statistjcally using a two-sided Student’s t-test, based on the
error mean square in the analysis.

STUDY DESIGN

¢ Ficty two males and 52 females were allocated to
the various groups ([randomization mefhod designed to ensure
only healthy rats (excluding those fail’ng pre-test tail-flick
test) were used; those at weight extremes were excluded alsc]
cf the study. The groups were arranged on two racks in 6
single-sex replicates (randomized blocks; Appendix E, copy
attached). Each replicate cunsisted of 4 cages, one for each
treatment group. The sequence of the groups in each replicate
was determined using computer-generated sequences of numbers
1 to 4, and 4 individual animal numbers vere assigned to each
cage sequentially. During tke acclimatization period (= 2
weeks], the rats were assigned to cages using the fcllowing

procedure. Body weights were recorded with the heaviest listed
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first, and shuffle cards were numbered 1 through 4,
corresponding to the group numbers on the replicate. Rats were .
taken in weight order, and a card was chosen at random and the
heaviest rat chosen, ear-punched with the lowest available
experimental number for that cage shown on the rack plan and
aliocated to the group indicated by the number on theé card.
The next heaviest rat was chosen and allocated to the group
shown on the next card, etc. This procedure continued until
all cages in each replicate contained one rat, and it was then
repeated until each cage contained 4 rats.

Molinate was administered vja the diet at dose levels of 0,
50, 150, and 450 ppm (control groups received basal diet
only). The rats were housed 4 per cage per sex during the
study and were fed CT1 diet supplied by Special Diets Services
Limited, Stepfield, Witham, Essex, UK ad libitum. Watar was
available ad libitum also. :

Dose preparation: The test diets were prepared [frequency not
reported; only one date is referenced in the results] in 30 kg
batches from a premix prepared by grinding Molinate with 500
grams of milled diet. The premix was added to 29.5 kg of
additional diet and mixed. The amounts of Molinate [based on
a purity of 96.8% w/w] added to 30 kg of diet to attain the
required dietary concentrations are listed in Table 1. The
diets were stored in a deep freeze and were thawad before use.
Samples of each dietary level were taken at intervals during
the study and analyzed to verify the concentration attained.
The stability [at -20° and at room temperature] of Molinate in
the diet was determined over a 5-week period. Homogeneity was
determined by analyzing sanples from the low- and high-dose:
levels. .

‘ flbh 1. Diet Preperation
Concentration of Molinete (ppm) ¥olinete [grams] in 30 kg of diet

)
50
150
450

RESULTS

The diets were found to be homogeneously mixed, being within
2% of the overall mean value. The stability of Molinate in the
diet was determined to be acceptable for a period of 9/14 days
at room temperature for the 50/450 ppm dose levels and for a
period of 5 weeks [period of use] at =-20°C for both dose
levels. The overall mean dietary concentrations attained were
within 8% of the nominal concentrations. ' -

: The rats were observed [cageside
checks] daily for changes in clinical condition and behavior,
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and each rat was removed from its cage weekly and physically
examined for changes in general healtn status. Individual body
weights were recorded in replicate order weekly (one week
prior to study initiation, immediately prior to study start,
and. on tne same day of each week thereafter). Food consumption
(per cage) was recorded continuously throughout the study and
calculated on a wreekly basis, and the food utilization value
per cage was calculated as the body weight gained by the rats
in the cage per 100 grams of food eaten.

RESULTS

Suvzival and cClinical Observationg: One low-dose male was
euthaaized jin extremis during week 7 [broken nasal cavity],
but the death was not considered treatment related. All other
rats survived to study termination. No clinical signs were
observed that could be attributed to treatment.

Body Weight and Food Consumption: The high-dose rats of both
sexes displayed significant reductions in body vieight compared
to their respective controls throughout the study (99 85-89%
of control value and Jdo 84-92% of control value). Slight, but
statistically significant, decreases in body weight were
observed during weeks 2 and 3 in males at the mid-dose level
[96% of control], and females at the mid- and low-dose luvels
displayed statistically significant decreases in body weight
[(dose-related] throughout the study [89-94% (mid dose)/93-96%
{low dose)' of control]. A dose~-related decrease in overall
body-weight gain was displayed by both sexes compared to the
respective controls [calculated by TB II:; statistics not
performed; Table 2]. Throughout the study, high-dose rats of
both sexes displayed statistically significant decreases
(weeks 4 and 8 for females not significant] in food
consumption compared to the control va_ues, and females at the
low- (weeék 3] and mid-dose [weeks 2 and 3] alsc displayed
statistically significant decreases compzred to the controli
(Table 2]. Decreased food utilization was observed during the
1-4 week interval and overall by both sexes at the high dose
and by the mid-dose females. During the 5-8 week interval, the
mid-dose females displayed a significant increase in food
utilization. o
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Table 2. Body Weight, Body-Weight Gain, and Food Consuwption {grams (X of control)}
Parameter/Tine Frame/Sex/Dose 0 ppm 5C opm *S0 pom 450 pps
Body Weight (3)
. RALES
week 1 183.2 182.9 182.0 180.2
week 2 232.4 229.3 222.4**(96) | 207.5*=(89)
week 3 279.6 273.4 267.6%%(96) | 266.1**(88)
week & 311.8 306.8 301.2*(97) 272.6%*(87)
week 5 361.7 333.2 329.2(96) 296.8*%(87)
week 6 366.5 357.7 352.1 317.7%%(87)
week 7 - 386.8 376.3 372.7 334.8*%(87)
week 8 408.1 392.8 389.6(95) 346.4%%(8%)
week 9 426.0 412.9 407.9 362.9*%(85)
week 10 439.6 426.7 421.3 375.2*%(8S)
week 11 449.7 462.2 433.0 387.8*%(86)
week 12 461.7 449.6 44l .6 398.5**(86)
week 13 476.8 £81.7 456.9 404.3%*(8S)
week 14 433.8 7.7 463.4 4£14.5%%(86)
FEMALES
week 1 152.3 151.3 151.9 153.0
week 2 175.9 168.5%*(96) 165.1%9(9%) 162.2%*(92)
week 3 200.7 185.6**(92) 178.8°"(89) 176.4%%(87)
week & 211.8 197.9*(93) 191.17%(90) 182.3**(86)
week S 221.0 208,.9%*(95) 202.2%7¢91) 192.2%*(87)
week & 233.3 222.8%*(95) 216.8%**(93) 201.2°%(88)
week 7 261.6 228.9*2(95) | 225.1**(93) | 207.3**(86)
week 8 268.5 235.17%(95) | 232.0%%(93) | 212.4°*(8S)
week 9 31.7 238.7%%¢95) | 237.2%%(94) | 217.3*%(86)
week 10 239.6 265.3%%(96) | 240.6**(93) | 219.0**(84)
- week 11 269.0 269.1%2¢(93) ! 246.7%*(92) | 226.9**(84)
week 12 2n.s 257.1%%¢95) | 253.3**(93) | 229.5**(8%)
week 13 276.5 262.3%2(96) | 255.8*%(93) | 232.1*%(8%)
week 14 276.5 261.17%(9%) | 256.82(93) ] 233.4**(84)
Sody-Veight Gain (g)J
MALES
weeks 1-2 49.2 66.46(96) 40.4(¢82) 27.3(5%)
weeks 2-3 67.2 46.1 45.2 38.56(82)
weeks 3-6 32.2 33.4 33.6 26.5(¢82)
weeks 1-3 96.4 90.5 85.6(89) 65.9¢68)
- weeks 1-6 128.6 123.9 119.2(93) 92.4(72)
weeks 1-9 262.8 230.9 225.9(93) 182.7(75)
weeks 1-14 300.6 288.8(96) 281.4(96) 356.2(78) J
FEMALES
- week 1-2 23.6 17. 4733 13.2¢56) 9.2(39)
I weeks 2-3 26.8 - 17. (6 13.7¢55) 12.2(49)
| weeks 34 11.1 12.3 12.3 7.9(71)
weeks 1-3 48.4 T 3.7 26.9(56) 21.4¢44)
wesks 1-4 59.5  46.6(T8) 39.2(66) 29.3¢49)
weeks 1-9 99.4 87.4¢88) 85.3(856) 66.3¢65)
weeks 1-14 126.2 109.8¢88) 104.9(34) 80.4(65)
Food Consumption (g/rat/dsy)
MALES
week 1 25.2 25.3 23.9(953 22.1**(88)
wesk 2 27.7 27.0 26.1(%) 26.6**(89)
week 3 28.0 27.9 7.2 26.4%%(87)
week 4 28.5 7.7 2.8 25.1%*(88)
week 7 28.3 27.1 20.7¢(95) 26.6%(87)
week 12 28.1 28.0 2r.2 26.3*%(86)
week 13 28.2 283 27.5 25.2¢%(89)
FERALES
week 1 20.8 18.7%(91) 19.3(93) 19.0%(91)
week 2 21.2 19.8¢(93) 19.6%*(95) 18.6**(88)
week 3 21.6 20.37¢(96) 19.5*2(90) 18.17%(84)
week 4 20.3 19.8 20.5 18.7(92)
week 7 20.5 20.2 20.3 18.5*(90)
week 12 20.4 19.9 19.4 17.7~=(87)
week 13 20.2 19.3 19.6 17.8%{88)

g
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Table 2. Body Weight, Sody-Weight Gsin, and food Consumption fgrams (X of controi)]
Parametsr/Time Frame/Sex/Dose 0 pom 50 ppm 150 pom 450 ppm
Food Utilization (g growth/100 g food}
MALES :
weeks 1-4 20.7¢ 19.9 20.1 17.3%*(83)
weeks 5-8 10.7 10.1 10.3 9.5¢(89)
weeks 9-13 5.9 5.9 5.8 5.9
weeks 1-13 11.8 11.4 11.5 16.4**(88)
FERALES
weeks 1-4 n.7 10.5 9.1%(78) 7.5*%(64)
weeks 5-8 5.3 5.3 6.37(118) 4.9
weeks 9-13 3.5 3.3 2.8(82). 2.6(74)
weeks 1-13 6.6 6&': 5.8%(88) L 4.8%%(73)
SR

¢ rumbers have bee rounded off; * p<0.05; ** p<0.01; & (X of control); . scatistics not performed

The mean dose of Molinate consumed by each group is listed in
Table 3 below.

Dietary Level Table 3. Mesn Calculated Molinate Consumed {mg/kg/day) 8
{ppm)
MALES FEMALES
50 4.0 : 4.5
150 . 1.7 13.9
450 35.5 ) 41.6-
. "]
Behavioral Investigations - Subchronic Neurotoxicity

The behavioral investigations incorporated a functional
observational battery (FOB) and a test for locomotor activity
(LA) . Both tests were conducted prior to study initiation and
during the 5%, 9%, and 14™ weeks. Testing was performed "blind"
Ly one observer. All animals (12/group/sex) were observed for
the followmg parameters (see below).

runctional ‘Observational Battery (POB) - Detailed clinical
observations (removal of rat from cage and a physical
examination for changes in general health status; see below]
and quantitative assessments of landing foot splay, sensory
perception [tall"fllt:k test], and muscle weakness ([fore- and
hind-limb grip strength] were performed at each time point.
The clinical observations included the following list of
measures: (1) assessment of autonomic function [lacrimation,
salivation, piloerection, exophthalmus, urination, defecation,
pupillary function, ptosis; (2) description, incidence, and
severity of any convulsions, tremors, abnormal motor function,
abnormal behavior, etc.; (3) reactivity to stimuli; (4)
changes in level of arousal; (5) sensorimotor responses; and
(6) alterations in respiration.

Motor Activity (MA) - Motor activity was tested by placing
each rat into an automated activity recording device (not
further described), and each session was divided into 10 scans
of 5 minute duration. No statement was made as to whether the

| 7
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initial time in the cage was included in the assessment. The
groups were "counter balanced across test times ard across
devices", and at each repeated trial the rats were raturnec .o
the same act1v1ty monitor at approx:.mately the same time of
day.

RESULTS

Functional Observational Battery (FGA} : Clinical Observations:
There were no clinical signs obse-.ad following dosing that
could be attributed to treatment. Lm_zg_g_t_s_p_m: Thare
was a statistically significant increase in landing foot splay
observed at the week 5 test period in females, but no apparent
difference at any other time point or in males compared to the
controls ([Tabie 4). Time to Tail Flick: There was a
statistically significant [at all dose levels] decrease in the
time to tail flick in males at the week 5 test period compared
to the control, but there was no dose response. During the
week 9 test period, females at all dose levels displayed
decreased values compared to the control, but only the mid
dose attained statistical significance and there was no dose
response [Table 5]. At week 14, the high~dose rats of both
sexes "' .layed an increase .compared to their respective
controls, and the value for males attained statistical
significance. TB II notes that the value for t & high-dose
males at week 14 is increased relative to it: o~ -=8C value,
whereas all other groups [both sexes] display decreased values
relative to their pretest values. Both sexes at the high-dose
level displayed lower values initially and at week 5 compared
to the contrels. Fore- and hind-limb grip strength: There was
a dose-related decrease in forelimb grip strength during the
week 9 testing period, and the high-dose level displayed
statistical significance (both sexes]. No other significant
differences were observed in forelimb grip strenq*h. Hindlimb
grip strength was significantly decreased in the high-dose
females during the week 5 testing period and in the high-dcsa
males during. the week 14 testing period. A similar decreace
was evident in the high-dose females during the pre-test
interval [Table 6]. .

Table 4. Landing Foot Splay (mm)

S W S s S _
Dose_{ppml/intervel Pretest week 5 week 9 week 14
WALES
0 45.5 67.3 6.5 66.9
50 50.6 69.5 65.3 83.5
150 49.2 7.4 6.3 62.4
450 9.2 7.7 61.8 84.5
FERLES .
[ 43.5 56.4 59.4 57.2 £
50 “%.8 | 60.2 63.8 52.8
150 [ 4.0 5.8 58.8 S6.7
450 4.0 66.0°(17) | 60.1 58.3 ]
o

* p0.05; ¢ [X of controil

. N
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Table 5. TIME TO TAIL FLICK (seconds}
- ~———— ]
Dose {ppml/interval pretest week 5 week 9 week 14
WALES
0 5.1 7.6 b.b 4.0
S0 6.3¢126)0 5.7%%75) 5.2¢118) | 4.4¢110)
150 . 5.2¢102) 6.2%(82) 3.6¢82) | 4.4¢110)
450 6.6(90) 5.9%¢78) 4.7¢107) | 6.6%(165)
FELES B
0 7.0 6.1 4.2 4.3
S0 6.6 4£.6%(73) 3.6(86) 4.0
159 6.8 5.0¢823 3.3%(™) 3.6(88)
450 6.0 5.7 3.6(86) 5.2¢121)

* p<).05; ** p<h.01; ¢ (X of control velue)
Table 6. Neuraomuscular Cbheervations

413¢98)
1160(98) .
1417%¢90)

1135(93)

246(87)
548°(85)
388

733

* pe0.05; ¢ (X of control value)

Locomotor Activity (IA): Overall motor activity values were
lower than the control values for all treatment groups [both
sexes] pretest [Table 7al. At 5, 9, and 14 weeks, males at the
low dose displayed an increase [147%, 117% and 104% of
control, respectively] and the mid- and high-dose males
continued to displayed decreases compared to the control
values. Females at the high dose level during the week 14
testing period displayed a statistically significant decrease
.[86% of control value] in overall motor activity, and
statistical significance was attained for two of the five-
minute individual sessions. During the week 9 testing sessicn,
an increase in overall motor activity was observed in the
high-dose females, which may be treatment-related, based on
the relationship of the values amcng the groups throughout the
study; i.e., at all other time points, including the pretest,
"the high-dose females displayasd lower activity levels and at
9 weeks they achieved comparable [slightly greater] activity
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levels to the controls. When the data are viewed re_itive to
pretest values, the females display a dose-related increased
activity level compared to their pretest activity levels, and
the high-dose females overall display the greatest sustained
increase relative to pretest values [Table 7b].

Teble 7a. Overall Notor Activity Courits (total counts
of 10 Five-Ninute Subsessions)

50 150 450

159.5(75)e
$18.0¢147) 313.8¢89)
293.46¢117) 217.3(86)

312.8¢104) 267.6¢(89)

200.2¢9%) 177.8(83)
$52.8(72)
205.9(82)

B1.1¢4N

1 T 214.6(69)
570.8(87)
$92.3(99)
616.4(96)

228.8(76)
676.5¢103)
$95.3¢100)
6467.3¢101)

170.8¢53)
363.3(86)
605.2¢101)
$52.0°¢86)

Table 7b. Oversil Motor Activity Counts
(relative to pretest velues)

150

157
109

At scheduled sacrifice, any rat sacrificed in extremis and up
to 6 designated [not further defined] rats/sex/dose wvere
exsanguinated under terminal anesthesia with halothane vapor
and subjected to a full o - examination. The brain,
vertebral column including spinal cord, gasserian ganglia,
dorsal root ganglia including spinal roots, gastrocnemius
muscle, sciatic nerve, sural nerve, and tibial nerve were
removed and immerse fixed (except brain] in 10% neutral
buffered formol saline. The brain was submitted for enzymatic
and protein determination and was weighed, the length and

width recorded. The left half was kept on ice and the right .

half was weighed and frozen in acetone and cardice and stored
at -70°C. Also at termination, 6 additional rats/sex/group
were anesthetized with intraperitoneal sodium nentobarbitone
and sacrificed by perfusion fixation with modifie< Xarnovsky’s
‘tixative. The tissues listed above were removed ar:: 2 brain

25
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weight, length, and width were recorded. Only tissues from
these latter rats [perfused] were processed for histology. The
brain and-gastrocnemius muscle were embedded in paraffin wax,
and sections were cut and stained with hematoxylin and eosin.
Additionally, transverse sections of the vertebral column
containing samples from the lumbar and cervical regions of the
spinal cord, with dorsal root ganglia and spinal roots
attached, were decalcified, embedded in paraffin wax, and
sections were cut and stained as noted above. The remaining
tissues were embedded in ARALDITE and semi-thin sections were
cut and stained with toluidine blue. Samples of the spinal
cord and peripheral nerve were embedded in ARALDITE also and
processed as above. Initially, the brain of 1 rat/sex of the
high~dose group was examined in the transverse plane at 12
levels. On the basis of- this examination, the brain of the
remaining 5 rats/sex from the high-dose group and 6 rats/sex
from the control group were examined in the transverse plane
at the following 6 levels: 6, 7, 8, 9, 10, 12. Spinal cord
from the cervical region (C3-C6] and from the lumbar region
(L1-1L4] was examined in the transverse plane. Spinal roots and
dorsal root ganglia from the C3-C6 and Li-I4 levels and the
gasserian ganglia from the trigeminal nerve were examined, as
were transverse and longitudinal sections of the sciatic nerve
and transverse sections of sural and tibial nerves. Samples of
gastrocnemius muscle were examined in the transverse plans.

Neuropathoclogical examination of all tissues was performed on
control and high-dose rats initially, with the sciatic nerve
and spinal cord of the low- and mid-dose rats being examined
(light microscopy] also.

RESULTS

Brain parameters - Decreased absolute bdrain weight was
displayed in both sexes at the high-dose lavel compared to the
controls (Table 8]. The high-dose males also displayed a
statistically significant decrease in relative [adjuated for
final body weight] brain weight. No. apparent effect was
observed on either brain length or brain width at any dose
level, although the decrease in width observed at the mid-dose

level in both sexes and in the low-dose males attained
statistical significance.

Macroscopic findings -No treatment-related findings were
observed in either sex. ~

Microscopic findings - Minimal neuronal cell necrosis was
observed in the granular neurons in the ventrolateral region
of the dentate gyrus of the brain in two high-dose males and
" in one high-dose female, and slight neuronal cell necrosis was
obgerved in cne high-dose female. One control male and 2
control females displayed minimal neuronal cell necrosis alsoc.

)7
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Minimal nerve fiber degeneration was observed in the sciatic
nerve of 4 of the 6 high-dose males examined compared to one
in the concurrent control of both sexes. One high-dose male
also displayed minimal nerve fiber degeneration in the sural
nerve. No other changes were observed [Takle 9], although for
one high-dose female brain, gasserian ganglia and spinal corda
were listed as missing, as was one low-dose femals sciatic
nerve.

Table 8. Srain Peramsters

0 pom 50 ppm

sbeotute
relative to body weight
adjusted for body weight
FENALES

sbsolute
relative to body weight
ad od weighte

2.08
0,43
2.07

1.93
0.70

1.97%(95)%
0.48(112)
1.99%(%6)

1.867°¢9%)
0.81¢116)
1.87¢97)

sheolute
relative to body weight
sdjusted for body weight

FENALES )

.73
6.03
21.74

26.33
10.32¢106)
sdjusted for bady weight 26.51 26.32

2.2
6.09¢(118)
. BB

7.3
11.88¢122)
26.85

sbsolute

relstive to body weight

- adjusted for body weight
FENALES

-  sbsolute
relative to body t
sdjusted

146.27%%(%)
3.05
14.22(95)
1%4.33

5.52
14.37

14.50%¢96)
3.15
14.45

13.929%(93)
£.45

14.83
3.61(1K)
15.13

16.42
§.26(1%4)
1831

469.3
261.3(93)

412.4¢86)
sraen | . -

; ¥ p0.05; ** pd.01

Table 9. Nicroscopic Observations.

MALES

-
8
-
8
-
8

dentate- gyrus [totall)
minimst
slight

SCIATIC NERVE X=
Necve fiber degeneration
: SURAL NERVE N
Nerve fiber degereration

co=0 joswe o
oooe Jeococe I8
o006 oad;
“pre lonne
oe=e lJovne je
oeoe |coce |8
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)
Q
0
é
)
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Enzvme and Protein Measurements

Cholinesterase Activity: At scheduled sacrifice, blood
obtained during exsanguination of 6 rats/sex/group [5 for low-
dose males] was assessed for plasma and erythrocyte
cholinesterase activities. Additionally, the left half of the

brain of these rats was submitted for cholinesterase activity

assessment [Ellman, 1961]. :

Neuropathy Target Esterase Activity: The right half of the
brain from 3 rats/sex/group [2 for low-dose males] listed
abova were analyzed for neuropathy target esterase [NTE]

activity [Johnson, 1977 and 1982].

Glial ribrillary Acidic Protein Measurements: The right half
of the brain from the 3 remaining rats/sex/group listed above
were analyzed [O‘Callaghan, 1991] for glial tibrillary acidic
protein [GFAP], and the total protein content of the brair was
meagured also [Pierce BCA Kit; analyzed at Unilever].

* RESULTS -

CHOLINESTERASE ACTIVITY: There was a dose-related decrease in
both brain and erythrocyte cholinesterase activities in both
sexes, and the decrease in brain cholinesterase in females was
statistically significant at all dose levels [Table 10].
Plasma cholinesterase activity was ccmparable among the grouvps
for both sexes. :

NEUROPATHY TALGET ESTERASE ACTIVITY: Both sexes displayed a

dose-related reduction [25-61% lower than control] in NTE
activity, which was statistically significant at all dose
levels [Table 10].

GLIAL PFIBRILLARY ACIDIC PROTEIN MEASUREMENTS: No adverse
effect on GFAP levels was observed in either sex. The iowest
levels were observed at the high~dose level in both seaxes
(Table 10].° : . :

iy
.
g, 3
%,

s
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Table 10.

Chol inestersse Activities/NTE Activity/Glial Fibrillary Acidic Protein Levels

Parsmeter/Time Frame/Sex/Dose 9 pom 50 pom 150 ppm 450 pom |

Brain cholinestersse (pusotes/min/g)
MALES

12.44 11.51(93)¢ | 10.46°%(84) | 7.22*2(58) *
FLWMLES 12.0% 11.19%(93) | 9.25+%(77) | 6.35+%(53)

Erythrocyte cholinestersss (U/L)
2692 2582 2388(89) 1967*2¢73)
2397(91) 2060*%(78) 1810°*(68)

Plasms cholinestersee (U/L)
NALES

595 38 600 647¢109)
FERALES 1614 1571 1496(93) 1676¢106)

MALES 860 9encg0) | Sateecs3) | 3s2eecaty
FEMLES 865 646%(75) soswecs9) | 33sec39)

NALES .82 2.9 2.42(86) 2.04(72)
FENLES 2.60 2.04¢78) 2.17(83) 1.97¢75

NOLES 60686 59568 52253(86)
FENALES 45107¢80) 31118¢91)

o [X of controll; © p<0.05; ** p<d.01

Positive Control Data

Positive control data for the Motor Activity, Functional
Observational Battery, and Neuropathology tests. were not
provided or referenced as evidence of the capability of the
methods utilized at the testing facility to detect major
neurctoxic endpeints. Information from the testing facility
that performed this study demonstrating the ability of the
testing procedures utilized in +his study to detect major
neurotoxic endpoints were submitted to the Agency previously
(personal communication with B. Sette].

DISCUSSICN

The administration of Molinate to rats via the diet at dose
levels up to 450 ppm for at.least 50 days resultsd in dose-
related decreasas [both sexes] in body weight and body-weight
gains, as well as decreased food consuaption and food
utilization. There was no effect on survival of either sex,
and clinical signs were comparable among the groups. Females
at *he high-dose level displayed a significant increase in
landing foot splay at 5 weeks only. Decreased time to tail
flick was cbserved at all dose levels in males at week 5, but
there was no dose response. Both sexes at the high-dose level
displayed an increase in time to tail flick at week 14,
although only the increase in the males -attained statistical
. significance. There was a dose-relatad decrease in forelimb
grip strength in both sexes at weeks 9 and 14, but statistical

Ve
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significance was attained only at the high-dose level in both
sexes at week 9. A statistically significant decrease in
hindlimb grip strength was observed at week 5 in the high-dose
females compared to the-control, but a similar decrease had
been displayed prior to treatment. Males at the high-dose
level displayed a significant decrease in hindlimb grip
strength at week 14. Thers was no clear effect of treatment on
moter activity. Because of the variability in the motor
activity data, interpretation is complicated. Based on the
relative change from pretest values, it appears that females
at the high-dose level displayed an increase in activity level
following treatment, although prior to treatment and at the 5-
and 1l4-week test periods, decreased motor activity was
observed in this group compared to the control. There was a
dose-related decrease in brain cholinesterase activity in both
saxes, and the decreases .were statistically significant in the
low-dose females and in both sexes at the mid- and high-dose
levels compared to the control values. Erythrocyte
cholinesterase activity was decreased in both sexes ([dose-
related}, with the decreases attaining statistical
significance in the mid-dose females and the high-dose rats of
both sexes. There was a dose-related decrease in RTE activity
at all dose levels in both sexes ccmpared to the control
values, and statistical significance was attained at all dose
levels. No apparent effect was observed in GFAP levels in
either sex. There was a significant decrease in absolute brain
weight in both sexes at the high-dose level, but brain length
and wvidth vere unaffected. There were no macroscopic lesions
that could be attributed to treatment. Microscopically, nerve
fiber degeneration in the sciatic nerve and the sural nerve
was increased in the high-dose males compared to the control
incidence. :

CONCLUSION

Under the conditions of the study, administration of Molinate
to Alpk:APLSD rats of both sexes [12/sex/group] at dose levels
of 50 (C 4.0/9 4.5 mg/kg/day], 150.[c 11.7/9 13.9 mg/kg/day],
and 450 ppm [J 35.5/9 41.0 mg/kg/day] for at least 90 days
resulted in a dose-related détrease in body weight [cc 86%/99
84% of control at the high dose; 99 93% of control at the mid
dose; 99 94% of contrel at the low dose], body-weight gain [do
78%/99 65% of control at the high dose; 99 84% of control at
the mid dose; 99 88% of control at the low dose], 2

consumption, and food utilization. At the high-dose lavel, (1)
females displayed an increase in landing foot splay at week S;
(2) both sexes displayed an increase. in the time to tail flick
at week 14; (3) both sexes displayed a dacrease in forelimb
grip strength during week 9; (4) females displayed a decrease

in hindlimb grip strength during week 5 and males displayed a -

decrease during week 14. Additiorally, a decrease in the time
to tail flick was cbserved at week 5 in males at all dose

1

1
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levels, but there was no dose response. No apparent effect was
demonstrated on overall motor activity in males, but when
compared  to pretest values, high-dose females displayed
increased motor activity following treatment. There was a
dose-related decrease in both brain and erythrocyte
cholinesterase activities in both sexes, and a dose-related
decrease in NTE activity at all dose levels in both sexes
compared to the control values. Absolute brain weight wvas
decreased significantly in both sexes at the high-dose lavel.
Microscopically, nerve fiber degeneration in the sciatic nerve
and the sural nerve was increased in the high-dose nmales
compared to the control incidence. Several FOB parameters vere
altered during the study, and motor activity in the high-dose
females appears to have Dbeen increased relative to pre-
treatmeat values. Males displayed nerve fiber degeneration im
the sciatic and sural nerves at the high-dose level. There was
a dose-related decrease in brain amd erythreocyte
cholinesterase activity, and decreased NTR activity was
ocbserved in both sexes at all dose lavsls. Although no NOEL
was attained in this study for the decreased braia
cholinesterase activity observed in females, the dacresse at
the low dose in both sexes is considered minimal [93% of
control]. This study is classified Core Minimum, and it
satisfies the guideline requirement [82-7-SS] for a subchronic
neurotoxicity study in the rat.
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