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Attn: TSCA Section 8(e) Coordinator

[ 1 san1TIZED

RE: TSCA Section 8(e) Notification of Tetrahydrofurfuryl Benzoate

[ ]
Gentlemen:
[ ] is submitting a TSCA Section 8(e) substantial risk notification

concerning a bacterial reverse mutation assay with an independent repeat assay (Ames Assay) with
tetrahydrofurfuryl benzoate. The CAS Registry Number for the chemical is 2217-32-5. The assay was
performed at Microbiological Associates, Inc., Rockville, Maryland, under their Study No.

[ ]. The information summarized below was received on October 8, 1996 via the final
report (copy enclosed).

Initial assay and an independent repeat assay were performed using the plate incorporation method
and tester strains TA98, TA100, TA1535, and TA1537 and E. Coli (WP2uvrA). Assays were done both in
the presence and absence of Aroclor-induced rat liver S9. Dimethylsulfoxide was selected as the solvent of

choice.

In the initial mutagenicity assay, positive responses were observed with tester strams?PAl.?,lgnd
WP2uvrA in the absence of S9 activation and with tester strain WP2uvrA in the presence of ‘So aliivalion.
In the independent repeat assay, positive responses were observed with tester strains TA98, T4153% ’*ﬁd

WP2uvrA in both the presence and absence of S9 activation. 5w ‘C;N.ﬂ
= av
If you have any questions, please contact me at [ ] ';
3y
Sincerely, -
[ ] - .

Enclosure
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STATEMENT OF COMPLIANCE

Study No.[ Jwas conducted in compliance with the U.S. FDA Good
Laboratory Practice Regulations as published in 21 CFR 58, the U.S. EPA GLP
Standards 40 CFR 160 and 40 CFR 792, the UK GLP Compliance Programme, the
Japanese GLP Standard and the OECD Principles of Good Laboratory Practice in all
material aspects with the following exceptions:

The identity, strength, purity and composition or other
characteristics to define the test or control article have not
been determined by the testing facility.

Analyses to determine the uniformity, concentration, or
stability of the test or control mixtures were not performed
by the testing facility.

The stability of the test or control article under the test
conditions has not been determined by the testing facility.

N odsva; ©. \/Qenwl.l" (o]3/9¢
Valentine O. Wagner, III, M.S. Date
Study Director
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QUALITY ASSURANCE STATEMENT

Study Title: BACTERIAL REVERSE MUTATION ASSAY WITH AN
INDEPENDENT REPEAT ASSAY

Study Number: [ ]

Study Director: Valentine O. Wagner, III, M.S.

This study has been divided into a series of in-process phases. Using
a random sampling approach, Quality Assurance monitors each of these
phases over a series of studies. Procedures, documentation, equipment
records, etc., are examined in order to assure that the study is
performed in accordance with the U.S. FDA Good Laboratory Practice
Regulations (21 CFR 58), the U.S. EPA GLPs (40 CFR 792 and 40 CFR
160), the UK GLP Compliance Programme, the Japanese GLP Standard, and
the OECD Principles of Good Laboratory Practice and to assure that the
study is conducted according to the protocol and relevant Standard

Operating Procedures.

The following are the inspection dates, phases inspected, and report
dates of QA inspections of this study.

INSPECT ON 25 JUL 96, TO STUDY DIR 25 JUL 96, TO MGMT 25 JUL 96
PHASE: Protocol Review

INSPECT ON 30 JUL 96, TO STUDY DIR 30 JUL 96, TO MGMT 02 AUG 96
PHASE: Dilution of test and/or control material

INSPECT ON 06 AUG 96, TO STUDY DIR 08 AUG 96, TO MGMT 08 AUG 96
PHASE: Strain characterization

INSPECT ON 08 AUG 96, TO STUDY DIR 08 AUG 96, TO MGMT 09 AUG 96
PHASE: Strain characterization - Plate Evaluation

INSPECT ON 30 SEP 96, TO STUDY DIR 30 SEP 96, TO MGMT 04 OCT 96
PHASE: Final Report

This report describes the methods and procedures used in the
study and the reported results accurately reflect the raw

data of the study.

_Q//m 577 ﬂd_/:‘/ MAA 10-4-90

Diane B. Madsen
QUALITY ASSURANCE DATE
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SUMMARY

The test article, Tetrahydrofurfuryl benzoate, was tested in the bacterial reverse
mutation assay using S. typhimurium tester strains TA98, TA100, TA1535 and TA1537
and E. coli tester strain WP2 uvrA in the presence and absence of Aroclor-induced rat
liver S9. The assay was performed in two phases, using the plate incorporation method.
The first nhase, the preliminary toxicity assay, was used to establish the dose range for
the mutagenicity assay. The second phase, the mutagenicity assay (initial and
independent repeat assays), was used to evaluate the mutagenic potential of the test
article.

Dimethylsulfoxide was selected as the solvent of choice based on solubility of the test
article and compatibility with the target cells. The test article was soluble in
direthylsulfoxide at approximately 500 mg/ml, the maximum concentration tested.

In the preliminary toxicity assay, the maximum dose tested was S000 ug per plate; this
dose was achieved using a concentration of 100 mg/ml and a 50 ul plating aliquot.
Neither precipitate nor appreciable toxicity was observed. Based on the findings of the
toxicity assay, the maximum dose plated in the mutagenicity assay was 5000 pg per plate.

In the initial mutagenicity assay, positive responses were observed with tester strains
TA1537 and WP2 uvrA in the absence of S9 activation and with tester strain WPZ uvrA
in the presence of S9 activation. In the independent repeat assay, positive responses
were observed with tester strains TA98, TA1537 and WP2 uvrA in the presence and
absence of S9 activation. Neither precipitate nor appreciable toxicity was observed. The
overall evaluation and dose ranges tested are as follows:

Overall Evaluation® and Dose Range Tested (ug/plate)

59 TA9S TA100 TAILS3S TALS37 WP2 uvrA
Activation

‘Low | High | Low | High | Low High | Low | High | Low | High

«+(.7 - - +(5.3;35.3) +(16.8;10.2)
None

100 | so00 | 100 | sooo | 100 | soo0 | 100 | 5000 | 100 5000

- +(2.7;2.3) - - +(4.6) +(3.6;10.2)

Rat
100!5000 100 soooltoo

8. = pegative, + =posilive (maximum fold increase)

100 5000

Under the conditions of this study, test article Tetrahydrofurfuryl benzcate was
concluded to be positive in the Bacterial Reverse Mutation Assay with an Independent
Repeat Assay.
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PURPOSE

The purpose of this study was to evaluate the mutagenic potential of the test article
(or its metabolites) by measuring its ability to induce reverse mutations at selected loci
of several strains of Salmonella typhimurium and one strain of E. coli in the presence and
absence of S9 activation.

CHARACTERIZATION OF TEST AND CONTROL ARTICLES

The test article, Tetrahydrofurfuryl benzoate, was received by Microbiological
Associates, Inc. on 07/19/96 and was assigned the code number 96BF8S. The test
article was characterized by the Sponsor as a colorless mobile liquid that should be
stored in a cool, dry, well ventilated location. An expiration date was not provided.
Upon receipt, the test article was described as a clear, colorless liquid and was stored
at room temperature, protected from exposure to light.

The vehicle used to deliver Tetrahydrofurfuryl benzoate to the test system was
dimethylsulfoxide (DMSO), (CAS# 67-68-5), obtained from Fisher Scientific.

Positive controls plated concurrently with the mutagemcny assay are hsted below:

osmvc Control

All Salmonella Strains . 2-aminoanthracene 1.0
" WP2 uwrA (Sigma Chemical Co.) 10
" A% (At Coomit o T 10
u TA100, TA1535 (Si:-;:ﬁncx: n::id; ) w0
TA1537 (z;mmdig:) 7§
WP2 uvr ;, L‘?XL“&?&“&%;‘:;‘ 1,000

To determine the sterility of the test article, the highest test article dose level used
in the mutagenicity assay was plated on selective agar with an aliquot volume equal to
that used in the assay.

MICROBIOLOGICAL
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MATERIALS AND METHODS
Test System

The tester strains used were the Salmonella typhimuriuwm histidine auxotrophs TA98,
TA100, TA1535 and TA1537 as described by Ames er al. (1975) and Escherichia coli
tester strain WP2 uvrA. Salmonella tester strains were received on 11/10/92 directly
from Dr. Bruce Ames, University of California, Berkeley. E. coli was received on
07/01/87 from the National Collection of Industrial and Marine Bacteria, Aberdeen,
Scotland.

Tester strains TA98 and TAI1537 are reverted from histidine dependence
(auxotrophy) to histidine independence (prototrophy) by frameshift mutagens. Tester
strain TA153S is reverted by mutagens that cause basepair substitutions. Tester strain
TA100 is reverted by mutagens that cause both frameshift and basepair substitution
mutations. Specificity of the reversion mechanism in E. coli is sensitive to base-pair
substitution mutations, rather than frameshift mutations (Green and Muriel, 1976).

Overnight cultures were prepared by inoculating from the appropriate master plate
or from the appropriate frozen permanent stock into a vessel containing ~50 ml of
culture medium. To assure that cultures were harvested in late log phase, the length of
incubation was controlled and monitored. Following inoculation, each flask was placed
in a resting shaker/incubator at room temperature. The shaker/incubator was
programmed to begin shaking at approximately 125 rpm at 37+2°C approximately
12 hours before the anticipated time of harvest. Each culture was monitored
spectrophotometrically for turbidity and was harvested at a percent transmittance
yielding a titer of approximately 10° cells per milliliter. The actual titers were
determined by viable count assays on nutrient agar plates. :

Metabolic Activation System

Aroclor 1254-induced rat liver S9 was used as the metabolic activation system. The
S9 was prepared from male Sprague-Dawley rats induced with a single intraperitoneal
injection of Aroclor 1254, 500 mg/kg, five days prior to sacrifice. The S9 was batch
prepared on 04/24/96 and 07/03/96 and stored at <-70°C until used. Each bulk
preparation of S9 was assayed for its ability to metabolize 2-aminoanthracene and 7,12-
dimethylbenz(a)anthracene to forms mutagenic to Salmonella typhimurium TA100.

The S9 mix was prepared immediately before iis use and contained 10% S9, € mM
glucose-6-phosphate, 4 mM g-nicotinamide-adenine dinucleotide phosphate, 8 mMMgCl,
and 33 mM KCl in a 100 mM phosphate buffer at pH 7.4. The Sham S9 mixture (Sham
mix), containing 100 mM phosphate buffer at pH 7.4, was prepared immediately before
its use. To confirm the sterility of the S9 and Sham mixes, a 0.5 ml aliquot of each was
plated on selective agar.
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Solubility Test

A solubility test was conducted to select the vehicle. The test was conducted using
one or more of the following solvents in the order of preference as listed: purified water,
dimethylsulfoxide, ethanol and acetone. The test article was tested to determine the
vehicle, selected in order of preference, that permitted preparation of the highest soluble
or workable stock concentration, up to 500 mg/ml.

Preliminary Toxicity Assay

The prelimina: + toxicity assay was used to establish the dose-range over which the
test article would be assayed. Ten dose levels of the test article were plated, one plate
per dose, with overnight cultures of TA98, TA100, TA1535, TA1537 and WP2 uvrA on
selective minimal agar in both the presence and absence of rat liver S9 activation.

Mutagenicity Assay

The mutagenicity assay (initial and independent repeat assays) was used to evaluate
the mutagenic potential of the test article. A minimum of five dose levels of test article
along with appropriate vehicle and positive controls were plated with tester strains TA98,
TA100, TA1535, TA1537 and WP2 wwrA in the presence and absence of rat liver S9
activation. All dose levels of test article, vehicle controls and positive controls were
plated in triplicate.

Plating and Scoring Procedures

The test system was exposed to the test article via the plate incorporation
methodology originally described by Ames et al. (1975) and updated by Maron and Ames
(1983).

On the day of its use, minimal top agar, containing 0.8 % agar (W/V) and 0.5 % NaCl
(W/V), was melted and supplemented with L-histidine, D-biotin and L-tryptophan
solution to a final concentration of 50 uM each. Top agar not used with S9 or Sham mix
was supplemented with 25 ml of water for each 100 ml of minimal top agar. For the
preparation of media and reagents, all references to water imply sterile, deionized water
produced by the Milli-Q Reagent Water System. Bottom agar was Vogel-Bonner
minimal medium E (Vogel and Bonner, 1956) containing 1.5 % (W/V) agar. Nutrient
bottom agar was Vogel-Bonner minimal medium E containing 1.5 % (W/V) agar and
supplemented with 2.5 % (W/V) Oxoid Nutrient Broth No. 2 (dry powder). Nutrient
Broth was Vogel-Bonner salt solution supplemented with 2.5 % (W/V) Oxoid Nutrient
Broth No. 2 (dry powder).

Each plate was labeled with a code system that identified the test article, test phase,
dose level, tester strain, and activation, as described in detail in Microbiological
Associates, Inc.’s Standard Operating Procedures.
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Test article dilutions were prepared immediately before use. One-half (0.5) milliliter
of S9 or Sham mix, 100 ul of tester strain and 50 ul of vehicle or test article were added
to 2.0 ml of molten selective top agar at 45+2°C. After vortexing, the mixture was
overlaid onto the surface of 25 ml of minimal bottom agar. When plating the positive
controls, the test article aliquot was replaced by a 50 ul aliquot of appropriate positive
control. After the overlay had solidified, the plates were inverted and incubated for
approximately 48 to 72 hours at 37+2°C. Plates that were not counted immediately
following the incubation period were stored at 4+£2°C until colony counting could be
conducted.

The condition of the bacterial background lawn was evaluated for evidence of test
article toxicity by using a dissecting microscope. Precipitate was evaluated by visual
examination without magnification. Toxicity and degree of precipitation were scored
relative to the vehicle control plate using the codes shown below.

Code Description: 5 s \ s - Characteristics
1 Normal Distinguished by a healthy microcolony lawn.
Disti.ngu.ishcx.i by a noticsable thinning of the microcolony lawn and
2 Slightly Reduced | possibly a slight increase in the size of the microcolonies compared to
the vehicle control plate.
Moderately Distinguished l-:y a marked thinning of the microcolony lawn resulting in
3 Reduced a pronounced increase in the size of the microcolonies compared to the
vehicle control plate. a
Distinguished b.y an extreme thinning of the microcolony lawn resulting
4 Severely in an increase in the size of the microcolonies compared to the vehicle
Reduced control plate such that the microcolony lawn is visible to the unaided eye
as isolated colonies.
s Abseat tl?lis.tingt.dshe:d by a complete lack of any microcolony lawn over 290% of g
e plate.
6 Obscured by | The background bacterial lawn cannot be accurately evaluated due to
Precipitate | microscopic test article precipitate.
Distinguished by precipitate on the plate that is visible to the naked eye
NP Non-Interfering | but any precipitate particles detected by the automated colony counter
Precipitate | total less than 10% of the revertant colony count (e.g, <3 pasticles on a
plate with 30 revertants.)
Distinguished by precipitate on the plate that is visible to the naked eye |
P Interfering and any precipitate particles detected by the automated colony counter |
Precipitate | exceed 10% of the revertant colony count (e.g, >3 particles on a plate |
with 30 revertants.)

Revertant colonies for a given tester strain and activation condition were counted either
entirely by automated colony counter or entirely by hand unless the assay was the
preliminary toxicity assay or the plate exhibited toxicity. Plates with sufficient test article
precipitate to interfere with automated colony counting were counted manually.
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Evaluation of Results

For each replicate plating, the mean and standard deviation of the number of
revertants per plate were calculated and are reported.

For the test article to be evaluated positive, it must cause a dose-related increase in
the mean revertants per plate of at least one tester strain with a minimum of two
increasing concentrations of test article. Data sets for strains TA1535 and TA1537 were
judged positive if the increase in mean revertants at the peak of the dose response is
equal to or greater than three times the mean vehicle control value. Data sets for
strains TA98, TA100 and WP2 uvrA were judged posiﬁve if the increase in mean
revertants at the peak of the dose response is equal to or greater than two times the
mean vehicle control value.

Criteria for a Valid Test

The following criteria must be met for the mutagenicity assay to be considered valid.
All Salmonella tester strain cultures must demonstrate the presence of the deep rough
mutation (-fz) and the deletion in the uwrB gene. Cultures of tester strains TA98 and
TA100 must demonstrate the presence of the pPKM101 plasmid R-factor. All WP2 uvrA
cultures must demonstrate the deletion in the uvrA gene. All cultures must demonstrate
the characteristic mean number of spontaneous revertants in the vehicle controls as
follows (inclusive): TA98, 10 - 50; TA100, 80 - 240; TA1535, 5 - 45; TA1537, 3 - 21;
WP2 uvrA, 10 - 60. To ensure that appropriate numbers of bacteria are plated, tester
strain culture titers must be greater than or equal to 0.3x10° cells/ml. The mean of each
positive control must exhibit at least a three-fold increase in the number of revertants
over the mean value of the respective vehicle control. A minimum of three non-toxic
dose levels are required to evaluate assay data. A dose level is considered toxic if one
or both of the following criteria are met: (1) A >50 % reduction in the mean number
of revertants per plate as compared to the mean vehicle control value. This reduction
must be accompanied by an abrupt dose-dependent drop in the revertant couat. ) A
reduction in the background lawn.

Archives

Upon completion of the final report, all raw data and reports will be maintained by
the Quality Assurance Unit of Microbiological Associates, Rockville, MD in accordance

with the relevant Good Laboratory Practices Regulations.
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RESULTS AND DISCUSSION
Solubility Test

Dimethylsulfoxide was selected as the solvent of choice based on solubility of the test
article and compatibility with the target cells. The test article was soluble in
dimethylsulfoxide at approximately 500 mg/ml, the maximum concentration tested.

Preliminary Toxicity Assay

The results of the preliminary toxicity assay are presented in Tables 1 through 5. In
the preliminary toxicity assay, the maximum dose tested was 5000 xg per plate; this dose
was achieved using a concentration of 100 mg/ml and a 50 gl plating aliquot. Neither
precipitate nor appreciable toxicity was observed. Based on the findings of the toxicity
assay, the maximum dose plated in the mutagenicity assay was 5000 ng per plate.

Mutagenicity Assay

The results of the mutagenicity assay are presented in Tables 6 through 27 and
summarized in Tables 28 through 29. These data were generated in Experiments Bl
B2, B3 and B4. For submission to Japanese regulatory agencies, pertinent additional
information is included in Appendix III. 1" :ither precipitate nor appreciable toxicity was
observed.

In Experiment B1, the initial mutagenicity assay, positive responses were observed
with tester strains TA1537 (5.3-fold, maximum increase) and WP2 wwrA (16.8-fold,
maximum increase) in the absence of S9 activation and with tester strain WP2 wrA
(3.6-fold, maximum increase) in the presence of 59 activation. Due to an unacceptable
positive control value, tester strain TA1535 in the presence of S9 activation was not
evaluated but was retested in Experiment B2. No other positive responses were
observed with the remaining tester strain/activation conditions.

In Experiment B2, no positive response was observed with tester strain TA1535 in
the presence of S9 activation.

In Experiment B3, the independent repeat assay, positive responses were observed
with tester strains TA98 (2.7-fold, maximum increase) and TA1537 (4.6-fold, maximum
increase) in the presence of S9 activation. Due to an unacceptable positive control
value, tester strain TA100 in the presence of S9 activation was not evaluated but was
retested in Experiment B4, Due to contamination of the Sham mix, all tester strains in
the absence of S9 activation were not evaluated but were retested in Experiment B4.
To clarify the results between Experiments Bl and B3, tester strains TA98 and WP2
uvrA in the presence of S9 activation were retested in Experiment B4.

In Experiment B4, positive responses were observed with tester strains TA98

(5.7-fold, maximum increase), TA1337 (35.3-fold, maximum increase) and WP2 wwrA
(10.2-fold, maximum increase) in the absence of S9 activation and with tester strains
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TA98 (2.3-fold, maximum increase) and WP2 uvrA (10.2-fold, maximum increase) in the
presence of S9 activation. No other positive responses were observed with the remaining
tester strain/activation conditions.

CONCLUSION

All criteria for a valid study were met as described in the protocol. The results of
the Bacterial Reverse Mutation Assay with an Independent Repeat Assay indicate that,
under the conditions of this study, Tetrahydrofurfuryl benzoate did cause positive
responses with tester strains TA98, TA1537 and WP2 uvrA in the presence and absence
of Aroclor-induced rat liver S9.
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Salmonella Mutagenicity Assay
Preliminary Toxicity Assay

Table 1

Test Article Id : _Tetrahydrofurfuryl benzoate

Study Number
Experiment No. : Al
Date Plated : 07/30/96
Counted by : hand
Vehicle : dimethylsulfoxide (DMSO)
Plating Aliquot : 50 ul
TA98
Test Article With S9 Act;vation Without Activation
Concentration Revertants Background Revertants Background
Bg per plate per plate Code® per plate Code®
Vehicle 14 1 19 1
6.7 29 1 2% 1
10 23 1 20 i
33 18 1 16 1
67 15 1 11 1
100 24 1 20 1
333 13 b 11 1
667 22 1 28 1
1000 22 1 28 1
3333 18 1 40 1
5000 60 1 21 1
®Background bacterial evaluation cede
1=llormal 2=31lightly reduced J=Moderately reduced
4=Extremely reduced S=Absent 6=0bscured by precipitate
HP=lion-Interfering Precipitate IP=Intezfecing Precipitate
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Salmonella Mutagenicity Assay

Preliminary Toxicity Assay

Table 2
Test Article Id : Tetrahydrofurfuryl benzoate
Study Number
Experiment No. : 1
Date Plated : 07/30/96
Counted by : machine
Vehicle ¢ dimethylsulfoxide (DMSO)
Placing Aliquot : 50 pl
TAl00
Test Article Wich S9 Activation Wichout Activation
Concentration Revertants Background Revertants Background
kg per plate per plate Code® per plate Code?®
Vehicle 147 1 120 1
6.7 133 1 100 1
10 141 1 134 1
33 126 1 135 1
67 120 1 150 1
100 130 1 140 1
333 116 1 157 1
667 140 1 152 1
1000 123 1 168 1
3333 154 1 256 1
5000 175 1 238 1
'Bncku:ound bagterial evaluatica cede
i=liormal 2=81lightly reduced 3=Modezately reduced
4=fztsemely teduced S=Absent €=Cbscured by precipitate
Ef=llca~Intesfering Freeipitate IP=Intezfering Precipitats
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Test Article Id :
Study Number

Salmonella Mutagenicity Assay

Preliminary Toxicity Assay

Table

Experiment No. : Al

Date Plated : 07/30/96
Counted by hand
Vehicle

3

Tetrahydrofurfuryl benzoate

dimethylsulfoxide (DMSQ)
Plating Aliquot : 50 ul

TA1535
Test Article With S9 Activation Without Activation
Concentration Revertants Background Revertants Background
Bg per plate per plate Code® per plate Code?
Vehicle 11 1 10 1
6.7 8 1 12 1
10 15 1 12 1
33 9 1 14 1
67 13 1 1s 1
100 12 1 8 1
333 11 1 6 1
667 9 1 8 1
1000 9 1 8 1
3333 8 1 2 1
5000 6 1 6 1

----------------------------------------------------------------------

®Background bacterial evaluation code

MA Study No[

1=formal 2=3lightly reduced

4=Extremely reduced S=Abgent

MP=ion-Interfering PFrecipitate

16

3=tioderately reduced

6=0Obscured by precipitate
IP=Interfering Precipitate

i’
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Salmonella Mutagenicity Assay
Preliminary Toxicity Assay

Table &

Test Article Id : Tecrahydrofurfﬁryl benzoate
Study Number :
Experiment No. : Al

Date Plated : 07/30/96
Counted by : hand
Vehicle : dimethylsulfoxide (DMSO)
Plating Aliquot : 50 gl
TA1537
Test Article With S§9 Activation Without Activation
Concentration Revertants  Background Revertants Background
Bg per plate per plate Code? per plate Code®
Vehicle 7 1 _ 10 1
6.7 11 1 7 1
10 11 1 4 1
33 9 1 4 1
67 4 1 5 1
100 4 1 5 1
333 3 1 9 1
667 5 1 12 1
1000 10 1 11 1
3333 20 1 57 2
5000 47 1 28 2
8packground bacterial evaluation code
i=formal 2=Slightly reduced 3=Moderately reduced
4=Extremely reduced S=Abseat 6=Obscured by pracipitate
¥P=llon-Interfering Precipitate IP=Intezfering Precipitate
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Test Article 1Id :

E. coli Mutagenicity Assay

Preliminary Toxicity Assay

Table

5

Tecrahydrofuréiryl benzoate

Study Number
Experiment No. : Al
Date Plated s+ 07/30/96
Counted by hand
Vehicle : dimethylsulfoxide (DMSO)
Plating Aliquot : 50 pl
WP2 uvrA
Test Article With S9 Activation Without Activation
Concentration Revertants Background Revertants Background
BEg per plate per plate Code?® per plate Code?
Vehicle 20 1 13 1
6.7 12 1 9 1
10 14 1 15 1
33 12 1 17 1
67 22 1 11 1
100 12 1 7 1
333 9 1 9 1
667 20 1 11 1
1000 22 1 24 1
3333 34 1 30 1
5000 22 1 22 1
®Background bacterial evaluaticn code
i=tlozrmal 2=81ightly reduced 3=tdoderately reduced
4ofxtremely reduced 3=Absent 6=Cbscured by precipitate
HP=lon-Intesforing Precipitate IP=Intesfering Precipitate
<" MICROBIOLOGICAL
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Salmonella Mutagenicity Assay

Table 6

Test Article Id : Tetrahydrofurfuryl benzoate

Study Number L J Experiment No : Bl

Strain : TA98 Cells Seeded : 5.2 X 108

Liver Microsomes : None Date Plated : 08/06/96

Vehicle : dimethylsulfoxide (DMSO)

Plating Aliquot : 50 ul Counted by : hand
Concentration Plate Revertants Background Average Standard
kg per plate Number per plate Code? Bevertants Deviation

Vehicle 0l 18 1
02 23 1
03 28 1 23 5
100 01l 14 1
02 16 1
03 13 1 14 2
333 0l 14 1
02 19 1
03 23 1 19 S
1000 ol 35 1
02 34 1
03 27 1 32 4
2000 1) 32 1
02 39 1
03 50 1 40 9
3333 0l 30 2
02 33 2
03 39 2 34 5
4000 0l 41 2
02 23 2
03 25 2 30 10
5000 01 32 1 A
02 34 1
03 34 1 33 1
Positive Control 2-nitrofluorene 1.0 pg per plate®
01 129 1
02 94 1
03 93 1 105 21
Background bestesial svelusticn sode . TTTmmmmmmmmmmmmmmmmmmm
l=lormal 2=81ightly seduced Istiodecately sedused
doEztremely redused S=Absent 6~Chscuced by prescipitace
¥P=llon~Intesfering Precipitate IP=Interfering Precipiiate
Bpositive centzol plates were machine counted
<~ MICROBIOLOGICAL
MA Study No[_ ] 19 ™ ASSOCIATES, INC.



Salmonella Mutagenicity Assay

Table 7

Test Article Id : Tetrahydrofurfuryl benzoate
Study Number I Experxment No : Bl

Strain : TA98 Cells Seeded : 5.2 X 10°
Liver Microsomes : Rat liver S9 Date Plated : 08/06/96
Vehicle : dimethylsulfoxide (DMSO)

Plating Aliquot : 50 gl Counted by : hand
Concentration Plate Revertants DBackground Average Standard
Bg per plate Number per plate Code® Revertants Deviation

Vehicle 01 13 1

02 &4 1

03 42 1 33 17
100 0l 25 1

02 31 1

03 16 1 24 8
333 01 42 1

02 33 1

03 30 1 35 6
1000 0l 46 1

02 43 1

03 46 1 45 2
2000 ) 14 1

02 31 1

03 30 1 25 10
3333 01 32 1

02 35 1

03 18 1 28 9
4000 ol 4% 1

02 32 1

03 37 1 38 7
5000 o1 40 1 )

02 45 1

03 23 1 36 12

Positive Control 2-aminoanthracene 1.0 ug per plate®

0l 365 1

02 377 ) §

03 632 1 458 151

';;;;;;;;Qﬁ.ﬁ:;;;;l;i';;:1;;;15;';;;: ...........................................

1=Normal 2=8lightly reduced 3e=Modecsately reduced
4=Extremely reduced S=Absent G=Cbscured by precipitate
¥P=Non-Intesfering Precipitate IP=Intezfering Precipitate

bpositive contzol plates weze machine counted
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Salmonella Mutagenicity Assay

Table 8

Test Article Id : Tetrahydrofurfuryl benzoate

Study Number L Experiment No : Bl

Strain : TAl00 Cells Seeded : 10.0 X 108

Liver Microsomes : None Date Plated : 08/06/96

Vehicle : dimethylsulfoxide (DMSO)

Plating Aliquot : 50 ul Counted by : machine
Concentration Plate Revertants Background Average Standard
Bg per plate Number per plate Code® Revertants Deviation

Vehicle 0ol 132 1
02 134 1
03 157 1 141 14
100 01 134 1
02 141 1
03 132 1 136 5
333 01 77 1
02 145 1
03 144 1 122 39
1000 01 206 1
02 210 1
03 130 1 182 45
2000 01 195 1
02 196 1
03 176 1 189 11
3333 01 286 1
02 276 1
03 230 1 264 30
4000 01 245 1
02 249 1
03 276 1 257 17
5000 01 265 1
02 282 1
03 279 1 275 9
Positive Control sodium azide 1.0 pg per plate
0l 446 1
02 416 1
03 509 1 457 47
“Background bacterial svalustion code o TTTommommmememees
1=l{ormal 2=Slightly reduced 3=Maderately reduced
4=Extremely reduced S=Absent 6=Obscured by precipitate
KP=Non~Interfering Precipitate IP=Intesfering Precipitate

e MICROBIOLOGICAL
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Salmonella Mutagenicity Assay

Table 9

Test Article Id : Tetrahvdrofurfuryl benzoate
Study Number Experiment No : Bl

Strain : TALOO Cells Seeded : 10.0 X 10°
Liver Microsomes : Rat liver S9 Date Plated : 08/06/96
Vehicle : dimethylsulfoxide (DMSO)

Plating Aliquot : 50 gl Counted by : machine
Concentration Plate Revertants Background Average Standard
sg per plate Number per plate Code? Revertants Deviation

Vehicle 01 154 1
02 145 b
03 134 1 144 10
100 1) 119 1
02 124 1
03 136 1 126 9
333 ol 129 1
02 144 1
03 127 1 133 9
1000 o1 137 1
02 128 1
03 157 1 141 15
3333 oL 148 1
02 128 1
03 148 1 141 12
5000 o1 177 1‘.
02 183 1
03 168 1 176 8
Positive Control 2-aminocanthracene 1.0 ug per plate
01 608 1
02 611 1
03 499 1 573 64
Backprownd bacterial evalustiem code o TTTTTTTTE
1=iormal 2=Slightly reduced 3=Modezately reduced
4oExtremely reduced S=pbsent 6=Cbscured by precipitate
BP=Hon-Interfering Precipitate IP=Interforing Precipitate
» i MICROBIOLOGICAL
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Salmonella Mutagenicity Assay

Table 10

Test Article Id : Tetrahydrofurfuryl benzoate

Study Number L ] Experiment No : Bl

Strain : TAlS53S Cells Seeded : 13.6 X 10°

Liver Microsomes : None Date Plated : 08/06/96

Vehicle : dimethylsulfoxide (DMSO)

Plating Aliquot : 50 pl Counted by : hand
Concentration Plate Revertants Background Average Standaxd
kg per plate Number per plate Code® Revertants Deviation

Vehicle 0l 22 1
02 18 1
03 18 1 19 2
100 01 12 1
02 21 1
03 21 1 18 5
333 01 17 1
02 11 1
03 22 1 17 6
1000 01 18 1
02 18 1
03 20 1 19 1
3333 01 14 1
02 12 1
03 19 1 15 4
5000 o1 13 1
02 7 1
03 11 1 10 3
Positive Control sodium azide 1.0 pg per plate®
01 518 1
02 475 1
03 412 1 468 53 .
'Backuo;n.d-;:c;::::l- :v.n;.;;t-;on code TTTTTTTTmmmmEmmmmmmmommoscees
1=Hormal 2=31ightly zeduced 3=Moderately reduced
4eExtremely reduced S=Absent €=Cbscured by precipitate
bp FP=flon-Interfering Precipitate IP=Interfering Precipitate
ositive control plates were machine counted
M Sty Nof[ ] - &% MICROBIOLOGICAL
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Salmonella Mutagenicity Assay
Table 11

Test Article Id : Tetrahydrofurfuryl benzoate

Study Number : Experiment No : Bl

Strain : TAl537 Cells Seeded : 16.5 X 10°

Liver Microsomes : None Date Plated : 08/06/96

Vehicle : dimethylsulfoxide (DMSO)

Plating Aliquot : 50 pl Counted by : hand
Concentration Plate Revertants Background Average Standard
Bg per plate Number per plate Code? Revertants Deviation

Vehicle 01 3 1
02 12 1
03 6 1 7 )
100 0ol 6 1
02 8 1
03 3 1 6 3
333 01 8 1
02 17 1
03 S 1 10 6
1000 01 14 1
02 19 1
03 75 1 36 34
2000 01 53 1
02 S0 1
03 7 1 37 26
3333 01 14 2
02 3 2
03 2 2 6 7
4000 01 13 2
02 18 2
03 19 2 17 3
5000 - 01 17 2
02 28 2 '
03 22 2 22 6
Positive Control 9-aminoacridine 7° pg per plate’
01 674 1
02 617 1
03 518 1 603 79
eckaroud bectorial svelustion sode | TTemmmmmmmmmmmmmTemmTmIAmTI
1=Normal 2=81ightly reduced 3=toderately reduced
4=Extremely reduced S=Absent 6=0Obscured by precipitate
b NP=Non-Interfexing Precipitate IP=Intesfering Precipitate
Positive control plates were machine counted
MA Study N 2 <’ MICROBIOLOGICAL
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Salmonella Mutagenicity Assay

Table 12

Test Article Id : Tetrahydrofurfuryl benzoate
Study Number Experiment No : Bl

Strain : TA1537 ' Cells Seedad : 16.5 X 10°
Liver Microsomes : Rat liver S§9 Date Plated : 08/06/96
Vehicle : dimethylsulfoxide (DMSO)

Plating Aliquot : 50 pl Counted by : hand
Concentration Plate Revertants Background Average Standard
pBg per plate Number per plate Code® Revertants Deviation

Vehicle 0ol 8 1
02 4 1

03 8 1 7 2
100 0l 6 1
02 8 1

03 6 1 7 1
333 o1 8 1
02 6 1

03 6 1 7 1
1000 01 9 1
02 9 1

03 14 1 11 3
2000 oL 14 1
02 11 1

03 8 1 11 3
3333 o1 40 1
02 32 1l

03 25 1 32 8
4000 ol 25 1
02 27 1

03 35 1 29 5 .
5000 o1 26 1 ‘

02 30 1

03 23 1 26 4

Positive Control 2-aminoanthracene 1.0 ug per plate®

0l bh 1
02 50 1

03 52 1 49 I

Backgcousd bactertel svaluaticn code o TTemmmmmmmTRTIOE

1i=Normal 2=8lightly reduced 3=tadezately reduced
4=Extremoly reduced S=Absent 6=0hscured by precipitate

NP=ton~-Intecfecing Precipitate IP=Intecfering Pxecipitate
bpositive control plates were machine counted
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E. coli Mutagenicity Assay

Table 13

Test Article Id : Tetrahydrofurfuryl benzoate

Study Number : Experiment No : Bl

Strain : WP2 uvrA Cells Seeded : 23.3 X 10°

Liver Microsomes : None Date Plated : 08/06/96

Vehicle : dimethylsulfoxide (DMSO)

Plating Aliquot : 50 ul Counted by : hand
Concentration Plate Revertants Background Average Standard
Bg per plate Number per plate Code® Revertants Deviation

Vehicle o1 16 1
02 10 1
03 14 1 13 3
100 0l 21 1
02 12 1
03 14 1 16 5
333 o1 21 1
02 14 1
03 16 1 17 &
1000 ol 42 1
02 36 1
03 35 1 38 &
2000 o1 91 1
02 81 1
03 93 1 88 6
3333 01 143 1
02 152 1
03 119 1 138 17
4000 o1 160 1
02 133 1
03 189 1 161 28
5000 01 291 1 )
02 178 1
03 185 1 218 63
Positive Control methyl mezggnesulfonate 1000 pg per plate®
ol 1
02 209 1
03 192 1 197 11
Sackuromd becterial svalustion code . TTmmmmmmmmmmmmmmommemTIO
1=formal 2=Slightly reduced 3=Moderately reduced
4mExtremely reduced S=Absent 6=Obscurad by precipitate

b NP=Non-Interfering Precipitate IP=Interfering Precipitate
Positive control plates were machine counted
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E. coli Mutagenicicy Assay

Table 14

Test Article Id : Tetrahvdrofurfuryl benzoate

Study Number L _J Experiment No : Bl

Strain : WP2 uvrA Cells Seeded : 23.3 X 108

Liver Microsomes : Rat liver S9 Date Plated : 08/06/96

Vehicle : dimethylsulfoxide (DMSO)

Plating Aliquot : 50 pl Counted by : hand
Concentration Plate Revertants Background Average Standard
#g per plate Number per plate Code® Revertants Deviation

Vehicle o1 30 1
02 17 1
03 15 ! 21 8
100 01 29 1
02 27 1
03 23 1 26 3
333 01 20 1
02 25 1
03 23 1 23 3
1000 0l 18 1
02 19 1
03 21 1 19 2
3333 oL 62 1
02 34 1
03 63 1 60 5
5000 01 6l 1
02 98 1
03 67 1 75 20
Positive Control 2-aminoanthracene 10 pg per plate’
01 66 1
02 68 1
03 59 1 64 5
“Backgrownd bacterial walestien sods o TTTT
1=ormal 2o8lightly reduced 3=tModerately zeduced
4=Extremely reduced $=Absent 6=Obascured by precipitate
BP=lon-Intesrfering Precipitate IP=Intesfering Precipitate

bpogitive control plates were machine counted

<<’ MICROBIOLOGICAL
MA Study No[_ ] zn %5 KSSOCIATES, INC.



Salmonella Mutagenicity Assay

Table 15

Test Article Id : Tecrahydrofurfuryl benzoate

Study Number : Experiment No : B2

Strain : TA1535 Cells Seeded : 4.2 X 108

Liver Microsomes : Rat liver S§9 Date Plated : 08/16/96

Vehicle : dimethylsulfoxide (DMSQ)

Plating Aliquot : 50 ul Counted by : hand
Concentration Plate Revertants Background Average Standard
Bg per plate Number per plate Code® Revertants Deviation

Vehicle 01 10 1
02 8 1
03 12 1 10 2
100 0l 13 1
02 9 1
03 14 1 12 3
333 o1 13 1
02 10 1
03 16 1 13 3
1000 01 8 1
02 8 1
03 11 1 9 2
3333 0l 18 1
02 19 1
03 17 1 18 1
5000 01 12 1
02 12 1
03 13 1 12 1
Positive Control 2-aminocanthracene 1.0 ug per plate®
ol 57 1
02 44 1 .
03 38 1 46 10 |
*Sackgrowd bacterisl evalustion code CTTTITTmnmmmmmmmmmes T )
1=Hormal 2=8lightly reduced 3=oderately reduced
4=Extremely reduced S=Abgent 6=Cbscured by precipitate
HP=Hlon-Interfering Precipitate IP=Intecfering Precipitate

bpositive control plates were machine counted

6 MICROBIOLOGICAL

Ma Study No|_ ] = ASSOCIATES, INC.




Salmonella Mutagenicity Assay
Table 16

Test Article Id : Tetrahydrofurfuryl benzoate

Study Number : Experiment No : B3

Strain : TA98 Cells Seeded : 1.4 X 10°

Liver Microsomes : Rat liver S9 Date Plated : 08/16/96

Vehicle : dimethylsulfoxide (DMSO)

Plating Aliquot : 50 pl Counted by : hand
Concentration Plate Revertants Background Average Standard
Kg per plate ﬁ;,Number per plate Code® Revertants Deviation

Vehicle o1 14 1
02 13 1
03 18 1 15 3
100 o1 25 1
02 25 1
03 20 1 23 3
333 01 25 1
02 16 1
03 28 1 23 6
1000 01 25 1
02 23 1
03 13 1 20 6
2000 01 35 1
02 30 1
03 30 1 32 3
3333 o1 46 1
02 39 1
03 38 1 41 4
4000 01 40 1
02 32 1
03 35 1 36 4
5000 0l 47 1 )
02 27 1
03 36 1 37 10
Positive Control 2-aminoanc?racana 1.0 pg per plate®
0l 8 1
02 69 1
03 74 1 74 3
“atkgsound hacterial avelustion ssde o CTTTmmmTemTIIRmIIT
i=llozmal a=8lightly zaduced I=tiodesately zedused
4=Extremely cedused S~Abzent @=Chscuxed by precipitate
EP=llon~-Interfering Precipitate IPsInterfering Precipitate

Bpasitive aoutzel plates were machine counted
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Salmonella Mutagenicity Assay

Table 17

Test Article Id : Tetrahydrofurfuryl benzoate
Study Number : Experiment No : B3

Strain : TALl535 Cells Seeded : 3.2 X 108
Liver Microsomes : Rat liver S9 Date Plated : 08/16/96
Vehicle : dimethylsulfoxide (DMSO)

Plating Aliquot : 50 pl Counted by : hand
Concentration Plate Revertants Background Average Standard
pg per plate Number per plate Code? Revertants Deviation

Vehicle o1 16 1
02 13 1
03 13 1 14 2
100 ol 3 1
02 14 1
03 10 1 10 5
333 01 13 1
02 11 1
03 21 1 15 5
1000 o1 9 1
02 12 1
03 9 1 10 2
3333 o1 10 1
02 9 1
03 14 1 11 3
5000 0l 11 1
02 12 1
03 14 1 12 2
Positive Control 2-aminoanthracene 1.0 ug per plate®
ol 247 1
02 184 1
03 201 1 211 33
“ackgrousd bacterial evelustion code o TTTTTTTTITs
1=Normal 2=8lightly rzeduced J=Moderately reduced
4=fxtremoly reduced  S=Absent 6=Cbscured by precipitate
HP=Hon-Interfering Precipitate IP=Interfering Precipitate

bpositive somtrol plates were machine counted
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Salmonella Mutagenicity Assay

Table 18

Test Article Id : Tetrahydrofurfuryl benzoate

Study Number g -J Experiment No : B3

Strain : TA1537 Cells Seeded : 0.7 X 10°

Liver Microsomes : Rat liver S§9 Date Plated : 08/16/96

Vehicle : dimethylsulfoxide (DMSO)

Plating Aliquot : 50 gl Counted by : hand
Concentration Plate Revertants Background Average Standarxd
kg per plate Number per plate Code?® Revertants Deviation

Vehicle ) 4 1
02 8 1
03 8 1 7 2
100 ol 2 1
02 5 1
03 6 1 & 2
333 01 7 1
02 7 1
03 4 1 6 2
1000 01l 14 1
02 11 1
03 5 1 10 S
2000 o1 15 1
02 13 1
03 14 1 14 1
3333 01 21 1
02 35 1
03 39 1 32 9
4000 01 26 1
02 32 1
03 36 1 31 5
5000 01 34 1 A
02 20 1
03 29 1 28 7
Positive Control 2-aminoanthracene 1.0 pg per plate®
o1 826 1
02 503 1
03 309 1 546 261
“Background bacterisl evalustiem sods o CTTTTTRERRIOT
1=liormal 2=81lightly reduced 3=Moderately reduced
4=Extremely reduced  J=Absent 6=Obscured by presipitate

b HP=lon-Intexfexing Precipitate IP=Interfesing Precipitate
Positive control plates wese machine counted
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E. coli Mutagenicity Assay

Table 19

Test Article Id ': Tetrahydrofurfuryl benzoate

Study Number il Experiment No : B3

Strain . WP2 uvrA Cells Seeded : 2.5 X 10°

Liver Microsomes : Rat liver S9 Date Plated : 08/16/96

Vehicle : dimethylsulfoxide (DMSO)

Plating Aliquot : 50 pl Counted by : hand
Concentration Plate Revertants Background Average Scandard
Bg per plate Number per plate Code® Revertants Deviation

Vehicle o1 12 1
02 14 1
03 14 1 13 1
100 01 16 1
02 12 1
03 12 1 13 2
333 01 15 1
02 le 1
03 20 1 17 3
1000 01 20 1
02 16 1
03 14 1 17 3
3333 01 39 1
02 55 1
03 48 1 47 8
5000 ol 46 1
02 37 1
03 39 1 41 5
Positive Control 2-aminoanthracene 10 ug per plate®
01 126 1
02 167 1
03 146 1 146 21 ¢
‘lmk;::m;-;n:;:r::; :;11\::::; eade TTTTTTTTmmmenens Thenmeeees Tttt T
l=ilormal. 2=81lightly reduced 3=tfoderately reduced
4ofxtremely pedused S=Absent é=Cheeused by presipitate
HP=llon-Intexfesing Praescipitate iP=Interfering Prscipitste

Bpositive contzel plates wesze machine counted
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Salmonella Mutagenicity Assay

Table 20

Test Article Id :_Tetrahydrofurfuryl benzoate

Study Number f j Experiment No : B&

Strain ~TA98 Cells Seeded : 5.4 X 10°

Liver Microsomes : None Date Plated : 08/30/96

Vehicle : dimethylsulfoxide (DMSO)

Plating Aliquot : 50 ul Counted by : hand
Concentration Plate Revertants Background Average Standard
»g per plate Number per plate Code? Revertants Deviation

Vehicle 01 8 1
02 16 1
03 13 1 12 4
100 oL 14 1
02 15 1
03 19 1 16 3
333 0l 20 1
02 19 1
03 10 1 16 6
1000 01 36 1
02 21 1
03 27 1 28 8
2000 01 71 1
02 78 1
03 54 1 68 12
3333 0l 37 1
02 42 1
03 45 1 48 8
4000 01 49 1
02 52 1
03 32 1 51 2
5000 ol 41 1 )
02 34 1
03 40 1 38 4
Positive Control 2-nitrofluorene 1.0 ug per plate®
01 145
02 111 1
03 132 i 129 17
Background basterisl evalustion sede  TTTTTITmTImTemTmees
i=formal 2=8lightly reduced 3=ioderately redused
4=Extremely medused =Abaent 6=Cbscured by precipitate
EP=lion-Iaterfering Preaipitats IP=Interfering Preeipitate

Bpesitive cemtrol pletes wese machine eoumbed
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Salmonella Mutagenicity Assay

Table 21

Test Article Id :_Tetrahydrofurfuryl benzoate
Study Number : Experiment No : B4

Strain TA98 Cells Seeded : 5.4 X 10°
Liver Microsomes : Rat liver S9 Date Plated : 08/30/96
Vehicle : dimethylsulfoxide (DMSO)

Platirg Aliquot : 50 ul Counted by : hand
Concentration Plate Revertants Background Average Standard
kg per plate Number per plate Code® Revertants Deviation

Vehicle 01 18 1

02 20 1

03 29 1 22 6
100 01 19 1

02 17 1

03 25 1 20 4
333 01 31 1

02 20 1

03 24 1 25 6
1000 01 16 1

02 36 1

03 38 1 30 12
2000 01 41 1

02 36 1 ,

03 34 1 37 4
3333 01 34 1

02 51 1

03 65 1 50 16
4000 01 37 1

02 61 1

03 4l 1 46 13
5000 01 44 1 )

02 38 1

03 48 1 43 3

Positive Control 2-aminocanthracene 1.0 ug per plate®

01 539 1

02 361 1

03 342 1 547 12

“ackgrousd becterisl evalustion aede . TTTTTeTeeoes
i=Normal 2=S1lightly reduced 3=tfaderately reduced
4=Extremely reduced S=Abgsent 8=Cbscured by precipitate

b HP-Hon-Interfering Precipitate IP=Intesgezing Precipitate
Positive contrel plates were machine counted
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Salmonella Mutagenicity Assay

Table 22

Test Article Id : _Tetrahydrofur 1 benzoate

Study Number {j Experiment No : B4

Strain £+ TAl00 Cells Seeded : 5.5 X 10°

Liver Microsomes : None Date Plated : 08/30/96

Vehicle : dimethylsulfoxide (DMSO)

Plating Aliquot : 50 gl Counted by : machine
Concentration Plate Revertants Background Average Standard
#g per plate Number per plate Code?® Revertants Deviation

Vehicle 13 125 1
02 123 1
03 151 1 133 16
100 o1 128 1
02 124 1
03 141 1 131 9
333 oL 136 1
02 142 1
03 99 1 126 23
1000 o1 167 1
02 178 1
03 174 1 173 6
2000 o1 212 1
02 266 1
03 218 1 232 30
3333 0l 166 1
02 214 1
03 235 1 205 35
4000 o1 144 2
02 168 2
03 169 2 160 14
5000 o1 113 2 :
02 131 2
03 133 2 126 11
Positive Control sodium azide 1.0 pg per plate?
o1 415 1
02 445 1
03 380 1 413 i3
Backgroud bacterial svelustion code o TTTTTIToTTeemees
1=Hozrmal 2=Slightly reduced 3=Moderately xeduced
4=Extremoly reduced S=Absent 6=0bscured by precipitate
HP=lon-Interfering Precipitate IP=Intexfering Precipitate
Bplates were band counted
MA Study N ] s &< MICROBIOLOGICAL
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Test Article Id

Salmonella Mutagenicity Assay

Table 23

etrahydrofurfffyl benzoate

Studg Number :[? Experiment No : B4

Strain :LTAL00 Cells Seeded : 5.5 X 108

Liver Microsomes : Rat liver S9 Date Plated : 08/30/96

Vehicle : dimethylsulfoxide (DMSO)

Plating Aliquot : 50 ul Counted by : machine
Concentration Plate Revertants Background Average Standard
Kg per place Number per plate Code® Revertants Deviation

Vehicle o1 149 1

02 149 1

03 148 1 149 1
100 ol 158 1

02 158 1

03 139 1 152 11
333 01 166 1

02 146 1

03 166 1 159 12
1000 0ol 169 1

02 151 1

03 174 1 165 12
3333 01 197 1

02 218 1

03 185 1 200 17
5000 o1 245 1

02 163 1

03 216 1 208 42

Positive Control 2-aminoanthracene 1.0 ug per plate

ol 783 1

02 824 1

03 775 1 794 26

®Background bacterisl svslustion code
l=formal

4=Extremely reduced
HP=Non-Interfering Precipitate

MA Study N

2=8lightly reduced
S=Absent

3=ifodecately reduced

6=Cbscured by precipitate
IP=Interfering Precipitate
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Salmonella Mutagenicity Assay

Table 24

Test Article Id i-Tetrahydrofurfuryl benzoate

Study Number i:T jj Experiment No : B4

Strain {—TALS535 Cells Seeded : 12.9 X 108

Liver Microsomes : Nomne Date Plated : 08/30/96

Vehicle : dimethylsulfoxide (DMSO)

Plating Aliquot : 50 ul Counted by : hand
Concentration Plate Revertants Background Average Standard
Bg per plate Number per plate Code? Revertants Deviation

Vehicle o1 11 1
02 12 1
03 11 1 11 1
100 01 4 1
02 15 1
03 2 1 7 7
333 ol 11 1
02 14 1
03 13 1 13 2
1000 01 17 1
02 14 1
03 13 1 15 2
3333 01 11 2
02 7 2
03 8 2 9 2
5000 01 8 2
02 7 2
03 3 2 6 3
Positive Control sodium azide 1.0 ug per plate®
01 300 1
02 271 1
03 345 1 305 37
D HNEDAOONON0OOYNEDOONNORN OB RNRE® LA R I R I O RO AP A Ay 3o 00000 00aDeo ‘.‘.'
®Background bacterisl eveluation code
i=llezmal 2=8lightly reduced J=¢oderately reduced
4=Extzemaly reduced 3=Abseat 6=Qbscured by presipitate
HP=lon~Intecfering Precipitate IP=Interfering Precipitate

bpositive contrel plates were machine counted
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Salmonella Mutagenicity Assay

Table 25

Test Article Id :-Tetrahydrofurfuryl benzoate

Study Number :[; Experiment No : B4

Strain :=Tal537 Cells Seeded : 2.2 X 10°

Liver Microsomes : None Date Plated : 08/30/96

Vehicle : dimethylsulfoxide (DMSOQ)

Plating Aliquot : 50 gl Counted by : hand
Concentration Plate Revertants Background Average Standard
#g per plate Number per plate Code?® Revertants Deviation

Vehicle o1 2 1
02 2 1
03 6 1 3 2
100 : oL 3 1
02 9 1
03 5 1 6 3
333 01 10 1
02 11 1
03 8 1 10 2
1000 o1 23 1
02 29 1
03 19 1 24 5
2000 138 111 1
02 127 1
03 81 1 106 23
3333 01 21 2
02 46 2
03 32 2 33 13
4000 o1 7 3
02 1 4
03 8 3 5 4
5000 o1 3 4 N
02 1 4
03 1 4 2 1
Positive Control 9-aminocacridine 75 pg per plate®
o1 969 1
02 436 1
03 916 1 774 294
Sdackground bactesial walastien sede . CTTmmmmmmommmRRIIE
i=Hormal 2=81ightly reduced 3=Moderately reduced
4oExtremoly redused S=Absent 8=0Obscured by precipitate
REP=Hon-Interfezing Precipitate IP=Intecfering Precipitate

bpositive control plates were machine counted
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E. coli Mutagenicity Assay

Table 26

Test Article Id :~Tetrahydrofurfuryl benzoate

Study Number [‘-UP j Experiment No : B4

Strain :"WP2 uvrA Cells Seeded : 4.8 X 10°

Liver Microsomes : None Date Plated : 08/30/96

Vehicle : dimethylsulfoxide (DMSO)

Plating Aliquot : 50 pl Counted by : hand
Concentration Plate Revertants Background Average Standard
Bg per plate Number per plate Code® Revertants Deviation

Vehicle o1 5 1
02 13 1
03 15 1 11 5
100 o1 6 1
02 9 1
03 12 1 9 3
333 0ol 7 1
02 15 1
03 16 1 13 5
1000 o1 22 1
02 A 1
03 50 1 39 15
2000 o1 46 1
02 39 1
03 44 1 S0 8
3333 o1 46 1
02 54 1
03 52 1 51 4
4000 01 100 1
02 88 1
03 72 1 87 14
5000 0l 123 1 *
02 104 1
03 108 1 112 10
Positive Control methyl me;?gnesulfona:e 1000 pg per plate®
0l 1
02 113 1
03 151 1 141 25
“Background bactertal evaluatien code T TTTITTTIImEIITT
1=i{ormal 2=8lightly reduced 3=ifoderately reduced
4=Fxtremely redused S=Absent 6é=0Obscured by precipitate
HP~Hon-Interfering Precipitats IP=Intesfering Precipitate

bpositive contzol plates weze machine counted
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E. coli Mucagenicity Assay

Table 27

Test Article Id : Tetrahydrofurfyryl benzoate

Study Number :[% ] Experiment No : B4

Strain :LWP2 uvrA Cells Seeded : 4.8 X 10°

Liver Microsomes : Rat liver S9 Date Plated : 08/30/96

Vehicle : dimethylsulfoxide (DMSO)

Plating Aliquot : 50 ul Counted by : hand
Concentration Plate Revertants Background Average Standard
#g per plate Number per plate Code?® Revertants Deviation

Vehicle 01 10 1
02 14 1
03 14 1 13 2
100 o1 13 1
02 24 1
03 10 1 16 7
333 o1 18 1
02 10 1
03 17 1 15 4
1000 01 31 1
02 22 1
03 25 1 26 5
2000 0l 62 1
02 106 1
03 53 1 74 28
3333 o1 74 1
02 84 1
03 93 1 84 10
4000 01 49 1
02 139 1
03 113 1 100 46
5000 01 218 1 \
02 95 1
03 84 1 132 74
Positive Control 2-aminoanthracene 10 ug per plate®
o1 86 1
02 210 1
03 116 1 137 65
Seckeround bevterial swilasion sode | TTTTTmmmmmmmommmmmmmamTITIITIRT
1=ilormal 2=81ightly zeduced 3=Madesately reduced
4=fxtremely reduced S=pAbgent 6=0Obscured by precipitate
KP=lion-Intesfering Precipitate IP=Interfering Precipitate

Bpositive control plates wers machine counted
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Salmonella/E. coli Mutagenicity Assay
Summary of Results

Table 28

Test Article Id : Tetrahydrofurfuryl benzoate
Study Number : : Experiment No : Bl/B2

Average Revertants Per Plate % Standard Deviation
Liver Microsomes: None

Dose (ug) TA98 TAl00 TA1535 TA1537 WP2 uvrA
0.0 23 S5 141l 14 19% 2 7+ 5 13 3
100 14+ 2 136 35 18 5 6+ 3 16 5
333 19+ S5 122 39 17 6 10+ 6 17 4
1000 32 4 182 % 45 19 1 36+ 34 38 &
2000 40+ 9 189 = 11 37+ 26 88 % 6
3333 34 5 264% 30 15 &4 6 £+ 7 138 17
4000 30+ 10 257 £ 17 17+ 3 61% 28
5000 33+ 1 275 9 10+ 3 22+ 6 218 % 63
Pos 105 £ 21 457 = 47 468 £ 53 603 = 79 197 £ 11

Liver Microsomes: Rat liver S9

Dose (ug) TA98 TAL00 TA1535® TALlS537 WP2 uvrA
0.0 33+ 17 1446+ 10 10 2 7+ 2 21+ 8
100 24+ 8 126 9 12+ 3 7+ 1 26 3
333 35+ 6 133+ 9 13 % 3 7+ 1 23 3
1000 45 £ 2 141 £ 15 9+ 2 11+ 3 19 2
2000 25 £ 10 11+ 3
3333 28+ 9 141 %+ 12 18+ 1 32+ 8 60% 5
4000 38+ 7 29 + S
5000 36+ 12 176 + 8 12+ 1 26 4 75% 20
Pos 458 * 151 573 % 64 46t 10 49t & 64 % 5

......................................................................

0.0 = Vehicle plating aliquot of 50 ul
Pos = Positive Control concentraticns as specified inm Materials and Methods section.
a = Data from Expeziment B2
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Salmonella/E. coli Mutagenicity Assay
Summary of Results

Table 29

Test Article Id : _Tetrahydrofurfuryl benzoate
Study Number {. '1 Experiment No : B3

, Average Raevertants Per Plate * Standard Deviation
Liver Microsomes: Rat liver S9

Dose (ug) TA98 TA1535 TA1537 WP2 uvrA
0.0 15+ 3 1l 2 7+ 2 13+ 1
100 23+ 3 10% 5 4+ 2 13+ 2
333 23+ 6 15 5 6 2 17 3
1000 20+ 6 10 2 10 S5 17 3
2000 32+ 3 4 1
3333 41 4 11 3 32+ 9 47 % 8
4000 36 4 31+ 5
5000 37+ 10 12+ 2 28 7 41 % 5
Pos 76 £ S 211 = 33 546 £ 261 146 = 21

0.0 = Vehicle plating aliquot of 50 sl
Pos = Positive Control concentrations as specified in Materials and Methods sectliom.
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Salmonella/E. coli Mutagenicity Assay
Summary of Results

Table 30

Test Article Id : Tetrahydrofurfuryl benzoate
Study Number {;7 ;J Experiment No : B&

Average Revertants Per Plate * Standard Deviation
Liver Microsomes: None

Dose (ug) TA98 TA100 TAl535 TA1537 WP2 uvrA
0.0 12+ 4 133 16 11+ 1 3+ 2 11 5
100 16 ¥ 3 131+ 9 7% 7 6+ 3 9% 3
333 16 £ 6 126t 23 13+ 2 10+ 2 13+ 5
1000 28 8 173 6 15+ 2 24+ 5 39% 15
2000 68 £ 12 232 £ 30 106 £ 23 50+ 8
3333 48 + 8 205 % 35 9+ 2 33% 13 51 &
4000 51+ 2 160 14 S 4 87% 14
5000 38+ 4 126 £ 11 6 3 2+ 1 112 £ 10
Pos 129 £ 17 413 £ 33 305 % 37 774 £ 294 141 £ 25

Liver Microsomes: Rat liver S9

Dose (ug) TA98 TA100 WP2 uvra
0.0 22+ 6 149+ 1 13+ 2
100 20 &4 152 11 16+ 7
333 25 6 159 % 12 15 &4
1000 30 12 165 12 26+ 5
2000 372 4 74 + 28
3333 SO0+ 16 200% 17 84 % 10
4000 46 £ 13 100 £ 46
5000 43 £ 5 208 % 42 132+ 74
Pos S47 £ 12 794 £ 26 137 £ 65

0.0 = Vehicle plating aliquot of 30 u)
Pos = Positive Centrol concentrations as speciflied inm Materialszs end Metheds secticn.
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APPENDIX I

Historical Control Data
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'Hxstoncal Negatxve and Posmvc Control Valucs e

« revertants per plate

€D «® ek e on @ @ @ e @ @ e 0l 8 - an an w3 cimen e o o2 €

SD=standard deviation; Min=minimum value; Max=maximum value; Neg=negative control
(including but not limited to deionized water, dimethylsulfoxide, ethanol and acetone);
Poszposmvc control
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APPENDIX II

Study Protocol
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1", Received by RAJOA. /=257

A E@ dy Number
Bacterial Reverse Viutation : say wnth an [idépendent Repeat Assay

. 1.0 PURPOSE

The purpose of this study is to evaluate the mutagenic potential of the test article by
measuring its ability to induce reverse mutations at selected loci of several strains of
Salmonella typhimurium and at the tryptophan locus of Escherichia coli WP2 uvrA in the
presence and absence of S9 activation.

2.0 SPONSOR

2.1 Name:

[ |
22 Address: [ :,
L

2.3 Representative:
2.4 Sponsor Project #: Not Applicable

3.0 IDENTIFICATION OF TEST AND CONTROL SUBSTANCES

3.1  Test Article: Tetrahydrofurfuryl benzoate
. 3.2 Controls: Negative:  Test article vehicle
Positive: 9-aminoacridine

2-aminoanthracene
methyl methanesulfonate
2-nitrofluorene
sodium azide
3.3 Determination of Strength, Purity, etc.
The Sponsor will be directly rcsponsnblc for determination and documentation of the

analytical purity and composmon of the test article and the stablhty and strength of
the dosing solutions.

3.4 Test Article Retention Sample

The retention of a reserve sample of the test article will be the responsibility of the
Sponsor.

L4
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4.0

5.0

6.0

TESTING FACILITY AND KEY PERSONNEL

4.1 Name: Toxicology Testing Facility
Microbiological Associates, Inc.

4.2 Address: 9630 Medicai Center Drive
Rockville, MD 20850

4.3 Study Director: Valentine O. Wagner III, M.S.

TEST SCHEDULE

5.1 Proposed Experimental Initiation Date: o7/30]a &

5.2 Proposed Experimental Completion Date: oqlw\q 6

5.3 Proposed Report Date: o ‘tl:-ql‘l 6

TEST SYSTEM

The tester strains will include the S. fyphimurium histidine auxotrophs TA98, TA100,

TA1535 and TA1537 as described by Ames er al. (1975) and the E. coli tester strain WP2
uvrA as described by Green and Muriel (1976).

Genotype of the Strains Used for Mutagen Testing

Tryptophan

Mutation Additional Mutations

Histidine Mutation

, hisG46 hisC30 hisD3052 trpfE
TA1535 B TA1537 . -
TAI00 - TA98 -

- - . WP2 uvrA . AuvrA -
T T

Each S. typhimurium tester strain contains, in addition to a mutation in the histidine operon,
additional mutations that enhance sensitivity to some mutagens. The rfa mutation results
in a cell wall deficiency that increases the permeability of the cell to certain classes of
chemicals such as those containing large ring systems that would otherwise be excluded.
The deletion in the uvrB gene results in a deficient DNA excision-repair system. Tester
strains TA98 and TA100 also contain the pKM101 plasmid (carrying the R-factor). It has
been suggested that the plasmid increases sensitivity to mutagens by modifying an existing
bacterial DNA repair polymerase complex involved with the mismatch-repair process.

TA98 and TA1537 are reverted from histidine dependence (auxotrophy) to histidine
independence (prototrophy) by frameshift mutagens. TA100 is reverted by both frameshift
and base substitution mutagens and TA1535 is reverted only by mutagens that cause base
substitutions. :

~* MICROBIOLOGICAL
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The E. coli tester strain has an AT base pair at the critical mutation site within the
trpE gene (Wilcox er al., 1990). Tester strain WP2 uvrA has a deletion in the uvrA
gene resulting in a deficient DNA excision-repair system. Tryptophan revertants can
arise due to a base change at the originally mutated site or by a base change

. elsewhere in the chromosome causing the original mutation to be suppressed. Thus,
the specificity of the reversion mechanism is sensitive to base-pair substitution
mutations, rather than frameshift mutations (Green and Muriel, 1976).

The S. typhimurium tester strains were received directly from Dr. Bruce Ames, University
of California, Berkeley. The £. coli tester strain was received from the National Collection
of Industrial and Marine Bacteria, Aberdeen, Scotland (United Kingdom).

7.0 EXPERIMENTAL DESIGN AND METHODOLOGY

The test article will be tested at a minimum of five dose levels along with appropriate
negative and positive controls with tester strains TA98, TA100, TA1535, TA1537 and WP2
uvrA with and without S9 activation. All dose levels of test article, negative controls and
positive controls will be plated in triplicate.

7.1  Solubility Determination

Unless the Sponsor has indicated the test article vehicle, a solubility determination
will be conducted to determine the maximum soluble concentration or workable
suspension up to a maximum of 500 mg/ml. Vehicles compatible with this test
system, in order of preference, include but are not limited to: deionized water (CAS
7732-18-5), dimethylsulfoxide (CAS 67-68-5), ethanol (CAS 64-17-5) and acetone

. (CAS 67-64-1). The vehicle of choice will be the solvent, selected in order of
preference, that permits preparation of the highest workable/soluble stock
concentration, up to 500 mg/ml.

7.2 Preliminary Toxicity Assay to Select Dose Levels

Selection of dose levels for the mutagenicity assay will be based upon the toxicity
and precipitation profile of the test article assessed in a preliminary toxicity assay.
This preliminary assay will be conducted by exposing TA98, TA100, TA1535, .
TA1537 and WP2 wvrA to negative controls and to at least eight concesitrations of
test article, one plate per dose level, in both the presence and absence of S9
activation. Unless indicated otherwise by the Sponsor, the highest dose will be the
highest workable concentration in the vehicle of choice but not to exceed 5 mg/plate.
Toxicity will be evaluated as a decrease in the number of revertant colonies per plate
and/or a thinning or disappearance of the bacterial background lawn. Precipitation
will be evaluated following the incubation period. In the event that the test article
cannot be delivered at a high enough concentration in an appropriate vehicle to be
toxic or if test article precipitate is present on the plates after incubation, the Sponsor
will be consulted prior to selection of dose levels for the mutagenicity assay. In
selecting dose levels for the mutagenicity assay the following guidelines will be
employed. Whenever possible, the highest dose for the mutagenicity assay will be
selected to give some indication of toxicity without exceeding 5 mg/plate. For freely
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soluble, nontoxic test articles. the highest dose level will be 5 mg/plate. For
precipitating, nontoxic test articles, the highest dose level will be selected in an
attempt to yield precipitate at only the top one or two dose levels. The precipitate
will be evaluated after the incubation period by visual examination without
magnification. Doses will be selected such that precipitate does not interfere with
scoring.

7.3 Frequency and Route of Administration

The test system will be exposed to the test article via the plate incorporation
methodology originally described by Ames ef al. (1975) and updated by Maron and
Ames (1983). This methodology has been shown to detect a wide range of classes
of chemical mutagens (McCann et al., 1975; McCann and Ames, 1976).

After the data generated in the first assay have been evaluated, the mutagenicity assay
will be repeated. The dose levels used in the second assay will be the same as those
used in the first assay unless the Study Director determines that the dose range should
be changed due to such parameters as execessive cytotoxicity or precipitate.

7.4 Controls

7.4.1

by
.
o

Positive Controls
All combinations of positive controls and tester strains plated concurrently
with the assay are listed below:

Positive Controls

e ey e r—— e ———————————n T e Ay

S9 Positive Control Concentration |
Activation ositive Contro (ug/plate) |
Salmonella Strains 1.0
+ 2-aminoanthracene
| we2uwra 10
H TA98 - 2-nitrofluorene 1.0
l TA100, TA1535 - sodium azide 1.0

TAI1537 - 9-aminoacridine 75

WP2 uvrA

methyl methanesulfonate LU

7.4.2 Negaﬁve Controls

Protocoll:

MA Study No.[

Appropriate negative controls will be plated for each tester strain with
and without S9 activation. The negative control will be the vehicle
alone, unless there is no historical basis for use of the selected vehicle.
In the latter case, both untreated and vehicle controls will be used.

& MICROBIOLOGICAL
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7.4.53 Sterility Controls

The most concentrated test article dilution and the Sham and S9 mixes
will be checked for sterility.

7.5 Exogenous Metabolic Activation

Aroclor 1254-induced rat liver S9 will be used as the metabolic activation system.
The S9 homogenate will be prepared from male Sprague-Dawley rats induced with
a single intraperitoneal injection of Aroclor 1254, 500 mg/kg, five days prior to
sacrifice. The S9 will be batch prepared and stored frozen at approximately -70°C
until used. Each batch of S9 homogenate will be assayed for its ability to metabolize
2-aminoanthracene and 7,12-dimethylbenzanthracene to forms mutagenic to S.
typhimurium TA100.

Immediately prior to use, the S9 will be thawed and mixed with a cofactor pool to
contain 10% S9 homogenate, 5 mM glucose-6-phosphate, 4 mM B-nicotinamide-
adenine dinucleotide phosphate, 8 mM MgCl, and 33 mM KCl in a 100 mM
phosphate buffer at pH 7.4. This mixture is referred to as S9 mix. Sham mix will
be 100 mM phosphate buffer at pH 7.4.

7.6 Preparation of Tester Strain

Ovemight cultures will be inoculated from the appropriate master plate or from the

appropriate frozen stock. To ensure that cultures are harvested in late log phase, the

length of incubation will be controlled and monitored. At the end of the working

. day, each inoculated flask will be placed in a resting shaker/incubator at room
temperature. The shaker/incubator will be programmed to begin shaking at
a;;phroximatcly 125 rpm at 37+2°C approximately 12 hours before the anticipated time
of harvest.

All cultures will be 'ha.rvestcd by spectrophotometric monitoring of culture turbidity
rather than by duration of incubation since overgrowth of cultures can cause loss of
sensitivity to some mutagens. Cultures will be removed from incubation at a density
of approximately 10° cells/ml.

H

7.7 Test System Identification
Each plate will be labeled with a code system that identifies the test article, test

phase, dose level, tester strain and activation type as described in Microbiological
Associates’ Microbial Mutagenesis Standard Operating Procedures.

7.8 Test Article Preparation

Unless specified otherwise, test article dilutions will be prepared immediately prior
to use. All test article dosing will be at room temperature under yellow light.

‘ ) ~~* MICROBIOLOGICAL
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7.9 Treatment of Test System

One half milliliter (0.5 ml) of S9 mix or Sham mix, 100 pul of tester strain and 50 pl
of vehicle, test article dilution or positive control will be added to 2.0 ml of molten

. czlective top agar at 45£2°C. When necessary to achieve the target concentration or
eliminate toxic vehicle effects, aliquots of other than 50 pl of test
article/vehicle/positive control will be plated. The mixture will be vortex mixed and
overlaid onto the surface of 25 ml of minimal bottom agar. After the overlay has
solidified, the plates will be inverted and incubated for approximately 48 to 72 hours
at 3722°C. Plates that are not counted immediately following the incubation period
will be stored at 4£2°C.

7.10 Colony Counting
The condit-io.n of the bacfer.ial background lawn will be evaluated for evidence of test
article toxicity and precipitate. Evidence of toxicity will be scored relative to the
negative control plate and recorded along with the revertant count for that plate.

7.11 Tester Strain Verification

On the day of use in the mutagenicity assay, all S. fyphimurium tester strain cultures
will be checked for the following genetic markers:

The presence of t.h.e. r;fa wall mutation will be confirmed for all tester strains by
- demonstrating sensitivity to crystal violet. The presence of the uvrB mutation will
2 be confirmed for tester strains TA98, TA100, TA1535 and TA1537 by demonstrating

D sensitivity to ultraviolet light. The presence of the pKM101 plasmid will be
confirmed for tester strains TA98 and TA100 by demonstrating resistance to
ampicillin.

On the day of use in the mutagenicity assay, the E. coli tester strain cultures will be
checked for the presence of the wvrA mutation by demonstrating sensitivity to
ultraviolet light.

8.0 CRITERIA FOR DETERMINATION OF A VALID TEST
The following criteria must be met for the mutagénicity assay to be considereci valid:

8.1 Tester Strain Integrity

To demonstrate the presence of the rfa mutation, all S. fyphimurium tester strain
cultures must exhibit sensitivity to crystal violet. To demonstrate the presence of the
uvrB mutation, all S. fyphimurium tester strain cultures must exhibit sensitivity to
ultraviolet light. To demonstrate the presence of the uvrA mutation, all E. coli tester
strain cultures must exhibit sensitivity to ultraviolet light. To demonstrate the
presence of the pKM101 plasmid R-factor, tester strain cultures of TA98 and TA100
must exhibit resistance to ampicillin.
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8.2 Spontaneous Revertant Background Frequency

Based on historical control data. all tester strain cultures must exhibit characteristic

number of spontaneous revertants per plate in the negative controls (vehicle). The
. mean revertants per plate must be within the following ranges (inclusive): TA9S8,

10 - 50; TA100, 80 - 240; TA1535, 5 - 45; TA1537, 3 - 21, WP2 wvrA, 10 - 60.

8.3 Tester Strain Titers

To ensure that appropriate numbers of bacteria are plated, all tester strain culture
titers must be equal to or greater than 0.3x10° cells per milliliter.

8.4 Positive Control Values

Each mean positive control value must exhibit at least a three fold increase over the
respective mean negative control value (vehicle) for each tester strain.

8.5 Toxicity

A minimum of three non-toxic dose levels will be required to evaluate assay data.
A dose level is considered toxic if it causes a >50% reduction in the mean number
of revertants per plate relative to the mean negative control value (this reduction must
be accompanied by an abrupt dose-dependent drop in the revertant count) or a
reduction in the background lawn. In the event that fewer than three non-toxic dose
levels are achieved, the affected portion of the assay will be repeated with an
appropriate change in dose levels.

9.0 EVALUATION OF TEST RESULTS

For a test article to be evaluated positive, it must cause a dose-related increase in the mean
revertants per plate of at least one tester strain over a minimum of two increasing
concentrations of test article as specified below:

9.1 Strains TA1535 and TA1537

Data sets will l?c judged positive if the increase in mean revertants at the peak of the -
zlosten response is equal to or greater than three times the mean negative control value
vehicle).

9.2 Strains TA98, TA100 and WP2 uvrA

Data sets will be judged positive if the increase in mean revertants at the peak of the
dose response is equal to or greater than two times the mean negative control value
(vehicle).

In consultation with the Sponsor, negative results may be confirmed as needed and
equivocal results may be clarified by further testing using modified experimental conditions.
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10.0 REPORT

A report of the results of this study will be prepared by the Testing Laboratory and will
accurately describe all methods used for generation and analysis of the data. The report

‘ will include:

o Test substance: identification and CAS no., if known; physical nature and purity, if
known; physicochemical properties relevant to the conduct of the study, if known;
stability of test article, if known.

° Solvent/Vehicle: justification for choice of vehicle; solubility and stability of test
article in solvent/vehicle, if known.

e  Strains: strains used; number of cells/ml per culture; strain characteristic<.

e  Test conditions: amount of test substance per plate with rationale for dose selection
and number of plates per concentration; media used; type and composition of
metabolic activation system, including acceptability criteria; treatment procedures.

° Results: signs of toxicity; signs of precipitation; individual plate counts; the mean
number of revertant colonies per plate and standard deviation; dose-response
relationship, where possible; statistical analysis, if any; concurrent negative and

e positive control data means and standard deviations; historical negative and positive
control data with ranges, means and standard deviation.

° Discussion of results.

° Conclusion.
11.0 RECORDS AND ARCHIVES

Upon completion of the final report, all raw data and reports will be maintained by the
Quality Assurance Unit of Microbiological Associates, Rockville, MD in accordance with
the relevant Good Laboratory Practices Regulations.

12.0 REGULATORY REQUIREMENTS/GOOD LABORATORY PRACTICE

This protocol has been written to comply with OECD Guidelines 471 and 472 (Genetic
Toxicology: Bacterial Reverse Mutation Assay), Revised Draft Document, September 1995
and with the International Conference on Harmonisation of Technical Requirements for
Registration of Pharmaceuticals for Human Use, Genotoxicity: Guidance on Specific
Aspects of Regulatory Genotoxicity Tests for Pharmaceuticals, Step 4 Final Draft, July 18,
1995.

This study will be performed in compliance with the provisions of the Good Laboratory
Practice Regulations for Nonclinical Laboratory Studies.
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Will this study be submitted to a regulatory agency? __ Yes If so, to which
agency or agencies? _EPA (TSCA), EU, Jamn

Unless arrangements are made to the contrary, unused dosing solutions will be disposed of
. following administration to the test system and all residual test article will be disposed of
following finalization of the report.
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14.0 APPROVAL

L (Print or Type Name)

Nedewking €. (&Q?n.e_,t e

STUDY DIRECTOR
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APPENDIX III

Information for Japanese Regulatory Agencies
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Report of Results of Reverse-Mutation

1. General ltems

Assay in Bacteria

Name of the new chemical
substance
(IJUPAC nomenclature)

Tetrahydrofusfuryl

Other name benzoate

Structural formula or

rational formuls {or cutline
of menufacturing method,
In case both are unknown)

Purity of the new chemical
substance tested

Name end concentration of
impurities

Physico-
chemical
properties of
the new
chemlcal
substance

Molecular weight

Appearsn t ordin clear,
‘.'::: orat ce at ordinary colorless
perature liquid
Stability
Meiting point -1°C
Boiling point 302°¢C
Va 0.03 mm Hg
por pressure @ 20°C
Partition °
coefficient { ¢
Solubility
Water 0.24w1.%
pDmMso
Degree of
solubility Acetone
Other
{ )

[Remarks] Because physicochemicel propesties are reference materiale, fill in spaces to extent possible.

1.”Stability*-Fill in the stability for water, other solvents, heat, light, ete.

2.°Vepor pressure”-Fill in the vepor preseure of the test substance at 25°C,
3."Partition coefficient”-Fill in the velus, the tamperature used and the neme of the solvent used for the measurement.
4.”Solubility"-Fill in such information as watsr-soluble, scluble in oil,

8.°Dagree of solubility”-Fill in the golubility et 25°C for each sclvent,
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2. Tester Strains

(1) Procurement

. Strain Obtained from Date obtained : Dat'c inspected the strain j
lot in storage
TA98
TA100 Dr. Bruce Ames
University of California, 10 November 1992
TA1538 Berkeloy The genetc markers for each
TA1537 culture are confirmed on the
day of use
National Collection of
WP2 uvrA Industrial and Marine 1 July 1987
Bacteria
Aberdeen, Scodand
(2) Storage (Encircle the applicable number, and fill in the relevant entries)
‘Freezing method 1. Subdivision @atge quantity 3. Others ( ]
Storege temperature 5-70°C
Bacterial suspension 1.0 ml
Composition DMSO 0.09 mi
Others md

s
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3. §9 Mix
(1) Source of S9 (Encircle the applicable number, and fill in the relevant entries)
@ Made in-house Prepared on 04/24/96 and 07/03/96 {date)
Supplier
Prepared on (date)
2. Purchase
Purchased on (date)
Lot. No.
(2) Storage Temperature, etc. of S9
Storage temperature £-70°C Name and mods! of storage | g, o\, Model PR27-120

spparatus

{3) Preparation of S9 (If purchased material, fill in spaces to extent possible)

Animal used

Inducing substance

Rattus norvegicus,

Species, Strain Sprague Dawley Name Ascclor 1284
Sex Male Administration method intraperitonsal
Ago {in weeks) 7:9
Administration peried 6 days
Woeight 181t 202 ¢ and amount (g/kg-weight) 0.5 gm/kg body weight
¢ 209 to 244 g

{4) Compaosition of $9 mix

Constituents Amount in 1 mi 89 Mix Constituents Amount in 1 md S9 Mix
89 0.1 mi NADPH not applicable
MgCl, 8 pmol NADH not applicable
Ne-phosphate buffer
[ {] 33 ymol (oH 7.4) 100 pmel
Glucose-8-phosphate § pmal
Others { NADP ) 4 pmel
Glucose-6-phosphate
dehydragenase not appllcable
ki @
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4. ‘Positive Control Substance

(1) Positive control

Neme Manufacture Lot No. Grade Purity (%) Solvent
used
9-Aminoacridine (9AAD) Sigma Chemical Company 096F05641 98 % DMSO
2-Aminoanthracene (2AA} Sigma Chemical Company 35H2507 Practical DMSO
Methyl methanesulfanate | p4rich Chemical Co., Inc. | PFO51812PF 9. % omso
{MMS)
2-Nitrofluorene (2NF) Aldrich Chemical Co., Inc. 10815HG 98 % DMsO
Sodium azide (SA) Sigma Chemical Company 85H0476 Practical water
{2) Solvent
Name Manufecture Grade Purity (%)
Dimethylsulfoxide (DMSO) Fisher Scientific Certified ACS
Water Life Technologies, lnc. distilled
{3) Preparation and storage of positive control solution {Encircle the applicable numbaer)
Prepare or Store 1. Prepare just before test
@Ston subdivided sclutions (Storage temp. -20 £5°C)
3. Others ( )
8. Preparation of Test Substance Solution (Encircle the spplicable number, and fill in the relevant entries)
Solvent used ‘Name ‘Manufscture *Lot No. *Grade “Purity (%)
°""‘$}c";g;”‘“' Fisher Scisntfic 952812 | Cenified ACS
* Stability of test substancs in the unknown
solvent
° Reason to choose the solven:
Mathod of suspension when test
substance is difficult to dissclve
‘ Storage time and temp. from 0 heurs <30 min. smblent °C )
preparstion te use for test
' Conversion by purity 1. Yoo @No ‘
e A BT -
H



8. Conditions of Pre-culture (Encircle the spplicable number, and fill in the relevant entries)

{1) Conditions

Nutrient broth Name "Manufacturer ‘Lot No.
Oxaid Nutrient Broth No. 2 Oxeid Ltd. CH,-8,= 3185540
Period of pre-culiture 12 hours % 1 hour
* Storage time and temp. from inoculation to 2 to 5 hours 0 min. ambient °C
beginning of shaking culture
* Storage time and temp. from end of culture <7 hours 30 min. 4:2 °C

to use for test

Model and manufacturer of shakes New Brunswick Sclentific, model G-24

* Maethod of shaking . 1. Reciprocal @ Rotary 3. Other
{shaking type, speed, otc.}
125 revimin.
° Culture vessel (shape, capacity) shape: cylinder, 200 mi
° Culture volume 80 mi
* Volume of inoculum 1 colony
(2) ‘Fresh cell
Base-pair substitution type Frameshift type
TA100 TA1535 WP2 uvrA TA98 TA1837 TA1838
Number of Dose-finding 3.9 4.4 2.8 1.8 2.1
fresh cells study
(X10%mi)
Main study 10.0 13.6:4.2 23.3 8.2 16.5
Conflsmatory 8.5 3.2:12.9 2.5:4.8 1.4:5.4 0.7:2.2
study
Measurement Method 1. Conversion by QD value
@Dﬂudon mathod
3. Other ( )

2 '76 MICROBIOLOGICAL
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7. Agar Piate Medium

(1) Top agar

Name BBL Select
Agar Manufacturer Becton Dickinson
Lot Ne. H7DEAS
(2) Minimum Glucose Agar (Encircle the applicable number, and fill in the relevant entries)
Name BBL Select
Agar Manufacturer Becton Dickinson
@ Made in-house
Lot No. H7DEAJ
Volume of agar plate medium 25 mi
Manufacturer
Prapared on {date)
2. Purchased
Purchased on {date)

Lot No.

8. Sterility test (Encircle the applicsble number)

Bacterial growth other than those used for test

Test substance solution

1. Yes @No

$9 Mix

1. Yos @No

MA Study No| _
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9. Test Method

(1) Test method (Encircle the applicable number)

. 1. Pre-incubation method
@ Plate method
(2) Test condition
Pre-incubation method Plate method
Bacterial suspension 0.1 ml
Test substanee sol. 0.05 m!
Ne-phosphate buffer 0.5 m!
Camposition $9 Mix (in case of
metabolic activation 0.5 ml
method)
Top agar solution 20 mi
Others { )
Temperature not applicable
Pre-incubation
Time not applicable
Temperature 37 £ 2°C
- Incubation
3 Time 48 to 72 hours
‘ 10. “Colony Counting (Encircle the applicable number, and fill in the televant entries)
Counting Method 1. Manuel 2. Calony counter @800\
Reason to use both methods Routinely all positive controls plates are counted with e
colony counter. Routinely taster strain plates with
revertant counts greater than 100 are counted with a
colony counter and those less than 100 are counted
manuelly, Plates with sufficient test article particulate to
interfere with the colony counter sre counted manually.
Automatic colony counter {model, manufacturer) Mini Count, Imaging Products International, Ine.
Correction methad for colony counter 1. Unceorrected
@ Corrected (Actusl manuel count versus colony countes
eount}
s ]
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11, Test Results

(1) Test results should be reported on the attached form.

{2) Judgement of the results

Judgement (Encircle one)

(;osi!ivc )

negative

etrain/sctivation conditions.

Reason for judgement and referential matters:

Positive response was observed with tester straine TAS8, TA1537 and WP2 uvrA In the presence and sbhsence of
Arcclor-induced rat liver $9. Neo other positive respanses were observed with any of the remaining tester

(3) Referential matters

detacting a mutagen.

The vahicle and positive control valuee indicate that all tester strains were functicning correctly snd were capable of

[Remark] "Referential matters® - Fill in the view ete. of the Study Director on the test results.

12, Others

Neme Microbiological Associates, inc.
Testing Facility 9630 Medical Center Drive

Address Rockville, Maryland 20850, U.8.A.

Tel. (301) 738-1000

Testing Facility Neme David Jacobsen-Kram, Ph.D. OB/ ! R t /&
Manager Tite Vice President, Toxicology Group Signature
Filing and Name Oiane Gray vy 43’\#'3(
Storage Tide Secretary Signature

Name Claire L. Courtemanche, B.S. L), ¥/ '&"
3&19« of C,ﬁllz '.('.«}; A{l)/ é;\'_ﬁ’tc{{{

Tide Quality Assurance Manager - Toxlcology Signsature

Name Valantine O. Wagner, Iil, M.S. Valswkiz ©. b\gara,m'
Study Dirsctor Signature

Titde 8tudy Dlrector, Bacterial Mutagenesls Studies Experience: 15 yeass

. e . 82
¢ . / .

Narme Michalle L. Kiug. B.S. ZQZ’;&'- %
Responsible =
Scientiet T Leboratery Team Leader, Bactarlal Mutagenssle Signature

e Studles Experiance: S yessrs
Test detes from 07/30/88 to 08/11/%¢
Study number Ir m]
- |
i%3
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Name of Test Substance: Tetrahydrofurfuryl benzoate

Table of Test Results

With (¢} or | Teat Number of )
withewd kx - —
(=) $9 Mix ] concerr Beserpeis eubstitution type Framesrilt type
watan
Walplate) TA100 TA1636 WP2 uvrA TAS8 TA1637 TA1638
Solvert 132 141) 22 “u9 18 an 18 2n 3 n
convral 134 18 10 23 12
187 18 14 28 8
100 134 {138} 12 {18 21 (181 14 114) e 181
141 21 12 16 8
132 2 14 13 3
333 77 (1221 17 un 21 un 14 (18) 8 1o
146 1 14 19 17
144 22 18 23 8
1000 208 {182} 18 {19) 42 Q8 38 32) 14 (=131
210 18 36 34 1
$9 Mix 130 20 18 27 75
i1 2000 196 1189} 01 188) 32 140) 63 3N
196 81 £ 80
178 83 60 7
3333 286 (264) 14 (116 143 {138) 30 134) 14 e
278 12 162 a3 3
230 19 119 39 2
4000 246 287} 160 ey 3] (£ 1) 13 an
249 133 23 19
276 189 26 19
6600 205 276) 13 (101 291 1T ) 32 1331 17 @221
282 7 178 34 28
279 1 186 34 22
Soivert 184 1144) 10 (10) 30 21) 13 33 8 m
conuel 146 8 17 44 4
134 12 18 a2 ]
100 112 (1261 13 1na 29 26) 26 26) [ mn
124 @ 27 31 8
136 14 23 18 [}
333 129 (1331 13 113 20 23 42 (38) 8 [t4]
144 10 26 33 [
127 16 23 30 e
1000 137 f1e1) 8 (L] 18 (181 46 148) [ (tR1)
128 8 18 43 [
167 1" 21 48 14
$9 Mix (+)
2000 14 128} 14 [ER1}
31 1"
30 [}
33313 148 (141) 18 e a2 20) 32 128) 40 132
128 19 64 38 32
148 $7 83 18 26
4000 48 (L1] 26 128)
32 27
a7 32
6000 177 1176) 12 w2 a1 [¢] 1] 40 136) 2e 28)
183 12 a8 48 30
169 13 a7 23 23
Pesitive Neme 8A [ 7Y MME ang 8AAD e
eentyel net
tequising 58 | Sersermedan 1.8 .8 1060 9.8 78 . 1.8
Mix Wa/pletel )
[y 448 87 618 “ea) 188 (en 128 (08 874 893}
estoriouighots 41@ 478 200 84 817
809 432 182 82 818
Pesitive Nems 2AA 2AA 2AA 28A 284 284
dring 50 | & ; 5.8 1.9 10 1.8 1.8 1.8
Mg Ua/platel
Y] 608 @73) 87 “e a8 @4) 368 (211 ] 44 48
clonisalpiesn 8% a4 [ ] 377 €0
400 28 1] €32 \ 83
Wetans
1. When inhibitien I feund egeinst grawth of the besteria, marh the epsilasbls velus with en sstesinh.

2. A the sverege number of colenien in cach censentretion inthe | b

1. "Mumber of reveriensa® « Bl in the ebeerved velue end sveregs vehue in wide baginning with U low esnserirations of e test abelanee,
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Teble of Test Resuits

Name of Test Subatance: Tetrahydrofurfuryl benzoats

With {(+) o | Test Numbas of revertants lnumber of colonies/piatel
withous sub -
(-} 59 Mix | concen Beserpeir subsutution type Framenhilt typo
tration
Um/piate) TA100 TA1638 WP2 wvrA TA98 TA1637 TA1638
Soivent 128 (133 1 1nu & an ) {12) 2 31
canuol 123 12 13 18 2
161 1" 18 13 6
. 100 128 (13n 4 n ¢ 19 14 (e 3 (C1)
126 18 e 16 )
141 2 12 19 §
333 136 1126) 1 (3 7 3%} 20 116) 10 (1o
142 14 16 10 1"
99 13 16 10 8
1000 187 113 12 118 22 (38) 36 283 23 (24}
178 14 44 2 28
$9 Mix 174 13 50 27 19
=) 2000 212 @32 4 80 7 88) 11 aoe
200 &8 78 122
218 44 Be 81
3333 160 (208} 1 (1] 40 81) 67 188) 21 (33)
214 7 64 42 Y
238 L} 62 46 32
4000 144 {160) 100 en 49 s1) 7 6
108 88 62 1
189 72 82 [
8000 13 (1201 [ )] 123 M2 81 138} 3 @
12 b} 104 38 1
133 3 108 40 t
Selvent 149 1148} 16 (14) 10 1 18 22 4 m
centrol 149 13 14 20 8
148 13 14 29 8
100 168 (162) [ {10 13 e 18 120 2 (7]
168 14 24 17 6
132 10 10 26 [
333 160 {182) 13 (16} 18 (186) 31 (26} 7 (L]
148 1" 10 20 7
106 2 17 26 4
1000 169 {186} ] 110 N Qe 18 (30} 14 110)
161 12 22 LT 11
174 ? 26 38 [}
50 Mix (+)
) 2000 62 74) 41 (37 16 (14§
106 38 12
63 34 14
3333 197 200) 10 ($31] 74 84) 34 ©0) 21 132)
218 L] 84 61 35
188 14 83 (11 39
4000 40 {100} £} 148) 28 31
138 L1 22
13 a1 3e
8000 248 1208) 1" 112 218 {132) 44 [7%)) 24 28
182 12 1] 38 20
216 14 24 48 28
Pesitve Hemeo [V 8a L) e BAAD g
} not
requising 50 | Consmmesan 1.9 .8 1000 1.0 7% . 2
i Gaipiate) .
Hambry of 416 i3 300 1208} 160 {14%) 148 (338) [1.1-] 773} 8
ntarionipteto 448 an 113 191 436
380 348 181 132 (11
Positive Meme 2AA 208 284 28A 288 284
conwel
dsing 88 | © %.0 .0 10 9.9 1.9 .9
Mz (e/platel
Member o 783 (704} 247 @311 86 03 838 [ 7441 828 848) [
estarisaipiste 924 184 210 661 803
778 201 118 642 308
Rmm
1. When inhiblitlen ls leund egeines growth of the bactara, Merh the epalissble velva with en estesish.
2, Fal tha evereg ber of calenien kn osch nthe { b o
3. “Number of revertanis® » B in the choerved velue and averags vehe in efder baginning with the low b of the test @
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Tabie of Test Results (Potency)

Name of Test Substance: Tetrahydrofurfuryl benzoate

Test Strain -S9 mix +S59 mix
' Potency Dose Potency Dose
(revertants/mg) (wg/plate) {revertants/mg) {ug/plate)
TA100 41 3333 6 5000
TA1535 75 67 400 10
Dose-finding WP2 uvrA 5 3333 4 3333
study TASS 8 3333 9 5000
TA1837 14 3333 - 5000
TA1538
TA100 27 $000 6 §5000
TA183S 0 5000 2 3333
WP2 uvrA 41 5000 11 5000
Main study
TA98 9 2000 12 1000
TA1837 15 2000 8 3333
TA1538
e TA100 50 2000 12 5000
el TA1535 4 1000 3 333
‘ Confirmatory WP2 uvrA 20 §000 24 $000
study TA98 28 2000 8 3333
TA1537 52 2000 8 3333
TA1538

Potency (revertants/mg) = meximum net revertants/concentration (mg)

If the mexdmum revertant count is observed at more than one dose leve!, the higher concentration lors highest cencentration, if epplicable) is
usged in the potensy computation. .

N

1§ the meximum revertant count is equel to or less then the vehicle contso! velue, the potency Is indlceted ae zero at the highest doss level
tested.,

Best Available Copy

&
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