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Four mutagenicity studies on triforine submitted by EM Industries, Inc.
have been reviewed. Three of these studies are considered unacceptable due to
various deficiencies. An Ames assay is acceptable. The data evaluation reports
of these studies are attached.
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Materials and Methods

1). Test system: The Chinese hamster V79 celil line was chosen because these cells are
reported to have a high proliferation rate (doubling time 12-16 hrs in stock
culture) and high plating efficiency (70-90%).

2). Test substances: Technical grade triforine (1,4-bis(2,2,2-trichloro-l-formami—
doethyl-piperzine)) was dissolved in methanol. Maximum solubility was 50 ug/ml
of methanol.

3). Pogitive control substances: Ethyl methanesulfonate (=MS) dissolved in nutrienmt
medium. Cyclophogphamide was used with metj.abolic activation and dissolwved in
nutrient medium.

4), Media: Minimum essential medium (MEM) supplement with 10% fetal calf serum (FC3).

5). Cytotoxicity study: The report indicates that a cytotoxicity assay was carried
out, but the details of the experiment were not reported.

6). Metabolic activation mixture (S9/S9 Mix): The S9 liver microsomal fraction ‘
was derlived from the liveis of aAroclor 1254 (500 mg/kg) treated mele Wistar racs.
ftar nervical dislocation the Livers of the treated rats were removed, washed,
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homogenized, and centrifuged at 9000 g. The supernatant which contained the
microsomal fraction was frozen and stored in ampoules of 2-5 ml.

For S9 mixture, appropriate frozen fractions were thawed and mixed with S9
cofactor solution to yleld a final protein concentration of 0.3 mg/mi. The com—
position of the cofactor solution'consisted of 8 mM MgClp, 33 mM KC1, 5 mM
glucose-ﬁ—phosphate, 5 mM NADP, 100 mM sodium-ortho-phosphate buffer, and pH Tk,

7). Experimental Procedures (Submission):

A single cell suspension was prepared from trypsinizing two-day old logari-
thnically growing stock culture. The cells were seeded into Quadriperm dishes |
which contain microscopic slides (4 chambers per dish). In each chamber 3 x 10%-
2 x 105 cells were seeded. The medium used was MEM + 10% FCS. :

After 17-24 hrs. of incubation, the medium was replaced with medium containing
the control o= tesc substance at appropriate concentrations. The preparation
times were T, 18, or 28 hr; ag 5, 15.5, and 25.5 hr colcemid (0.2 ug/ml) vas added
to the culture medium. Subsequently, the cells were treated with a hypotonic solu-
gtion (0.4 % KC1) for 20 min #t 37°C on the slides. The cells were then fixed with

glaclal acetic acid/methanol: (1:3). The following day, the cells were stained
with aceto-orceln. ’

Results: .
The concentrations of triforine used in this study were selected based upon the
solubility and the cytotoxicity results. The highest soluble concentration of tri-

forine was reported to be 50 ug/ml in methanol. The results of cytotoxicity test are
presented in Table I.

TABLE I
Mitotic Indet of Triforine Treated Cellst
{Data taken from Submission)

Triforine Preparation Mitotic Index(absol. percentage)
Conc. (ug/mi) Time (hr) Without activation Witk activation
0 (solvent) T T.80 6.60
40 7 ’ 9.63 (146)*
50 7 k.85 (62)
0 18 9.60 9.03
0 (solvent) 18 6.15 7.65
b 18 _ 6.20 (81)
5 18 9.25 (150)
25 18 : 7.15 (93)
Lo 18 5.38 (87) 3.95 (52)
50 18 5.08 (83)
Positive Control .
EMS (2.5 mg/ml) 18 1.90 (31) '
cPa (2.79 ug/ml) 18 3.70 (48)
0 (solvent) 28 7.03 ‘ 6.10
L0 28 6.98 {11k)

50 28 5.80 (83)

¥ Mean value of & slides.
* Values in the parenthesis are relative percentages.
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The above results indicate that triforine at 50 ug/ml caused a decrease in
mitotic index at various preparation times whereas at 40 ug/ml the results are
variable. Based upon these results, the experimenters selected 40 ug/ml as the
highest dose for assays with metabolic activation; 50 ug/ul, for assays without
metabolic activation. However, this reviewer feels the same concentration (50 uwg/ml)
should be used for both types of assays. ~

The results of chromosomal assays are summarized in Table II.

TABLE IT
Summary of Chromosomal Aberration
(Data taken from the Submission)

Triforine No. of Cells Preparat. Percent of Aberrant Cells
Conc.{ug/ml) _ Analyzed Time(hr) Without Activation With Activation
- Excl. Gaps Exchanges Excl.Gap. Exchanges
0{solvent) Loo jT 0.75 0.00 0.25 2.25
Lo Lco / T 2.25 0.25
50 koo P T 2.00 0.00
0 400 18 1.00 0.00 1.50 0.00
0(solvent) koo 18 1.25 0.25 1.25 .25
L koo 18 1.75 0.00
5 koo 18 1.75 0.00
25 %00 18 0.75 0.25
4o Loo 18 1.75 0.25 2.00 .00
50 k00 18 1.00 0.00
Positive Controls !
EMS(2.50 mg/ml) LOO 18 5Lk.00 6L, T5*
CPA(2.79 ug/ml) k0O 18 11.5 3.00
0(solvent) koo 28 1.25 0.00 0.25 .25
ko koo 28 1.25 2.50
50 koo 28 0.25 0.00

¥Vajue corrected by this reviewer; the reported value was 52.00%.

The results l.dicate that triforine at 50 ug/ml without metabolic activation
at various preparation times did not cause chromosomal aberration under the experi-
mental conditions. However, at 40 ug/ml with metabolic activation the results were
variable at different preparation times; this varlation could also be due to the
variable results in the solvent controls {7 hr, exclusive gap = 0.25%; 18 hr, exclu-
sive gap = 1.25%; 2k hr, exclusive gap = 0.25%).
Discussion and Conclusion:

Results from 2 single experiment indicate that triforine produced no chromosomal
aberration on Chinese hamster V73 cell line when tested without metabolie actiwvation
whereas with metabolic activation the resulis were variable. A second experiment °
chould have been carried oubt £to verify the results obtained from the firs%i experi-
ment. Also the report should include individual determinatiomns on the micotic index
and a longer sampling time {>28 hr) at which mitotlc delay scill evident. The report
in the present form of this study 1s unacceptable.
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Conclusion: Under the present testing conditions, no mitagenic activity was
observed 1in V19 cells which were treated with triforine (5 to 50 ug/ml) with or
without metabolic activation.

Matarials and Methods

1). Test species: The Chinese hamster V79 cell line was used. These cells were
thawed from the stock cultures which were stored in liquid nitrogen in the
cell bank of LMP DARMSTADT. The cells were then propagated in Eagle' minimum
essential medium (MEM) supplemented with 10% fetal calf serum {FCS) at 37°C
in 80 cm? plastic-flasks.

2). Test agent: Technical grade triforine (1,4-bis(2,2,2-trichloro-l-formamido-ethyl-
piperazine5 was supplied by Celamerck GmbH & Co. {batch no. 2230). Triforine
was dissolved in methanol (maximum solubility, 50 ug/mi).

3). Positive control substances: Ethylmethanesulfonate {eMS) and 9,10-dimethy-1,2-ben—
zanchracene (DMBA) were used. EMS was dissolved in nutrient medium; DMEA, in 2%
DMSO.

4). Metabolic activation mixture (S9/S9 mix): The S9 liver microsomal fraction was
obtained from the livers of 5 male Wistar rats which were treated with Aroclor
1254 in olive oil (500 mg/kg b.Ww.; 1.p.). After sacrifice the livers of the rats
were removed, washed, homogenized, and centrifuged at 9000 g for 10 minutes.

The supernatant which contalned the microsomal fraction was divided into 2 to 5 ml

5
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fractions and stored in ampoules in liquid nitrogen.
' For 59 mixture, the frozen fraction was thawed and mixed with S9 cofactor
.solution to yield a final protein concentration of 0.3 mg/ml. The concentration of
‘protein was estimated by the Lowry method. The composition of the cofactsr solution
consisted of S mM MgCl; 33 'mM KCl; 5 mM glucose-6-phosphate; 5 mM NADP; 100 mM
sodium-ortho-phosphate, pH T.k.

5). Media: The treatment medium was similar to the culture malintenance medium and
sontalned not more than 2% PCS. For assays with metabolic activation, 20 vl of
S9 mix of the treatment medium was added. For the selectlion of mutants, the
culture medium (selection medium) was supplementad with 11 ug of thioguanine/ml.

"Saline G" solution was composed of {per liter) NaCl 800 mg, KC1 40O, glucose
1100 mg, HaoPOL.THZ0 290 mg, and KHpPOYy 150 mg.

@a-Mg-free salt solution consisted of (per liter) NaCl 8000 mg, KCI 400 mg,
glucose 1000 mg, anfi NaHCO3 350 mg.

6). Cytotoxicity studies: The information derived Trom the cytotoxiclty studies
provides a basis flor selecting concentrations of the tesi agent for the muta-
‘genicity assays. Triforine at 50 ug/ml produced no significant toxicity on the
V79 cells; however, the concentration of 50 ug/ml was the highest soludle con-
centration of this compound in methanol. This concentration was set as the highest
testlng concentration.

7). Experimental procedures: The submitted report stated that 5 x 105 cells were
seeded in 15 mlL of MEM-medium per flask. Two-day old logarithmically growing
stock cultures were Grypsinized with 2% trypsia containing Ca-Mg-free salt
solulation and washed with "saline G". The cells were subcultured (1) at appro~
ximately %00 celis'in § ml medium/25 cm?~p1aszic flask for plating efficiency
and (2) 1 x 106 cell in 30 ml medium/175 cm2-plastic flask for mutagenicity
teste.

After 24 hrs. the medium of (1) and (2) was replaced with the treatment
medium containing the appropriate concentration of the test agent with or
wivhout 59 mix. T™he concentrations of the Last agent were 5, 10, 25, a2nd
50 ug/ml. After 3 Hrs., cells were rinsed with "saline G" solution, and
the treatment medium was replaced with normal medium.

The cells in [2) were subcultured in five 80 cmz—plastic flasks containidg
aubant selective medium (approximately 6 x 105 cells) and in two 25 cme-flasks
for plating efficiency {approximately 500 cells/flask).

The cells were fixed and stalnasd with 19% methylene blue in 0.01 ¥ XOH
solution. The stained colonies were counted with a microscope if a coliony
contained more than 50 cells.

Data analysis

According to the report, the toxicity of triforine was determined in 2 pre-
liminary experiment by establishing the concentration related plating effi-
ciency. If the test substance in one of the concentrations reproducidbly induced
mutation frequencies which were three times higher than the spontaneous mutant

“rates and a reproducible concentration-related increase in mutant frequency, the
test chemical woald be considered mutagenic.

&
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‘Results: i , ‘

B..sed upon the concentration-related plating efficiency, triforine at 50 ug/ml
which was the nighest soluble concentration and the highest concentration tested
produced 1little cytotoxicity in V79 cells except in the second experiment with
metabolitic activation ('{.‘able I).

' 635449

TABLE 1

Cytotoxicity of triforine in V]9 cells
(Before the addition of expressien madium)
(Data taken from Submission, Table I and VI)

- Absolute Plating Efficiency (%)

Concentra- Without Activation ___With Activation ; ;
Coatrols (negative)
0 88.9 - 97.3 T3.3 9k.T
0(solvent) 90.2 97.8. Th.6 87.0
0(DMSO) Th.6 89.2
Test Compound !

5.0 88.4 96.4 T1.6 85.7 :
10.0 ok.T 95.5 67.0 75.9
2500 81-9 93-7 63-'4 68.5 4
50.0 87-1 9500 6’4.’4 . 62.7 :

i ¢

Pogitive controls .8
EMS™1.0 mg/ml  72.3 62.6 ; ‘
pMBAT 10.2 3.6 {

: EMS = Ethylmethanesulfonate, which was dissolved in nutrient medium.
+: DMBA = 9, 10-dimethyl-l, 2-benzanthracene, which was dissolved in DMSO.

Wdith HGPRT assay, triforine, at all concertration tested, did not cause mu’ta.nion
in V79 Chinese hamster cell line (Table II). -

-y
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TABLE II .
Mutagenicity of Triforine in V79 Cells G 30449 -
with HGLPRT Assay
(Da."a taken from Submission, Tables III and VI)

Mutant Colonies/ 106 Cells®

Concentra- Without Activation Wilth Activation

tion (ug/mi) Exp. I Exp. LI Exp. L Exp. 11

Negative Controls ‘ o

0 52.1 34,7 : 59.1 k9.1
0 (solvent) k1.0 43.7 ] 32.6 6h4.1

0 (DMso) j 28.4 64.0

Test Compoun's

5.0 ; 52.2 26.8 27.1 51.6

10.0 57.6 56.2 - 53.8 46.0

25.0 67.7 . 55.6 33.0 50.4

50.0 55.8 . 50.8 82.% 87.8

Positive Controls

1.0 mg EMS Lh12.3 361.2

15.% ug DMBA 2347 kho.0

* only colonies with more than 50 cells at 7 days after seeding in selection
medium were scored.

Discussion and Conclusion:

In Ames assay, DMBO was used as a solvent for triforine whereas in this assay
methanol was used. Triforine may be more soluble in DMSO than in methanol, and the
study did not explore this possibility. DMSO might be used as a solvent £or this
assay seeing the results with DMSO in Table I and in Ames assays. This study is
unacceptable because inappropriate solvent is used.

¥
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Materials

The test agent was t-1iforine (technical grade) which was dissolved in DMSO.

The compounds for positive controls were daunomycin (DAUN), l-ethyl-Z2-nitro-
nitrosoguanidine (ENNG), 2-aminoanthracene (2-AA), 9-aminoacridine (9-AA), methyl
methanesulfonase (MMS), N-methyl-N-nitro-N-nitrosoguanidine (MNHG), 2-nitrofluorene
(2-8F), and b-nitro-1,2-phenylene diamine (L-3P).

The bacteria tester strains used in this study were histidine reqxn’ﬁrlng mtants
of Salmonella typhimurium (TA 98, TA 100, TA 1535, TA 1537, & TA 1538). The bac-
teria were obtained from B.N. Ames and ...ainta.ined according to the methods reported
by Ames et al. (1975).

Metabolic activation system consisted of S-9 mix derived from the iivers of
Wi-AF/Han (SPF) rats.. Five days prior to sacrifice, these rats were given a single
intraperitoneal injection of Aroclor 1254 (500 mg/kg body weight) to induce micro-
somal enzyme activity. The S-9 mix was prepared according to Ames methods, and
the S-9 fraction was thawed from the batches stored at -30°C as required by the
- experiments. '

Experimental Protocol: The assays were conducted accordling to the procedures des-
eribed by Ames et al. (1975). For each conceniration of the test agent, 8 plates
were used (4 with and b without metabolic activation); for the solvent negative
controls, 16 plates were used (8 with and 8 without metabolic activation). Fresh

. suspensions of the tester strains were prepared by inoculating one colony of the
the corresponding master plate and incubated overnight in 37°C shaking incubator.
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Triforine was dissolwed in dimethylsulfoxide (DMSO); six doses of triforine
(10, 50, 25Q, 1250, 2500, & 5000 ug/plate) and appropriate positive controls
were assayed. The revertant colonles were counted manually or using an Artek
M 880 automatic, colony counter.

Results:

In a preliminary experiment, toxicity of triforine was tested with a wide
range of concentrations (50 - 10,000 ug/plate) for dose selection. The report
stated that no toxicity was observed even in the highest dose. However, the
experimental results of the preliminary study were not submitted.

In the absence or presence of the metabolic activation system, triforine
at various concentrations did not show mubagenic activity whereas the positive
controls produced revertant colonies which were approximately 3 to 200 times
greater Bhﬁn the solvent controls { Table I )

/ Table I
' Summary of Revertant Colonies in Different Strains of Triforine
Treated S. typhimarium
{Data taken from the submission)?t
Revertant Colonies

: Dose Metabolic Activation
Strain (ug/plate) Without With
TA 98 0 2+ 7 51 +10
0 2+ 6 38+ 6
10 25+ 3 Lo + 4
, 50 19+ 5 39 + 16
250 b + 7 32+ 4
1250 31+ 6 42 + 10
2500 29 + 10 —
5000 1+ 5 38+ 56
Ve-Hp0* 0 30+ 8
2-AA 1 28 ¥ 10 387 + 19
DAUN 2 932 + 1k2 ]
2-NF 2 520 + 258 ’
TA 100 0 12k + 33 163 + 23
0 115 % 24 193+ 8
10 11T + 28 157 + bb
50 111 + 29 185 + 41
250 108 + 25 172 * 12
1250 : 122 + 29 163 + 13
2500 101+ 6 243 ¥ 52
5000 121 + 29 226 ¥ 11
2-AA 1 99 + 22 503 + 120
MMS . 500 ' T 929 + ho1 -
ENNG 2 390 + L7

* Ve-Ho0 = deionized HX ,
T Data of a repeat experiment have been reported, and they are similar to é\
what are presented in Table I.
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Table I (Continued)
Summary of Revertant Colonies in Different Stralns Triforine
~ Treated S. typhimirium
(Dava taken from the submission)

Revertant Colonlies

Dose Metabolic Activation
Strain (ug/plate) ~ __Without With
TA 1535 0 12+ 3 16 + 5
0 15% 6 1T+ 3
10 18+ 2 1T+ 2
50 13+ 6 19+ 6
250 13+ 3 16 + 11
J 1250 10+ 3 15+ 4
/ 2500 10+ 3 2L+ 8
/ 5000 10+ 6 15+ 4
t 2-AA 1 15+ 7 143 + 25
ENNG 10 1095 + 113
MNNG b, >2000 + O
TA 1537 0 6+ 1 10+ 3
0 TE 2 12+ 4
10 6+ 2 9+ 6
50 T+ 2 1T+ 2
250 6+ 2 T 1
1250 Tx 1 10% b
| 2500 T+ 2 8% 5
5000 5+ 2 T+ 1
EtOHT 5+ 3
2-AA 1 8+ 1 58 + 18
9-AA 20 38+ 9
9-AA 50 188 ¥ 21
TA 1538 0 1k + 3 8+ 1
0 12+ L '16 + 3
v eem—— 13+ &
50 8+ 2 2k ¥ 10
250 9+ 3 15% 2
1250 3+ 2 6% 5
2500 9+ 2 18F 7
5000 T+ L 1L* 6
2-na 1 22% & 646 * 41
h-np 10 633 + b -
2-NF 5 813 + 81

- it it

T EtOH = ethanol

Discussion and Conclusion:

The experimental results indicate that triforine produced no matagenic
activity under these testing conditions, and the result from a repeat assay
also confirmed this observation. This mutagenicity study is acceptable; how-
ever the petitioner should submit the preliminary experimental results con-
cerning the toxicity of triforine on 5. typhimurium.
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Materials and Methods

1).: egst species: Rat hepatocytes were isolated from the livers of 8~ to 1l2-weeks
S1d male Wistar rats (the number of rats used was not specified).

2). Test substance: Technical grade triforine (1, l&-bis(z,._,‘-—t*ichloro-l- srmamido-
=r.h.,rl—pipera.zine) {purity unspecified) was dissolved in methanol. Maximum solu-
ity was 50 ug/ml of methanol.

3). Positive control substances: 7,12-dimethylbenz{a)anthracene (DMBA) dissolved in
DOMSO.

4}, ¥edia: Seglen's medium (details not provided) was used as zhe perfusion medium
for rat liver.
Culture medium cornsiszed of L-15 culture medium {GI3CO, D-7500
XKarlsruhe, F.R.3.) ani supplemented with HEPES (15 =M), peniciliin
(100 ug/ml), streptomycin {100 ug/ml}, glucose (1.5 mg/ml). insulin
(0.5 ug/mi), and ¥=aHCD3 (2.2 mg/ml). The pH was adjusted to 7.h
Cell lyzing solution was compcsed of 10 mM Tris-ZCl, 15 mM NeCl; 1.5 mM
MgClo, 0.5% Honides P%0, and p= 8.5
‘Iuc;eus L{"ing solutisn was cosisted of 2.5 mM EDTA, 2% SDS, 0.1 M glycine,

1 mg/ml proteinase X, and pH 12.
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5). Cytotoxicity studles: For cytotoxiclity assay, T concentrations of triforine
were tested: 1, 5, 10, 20, 30, 40, and 50 ug/ml.

6). Experimental procedures: Male Wistar CF HB rats were anesthetized, and the liver
of each rat was perfused initlally with perfusion medium, and subsequently with
perfusion medium contalning collagenase (0.05% w/v) until the liver was swollen.

The isolated cells were washed with perfusion solution and passed through L0 o™
stainless steel mesh to obtaln a single cell susrension. The viability of the
cells were found to be 85.3% with trypza blue. These cells were centrifuged and
suspended in the culture medlum. With these procedures approximately 2-5 x 10
cells were obtained from each liver.

Treatment processes were as follows: "aliquots containing 3.5-4 x 106
hepatocytes were placed into 4 ml of culture medium supplemented with hydroxy-
area (15 mM} in 25 ml Erlenmeyer flasks". Flasks were agitated for 1 hr. in
37 °C water bath. Appropriate concentration of triforine wcs added along with
0.7 uCi/ml of tritium labelea thymidine ((3H)-TDR) and incubated for another 3’
hrse.

" After 4 nrs. of incubation, the Erlenmeyer flasks were placed into an ice bazke.
The/cells were washed with ccld phosphate-buffer saline solution containing
un?;beled thynidine (0.5 mg/ml). The cells were subsequently placed in the
cell lysing solugion for 10 min, and the nuclel were obtained by centrifugation.

The nuclel were then lysed for 30 min in 2.5 ml of nucleus lysing solution.
The DNA was precipitated when 2.5 ml of trichloro-acetic acid (TCA)(10%) was
added to the lysate. The PRA preparation was kept at 4 °C for overnight.

For liquid scintillatlon counting and DNA content analysis, 0.2 =ml aliquots
>f the DNA preparation were used. The DNA content was determined by colori-
netric method.

Results:

The cytotoxiclty of the test agent was examined, the data indicated that
sriforine at 50 ug/nl sroduced toxiclty resulting in 45% of the cell death
relative to the controls (Table I). In addition, triforine at 50 ug/ml
was also the highest soluble concentration in methanol.

TABLE T
Cytotoxicicy of Troforine
(Data taken from the submission)

Triforine Cell Survival !
ug/ml % (relative)
0 1c0 (60% absolute)
1 104
5 86
10 79
20 73
30 7
Lo : 67
50 55
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Based upon the results of the cytoxicity study, L4 concentratins of the triforine
were selected Por the unscheduled DNA assay (Table II). Under the testing conditions
of this, triforine did not produce an increase in (3H)-TDR incorpordtion as measured
by the disintegrations per minute per ug of DNA (dpm/ug) relative to the controls.
In contrast, the positive control {DMBA) caused a U.5-fold increase in the incorpo-
ration of .(SH)-TDR into the DNA of the DMBA treated cells.

o
' TABLE II

3E-Thymidine Incorpbra.bion in Triforine Treated Cells
(Data taken from the submission)

Triforine . V dpm/ug DFA
ug/mi, Mean + Stand. dev.
n =6
! 0 61.0 + 13.1
/ 0.5 58.7 + 11.3
1.0 T6.4 + 3.5
10.0 71.3 + 9.0
25.0 59.6 + 6.3
50.0 64h.k + T.6
Positive Control
DMPA ‘
25.64 ug/ml 275.6 + 36.9

- —— - o e 2 . B e A A VT o i o M D W WA NS EEEm. e A -

Discussion and Conclusion:

Although the experimental results indicate that triforine, under the testing
~onditions presented in the report, had no effect on the unscheduled DNA synthesis,
zhe report has not presented the analytical data on the determination of DHNA.

“hese data are important for verifying the identity of the DNA fraction and the
validity of the DNA isolation procedures. In addition, the report dose not mentioned
<hether TMSO has ever bean tried as a solvent since the test agent has limited
so0lubility in methanol.

ore grade: The present form of the report 1s unacceptable because the data on the
jeterminacion of DNA are missing. In addition, inappropriate solvent was used (i.e.,
4se of methanol instead of DMSO; also see comments on Study No. LMP OT6A).




