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APPENDIX

1. preparation of stock solutions and media (Maron and Ames, 1983)

1.1 Vogel-Bonner medium E stock salt solution (VB salt)

Use : Minimal agar

Ingredient 1 Liter
Warm distilled water (45°C) 672 ml
Magnesium sulfate (MgSO, . 7TH,0) 10 g
Citric acid monohydrate 100 g
Potassium phosphate, dibasic (anhydrous) (K;HPOs) 500 g
Sodium ammonium phosphate (NaHNH4PO, . 4H,0) 1758

200 ml
134 ml

2g
20 g
100 g
35 g

Add salts in the order indicated to warm water in beaker placed on a

magnetic stirring hot plate. Allow each salt to dissolve completely before adding the

next. Adjust the volume and filter the solutions into the glass bottles with screw caps

and then autoclave at 121°C for 15 min.

1.2 Minimal glucose agar plate

Use : Mutagenicity assay

Ingredient 1 Liter
Bacto agar 15 8
Distilled water . 930 ml
VB salts 20 ml
 40% glucose 50 ml

350 ml
A . T
330 ml
7.
173 ml

Add agar to distilled water in a glass bottle. Autoclave at 121°C for 15 min

using slow exhaust. When the solution has cooled slightly, add sterile VB salt and
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sterile 40% glucose. After all the ingredients have been added, the solution should be
swirled thoroughly. Pour 30 ml into each sterile petri plate. Minimal glucose agar
plate were kept in incubator at 37°C before using.

note : The VB salts and 40% glucose should be autoclaved separately.

1.3 Oxoid nutrient broth No.2
Use : Growing culture
Dissolve 2.5 g of Oxoid nutrient broth No. 2 in 100 ml distilled water.
Transfer 12 ml of nutrient broth for each 50 ml Erlenmeyer flask. Autoclave at 121°C

for 15 min.

1.4 1 M L-histidine HCI stock

Use : Fortification of minimal agar plate

Ingredient 1 Liter 10 ml
L-Histidine HCI ‘ 209 g 209.6 mg
Distilled water 100 ml 10 ml

Dissolve L-histidine HCI (MW 209.63) in distilled water. Dilute 1 ml of

0.1 M L-histidine HCL in 99 ml of distilled water.
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1.5 1mM biotin stock

Use : Fortification of minimal agar plate

Ingredient 100 ml
Biotin ' 2443 mg
Distilled water 100 ml

Dissolve biotin (MW 244.3) in distilled water. Warm it until dissolve

completely. Autoclave at 121°C for 15 min.

1.6 0.5 mM L-histidine/biotin solution

e

Use : Mutagenicity assay (add 10 ml to 100 ml of Top agar)

Ingredient 200 ml
1 mM L-histidine HCI 100 ml
1 mM biotin 100 ml

Mix and autoclave at 121°C for 15 min.

Top agar

Use : Mutagenicity assay

Ingredient 1 Liter 100 ml
bacto agar ' & 3 06 g
sodium chloride 5 g 05 g
distilled water ‘ 1000 ml 100 ml

Dissolve ingredients in distilled water. Store in a glass bottle. Autoclave for

15 min at 121°C and then add 0.5 mM L-histidine/biotin solution (10 ml for 100 ml of

Top agar).
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1.8 1M potassium chloride

Use : Na3POy4 - KCl buffer

Ingredient 1 Liter 100 ml
Potassium chloride 7456 g 7456 g
Distilled water 1000 ml 100 ml

Mix and autoclave at 121°C for 15 min.

1.9 0.5 M sodium phosphate pH 7.4

Use : NazPOy4 - KCl buffer for mutagenicity assay

Ingredient

0.5M Sodium dihydrogen phosphate (NaH,POy,)
(30 g/ 500 ml)
0.5M Disodium hydrogen phosphate (Na,HPO, . 2H,0)

(45.5 g/ 500 ml)
Dissolve 45.5 g disodium hydrogen phosphate in 300 ml of distilled water.
Add 0.5 M sodium dihydrogen phosphate until to pH 7.4, then adjust volume to 500

ml. Sterilize by autoclaving for 15 min at 121°C.

1.10 Na3PO, - KCI buffer

Use : mutagenicity assay

Ingredient 330ml
0.5 M NazPOy pH 7.4 100 ml
1 MKCI 16.5 ml
Distilled H,O 2535l

Autocave for 15 min at 121°C.
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2. Recipes for some reagents and test chemicals

2.1

2,2

2 M sodium nitrite

Use : Nitrosation

Ingredient 1000 ml 10 ml
Soduim nitrite 138 g 138 g
Distilled water to 1000 m! 10 ml

Autoclave for 15 min at 121°C.
2 M ammonium sulphamate

Use : reaction mixture

Ingredient 1000 ml 50 ml
Ammonium sulfamate 22824 g 1141 g
Distilled water to 1000 ml 50 ml

Dissolve ammonium sulfamate in distilled water and adjust volume.

Autoclave for 15 min at 121°C.

2.3

0.2 N hydrochloric acid

Use : reaction mixture

Ingredient 1000 ml 100 ml
Conc. Hydrochloric acid 1536 ml 1.54 ml
Sterile distilled water 984.64 ml 98.46 ml

Dissolve conc hydrochloric acid in sterile water. Store in sterile glass tubes

or bottles with screw caps.
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Note : Preparation of 0.2 N HCI must be used sterile technique because hydrochloric

acid cannot be autoclaved.

2.4 0.3 mg/ml aminopyrene

Use : standard solution for mutagenicity assay

Ingredient 1 ml
Aminopyrene 3 mg
Aetonitrile 1 ml

Dissolve aminopyrene in acetonitrile. Store in sterile vial with screw caps in

the freezer. This preparation must be used sterile technique.

Ingredient 1 ml
3 mg/ml aminopyrene 0.1 ml
Acetonitrile 0.9 ml

Dissolve 3 mg/ml aminopyrene in acetonitrile. Store in sterile vial with screw

cap in the freezer. This preparation must be used sterile technique.

2.5 8 mg/ml ampicillin solution

Ingredient 10 ml
Ampicillin (sodium) 800 mg
0.02 N sodium hydroxide 10 ml

2.7 0.1% crystal violet

Ingredient 10 ml
Crystal violet 10 mg

Distilled water to 10 ml
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2.6 and 2.7 : Store at 0°C in glass bottle with screw cap.

2.8 Gastric condition mixture

Ingredient 100 ml
Sodium chloride 02g
Bovine serum albumin 30 mg
Sodium thiocyanate 243 mg
Distilled water to 100 ml

3. Procedure for Reisolation and Growing Culture

Tester strains, TA 98 and TA 100 are grown in Oxoid nutrient broth No.2
and incubated overnight in a 37°C shaking water bath. The growth period should not
exceed 16 hr (Ames ef al., 1973a). These cultures are reisolated by streaking on
minimal glucose agar plates which the surface were spread with 0.1 ml of 8 mg/ml
amipicllin. 0.3 ml of 0.1 M histidine HCl and 0.1 ml of 1 mM biotin. These plates are
incubated at 37°C for 48 hr. After incubation, the 5 single colonies per strain TA 98
ahd TA 100 are picked up and grown in Oxoid nutrient broth No. 2 overhight 37° in
shaking water bath. Each culture is confirmed genotypes of the strains and kept the
cultures as the source of bacteria for mutagenicity testing. For each 1.0 ml of culture,
add 0.09 ml of spectrophotometric grade DMSO. Combine the culture and DMSO in
a sterile tube and distribute 400 pl of the culture aseptically into sterile cryotubes

(Nunc). The tubes should be filled nearly full and then transfer to a -80°C freezer.

Confirming Genotype of Tester Strains The broth cultures of TA 98 and TA 100

are used to confirm genotypes in the following ways.
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Histidine requirement The Hist+ character of the strains is confirmed by
demonstrating the histidine requirement for growth on the minimal glucose agar plates
enriched with histidine and biotin.
Procedure :plate a no histidine and biotin
plate b 0.1 ml of 1 mM biotin
plate ¢ 0.3 ml of 0.1 m His-HCI

plate d 0.3 ml of 0.1 M His-HCI1 + 0.1 ml of 1 mM biotin

Four minimal glucose agar plates is required for each tester strains. Each of
the plates is applied on the surface with 0.1 ml of 1 mM biotin, 0.3 ml of 0.1 M
His-HCI, 0.3 ml of 0.2 M His-HCl plus 0.1 ml of 1 mM biotin and no application (plate
b,c,d,a respectively). Made a single streak of each strains across these plates. Five
strains could be tested on the same plate. Incubated at 37°C for 48 hr. The growth of

bacteria in histidine plus biotin plate is the result of histidine requirement.

R Factor The R-factor strains (TA 977, TA 98, TA 100 and TA 102) should be tested
routinely for the presence of the ampicillin resistance factor because the plasmid is

somewhat unstable and can be lost from the bacteria.

Procedure : For each tester strain, add 0.3 ml of fresh overnight culture to a
tube containing 0.1 ml of 0.2 M histidine-HCI followed by adding 2.0 ml of molten top
agar containing 0.5 mM histidine and 0.5 mM biotin. Mixed and poured on a minimal
glucose agar plate. Rotated thé plate to distribute the mixtures and allowed several

minutes for agar to become firm. R factor and rfa mutation (see the next section) are
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performed in the same plate by dividing the plate into 2 areas, one for R factor and the
other for rfa mutation. For R factor, commercial ampicillin disc or filter paper disc
containing 8 mg/ml ampicillin is applied on the surface of the agar by using sterile
forceps. The disc is pressed lightly to embed in the overlay. The plates are incubated
at 37°C for 24 hr.  The absence of the clear zones of inhibition around the discs

indicate resistance to ampicillin.

rfa Mutation Strains having the deep rough (rfa) character should be tested for

crystal violet sensitivity .

Procedure : Pipetted 0.1% solution of crystal violet to the sterile filter paper
disc (1.4 inch) and transfered the disc to plates, seed with bacteria (the procedure is
similar to R factor). Incubated at 37°C for 48 hr. The clear zone appeared around the
disc indicated the presence of the rfa mutation that permitted crystal violet to enter and

kill bacteria.

Spontaneous Reversion Spontaneous reversion of the testér strains to histidine
independence is measured routinely in mutagenicity experiments and is expressed as
the number of spontaneous revertants per plate. The revertant colonies are clearly
visible in a uniform background lawn of auxotrophic bacteria. Each tester strain
reverts spontaneously at a frequency that is characteristvic of the strain. Nevertheless,
there is variability in the number of spontaneous revertants from one experiment to
another and from one plate to another, and it is advisible to include at least 2-3

spontaneous mutation control plates for each strain in a mutagenicity assay.
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Procedure : 0.1 ml of DMSO (Solvent in the experiment) is added to capped

culture tube. Add 0.5 ml of Na3zPO4-KCl buffer pH 7.4 in the absence of metabolic

activation, 0.1 ml of fresh overnight culture of TA 98 or TA 100, followed by 2.0 ml
of molten top agar. Mixed and then poured on minimal glucose agar plate. Rotated
plates and left it to become harden. Incubated at 37°C for 48 hr and the His+ revertant

colonies were counted.
The Response to Standard Mutagen

Standard mutagens or positive mutagens are used routinely in mutagenicity
experiments to confirm the reversion property and specificity of each strain. The
standard mutagen used in these experiments is aminopyrene in the absence of
metabolic activation. Tester strain which highly response to positive mutagens must be

collected.

Procedure : The procedure is as described in spontaneous reversion except
aminopyrene (0.06, 0.12 and 0.24 pg/plate for TA 100 and TA 98, respectively) are
used instead of DMSO in the absence of S9 mix, respectively. The characteristic of
the stock culture for TA 98 and TA 100 as the source of bacteria for mutagenicity is

a. contained R factor (pKM 101) and rfa mutation
b. His' requirement
c. low spontaneous reversion

d. highly response to standard carcinogen
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After the characteristic of the culture was tested, the mutagenicity test was

started

4. Chemical structure and specific action of drug samples

4.1 Anmitriptyline (Tryptanol® Merck Sharp & Dohme)

@.@ . HCI Antidepressant

|
CHCH,CH,N(CH3),

4.2 Atenolol (Oraday® Biolab)

OH
I
C—CH,-CH—CH,-NHCH(CH;), Beta- blocker

CH,00NH,

4.3 Bromazepam ( Lexotan® Roche)

N\§ ; Minor tranquilizer

Br N

4.4 Carbamazepine ( Tegretol® Ciba-Geigy)

@ © Anticonvulsant



4.5 Chlordiazepoxide ( Benpine® Atlantic)

NHCH;

N
O ) wo
Cl

4.6 Chlorpromazine ( Matcine®  Atlantic)

CHyCH,CHN(CHy),
: :N Cl
S :
4.7 Cimetidine ( Cimulcer® Biolab)

N. ,CH;

]
CH,SCH,CH,NHCNHCH;

4.8 Clobazam ( Frisium® Hoechst)

JOLX,
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Minor tranquilizer

Major tranquilizer

Antiulcerant

Minor tianquilizer
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4.9 Diazepam (Valium®  Roche)

Minor tranquilizer

4.10 Diltiazem HC1 ( Herbessor® Tanabe seiyaku)

OCH;

Calcium antagonist
- HCI

] 0
CH,CH,N(CHa),

4.11 Dipotassium chlorazepate ( Tranxene® Sandoz)

N0
\S" Minor tranquilizer
LO9% 1308
N

Cl

4.12 Enalapril maleate ( Enaril® Biolab)

f COOH
COC;Hs H ACE inhibitor

CH;
, NK,_O i S
O B0 HC—COOH
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4.13 Griseofulvin ( Fulcin® ICI)

Antifungal
4.14 Jsoniazid (Isoniazid® Atlantic)
(Ng Antituberculous agent
C—NHNH,

4.15 Isosorbide dinitrate (Isordil® Wyeth-Ayerst)

(2 Cardiac drug

AV Iy
/
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4.17 metformin HC1 ( Glucophage® Lipha/ E Merck)

NH Oral hypoglycemic agent

Il IHIH
(CH3);N—C—NH—C—NH,

4.18 Mexilitine HCI ( Mexitil® Boehringer Ingelheim)
NH, Cardiac drug
OcH,CHCH,
H3 C[.{3

- HCI

4.19 Nifedipine (Adalat® Bayer)

Calcium antagonist

4.20 Nortriptyline ( Nortilen®  Lundbeck)

Antidepressant
- HCI

CHCH,CH,NHCH;



4.21 Phenytoin ( Dilatin® Parke-David)

@pte

4.22 Prazepam ( Prasepine® Parke-David)

]
JOLTT
©)

4.23 Pyrazinamide ( Pyrazinamide®  GPO)

N CONH,

@}

N

4.24 Ranitidine (R:midine‘?D Biolab)

{HNO,
CH,SCH,CH,NHCNHCH,

(CH;3);NCH, :0: )
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Anticonvulsant

Minor tranquilizer

Antituberculous agent

Antiulcerant



76

4.25 Rifampicin ( Rimactan®  Ciba-Geigy)

Antituberculous agent

4.26 Thiridazine ( Melleril®  Sandoz)

Major tranquilizer
G{z ‘Cl"z

HiCS N ,
QIO ™
S

4.27 Trihexyphenidyl HCl ( Artane®  Lederle)

Antiparkinson

{ —CHzCHz‘(I?O - HCI
OH ,
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5. The mutagenicity test using Salmonella typhimurium.

Plate incorporation test The test is the standard method that has been used
for test the mutagenicity of chemicals. This test consists of combining the test
compound and the bacterial tester strain in soft agar which is poured onto a minimal
agar plate. Positive and negaﬁve controls are also included in each assay. After
incubation at 37°C for 48 hr revertant colonies are counted (Ames et al.,, 1973b). For
initial screening chemicals were tested in concentrations over a three-log dose. A
positive or questionable result should be confirmed by demonstrating a dose-response
relationship using a narrower range of concentrations. For most mutagens, there is a
concentration range that produces a linear dose-response curve and the number of
revertants per plate reported for a mutagen should be taken from the region of the
curve. However, a few mutagens such as 9-aminoacridline, MNNG, diethylsulfate and
ethylmethanesulfonate produce non liner dose-response curve (McCann et al., 1975).

The compounds that are negative can be retested using the preincubation method.

Preincubation method Some mutagens, such as dimethyl- and diethyl-
nitrosamine are poorly detected in the standard plate incorporation assay and should be
tested using a modification of the standard procedure. The most widely used test
modification is the preincubation assay first described by Yahagi et al, 1975, in which
carcinogenic azo dyes were found to be mutagenic. They» incubated the mutagen and
bacteria for 20-30 min at 37°C and then added the top agar. The assay has been also
used to detect the mutagenicity of 10 carcinogenic nitrosamines and several

carcinogenic alkaloids (Yamanaka et al.,, 1979). The mutagenic activity of aflatoxin
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B1, benzidine, benzo(a)pyrene and methylmethanesulfonate has been determined using
both plate incorporation and preincubation procedures and in all cases the
preincubation assay is of equal or greater sensitivity than the plate incorporation assay
(Matsushima et al., 1980). The increased activity is attributed to the fact that the test
compound and bacteria are incubated at higher concentration in the preincubation
assay than in the standard plate incorporation test (Prival ef al., 1979). The procedure

described below is based on recommendation of Matsushima et al., 1980.

The preincubation modification can be used routinely or when inconclusive
results are obtained in the standard plate incorporation assay. This assay requires an
extra step and therefore involves more work than the staﬁdard test but many
laboratories use it routinely because of the increased sensitivity of some compounds.

Its use in screening assays has been recommended by De Serres and Shelby (1979).

Spot test The spot test is the simplest way to test compounds for
mutagenicity and is useful for the initial rapid screening of large numbers of
compounds. Ames et al.(1975) have tested 169 different hair dyes for mutagenicity
using this method.  This test has several advantages. A few crystals of a solid
mutagen or pl of a liquid mutagen can be put directly on the agar surface, thus
eliminating the time-consuming preparation of solutions of the chemicals to be tested.
As the test compound diffuse out from the central spot, a range of concentrations is

tested simultaneously.
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This test is primarily a qualitative test and has distinct limitations. It can be
used only for testing chemicals that are diffusable in the agar. It is much less sensitive
than the standard plate incorporation test. Mutagenicity should be confirmed by

demonstrating a dose-response relationship using the standard plate incorporation test.

Positive control (diagnostic mutagens) In each experiment positive
mutagenesis controls using diagnostic mutagens to confirm the reversion properties
and specificity of each strain. The characteristic reversion patterns of the standard

strains to some diagnostic mutagens are described by Maron and Ames, 1983.

Evaluatién criteria for Ames assay Because the procedures to be used to
evaluate the mutagenicity of the test article are semiquantitative. Each tester strian is
specific to each type of mutation such as frameshift mutation, base pair substitute or
oxidative mutation etc. The criteria used to determine positive effects are, therefore,
inherently subjective and based primarily on the information shown in Table 2.
Most data sets should be evaluated using the following criteria (Kowtaluk and Kopan,
1986).

a. Strains TA 1535, TA 1537, and TA 1538. If the solvent control
value is within the typical range for the laboratory, é test article that produces apositive
dose response over three concentrations, with the highest increase equal to three times
the solvent control value, is considered mutagenic.

b. Strains TA 98 and TA 100. If the solvent control value is within the
normal range for the laboratory, a test article that produces a positive dose response

over three concentration, with the highest increase equal to twice the solvent control
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value, is considered mutagenic. Occasionally a doubling is not necessary for TA 100 if
a clear dose-related pattern is observed over several concentrations.

c. Pattern. Because TA 1535 and TA 100 are derived from the same
parental strain (G46), and TA 1538 and TA 98 are derived from the same parental
strain (D3052), to some extent there is a built-in redundancy in the microbial assay. In
general, the two strains of a set respond to the same mutagen, and such a pattern is
sought. Generally, if a strain responds to a mutagen in nonactivation tests, it should do
so in activation tests.

d. Reproducibility. If a test article produces a response in a single test
that cannot be reproduced in additional runs, the initial positive test data lose

significance.

The preceding criteria are not absolute and other extenuation factors may
enter into a final evaluation decision. However, these criteria can be applied to the
majority of situations and are presented to aid those individuals not familiar with this
procedure. As the data base is increased, the criteria for evaluation can be more firmly
established. It must be emphasized that modifications of ‘the procedure involving
preincubation conditions is necessary for evaluation of specific chemicals or classes of

chemicals.
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