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ABSTRACT

A variety of samples isolated, from four types of sources 

(sponges, tunicates, algae, and cranberries) was tested for 

mutagenic effects. Established procedures used for mutagenic 

detection employed here consisted of a) genetic toxicology on 
Escherichia coli, b) Ames Spot Test, and c) the Ames Test.

Of the twenty-two samples tested, seven showed some level 

of genetic toxicity on repair tests. Of these seven, three 

( 1) a methyl hydroxide extract from the calcareous sponge, 

Leucetia microraphis, 2) an ethylacetate extract from the leaves 

of cranberries, and 3) an ether extract from Leucetia microraphis) 

showed significant or close to significant levels of mutagenicity 

in reversion studies.
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INTRODUCTION

There is growing evidence that much of human cancer is caused 
by exposure to chemicals in the environment (McCann et al. , 1975)• 

In an attempt to understand, prevent, and control cancer an ef

fort is being made to catalogue all of those chemicals which can 

be shown to induce cancer in man. Experimental methods have 

been developed which employ microorganisms under the premise 

that certain changes in the genetic structure of these microrgan- 

isms are analogous to a cancer-like change in human cells.

This paper is a documentation of microbial testing for 

genetic activity of some chemicals which have never before been 

tested in these particular forms. Crude extracts are used as 

a starting point and natural approach which allows for the 

interactions of component chemicals as might occur in nature 

(European Environmental Mutagen Society, 19?8). The materials 

tested in this paper are not samples to which there is a great 

deal of human exposure, but through a thorough testing of 

chemicals it is hoped that sufficient information (structure, 

synthesis, activity and so on) might be obtained to shed sig

nificant light on the fields of human genetics and cancer. In 

addition to these values the testing of these specific samples 

was primarily an attempt to isolate potential natural anti-tumor 

agents, many of the best of which are mutagens themselves. The 

anti-tumor activity aspect of these samples was of immediate 

interest to certain members of the Department of Chemistry at 

Montana State University.
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LITERATURE REVIEW

Mutagenesis, Carcinogenesis, and Detection

Conventionally, long-term bioassays in mammals (e.g. 

rodents) have been seen as the most accurate indicator of 

human carcinogens. Yet, due to the vast number of chemicals 

which merit testing, the time and expense involved in mammal

ian studies (1978 estimate: 3-5 years and $250,000+ per 

substance tested (Maugh, 1978)) have proved prohibitive to 

the testing of all chemicals, producing a need for some "pre- 

screening?' methods for detecting carcinogenicity.

There is now a well-established correlation between the 

phenomena of carcinogenicity (the ability of a substance to 

induce cancer in a living organism) and mutagenicity (the ability 

of a substance to produce alterations in the hereditary material 
of an organism). As Ames, McCann, and Yamasaki put it: "with 

few exceptions, carcinogens are mutagens" (Ames et al., 1975). 

Through a need for quick and inexpensive in vitro methods of 

testing chemicals for their carcinogenic effects, many methods 

have been developed which utilize microbes to detect mutagenicity 
(Maugh, 1978). Microbial systems have been viewed as perhaps 

the most revealing genetic research tool for three reasons:
1) large populations, 2) short generation times, and 3) small, 

relatively simple genomes (Legator and Flamm, 1973).

In a study sponsored in 1973 hy the National Cancer Institute 
(NCI) to evaluate mutagenesis/carcinogenesis studies many in vivo
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and in vitro techniques were examined. The systems considered 

were those using Salmonella typhimurium, Saccharomyces cerevis- 
iae, Neurospora crassa, Escherichia coli, mouse lymphoma cells, 

Chinese hamster cells, Drosophila melanogaster, and several 

other methods (Poirier and de Serres, 1979). The study concluded 

that the two systems most effective in detection of mutagenicity 
were the Salmonella (reversion) test (developed by Bruce Ames 

at the University of California, Berkeley, and commonly known 

as the ’Ames Test’) and the polymerase A-deficient E. coli 

(repair) assay (Poirier and de Serres, 1979. European Environ
mental Mutagen Society, 1978) (interestingly enough, Salmonella 

proved to be more effective in in vitro systems than in in vivo 

systems, for example, mice, possibly indicating a greater 

sensitivity of in vitro tests (Poirier and de Serres, 19?9)).

Some other sources claim that the Ames Test is the only bacterial 

system at this time that is suitable for routine screening (Mat- 

tern and Greim, 1978).

Viewed together, the Salmonella and E. coli tests detected 

mutagenicity in 82-90% of the known organic carcinogens tested 
(McCann et al., 1975* Poirier and de Serres, 1979). For un

known reasons mutagenic assays on inorganic compounds have not

• proved to be as reliable (Warren et al., I98O). Known non-car

cinogens tested have thus far shown negligible mutagenic activity 

(McCann et al., 1975).

For the reasons stated above a two-pronged attack employing 

both the E. coli and Salmonella methods is often used, and is
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in this case, as probably the most effective means of detecting 

organic mutagens.

Genetic Toxicology (Repair) Study using E. coli

This lethality study, commonly known as a Plate Repair

Assay, compares the lethal effect of substances on the wild 

type (repair proficient) E. coli bacterium K12 (hereafter refer

red to as strain AEL157, or simply 1157) with the lethal effect 

on several repair deficient strains having known genotypes. 

Substances which produce a greater toxic effect on the repair 

deficient mutants than on the repair proficient strain are con

sidered to be "genetically toxic" (Warren et al., I98O) and 

are possibly mutagens.

The strains used in this study are shown in Table I, along 
with their genotypes and phenotypes.

Salmonella (Reversion) Testing

The ’Ames Test* often does, and did in our experiments,
consist of two steps; a) the Ames Spot Test, and b) the standard 

Ames Test. Both steps make use of the same strains of Salmonella, 
which, along with their defect, are shown in Table II.

A) Ames Spot Test

This procedure is a qualitative prescreening test 

to the Ames Test. It allows for a very rapid testing 
of large numbers of chemicals.
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Table I

Escherichia coli K12 Strains Used in Genetic Toxicology Study

STRAIN GENOTYPE

(Warren et al., I98O)

PHENOTYPE
AB115? Wild Type Repair Proficient
AB1886 uvr A 6 Excision Minus
ABI899 Ion- Filaments
PAM1OO lex C Recombinationless
GW802 rec A57 Recombinationless
GW803 rec A58 Recombinationless
GW8O1 rec A56 Recombinationless
PAM5717 lex A2 Recombinationless

uvr A indicates ultraviolet sensitive
Ion- is the filament characteristic
lex is the absence of a specific regulator gene, in the ab

sence of this gene, error prone (SOS) repair is nonexistent.
rec A indicates recombinant repair deficient, also causes x-ray- 

sensitivity.
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Table II

Salmonella typhimurium Used in Reversion Testing
(Warren et al., 198O)@

BACTERIA* DEFECT

TA92
TA98
TA1OO

Base Pair Substituted, his G46
Frameshifted, uvr“, rfa", his D3052 
Base Pair Substituted, uvr~, rfa“, his Gh-6

*A11 contain two additional mutations that increase sensitivity 
in mutagen detection (Ames et al., 1975).

1) loss of excision repair system
2) loss of bacterial lipopolysaccharide surface coat

*A11 also contain the plasmid pKm 101. The plasmid pKm 101 is
thought to have an error prone DNA repair system that, 
when incorporated into Ames strains of Salmonella, increase 
ultraviolet and chemical mutagenesis (Monti-Bragadin et al., 
1976. Mattern and Greim, 1978).

uvr" indicates ultraviolet sensitive
rfa- indicates a cell surface mutation, making cells permeable 

to large particles (e.g. these organisms are inhibited by 
large particles such as crystal violet).

his indicates inability to synthesize histidine
his G^6 is a mutation which allows the detection of mutagens

carrying base pair'substitutions (Ames et al., 1975). 
his D3052 is a mutation which allows the detection of mut

agens carrying frameshift mutations (Ames et al., 1975).

@Not too many strains should be required. It has been determined 
that results with three well-chosen strains should be "adequate 
for most purposes" (Mattern and Greim, 1977).
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A positive test is indicated by a ring of back- 

mutant colonies (or, possibly, a cleared toxic area) 

around, yet well away from, a sterile disc containing 

the substance to be tested placed in the center of a 

histidine-deficient plate spread with Salmonella (Ames 

et al., I975). A positive Ames Spot Test is considered 

adequate justification for proceeding to the Ames Test. 

The Spot Test is also valuable in that it gives an 

indication of the relative level of mutagenicity of 

a particular substance. Yet, the Ames Spot Test is 

not considered nearly as definitive a test as the Ames 

Test because it has a heavy reliance on the agar dif
fusion of substances tested (Ames et al., 1975).

B) Ames Test

This test measures the number (rather than simply 
the presence, as in the Spot Test) of back-mutants 

(from his“ to his+ ) on a plate deficient in histidine. 

The number of revertants on plates containing various 

concentrations of the substance to be tested are com
pared with a control plate which measures the spontan

eous rate of back-mutants (Ames et al., 1975).

The Ames Test is generally considered to be negative 

when the maximum non-inhibitory dose of the substance 

tested fails to induce a reversion rate of at least 
twice that of the spontaneous rate (Ames et al., 1975).

A positive test is a reproducable, dose-related increase
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in the number of back-mutant colonies (de Serres and 
Shelby, 1978).

It is known that some mammalian carcinogens are 

non-mutagenic until acted upon by a mammalian enzyme 

system. In order for the Spot Test and Ames Test to 

detect these indirect-acting mutagens, it is necessary 

to add mammalian enzyme systems. These enzyme systems 

are usually added in the form of isolated microsomes, 

and since the liver is far and away the richest tissue 
in microsomal enzyme activity, liver microsomes are 

used (Frantz and Mailing, 1975)- This enzyme inclusive 

form of the Ames Test is known technically as the 
Salmonella/microsome mutagenicity test. However, 

despite the obvious usefulness of added mammalian 

enzyme systems, complete Spot Tests and Ames Tests 

must be performed both with and without mammalian 

enzyme systems because mutagenic activity is sometimes 

reduced in the presence of these enzyme systems (Ellen 

ton et al., I98O). In this study enzyme systems were 

not used.

Implications of the E, coli and Salmonella Mutagenicity Tests

The two tests described, while far from the last word as to 

the carcinogenicity of a substance (Legator and Flamm, 1973). 

are scientifically accepted methods of determining the mutagen-
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icity of substances.

The ultimate usefulness of these mutagenicity tests lies 

in the fact that DNA is the genetic material of practically all 

organisms, and in the assumption that results obtained from these 

prokaryote studies are universal enough to be applied to eukary

otes. Another assumption, and one for which there is much 

evidence, is that gene damage and carcinogenicity are intimately 

linked (European Environmental Mutagen Society, 1978).
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MATERIALS AND METHODS

Subculturing and Testing

Fresh cultures of E. coli and Salmonella typhimurium were 
maintained and checked for genetic consistency as follows;

A) Escherichia coli (subcultured every two weeks)

DAY 1 - Streak cultures from old broths (stored in a
refrigerator at ^°C) onto fresh Mueller-Hinton 
Agar plates (one plate/strain). Label.- 

Incubate plates for 2^ hours at 37°C.

DAY 2 - Remove plates from incubator.
Pick a single, isolated colony and place it in 
5 ml of Mueller-Hinton Broth (one strain/broth). 

Label.
Incubate broths for 2^ hours at 37°C.

DAY 3 - Remove broths from incubator. Keep broths in 
refrigerator at 4°C.

From broths, streak a small amount of suspension 

onto a series of 6 Mueller-Hinton Agar plates. 

Label. Place plates 33 cm under an ultraviolet 
lamp for 0.0 sec., 1.0 sec., 2.5 sec., 5.0 sec., 

10.0 sec., and 20.0 sec. respectively.

In addition, spread 0.1 ml of broth suspension 
onto Mueller-Hinton Agar plates (three plates/ 

strain) and place three discs (crystal violet, 

ampicillin, or deoxycholate) on each plate.
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Label.
Incubate plates for 3 days at 37°C.

DAY 6 - Remove plates from incubator.

Read plates. Results should not differ sig
nificantly from those shown in Table III.

B) Salmonella typhimurium (subcultured every week)

DAY 1 - Streak cultures from old broths (stored in

refrigerator at 4°C) onto fresh Oxoid Nutrient 
Agar plates (one plate/strain). Label.

Incubate 24 hours at 37°G.

DAY 2 - Remove plates from incubator.

Pick a single, isolated colony off of the 

agar and place it in 5 ml Oxoid #2 Broth (do 

this to three or four of each type, especially 

TA98 and TA1OO). Label.
Incubate 24 hours at 37°G.

DAY 3 - Remove broths from incubator.

Check each culture as follows;

^CRYSTAL VIOLET, DEOXYCHOLATE, AND AMPICILLIN

SENSITIVITY

Spread 0.1 ml of suspension across an 

Oxoid Nutrient Agar plate. Place one 

disc of each chemical on each plate.
*ULTRAVIOLET SENSITIVITY

Make a single streak from each broth
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Table III

Characteristics of Escherichia coli

ULTRAVIOLET SENSITIVITY

Strain 0.0 1.0
Time (seconds)

20.02.5 5-0 10.0

1157 +++ +++ +++ +++ +++ +++1886 +++ +++ INII
1899 +++ +++ +++ +++ +++ +++P 100 +++ +++ +++ ++ +802 +++ am
803 +++ ++ l_
801 4-4-4.TTT +++ ++ + «9S
5717 +++ +++ +++ ++ + few

CRYSTAL VIOLET, AMPICILLIN, AND DEOXYCHOLATE SENSITIVITY

Strain Crystal Violet Deoxycholate Ampicillin

1157 R R S
1886 S R S
1899 S R S
P 100 s R S
802 s R S
803 s R S
801 s R S
5717 R R S

R-resistant S-sensitive
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across an Oxoid Nutrient Agar plate. Ir

radiate half of plate with ultraviolet 

light at 33 cm for 30 seconds.

♦BACKGROUND

Spread 0.1 ml of broth diluted to approx
imately 10® bacteria/0.1 ml (this is done 

by adding 3 nil nutrient broth to 1 ml bac

terial suspension and growing in a shaker 

culture until Absorbance at

600nm for...TA92 - 0.16
these values yield

...TA98 = 0.168
a 10° viable count

...TA100 = 0.125
Note: Most labs work with a 10® viable count, 

but a 1978 workshop determined that a viable 
count of lO^ is "most desirable for mutagen 

testing" (de Serres and Shelby, 1978).
Label and incubate all plates for 3 days at 37°C.

DAY 6 - Remove plates from incubator.

Read plates. Results should not differ significantly 

from those shown in Table IV.

*
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Table IV

STRAIN

TA92
TA98
TA100

Characteristics of Salmonella typhimurium

ULTRAVIOLET CRYSTAL VIOLET DEOXYCHOLATE AMPICILLIN

R R R R
S S S R
S S S R

BACKGROUND*

40-92
15-75 (40 av.) 

60-220 (160 av.)

* R-resistant S-sensitive

*This background rate of spontaneous revertants seems to vary 
widely from one laboratory to another. The variability of this 
rate within a single lab, however, should be held to a minimum 
(de Serres and Shelby, 1978). Of course, there will be some 
variation within a lab, therefore all tests should be performed 
in triplicate and the results averaged (Ames, 1979).



Samples Tested

Samples were obtained from Dr. John Cardellina, Depart
ment of Chemistry, Montana State University, and were stored at 
-20°C until use (Ames et al., 1975).

CODE COLLECTED FROM EXTRACT
Sponge Samples:

JC3-37A Leucetia microraphis* Ether
JC3-51D Dysidea fragilis ch2ci2

JC3-51C Leucetia microraphis MeOH

JC3-51F Dysidea fragilis H20
JC4-1A Ulosa ruetzleri ch2ci2

JC^-1D Unidentified Species ch2ci2

JC4-1I Unidentified Species h2o

JC4-1H Unidentified Species CH2C12
JC4-1C Ulosa ruetzleri h2o

JC3-5OA Tethya aurantica ch2ci2

JC^-1F Terpios fugax CH2C12
JC^-1G Terpios fugax h2o

JC4-1E Unidentified Species h20

Tunicate Samples:

JC3-45J Unidentified Species h20

JC3-^5L Ecteinascidia turbinata h20

Algae Samples:

JC3-55I Lyngbya ma.iuscula ® CH2Cl2
JC3-55K L.yngbya ma.iuscula h2o

SG5A Caulerpa sp. #

15
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SG11A Gaulerpa sp CH2C12

Cranberry Samples (Ocean Spray):

JC3-29 Berries MeOH

JC3-29H Leaves

JC3-32D Leaves

CH2C12

EtOAc

Since samples were in short supply, they were further 

diluted using H20 for water-soluble samples and dimethylsuf- 

foxide (DMSO) for non water-soluble samples (Ames, 1979).

* A calcareous sponge

@ A blue-green alga

# This organism has shown activity in NCI screens

Escherichia coli Genetic Toxicology Study
Materials needed per sample:

8 Mueller-Hinton Agar plates

Cultured E. coli strains

Sample to be tested
24 sterile paper discs 

Procedure:

*Spread 0.1 ml of strain on each plate.
Use one plate for each strain/sample. Label.

♦Place 20 ul of solution to be tested (concentration 20mg/ml) 

on each disc.

♦Place 3 discs on each plate.
♦Incubate for 24 hours at 37°C.

♦Measure zone of inhibition.
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Ames Spot Test

Materials needed per sample:

3 Difco Vogel-Bonner Agar plates 

3 sterile paper discs
Fresh cultured Salmonella strain (10® viability count)

Difco Top Layer 

Sample to be tested

Procedure:

*Add 2 ml of melted Difco Top Layer to 3 tubes. Place 
tubes in a block heater at ^5°C (must be

*Add 0.1 ml bacteria per tube of top layer. Mix.

*Pour top layer on plates within 20 seconds and let harden. 
^Saturate discs with 20 ul sample/disc.

*Place one disc in the center of each plate.
♦Incubate at 37°C for 3 days.

*Check for ring of mutagenic activity.

Also, run three controls (just media and bacteria) per solvent 

used.

♦

17



Ames Test

Materials needed per sample per concentration:

3 Difco Vogel-Bonner Agar plates
oFresh cultured Salmonella strain (10° viability count) 

Difco Top Layer 

Sample to be tested
♦

Procedure:

*Add 2 ml of melted Difco Top Layer to 3 tubes. Place 
tubes in a block heater at M-5°G (must be 45°’.)

*Add 0.1 ml bacteria per tube of top layer. Mix.

*Add appropriate dose of substance to be tested to top 

layer tubes. Mix.

*Pour top layer on Difco Vogel-Bonner Agar plates within 

20 seconds and let harden.

*Incubate at 37°C for 3 days.

*Check for number of back-mutants versus controls.

Also, run three negative controls (just media and bacteria) 

and three positive controls (media, bacteria, plus a known 
mutagen/carcinogen — our lab uses ^0 ul Dexon at 5 mg/ml).

*
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Mixtures

*Mueller-Hinton Agar Plates (makes approximately 40 plates) 
10 g Agar
2 g Dextrose 
5 g NaCl

21 g Mueller-Hinton Broth 
990 ml double distilled water
10 ml mineral solution 

Autoclave 20 minutes at 121°C, 22 psi

*Mueller-Hinton Broth (makes 100 ml)
0.2 g Dextrose 
0.5 g NaCl
2.1 g Mueller-Hinton Broth 
99 ml double distilled water
1 ml mineral solution 

Autoclave 20 minutes at 121°C, 22 psi

^Ampicillin Discs
10 ul/disc of 1 mg/ml aqueous ampicillin solution

*Deoxycholate Discs
20 ul/disc of 200 mg/ml deoxycholate solution

*Crystal Violet Discs
10 ul/disc of 1 mg/ml aqueous crystal violet solution

*0xoid Nutrient Agar (makes approximately 40 plates)
25 g Oxoid Nutrient Broth #2
15 g Oxoid Bacteriological Agar #1

990 ml double distilled water 
10 ml mineral solution

Mix well and autoclave 20 minutes at 121°C, 22 psi 
Caution: Do not overautoclave!

*0xoid #2 Broth (makes 1 liter)
25 g Oxoid Nutrient Broth #2

990 ml double distilled water 
10 ml mineral solution

Autoclave 20 minutes at 121°C, 22 psi

*Difco Vogel-Bonner Agar (makes approximately ^0 plates) 
710 ml double distilled water
12 g Difco Agar p in a 2 liter flask
20 g Dextrose
^0 ml 25X Vogel-Bonner Salts 

250 ml double distilled water in a 2 liter flask
10 ml mineral solution 

Autoclave both flasks for 20 minutes at 121°C, 22 psi, 
let cool 10 minutes and mix salts into agar.
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“Vogel-Bonner Salts 25X (makes 1 liter)
1 5 g MgSO/,-7H?O
2 50 g Citric Acid"H20
3 250 g KoHPO/i (anhydrous)
5 87.5 g NaNHZ|HP04’4H20

1 liter double distilled water
Add compounds in order (1-4) to 500 ml water, dissolving one 
completely before adding the next. After all is added, bring 
volume to 1 liter using a volumetric flask.
Autoclave 20 minutes at 121°C, 22 psi

“Difco Top Layer (makes 106 ml)
0.6 g Difco Agar 
0.4 g NaCl
95 ml double distilled water 
5 ml 0.5 mM Histidine 
5 ml 0.05 mM Biotin 
1 ml mineral solution _

Autoclave 20 minutes at 121°C,

*Mineral Solution (makes 100 ml)
100 ml double distilled water 
0.0005 g MnCl2
0.0003 g ZnCl 
0.03 g FeSOn 
0.01 g CaCl2

use sterile technique 
22psi

20



RESULTS

Genetic Toxicology Results on Escherichia coli
(results in nun diameter)*

Sample Origin Brought to 
1 ml w/

JC3-37A Sponge DMSO
JC3-51D DMSO
JC3-51C DMSO
JC3-51F H20
JC4-1A DMSO
JC^-1D DMSO
JC4-1I H?0
JC^-1H DMSO
JC^-1C h2o
JC3-5OA DMSO
JC^-1F DMSO
JC^-IG H?0
JC4-1E H20
JC3-^5J Tuni- H2°
JC3-4-5L cates HpO
JC3-55I Algae DMSO
JC3-55K h2°
SG5A DMSO
SG11A DMSO
JC3-29’ — Cran- DMSO
JC3-29H berry DMSO
JC3-32D DMSO

1157

7,7,7
7,7,7
7,7,7
7,7,7
7,7,7
7,7,7
7,7,7
7,7,7
7,7,7
7,7,7
7,7,7
7,7,7
7,7,7
7,7,7
7,7,7
7,7,7
7,7,7
7,7,7
7,7,7
7,7,7
7,7,7
2,72
Wild
Type

St.ra i n
1886 I899 P100 802 803 801 571?

9,9,8
7.7.7 
9,99
7.7.7
77.7
7.7.7 
7,7,7 
7,7,7 
7,7,7 
7,7,7 
7,7,7 
7,7,7 
7,7,7 
7,7,7 
7,7,7 
7,7,7 
7,7,7 
7,7,7 
7,7,7 
7,7,7 
7,7,7 
3ZL

7,7,7
7,7,7
833
7,7,7
7,7,7
7,7,7
7,7,7
7,7,7
7,7,7
7,7,7
7,7,7
7,7,7
7,7,7
7,7,7
7,7,7
7,7,7
7,7,7

7,7,7
7,7,7
839
7,7,7
7,7,7
7,7,7
7,7,7
7,7,7
7,7,7
7,7,7
8,73
7,7,7
7,7,7
7,7,7
7,7,7
7,7,7
7,7,7

7,7,7 10J.U2 
7,7,7 840,9
7,7,7
7,7,7

272.

833
7,7,7
2ZL

7,7,7 7,77 
7,7,7 7,7,7 
93,9 8,98 
7,7,7 7,7,7
7.7.7 7,7,7
77.7 7,7,7 
to 7,7,7

7.7.7 7,7,7 
7,7,7 7,7,7 
7,7,7 7,7,7 
7,7,7 7,7,7 
7,7,7 7,7,7 
7,7,7 7,7,7 
7,7,7 7,7,7 
7,7,7 7,7,7 
7,7,7 7,7,7 
7,7,7 7,7,7 
7,7,7 7,7,7
7.7.7 7,7,7
8.8.7 8,83
7.7.7 7,7,7
8.7.8 8,93

7,7,7 7,7,7 
7,7,7 7,7,7 
8,83 7,7,7 
7,7,7 77,7 
7,7,7 to

7.7.7 7,7,7
1.7.7 7,7,7

7.7.7 7,7,7 
7,7,7 7,7,7
7.7.7 7,7,7
77.7 7,7,7 
to 7,7,7

7.7.7 7,7,7 
7,7,7 7,7,7 
7,7,7 7,7,7 
7,7,7 7,7,7 
7,7,7 7,7,7 
7,7,7 7,7,7
7.7.7 7,7,7
8.7.7 7,7,7
7.7.7 7,7,7
222. 7,7,7.

*7 mm is the diameter of the paper disc and a value of 7 indicates 
confluent growth over the entire plate and therefore a non-inhib
itory effect by the sample.
A value greather than 7 indicates a zone of inhibition around the 
disc, and represents genetic toxicity.

#Denotes a problem with solubility

It is apparent that samples JC3-37A, JC3-51C, SG5A, JC3-32D, 
JC3-29, SG11A, and JC4-1F all showed some toxic effect and can be 

considered potential direct-acting mutagens.

Due to the small amounts of sample available and since it is 

unlikely that a significant mutagen would show no toxic effect on
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all eight of the strains used, only those samples which showed 

toxicity in E. coli were used for the Ames Spot Tests.

Ames Spot Test Results *

Spot Test on Salmonella TA92

SAMPLE SOLVENT RESULTS

Control Disc H2°
Control Disc DMSO -
JC3-37A DMSO -
JC3-51C DMSO t
SG5A DMSO -
JC3-32D DMSO -
JC3-29 DMSO -
SG11A DMSO -
JC4-1F h2o -

Spot Test on Salmonella TA98

SAMPLE SOLVENT RESULTS

Control Disc H2°
Control Disc DMSO -
JC3-37A DMSO t
JC3-51C DMSO t
SG5A DMSO -
JC3-32D DMSO +
JC3-29 DMSO -
SG11A DMSO -
JC4-1F H20 -

Spot Test on Salmonella TAI00

SAMPLE SOLVENT RESULTS

Control Disc h2°DMSOControl Disc -
JC3-37A DMSO t
JC3-51C DMSO t
SG5A DMSO -
JC3-32D DMSO -
JC3-29 DMSO -
SG11A DMSO -
JC4-1F h2o -
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* - indicates light confluent lawn growth up to the disc, 
sample shows no mutagenic effect

t indicates a small toxic ring around the disc, a possible 
indication of mutagenicity

+ indicates a ring of back-mutants around the disc, the 
sample appears to be mutagenic.

Used as a qualitative pre-screening test to the Ames Test, 

the Spot Test is used to eliminate samples which would later

* yield negative Ames Test results. Samples JC3-37A, JC3-51C.

and JC3-32D were the only samples to show activity in the Spot 

Test. Since all showed activity on TA98, the Ames Test was 

performed on these samples using TA98 only.

Ames Test Results (performed on TA98)**

Sample Dilution from 
Spot Test 0 20

Dosage
40

(ul)
50 70

Negative Control 26
25
18

Positive Control 410
970
680

JC3-51C 1:20 49
31
42
©

44
45
40
&

24
42
32
(33)

JC3-32D 1:10 12
19
i)

37
35
40
@

35
47
X
©

JC3-37A 1:10 55
3°

37
24
42

26
12
27
(22)
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*^Circled figure indicates average of previous three values, 
(i.e. the average number of back-mutant colonies under 
stated conditions)

The results of sample JC3-32D, showing a dose-related 
back-mutant count of 46 is a positive Ames Test and indicated 

reversion induced by JC3-32D. Samples Jc3-51C and JC3-37A, 

showing back-mutant counts of 43 and 39, respectively, are 

close to being positive, but the figures presented here do 
not initially appear to be dose-related.



DISCUSSION AND CONCLUSION

In analyzing the results of these tests it must be kept 

in mind that since the repair and reversion tests were not 

carried out in their entirety, significant limitations are 

present. Since no liver enzyme systems were used any indirect- 

acting mutagens would not have been detected. It also appears 

that, in the case of the Ames Test, the maximum non-inhibitory 

dose was not given, and the Ames Test, in order to meet protocol, 

would need to be run on more strains than simply TA98 (even 

though TA98 did appear to be the best candidate of the three 

strains). The reason for this incomplete testing was a very 

short supply of the samples (without diluting them too severly), 

and so, as complete a battery of tests as possible was run 

with the samples then available. The bottom line here is that 

the positive data presented herein may be viewed as such, but 

not the negative data. The negative data may be viewed as 

negative only within the narrow confines of the experiment.

In all, seven samples showed some degree of toxicity using 

the repair testing method; of these, three (JC3-51C, JC3-32D, 

and JC3-37A) showed effects on the Ames Spot Test, and only 

one, JC3-32D, showed itself to induce a significant level of 

mutagenicity in the Ames Test. So, of the twenty-two initial 

samples, only one showed itself to be a significant mutagen.
In this light it should be recognized that negative results 

are just as informative as positive, and that to prove a
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chemical to be a non-mutagen requires just as much painstaking 

testing as showing a chemical to be a mutagen.

The results of these tests are significant in tnat 

Luecetia microraphis is an organism which has previously had 

very little research done on it, and these tests indicate that 

it merits further testing to find out if it actually is or is 

not mutagenic. The extract from the leaves of cranberries, 

JC3-32D, should also undergo further testing to isolate its 
active component(s) and determine their level of mutagenicity. 

Any active components found should be tested for anti-tumor 

activity.

This series of tests represents a beginning of potential 

research on these samples. A complete series of tests run on 

a larger scale would be appropriate here, particularly for 

those samples which showed some positive results. The few 

positive results obtained are especially important when it is 
considered that few ''non-carcinogens'* show any level of mut

agenicity (McCann et al., 1975).

*
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