
Mutation Research, 162 (1986) 173-178 173 
Elsevier 

MTR 04214 

Desmutagenic effect of humic acid 

T a k a h i k o  Sato,  Y o u k i  Ose  a n d  H i s a m i t s u  N a g a s e  

Gifu Pharmaceutical University, 5-6-1, Mitahora-higashi, Gifu City, Gifu (Japan) 

(Received 6 November 1985) 
(Revision received 5 March 1986) 

(Accepted 12 March 1986) 

Summary 

In the present study, hurnic acid was not found to be mutagenic and did not inhibit spontaneous 
mutation. It did, however, inhibit the mutagenicities of benzo[a]pyrene and 3-aminoanthracene (+  $9 
mix), but not the mutagenicities of 4NQO, AF-2 and MNNG ( - $ 9  mix). 2-Nitrofluorene and 1-nitro- 
pyrene do not need $9 mix for activation of their mutagenicities, but an inhibitory effect was observed. 
Humic acid exerts a desmutagenic effect on mutagens directly before they act on cells. It does not act as an 
antimutagen which blocks the processes changing normal cells to mutants. The desmutagenic effect was 
not decreased by heat treatment (120°C, 15 min). Humic acid was fractionated according to molecular 
weight and the desmutagenic effect increased with an increase in molecular weight. This effect in the 
fraction with molecular weight exceeding 300000 was decreased by centrifugation. The desmutagenic 
ability of humic acid may result from soluble components and adsorption to small particles. 

Various mutagens have been reported to be 
present in aqueous environments. The authors have 
reported that several aromatic hydrocarbons and 
nitroarenes are present in river sediments (Sato et 
al., 1983, 1985). River water and sediment contain 
various humic substances and there is .a possibility 
that these influence the mutagenicities of certain 
elements in such environments. The authors ex- 
amined the inhibitory effect of humic acid on the 
mutagenicities of selected mutagens. 

Materials 

Humic acid was obtained from the leaf mould 
of the brown forest at Gifu City; Chamaecyparis 
obtusa (Hinoki) and Pinus densiflora (Pine wood) 

Abbreviations: DMSO, dimethyl sulfoxide; KMnO 4 consump- 
tion, potassium permanganate consumption; PB, M/15 phos- 
phate buffer at pH 7.0. 

grew in the sampling field. After the mould had 
been dried in the shade for 1 week, it was sieved 
to obtain the fraction measuring less than 1.4 mm 
in diameter, and extracted with 0.5 N sodium 
hydroxide; the pH was adjusted to 1.0 using hy- 
drochloric acid. After centrifugation, the precipi- 
tate was freeze-dried, washed with a small amount 
of distilled water to remove salts and again 
freeze-dried. 

Methods 

(1) Sample preparation 
The humic acid was dissolved in distilled water 

to 40000 ppm and the pH adjusted to 7.0. The 
undissolved portion was removed by centrifu- 
gation at 1000 x g for 30 rnin and the supernatant 
was used for the inhibitory tests on mutagen- 
induced mutations. The amount of potassium per- 
manganate consumed (KMnO 4 consumption) by 
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the supernatant was determined (Pharmaceutical 
Society of Japan, 1980). 

(2) Mutation test 
Mutagenic activity was determined by the Ames 

test procedures using Salmonella typhimurium 
TA100 and TA98. If metabolic activation was 
necessary, $9 mix was added. $9 fraction was 
prepared by centrifugation of homogenized liver 
of male Sprague-Dawley rats treated with PCB 
(Kanechlor-400). The composition of $9 mix has 
already been described (Sato et al., 1983). 

0.1 ml of humic acid solution, 0.5 ml of $9 mix 
( + $9 mix) or phosphate buffer ( - $9 mix) and 0.1 
ml bacterial culture were mixed and preincubated 
at 37°C for 20 rain (Yahagi et al., 1977). 3 ml of 
soft agar was added and the mixture was poured 
onto minimal agar plates. The plates were in- 
cubated at 37°C for 2 days and the numbers of 
induced revertant colonies were scored. 3 plates 
were prepared for each sample and the mean was 
calculated. 

(3) Test of inhibitory effects on mutation 
To investigate the inhibitory effect of humic 

acid on mutagen-induced mutation, mutagen and 
humic acid were added simultaneously to the Ames 
system and the decrease in mutagen-induced mu- 
tation caused by humic acid measured. Mutagens 
were dissolved in dimethyl sulfoxide (DMSO). To 
ascertain that the decrease in number of revertant~, 
did not depend on a decrease in number of surviv- 
ing cells, the number of surviving cells was de- 
termined. After proper dilution, the number of 
surviving cells was counted as in the determina- 
tion of revertants except that B-2 agar plates were 
used (Kada, 1973). The frequency of revertants 
per survivors was calculated. 

(4) Antimutagenicity test 
Salmonella typhimurium TA100 was cultured 

overnight. 5 ml of bacterial suspension was washed 
twice by centrifugation with cold M/15  phosphate 
buffer (PB) at pH 7.0 and resuspended in 4 ml of 
cold PB. To 3 ml of this bacterial suspension, 200 
/ tg/0.2 ml of benzo[a]pyrene and 3 ml of $9 mix 
were added, and the mixture was incubated at 
37°C for 1 h with slow shaking. The treated 
bacteria were washed twice by centrifugation with 

cold PB and resuspended in cold PB. The Ames 
tests were performed with or without humic acid 
on the treated bacteria. The amount of humic acid 
was measured as 7.5 mg KMnO 4 consumed per 
plate. Another 1 ml of the bacterial suspension 
was used to determine spontaneous mutation. 

(5) Desmutagenicity test 
200 /~g/0.2 ml of benzo[a]pyrene and 4 ml of 

humic acid (150 mg KMnO 4 consumed) were 
mixed and incubated at 37°C for 1 h with slow 
shaking. Benzo[a]pyrene was extracted 4 times 
with 2 ml of ethyl acetate, and the ethyl acetate 
was evaporated to dryness. The sample was redis- 
solved in 2 ml DMSO, and 0.1 ml /pla te  of it was 
tested by the Ames test using TA100. It had 
already been determined that the desmutagenic 
fraction of humic acid could not be extracted with 
ethyl acetate. 

(6) Heat resistance test 
75 mg/ml  of humic acid measured as KMnO4 

consumption was autoclaved at 120°C for 20 min 
and the effect of autoclaved humic acid on 
benzo[a]pyrene-induced mutation was investiga- 
ted using TA100. 

(7) Molecular weight measurement 
Using ultrafiltration (Diaflo membrane, Amic- 

on UM2, UM10, and XM300), humic acid was 
divided into 4 fractions. Their molecular weights 
were <1000, 1000-10000, 10000-300000 and 
> 300 000. Each fraction was freeze-dried. 

The fractions were dissolved in distilled water 
to a concentration of 40000 ppm and the pHs 
were adjusted to 7.0. After sterilization by auto- 
claving, the inhibitory effect on benzo[a]pyrene- 
induced mutation was investigated using TA100. 
The fraction with molecular weight exceeding 
300 000 contained particles and became a suspen- 
sion. The other fractions were soluble. A part of 
the fraction with molecular weight exceeding 
300 000 was centrifuged and this supernatant was 
also used for the Ames tests. 

Results 

(1) The mutagenicity of humic acid 
Firstly, an investigation was carried out to find 
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TA100 

- $ 9  mix +$9 mix 

TA98 

- $9 mix +$9 mix 

Spontaneous mutation 153 123 19 42 
AF-2 368 360 
Benzol a ]pyrene 997 599 

Humic acid (mg a) 
3.8 138 134 27 35 
7.5 119 146 21 23 

15 151 107 24 38 
30 109 104 24 40 

a KMnO4 consumption/plate. 

out whether or not humic acid is mutagenic. The 
results are shown in Table 1. Humic acid was not 
found to be mutagenic, nor did it decrease sponta- 
neous mutations. 

(2) The inhibitory effect of humic acid on the mum- 
genicities of various mutagens 

The inhibitory effect of  humic acid on muta- 
gen-induced mutation was investigated. The rela- 
tionship between the amount of humic acid and 

the decrease in mutagenicity of benzo[a]pyrene is 
shown in Fig. t. 

The revertants decreased with an increase in 
the amount of humic acid with both TA100 and 
TA98. Also, humic acid inhibited the mutagenicity 
of 2-aminoanthracene. Benzo[a]pyrene and 2- 
arninoanthracene require $9 mix in order to 
manifest mutagenicity. 

The authors also studied mutagens which do 
not need $9 mix, and the results with 4NQO are 
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Fig. 1. Inhibitory effect of humic acid on the mutagenicity of benzo[a]pyrene. Dotted line indicates spontaneous revertants. 10 
/tg/plate of ben~a]pyrene was added for both strains. $9 mix was used. 
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Fig. 2. Inhibitory effect of humic acid on the mutagenicity of 4NQO. Dotted line indicates spontaneous revertants. 0.025/~g/plate of 
4NQO was added for TA100; 0.1 #g/plate for TA98. $9 mix was not used. 

shown in Fig. 2. N o  inhibitory effect was observed 
for this, nor for AF-2  (TA100 and TA98)  and 

M N N G  (TA100).  
Effects with 2-nitrofluorene and 1-nitropyrene 

were investigated and the results are shown in Fig. 
3. 1-Nitropyrene is representative of the nitroa- 
renes which have b e c o m e  important  direct muta-  

gens in environmental  pol lut ion (Rosenkranz  and 
Mermelste in,  1983). The authors reported the ex- 
istence and significance of  1-nitropyrene in sedi- 
ments  (Sato et al., 1985). These  mutagens  do not  
need $9 mix,  but the inhibitory effect was ob- 
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Fig. 3. Inhibitory effect of humic acid on the mutagcnicities of 2-nitrofluorene and l-nitropyrene. Dotted line indicates spontaneous 
revertants. 5/~g/plate of 2-nitrofluorene and 0.2 #g/plate of 1-nitropyrene were added to TA98. $9 mix was not used. 
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Fig. 4. Antimutagenic and desmutagenic effects of hun'tic acid. 

(3) Antimutagen and desmutagen test 
Kada (1982) classified the substances which 

inhibit mutagenicity into two types: antimutagens 
and desmutagens. Antimutagens block the process 
changing normal cells to mutants, while desmuta- 
gens act on the mutagen directly before the 
mutagen acts on cells. The results of antimutagen 
and desmutagen tests are shown in Fig. 4. 

In the case of the antimutagen test, there was 
no difference between the mutagenicities resulting 
from addition of humic acid or water. This means 
that humic acid did not act as an antimutagen. 

In the case of the desmutagen test, the frequency 
of mutation decreased considerably with the treat- 
ment by humic acid compared to distilled water 
and this means that hun'tic acid acts as a des- 
mutagen. 

Also, it is clear that the mechanism of action of 
humic acid is not inhibition of metabolic activa- 
tion, because benzo[a]pyrene and humic acid were 
incubated without bacteria and $9 mix in the 
desmutagen test, and although humic acid did not 
remain when $9 mix was added, the mutagenicity 
of benzo[a]pyrene still decreased. 

(4) Heat resistance 
Kada 's  group (Kada et al., 1978; Morita et al., 

1978; Inoue et al., 1981) reported a desmutagenic 
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Fig. 5. Effect of autoclaving on desmutagenic activity of humic 
acid. 10 /~g/plate of benzo[a]pyrene was added. $9 mix was 
used. Asterisk means KMnO 4 consumption/plate. 

factor in vegetables which proved to be a heat-sen- 
sitive enzyme. The effect of autoclaving on the 
desmutagenic ability of humic acid was investi- 
gated. The results are shown in Fig. 5. 

The desmutagenic ability was not decreased by 
heating at 120°C for 15 min. Hence, the causative 
substance is not a beat-sensitive substance such as 
an enzyme. In nature, humic acid is still present 
even after severe natural attacks; therefore, it is 
not heat-labile. 

(5) Molecular weight of the active substance 
The humic acid was fractionated according to 

molecular weight. The yields of each fraction were 
as follows: < 1000, 21.3~; 1000-10000, 2.0%; 
10000-300000, 1.45g and > 300000, 60.0~. The 
desmutagenic ability of each fraction was investi- 
gated and the results are shown in Fig. 6. 
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Fig. 6. Inhibitory effect of various molecular weight fractions 
of humic acid on the mutagenicity of benz~a]pyrene. 10 
/zg/plate of benz~ahayrene was added. $9 mix was used. The 
amount of each humic acid fraction was 4 rag/plate. 
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The desmutagenic ability of the fraction witl- 
molecular weight under 1000 was not clear, but 
the desmutagenic effect was observed for the other 
fractions. This effect increased with increase in 
molecular weight. 

The fraction with molecular weight exceeding 
300000 was centrifuged and the inhibitory effect 
of the supernatant was investigated. The desmuta- 
genic effect of the supernatant decreased com- 
pared with that of the suspension, but a small 
effect remained. The desmutagenic ability of humic 
acid may result from soluble components and 
adsorption to small particles. 

Conclusion 

Humic acid exists in the natural environment in 
large amounts and its desmutagenic property may 
play a very important role in natural purification. 
Its mechanism of action and the specific causative 
substance are currently under investigation. 
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