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ABSTRACT 

Dimethylnitrosamine and benzo(a)pyrene are two carcinogens which in­
duced the formation of micronucleated polychromatic erythrocytes in bone 
marrow cells of mice. This shows that both carcinogens are mutagenic and clasto­
genic. 

Antimutagenic effects against dimethylnitrosamine and benzo(a)pyrene 
were studied using biochemical inorganic systems. The assessment of their anti­
mutagenic effects was based on the reduction of micronucleated polychromatic 
erythrocytes. While the carcinogen was administered intraperitoneally, the inor­
ganic ion was given orally. Except for magnesiu m  and calcium ions, all the others 
were administered at the same time as the carcinogen. Magnesium and calcium 
ions were given an hour after the carcinogen. 

Calcium was given as calcium chloride, magnesium as Mg02•6H20, zinc 
as zinc chloride, manganese as MnCl2 · 4 H20 and iron as FeS04· 1H20. Dolo­
mite, a combination of calcium and magnesium, was also used. 

Calcium ions, magnesium ions, manganese ions, zinc ions and ferrous ions 
all reduced the formation of micronucleatcd polychromatic ery throcytes induced 
by dimethylnitrosamine and benzo(a)pyrene. All exhibited antimutagenic and 
an ticlastogenic effects. 

The best effect was given by a combination of calcium and magnesium. 

Introduction 

In the past few years, there has been escalated efforts to uncover substances 
and physi cal agents that exhibit genetic toxicity not only to germ cells but also to 

somatic cel ls. Greater efforts are encouraged to discover the tendency of some 

systems to reduce or abolish the genotoxic effects of chemical and physical agents. 

Antimutagenic effec ts of some organic systems have been studied in our 
laboratory. Antimutagenic effe cts against aflatoxin B I ,  aflatoxin G I ,  dimethyl­

nitrosamine ,  mitomycin C and metronidazole have been studied (1 ). Vitamin A, E, 
C ,  riboflavin and thiamine exhibited antimu tagenic e ffect s .  Vitamin C was also 

shown to exhibit antimutagenic effects against alkylating agents, intercalating 
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Table l. Fonnation of Micronucleated Polychromatic Erythrocytes in Bone Marrow Cells as 

Induced by Dimethylnitrosamine. 

Dose of dimethylnitrosamine 
mg/kg 

Control* 
DMN 20 

15  

1 0  

*Control was untreated 

**an average of 15 slides 

No. of micronuc/eated 
polychromatic erythrocytes 
per thousand* *  

0.33  ± 0.08 

10.89 ± 1 .23  

9. 1 1  ± 0.96 

5 . 33 ± 0.34 

Table 2. Formation of Micronucleated Polychromatic Erythrocy tes in Bone Marrow Cells as 
Induced by Benzol(a)pyrene. 

Dose of Benzo(a)pyrene 
mg/kK 

375 .00 

1 87.50 

93 .75 

Control* 
------------------

*Control was untreated 
**An average of 1 5  slides 

No. of micronucleated 
polychromatic erythrocytes 
per thousand •"' 

9.78 ± l . l 8 

9.44 t 1 .08 

6.45 ! 0.9 1  

0 .33  ! 0.08 

agents, amine d erivat ives ami sodium nitr i te ( 2 ). and also against t wo pesticides (3). 
Vitamin E was al so found to be antimu t agenic against chloro fo m1 (4) and against 

hexachlorophene (5). Niacin was antimutagenic against metroni dazole and be nzi­

dine (6). 

Among inorganic b iochemical systems. only cobalt chloride has been studied 

(7 ). I t  was shown to be antimu tag en ic against N -methyl-N-nit ro-N-nit rosoguani· 

dine. It  was also antimutagenic again st Trp-p-1 . a carcinogen found in charred por­

tions of broiled meat and !ish (8). I t  is therefore of  great interest if  other inorga n ic 

biochemical systems also exhibit antimutagenic effects. 

The i norganic systems reported in this study are those which contain cal cium 

ions, magnesium ions, zinc ions, manganese ions and ferrous ions. 
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Table 3. Effect of Calcium Chloride on Micronuclei Formation of Bone Marrow Cells. 

Dose of calcium chloride 
ong/kg 

500 

400 

250 

1 25 

Control* 

*Control was given triple-distilled water 

No. o[micronucleated 
polychromatic erythrocytes 
per thousand 

0.84 ± 0.07 

0.84 ± 0.06 

0.84 ± 0.05 

0.84 ± 0.07 

LOO ± 0.05 

Table 4 . Effect of Magnesium Chloride on Micronuclei Formation in Bone Marrow Cells. 

Dose of Magnesium chloride 
mg/kg 

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

450.0 

300.0 

225.0 

1 1 2 _5  

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

No. ofmicronucleated 
polychromatic erythrocytes 
per thousand 

0. 1 6 ± 0.05 

0.40 ± 0. 1 2  

0.5 0 ± 0. 1 6  

0.50 :! 0 . 1 5  

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

Control* 1 .00 ± 0.05 

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

•control was given tripk-distillcd wall:r. 

Materials and Methods 

Dimethylni trosamine was obtained from Aldrich Chemical Co . ,  Milwaukee, 
Wisconsin . Bcnzo(a)pyrene was a gift from Dr. H.  Matsushita,  Institute o f  Public 
Health , Tokyo, Japan . The inorganic sal ts were purchased from J.T.  Baker Che­
rn ical Company, N . J .  The mice that were used were of the Swiss Webster strain. 

Mutagenic and antimutagenic effects were assessed using the micronuc leus 
test of Schmid (9). Mice weighing 20- 2 5  grams were used. 

Mutagenic and clastogenic effects of dimethylnitrosamine and benz.o(a)pyrene, 
an d the inorganic systems were determined separately _  
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Formation o f  DM'N-metal ion complex. 

For antimutagenic effects, dimethylnitrosamine and benzo(a)pyrene were 
given intraperitoneally,  while the inorganic systems were administered orally at 

approximately the same time except for calcium and magnesium which were given 
an hour after the carcinogens. The carcinogens and the inorga nic systems were 
administered twice, 30 hours and 6 hours prior to the prepa ration of the bone 
m arrow.  

Bone marrow o f  the  femu r  was  flushed into a test tube using fetal c al f  serum. 
Air dried smears were made from the pellet .  1l1ese were stained and examined for 
m icronuclei fom1ation in polychroma tic erythrocytes. 
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Table 5. Effect of Manganese Chloride on Micronuclei Formation in Bone Marrow Cells. 

Dose of manganese chloride 
111!!./kg 

4 20 

3 20 

2 1 0  

105 

Control* 

*Control was given triple-distilled water 

No. of micronucleated 
polychromatic erythrocytes 
per thousand 

1 .67  ± 0.08 

1 .6 7  ± 0.09 

1 .67 ± 0.07 

1 . 67 ± 0.08 

Table 6.  E ffect of Ferrous Sulfate on Micronuclei Formation in Bone Marrow Cells. 

Dose of ferrous sulfate 
mg/kg 

No. of micronucleated 
polychromatic erythrocytes 
per thousand 

---- ------ ·----·�· ·· -----------

625 .00 

3 1 2.50 

220.0 

1 5 6. 25 

Control * 

*Control was given triple-distilled water. 

Results and Discussion 

1 .67  ± 0. 2 1  

1 . 34 :t 0.09 

1 . 33 ± 0.08 

1 . 3 3  ± 0.09 

1 .66 ± 0. 1 2  

Dimethylnitrosamine and benzo(a)pyrene induced the formation o f  micro­

nucleated polychromatic erythrocytes (Tables I and 2). This indicates that t hese 

carcinogens affected the DNA of the bone marrow cells. Mito tic bone marrow 

cells with chromatid breaks or chromatid exchanges suffer from d isturbance in the 

anaphase distribution of their chromatin. Chromosome pieces lag in the anaphase. 

Aft er telophase, a sizable portion of the displaced chromatin is not ind uded in t he 

nuclei of the daughter cells. Instead, they form single o r  multiple micronuclei in 
t he cytoplasm of these cells. Thus. both d imethylnitrosamine and benzo(a)pyrene 

are n ot only mutagenic but also clastogenic. 
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Table 7. Effect of Zinc Chloride on Micronuclei Formation In Bone Marrow Cells .  

Dose of Zinc Chloride 
mg/kg 

1 50.0 
1 00,0 

75.0 

3 7.5 

Control* 

*Control was given triple-distilled water 

No. ofmicronu cleated 
polychromatic erythrocytes 
per thousand 

0.84 ± 0.07 

0.95 ± 0.09 

0.95 ± 0.09 

0. 95 ± 0.09 

1 .66 ± 0. 1 2  

Table 8 .  Antimutagenic Effects of Calcium Ions Against Dimethylnitrosamine* 

Dose of calcium chloride 
mg/kg 

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

Dimethylnitrosamine alone 
Dimethylnitrosamine plus 

Calcium - 500 

Calcium - 250 

Calcium - 1 25 

*Dimethylnitrosamine - 1 5  mg/kg 

No. of micronu cleated 
polychromatit: erythrocytes 
per thousand 

9. 1 1 ± 0. 96 

2.22 ± 0.05 

2. 3 3  ± 0.07 

2.89 ± 0.08 

Table 9. Antimutagenic Effects of Calcium Ions Against Benzo(a) Pyrene. 

Dose of calcium chloride 
mg/kg 

Benzo(a)pyrene alone * 
Benzo(a)pyrene plus 

Calcium - 500 

Calcium - 250 

Calcium - 1 25 

*Benzo(a)pyrene - 1 87.5 mg/kg 

No. of micronucleated 
polychromatic erythrocytes 
per thousand 

9.44 ± 1 .08 

2.89 ± 0.08 

2.89 ± 0.08 

2.67 � 0.09 
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Table 1 0 .  Antimutagenic Effects of Magnesium Ions Against Dimethylnitrosamine. 

Dose of magnesium chloride 
mg/kg 

Dim ethylnitr osamine alone* 
Dimethylnitrosamine plus 

magnesium - 450.0 

ma gnesium - 2 25 ,0 

magnesium - 1 1 2.5 

*Dimethylnitrosamine - 15 mg/kg 

No. of micronuc/eated 
polychromatic erythrocytes 
per thousand 

9 . 1 1 ± 0.96 

1 .3 3  ± 0.09 

2.22 ± 0.05 

2.45 ± 0. 1 0  

Table 1 1 . Antimutagenic Effects o f  Magnesium I on s  Against Benzo(a)pyrene. 

Dose of magnesium chloride 
mg/kg 

Benzo(a)pyrene al on e* 
Benzo(a)pyrene plus 

magnesium - 450.0 

magnesium - 225 .0  

magnesium - 1 1  2.5 

*Benzo(a)pyrenc - 1 87.5 mg/kg 

No. of micronuc/cated 
polychromatic erythrocytes 
per thousand 

9.44 ± 1 .08 

1 . 2 2 ± 0. 1 1  

2. 1 1  �- 0 . 1 2  

2 .33  ± 0.09 

Table 1 2. Antimutagenic Effects of  Zinc Ions Against Dim eth y lnit r osamine_ 

Dose of Zinc chloride 
mg/kg 

Dim ethy lnitr osamine a lon e• 
Dim eth y lnitr osamin e plus 

Zinc chloride - 1 5 0.0 

Zinc ch loride - 75.0 

Zinc ch lorid e - 37.5 

*Dimethylnitrosamine - 1 5  mg/kg 

No. of micronudcated 
polychromatic erythrocytes 
per thousand 

9. 1 1  ± 0.96 

L3 3  ± 0. 1 1  

1 .44 ± 0. 1 2  

1 .67  i 0.09 
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Table 1 3. Antimutagenic Effects of Zinc Ions Against Benzo(a)pyrcne. 

Dose of Zinc chloride 
mg/kg 

No. of micronucleated 
polvd1roma tic ervtilrocytes 
per thottsaud 

------------------ --------- - - ---··----·----·--

Bcnzo(a)pyrcne alone* 
Bcnzo(a)pyrcne plus 

Zinc chloride - 1 5 0.0 

Zinc chloride - 7S .O  

Zinc chloride - 37 .5  

*Benzo(a)pyrene - 9 3 .75 mg/kg 

6.45 ± 0  . .  9 1  

1 .67  ! 0. 1 2  

1 .78 ! 0 . 1 3 
1 .78 ± O. I 2  

Table 1 4 .  Antimutagenic Effects o f  Manganese Ions Against Dimethylnitrosamine. 

-------------- ----------··----------· 

Dose of manganese chloride 
mg/kg 

Dimethylnitrosamine alone 
Dimethylnitrosamine plus  

Mn chloride - 4 20 

Mn chloride - 2 1 0  

M n  chloride - I OS 

No. of micromtdea ted 
polydlrolllatic <·rytllroc)·tes 
per thousand 

9. 1 1 :! 0.96 

1 .67 ' 0. 1 5  
1 . 78 !: 0. 1 8  

2 . 1 1 t 0. 1 5  
----------····--·- ·  ____ ,. ___ ______________________ _ 

* Dimethylnitrosallli.nc - 1 5  mg/k!! 

Table I S .  Antimutagenic Effects of Manganese Ions Apinst Benzo ( a )pyrcne. 

Dose o( mangane.�<' chloride 
mg/kg 

Bcnzo( a)pvrcne alone • 
Bcnzo(a)pyrene plus 

Mn chloride - 4 20 

Mn chloride - 2 1 0  

M n  chloride - I OS 

* Bcnzo(a)pyrcne - 9 3 . 75 mg/kg 

,Vo of micronucfeatcd 
polycltrollla tic !'r_l' r ilrocy res 
per tilou.wncl 

.. --------·----

6.45 ± 0. 9 1  

1 .7 8  ± 0 . 1 4  

1 .89 ! 0. 1 6  

2.00 ! 0. 1 8  
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Complex formation between a metal ion and BP-7, 8-diol. 
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Table 1 6 .  Antimutagenic Effects of Ferrous Ions Against Dimethylnitrosamine. 

Dose of ferrous chloride 
mg/kg 

Dimethylnitrosamine alone* 
Dimethylnitrosamine plus 

ferrous chloride - 6 25 .00 
ferrous chloride - 3 1 2 . 5 0  
ferrous chloride - 1 56.25 

*Dimethylnitrosamine - 15  mg/kl( 

No. of micronucleated 
polychromatic ery throcytes 
per thousand 

9. 1 1 :!:  0.96 

1 .78 ! 0. 1 2  

2.00 ± 0. 1 5  

2. 1 1  :t 0. 1 6  
___ _ _  , _ ____ _____ _ 

Table 1 7. Antimutagenic Effects of Ferrous Ions Against Bcnzo(a} pyrenc. 

Dose of ferrous chloride 
mg/kg 

Bcnzo(a)pyrcne alone* 
Benzo(a)pyrene plus 

ferrous chloride - 6 25 .00 
ferrous chloride - 3 1 2 .50 

ferrous chloride - 15 6.25 

No. of m icronucleated 
polych romatic ery throcytes 
per thou sand 

6.45 ! 0,91 

2. ! 1  ± 0 . 1 7 
2 . 3 3 ! 0. 12 
2.67 ± 0 . 2 1  

______ _____ , _____ _ -------

* Bcnzo(a)pyrene - 93.75 mg/kg 

The inorganic biochemical systems u sed were alsn studied as regards their 
effect o n  DNA o f  the bone marrow cells .  TI1e resul ts  are shown in Tabl es 3 to 7.  
None of the systems tested induced the fonna tion o f  m ic rnnuckatcd polych ro­

ma tic erythrocytes.  Tht>se systems d id not  a ffec t  rhe DNA oi the bone m a rrow 
cells. 

Calcium ions caused the reduc t ion o f m icronucleatt>d polychromat ic erythro­
cytes  induced by d imethvlni t rosamine and benzo(a)pyrene ( Tables X and 9). The 

same observation was made of magnesium ions (Tables I 0 and 1 I ), of ziHc ions 

(Tables 1 2  and 1 3 ) ,  of manganese ions (Tables 1 4  and 1 5 ) . and of ferrous ions 
(Tables 16 and 1 7) .  A combination of calcium and magnesiu m gave the best reduc­

t ion in the forma tion of micronucleated polych romatic erythrocytes (Tables 1 8  
and 1 9). 

It is very clear that the five metal ions counteract the m ll tagenic an d dasto­

genic effects of dimethylnitrosamine and benzo(a)pyrene. Each of the metal ions 
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I H-C-H 
I 
s 
I H 

H - C- H I 

Demcthylation reaction 

s 
I CH3 

+ 

+ 

N1 .NHz � 0 - - - - - H( G �-� 
N - / >=- / � J 'b- - - --Hz N I 

through their vacant hybrid o rb ital s  can interact with dimethylni trosamine result ­

ing i n  the inhibi t ion o f  i t s  metabolic activation t o  a mutagen . 

Dimethylnitrosamine can readily hin d  with me tal  ions th rough the lone pairs 

of  oxygen.  Both C<l lcium and magnesium ions can fom1 hexacoord ina ted com­

pounds. The t ransit ion metal ions, fe rrous ions. zinc ions and manganese ions can 
form 4- and 6- coordinate complexes . Of the tetracoordinated compounds, the 

tet rahedral configu ration is  more favo red fo r steric reasons. 

Benzo(a)pyrene after metabolism fo rms diols ( l 0 )  which can form metal 

compl exes through the lone pairs of oxygen . 

It is possible that metal ions can deplete the concent ration of cy tochrome 

P450 in t he cells. The enzymes in this system are responsible for the mu tagenic 

activation of dimethylnitrosamine and benzo(a)pyrene ( I I ). 
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Table 18. Antimutagenic Effect s of Dolomite* Again st Dimethylnitrosanline.** 

Dose of Dolomite 
tablet/kg 

Dimethylnitrosamine alone 

Dimethylnitrosamine plus 

Dolomite - 2 tablet s  

Dolomite - 1 tablet 

Dolomite - Yl tablet 

No. of micronucleated 
polychromatic erythrocytes 
per thousand 

9 . 1 1 ± 0.96 

0.5 6 :!: 0.08 

0.67 ± 0.08 

0.78 ± 0.08 

*Dolomite - 1 tablet contains 390 mg calcium and 1 80 mg magnesium 

* *Dimethylnitrosamine - 1 5  mg/kg 

Table 19. Antimutagenic Effects of Dolomite Against Benzo(a)pyrene. * * 

Dose of Dolomite 
tablet/kg 

Benzo(a)pyrene alone 

Benzo(a)pyrcne plus 

Dolomite - 2 tablet s 

Dolomite - 1 tablet 

Dolomite - 1/l tablet 

No. ofmicronucleated 
polyclzromatic erythrocytes 
per thousand 

6.45 ± 0.9 1  

0.89 ± 0.05 

1 . 1 1 ± 0.08 

1 . 1 1  ± 0.08 

*Dolomite - I tablet contain s 390 mg calcium and 1 80 mg magnesium 

... Benzo(a)pyrene - 9 3. 7 5 mg/kg 

co++ has been shown to increase the rate of heme oxidation which led to 
reduction in the activity of cytochrome P-450 ( 1 2) .  This effect was also observed 
with Fe+ + ,  zn++. Mn+ + ,  and other metal ions ( 1 3  ) . 

Thus, the antimutagenic effect of the metal ions in this study could be a 
consequence of reduced activity of cytrochrome P-450. Divalent metal ions have 
been shown not only to reduce the activity of cytochrome P-450 bu t also to en­
hance the activity of  glutathione epoxide transferase (14). This enzyme opens u p  

epoxides and there fore reduces their alkylating ability . Extent o f  alkylation o f  
DNA b y  b enzo(a)pyrene epoxides can thus be reduced i n  the presence o f  metal 

ions. 
Another possibility is the activation of the adaptive response repair system by 

the metal ions. Tllis repair system has been shown to remove methyl groups from 

06 guanine ( 1 5). Methylated 06 guanine is formed in the presence of dimethylnitro· 

samine. Therefore, if DNA is alkylated by d im ethylnitrosamine,  the adaptive 
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response repair mechanism can transform the altered base to its original form . This 

is illustrated o n  page 1 2 3 .  

Conclusion 

Dimethylnit rosamine and benzo(a)pyrene are mutacarcinogens since they 

induce the formation of micronucleated polychromatic erythrocytes in bone 
marrow cells. 

Their mutagenicity. however,  was reduced when c alcium ions. magnesium 

ions, ferrous ions, zinc ions, and manganese ions. Calcium and magnesium ions were 

administered an hour after the mutagen while the other ions were given at the same 

time as the mutagen.  

A comb ination of calcium and magnesium gave the best anti-mutagenic 

effec ts. 
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