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Abstract:
Genotoxicity of methoprim was evaluated in white mice using
cytogenetics and molecular biology markers. Micronuclei in
polychromatic erythrocytes (PCEs), chromosome aberrations (CAs)
in bone-marrow, and types of damage in DNA with Comet assay were
scored after
treatment of mice with 0.96, 1.92, 3.07 and
15.35mg/kg.bw. for five successive days. The results showed
significant increase in numbers of micronuclei, types of chromosome
aberration in bone- marrow cells in treated groups compared with
control groups. In addition, significant differences in levels of damage
in DNA of both liver and bone-marrow cells in treated groups
compared with control groups. The study reveals that high doses of
methoprim induce features of genotoxicity in whit mice.
The researchers recommend that extreme supervision must be
applied upon uncontrolled using of methoprim and the high doses
must not be used except when highly needed.

 جبيؼخ ركشَذ-  كهُخ انؼهىو/ د ػبدل فىصٌ شهبة.و.أ
 جبيؼخ ركشَذ-  كهُخ انؼهىو/  وجذٌ صجُح صبدق.د
 جبيؼخ ركشَذ- كهُخ انزشثُخ سبيشاء/ و حُبٌ ونُذ يحًذ صبنح.و

:انًسزخهص
رى رقذَش انسًُخ انىساثُخ نهؼقبس يُثىثشَى فٍ انفئشاٌ انجُط ثبسزخذاو يؤششاد انىساثخ
 وقذ رى رسجُم انُىي انصغُشح فٍ كشَبد انذو انحًش غُش.ٍانخهىَخ وانجُىنىجٍ انجضَئ
 وكزنك انشزور انكشويىسىيٍ فٍ خالَب َقٍ انؼظى فعال ػٍ أَىاع,انُبظجخ فٍ َقٍ انؼظى
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انزهف فٍ انًبدح انىساثُخ (انذَب) ثبسزخذاو رقُُخ رقذَش انهبنخ ثؼذ يؼبيهخ انفئشاٌ انجُط
 يهغى\كغى وصٌ جسى0.96
ثجشػبد يخزهفخ يٍ انؼقبس يُثىثشَى يسبوَخ نهجشػخ انؼالجُخ
 إظبفخ إنً جشػخ رسبوٌ ػشش قًُخ,يهغى\كغى وصٌ جسى1.92 وظؼف انجشػخ انؼالجُخ
 يهغى\كغى وصٌ جسى وأخشي رسبوٌ َصف قًُخ انجشػخ3.07 انجشػخ انًًُزخ انُصفُخ
 أظهشد َزبئج انذساسخ وجىد. يهغى\كغى وصٌ جسى حست انزشرُت15.35 انًًُزخ انُصفُخ
ٍاسرفبع يؼُىٌ فٍ أػذاد انُىي انصغُشح وأَىاع انشزور انكشويىسىيٍ فٍ خالَب َقٍ انؼظى ف
 فعال ػٍ وجىد فشوق يؼُىَخ فٍ يسزىَبد.انًجبيُغ انًؼبيهخ يقبسَخ يغ يجًىػبد انسُطشح
انزهف فٍ انذَب نكم يٍ خالَب انكجذ وخالَب َقٍ انؼظى نهًجبيُغ انًؼبيهخ يقبسَخ يغ يجبيُغ
 ركشف انذساسخ ػٍ أٌ انجشػبد انؼبنُخ يٍ انؼقبس يُثىثشَى رؤدٌ انً حث يظبهش.انسُطشح
.انسًُخ انىساثُخ فٍ انفئشاٌ انجُط
وَىصٍ انجبحثىٌ ثفشض سقبثخ يشذدح ػهً االسزخذاو غُش انًُظى نهؼقبس وػذو اسزخذاو
.انجشػبد انؼبنُخ إال ػُذ انعشوساد انقصىي

Introduction
Trimethoprim belongs to a family of synthetic 2,4
diaminopyrimidines, whichhave a potent microbial activity against
wide variety of bacterial species (1). Trimethoprim is a folic acid
antagonist by inhibition of dihydrofolate reductase which catalyses
the conversion of dihyrofolate to tetrahydrofolic acid. So
trimethoprim affects the biosynthesis of DNA (2,3). Trimethoprim
has been used clinically in the treatment of bacterial infections,
particularly the common urinary tract infection (4). Deficiency of
folic acid may have important role in carcinogenesis (5). The
mechanism of promoting carcinogenesis may be through genetic
damage associated with folic acid deficiency (6).
Results obtained from reports about genotoxicity of trimethoprim
are controversial. Positive and negative effects were reported in the
same test system with both bacterial and mammalian cells (7,8). The
aim of this work is to provide additional information about the effects
of trimethoprim in mammalian cells trough in vivo study.

Material and Methods
Animals:
White Swiss mice were used in all experiments. The animals were
obtained from a closed random bred colony in the State company for
Drugs Industry and medical appliances, Samarra- Iraq ( SDI),
27
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maintained under controlled conditions of temperature and humidity
and received food and water ad labium.
Test chemical:
Trimethoprim is 5 - [(3,4,5-trimeth-oxyphenyl)methyl] – 2 , 4 pyrimidinediamine molecular weight 290.32) was obtained from
(SDI).
Formula: Structural

(Baccnari, 1995)

Treatments:
For bone –marrow the experimental design is based on the study of
the effect of trimethoprim by oral gavages for one week, 6 groups of
five mice with different dose levels 15.35, 3.70 mg/kg b.wt. which
stand for half value of LD50 and 1/10 LD50 respectively and 0.96 and
1.92 mg/kg b.wt which represent curing and double curing dose
respectively. Cyclophosphamide was used as positive control while
another group without any treatment used it as negative control.
Mice were sacrificed at 22h after treatments.

Micronucleus Test:
Bone-marrow preparations were made and stained according to the
method described in schmid (9). The presence of micronucleated
polychromatic erythrocytes was visually scored (at least 1000 per
mouse)by optical microscopy using a Leica bright field microscope.
Cells were considered to be micronucleated when they contained
neatly defined chromatin corpuscles with diameter of less than one28
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third the diameter of the cell nucleus and stained equal or denser
than the nucleus of the cell from which the micronucleated cell had
developed (9). The experimental and control micronucleus frequency
for each specimen within and between different mice groups were
compared using the paired two-tailed t-test. Chromosome aberration
Chromosomes from bone- marrow cells were prepared following the
method of Yoshida and Amano (10) 100 well spread metaphases were
analyzed per each animal for scoring different types of aberration.

Comet Assay:
For single cell gel electrophoresis (comet assay) was used the method
described by Singh (11) with some modifications. Samples of liver
and bone marrow were minced with mincing solution prepared from
HBSS and EDTA. 10µL of cell suspension was mixed with 0.5% of
low melting point agarose (LMP) (sigma) and spread on fully frosted
microscope slides pre coated with 0.6% normal melting point agarose
(NMP). The slides were immersed in a jar containing cold lysing
solution (2.5 NaCl, 100mM EDTA, 10 mM Tris, 1% triton X-100 and
10% DMSO were added fresh) at 4ºC over night. The cells were
exposed to alkali solution (300 mM NaOH and 1 mM Na2EDTA) for
20 minutes to allow DNA unwind and express the alkal-labile sites.
The electrophoresis was applied in an alkaline buffer (300 mM NaOH
and 1 mM Na2EDTA) for 20 minutes, using electric current of 25 V
and 300 mA. After the electrophoresis, the slides were neutralized
with 0.4 M Tris buffer (pH 7.5), stained with 200 µL ethidium
bromide (2µL/mL), and analyzed using Leitz Orthoplan fluorescence
microscope equipped with a 515-560 nm excitation filter. The images
of 100 randomly selected cells were analyzed from each sample. Each
nucleoid was assigned to one of the specific damage categories(0-4)
based on the tail size relative to the head general appearance,
modified from Avishai et al (12), and previously reported (UrbinaCano et al (14) as follows: 0 = nucleoids without tail or undamaged, 1
= tail length equal to or shorter than nucleus head diameter, 2 = tail
length 1.1 to 3.5 times more than the head diameter, 3 = tail length
more than 3.5 times the head diameter; and 4 = absence of head (all
DNA migrates to the tail).
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Statistical Analysis:
The significance of the experiment from control data was calculated
using two-tailed t-test. Significant values P≤ 0.05 and highly
significant P≤ 0.01.

Results:
Micronucleus Test
Table 1 shows the number of micronuclei in polychromatic
erythrocytes (MNPCEs) in mice bone- marrow 22hr after successive
oral administration of methoprim 5 days. The doses used were 0.96,
1.92, 3.07 and 15.35 mg/kg.bw. and the control groups.
Table 1. Number of micronuclei in polychromatic erythrocytes
(MNPCEs) in mice bone- marrow 22hr after successive oral
administration of methoprim 5 days.
T\D
No. of
No. of
MNPCEs
mg/kg.bw. animals examined cells
Mean ± S.E.
D.W.
5
1000
2.8 ± 1.31
CP 20
5
1000
34.20± 3.87**
Trimethoprim
0.96
5
1000
4.00 ± 1.70
1.92
5
1000
5.20 ± 0.86*
3.07
5
1000
14.00 ± 1.41**
15.35
5
1000
21.60 ± 1.80**
* Significant at p≥ 0.05. ** Significant at p≥ 0.01 (t-test)
Table 2 :shows percentage of polychromatic erythrocytes (PCEs) in
mice bone- marrow 22hr after successive oral administration
of methoprim 5 days. The doses used were 0.96, 1.92, 3.07
and 15.35 mg/kg.bw. and the control groups.

Table 2. Percentage of polychromatic erythrocytes (PCEs) in mice
bone- marrow 22hr after successive oral administration of
methoprim 5 days.
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T\D mg/kg.bw.
D.W.
CP 20
Trimethoprim
0.96
1.92
3.07
15.35

No. of
animals
5
5

No. of
examined cells
1000
1000

5
5
5
5

1000
1000
1000
1000

PCEs
N0
%
764
76.4
2125 21.25
942
1022
1510
`1771

9.42
10.22
15.10
17.71

Bone-Marrow Chromosomes:
Table 3 and 4 show chromosomal aberrations in mice bone- marrow
cells 22hr after successive oral administration of methoprim 5 days.
The doses used were 0.96, 1.92, 3.07 and 15.35 mg/kg.bw. and the
control groups.

Table 3. Total chromosome aberrations in mice bone-marrow cells
after successive oral administration of methoprim 5 days with 0.96,
1.92, 3.07 and 15.35 mg/kg.bw.
T\D mg/kg.bw.

No. of
animals

No. of
examined cells

Total Chromosome
aberrations
Mean ± S.E.
3.20± 1.11
32.20± 4.92**

D.W.
5
1000
CP 20
5
1000
methoprim
0.96
5
1000
6.60 ± 186*
1.92
5
1000
14.00 ± 1.33**
3.07
5
1000
18.80 ± 3.61**
15.35
5
1000
23.60 ± 3.63**
* Significant at p≥ 0.05. ** Significant at p≥ 0.01 (t-test)
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T able 4. Types of chromosome aberrations in mice bone-marrow cells after successive oral administration
of methoprim 5 days with 0.96, 1.92, 3.07 and 15.35 mg/kg.bw.

T/D
gap
mg/kg.bw No %
D.w.
CP 20
11 2.2
methoprim
0.96
4 0.8
1.92
3.07
15.35

8
1
6

1.8
0.2
1.2

break
frag
del
No
% No % No
2
0.4 5
1
3
40
8
26 5.2 25

del+ frag trans
aneuploid euoploid
% No % No % No %
No
%
0.6
3
0.6 1 0.2 1
0.2
1
0.2
5
24 4.8 10
2
8
1.8
42
8.4

17

3.4

13

2.6

11

2.2

14

2.8

3

0.6

2

0.4

18

3.2

12
2
9

2.4
0.4
1.8

20
6
17

4
1.2
3.4

19
5
16

3.8
1
3.2

21
5
18

4.2
1
2.6

8
1
6

1.8
0.2
1.2

6
1
3

1.2
0.2
0.6

25
11
20

5
2.2
4
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Table 5 and 6 show the number of cells with damaged DNA in liver
and bone- marrow of mice 22hr after successive oral administration
of methoprim 5 days. The doses used were 1.92 and 15.35 mg/kg.bw.
and the control groups.
Table 5. Cells with damaged DNA in the liver of mice after oral
administration of different doses of methoprim for five successive
days
T\D mg/kg.bw.

No. of
animals

No. of
examined
cells

D.w.
CP

5
5
Methoprim
1.92
500
15.35
500
** Significant at p≥0.01 (t-test).

Cells with
damage

500
500

M ± S.E.
5.60 ± 0.40
3.20** 40.0 ±

500
500

20.0 ± 0.55**
37.40 ± 0.77**

Table 6. Cells with damaged DNA in bone-marrow of mice after oral
administration of different doses of methoprim for five successive
days
T\D mg/kg.bw.
No. of
No. of
Cells with damage
animals
examined
cells
M ± S.E.
D.w.
5
500
4.20 ± 0.38
CP
5
500
0.97** 36.80 ±
Methoprim
1.92
500
500
17.80 ± 0.86**
15.35
500
500
24.60 ± 0.87**
Significant at p≥0.01 (t-test)
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Table 7 and 8 show Percentage of cells with damaged DNA in the
liver and bone marrow of mice after oral administration of different
doses of methoprim for five successive days.
Table 7. Percentage of cells with damaged DNA in the liver of mice
after oral administration of different doses of methoprim for five
successive days
T\D mg/kg.bw.

D.w.
CP
1.92
15.35

No. of
animals

No. of
examined cells

5
5
Methoprim
500
500

Cells with
damage

500
500

No.
26
191

%
5.6
38.2

500
500

100
133

20
26.6

Table 8 Percentage of cells with damaged DNA in the liver of mice
after oral administration of different doses of methoprim for five
successive days
T\D mg/kg.bw.

D.w.
CP
1.92
15.35

No. of
animals

No. of
examined cells

5
5
Methoprim
500
500

34

Cells with
damage

500
500

No.
21
179

%
4.2
35.8

500
500

89
123

17.8
24.6
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Discussion:
The antimicrobial drug, methoprim, is an antifolic agent and it has
been reported to affect DNA synthesis (2,3). This drug is a potent
inhibitor of the enzyme, dihydrofolate reductase, which is responsible
for the reduction of the enzyme, dihydrofolate to tetrahydrofolate
that promotes biosynthesis of DNA (16). Thus, DNA synthesis
inhibition has been suggested to be an indirect mechanism of genetic
damage (17,18). The probable mechanism of cytogenetic damage
induced by this antifolic agent might be attributed to
misincorporation of uracil into DNA and has postulated that, during
repair, niks are formed that could lead to chromosome breaks (19).
Further, folate deficiency also leads to hypomethalation of DNA. This
hypomethaltion may increase the susceptibility of DNA to nuclease
attack and provide another mechanism for the production of DNA
strand breaks (5). Folate deficiency is known to induce chromosomal
aberrations (CA) and frafile sit expression, and can cause dramatic
increases in the frequency of micronucleated erythrocytes in Crohn´s
disease patients (20). On the other hand, it has been reported that the
use of low folic acid culture medium increases the frequency of MN
and CA in human lymphocytes cultures (18). Furthermore,
methoprim was positive for induction of CA and sister-chromatid
exchanges (SCE) frequencies in Chinese hamster ovary (CHO) cells
treated at doses that caused cell cycle delay with and without
metabolic activation (20,21). In addition, a significant increase in the
MN and SCE frequencies has been reported in human lymphocytes
treated with different concentrations of trimethoprim (8). This
would support that this antibacterial drug inducing primary DNA
damage. Thus, the genotoxicity of methoprim is confirmed by the
results obtained in the comet assay test in our current study. Due to
its sensitivity for measuring DNA damage at the individual cell level
and its potential application to virtually all eukaryotic cell types, the
Comet assay has been adopted as a very useful short term test in
genotoxicity studies (23). In conclusion, we suggest that our results
indicate that methoprim appears to have a significant clastogenic
activity, which is in agreement with the data obtained in the in vivo
micronucleus test, metaphase chromosome test and Comet assay test.
This study suggests the usefulness of concurrent assessment of
cytogenetic damage and DNA alterations.
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(1) The mammalian in vivo micronucleus test is used for the detection
of damage induced by the test substance to the chromosomes or
the mitotic apparatus of erythroblasts by analysis of erythrocytes
as sampled in bone marrow and/or peripheral blood cells of
animals, usually rodents.
(2) The purpose of the micronucleus test is to identify substances that
cause cytogenetic damage which results in the formation of
micronuclei containing lagging chromosome fragments or whole
chromosomes.
(3) When a bone marrow erythroblast develops into a polychromatic
erythrocyte, the main nucleus is extruded; any micronucleus that
has been formed may remain behind in the otherwise nucleated
cytoplasm. visualization of micronuclei is facilitated in these cells
because they lack a main nucleus. An increase in the frequency of
micronucleated polychromatic erythrocytes in treated animals is
an indication of induced chromosome damage (15).
Hence, it is therefore advisable to be careful of the potential
hazards of this antibacterial drug as they may become capable of
attacking the genetic material.

References:
1-

23-

4-

5-

Lampert,
H.P. and
O Grady, F.W. (1992). In:
Diaminopyrimidines. Antibiotic and Chemotherapy. Churchill
Livingstone, Edinburgh, pp. 148-153.
Mclean, D.A. and Faed, M.J.F. (1990). Improved Fragile Site
Detection with Trimethoprim. Human Genetics 85, 241-243.
Baccanari, D.P. (1995). Trimethoprim-Sulfamethoxazole. In:
Munson, P.L. Mueller, R.A. Breese, G.R.(Eds.) Principles of
Pharmacology: Basic Concepts and Clinical Applications.
Chapman & Hall. New York. PP. 1301-1317.
Brogden, R.N.; Carmine, A.A.; Heel, R.C.; Speight, T.M. and
Avery, G.S. (1989). Trimethoprim: A Review of its Antibacterial
Activity, Pharmacokinetics and Therapeutic Use in Urinary Tract
Infections Drugs 23. 405-430.
Mason, J.B. and Levesque, T. (1996). Folate: Effects on
Carcinogensis and the Potential for Cancer Chemoprevetion.
Oncology 10, 1727-1743.
36

20
عشر
12
العدد التاسع

جملة كلية املأمون اجلامعة

6- Branda, R.F.; Hacker, M.; Lafayette, A. and Nigels, E. (1998).
Nutritional Folate Deficiency Augments the in Vivo Mutagenic and
Lymphocytotoxic Activities of Alkylating Agents. Environmental
and Molecular Mutagenesis 32, 33-38.
7- Rasool, S.A. Khan, M.A. Alvi, A.Z. and Umer, M.N. (1987).
Genetic Activity of Trimethoprim in the Salmonella/Microsomal
Screening System. Mutation Research 188, 197-200.
8- Abou-Eisha, A.; Creus, A. and Marcos, R. (1999). Genotoxic
Evaluation of the Antimicrobial. Trimethoprim, in Cultured
Human Lymphocytes. Mutation Research 440, 157-162.
9- Schmid, W. (1975). The Micronucleus Test. Mutat. Res. 31, 9-15.
10- Yoshida, T.H. and Amano, K. (1965). Autosomal Polymorphism
in Laboratory Bred and wild Norway rats, Rattus norvegicus.
Misima Chromosoma,16: 658-667.
11- Singh, N.P.; McCoy, M.T. ; Tice, R.R. and Schneider, E.L. (1988).
A Simple Technique for Quantification of Low Levels of DNA
Damage in Individual Cells. Experimental Cell Research 175, 184191.
12- Avisha I, N. Rabinowitz, C. Rinkevick, B. (2003) Use of the Comet
Assay for Studying Environmental Genotoxicity. Environ Molec
Mutagen 42, 155-165.
13- Environmental Protection Agency (EPA-712-C-98-226) (1998).
Mammalian Erythrocytes micronucleus test. Prevention Pesticides
and Toxic Substances (7101).
14- Urbina-Cano, P. Bobadilla-Morales, L. Ramirez-Herrera, MA.
Corona-Rivera, JR. Mendoza-Magana, ML. Troyo_Snroman, R.
and Corona-Revera, A. (2006). DNA Damage in Mouse
Lymphocytes Exposed to Curcumin and Copper. J ApplGenet 47,
377-382.
15- Steinberg , S.E.; Campbell, C.L.; Rabinovitch, P.S. and Hillman,
R.S. (1980). The Effect of Trimethoprim/Sulfamethoxazole on
Friend Erythroleukemia Cells. Blood 55, 501-504.
16- Galloway , S.M.; Miller, J.E.; Armstrong, M.J.; Bean, C.L.;
Skopek, T.R. and Nichols, W.W. (1998). DNA Synthesis Inhibition
as an Indirect Mechanism of Chromosome Aberrations:
Comparison of DNA-Reactive and Non-DNA-Reactive Clastogens.
Mutation Research 400, 169-186.
17- Blount, B.C.; Mack, M.M.; Wehr, C.M.; MacGregor, J.T.; Halt,
R.A.; Wang, G.; Wickramasinghe, S.N.; Everson, R.B. and Ames,
37

20
عشر
12
العدد التاسع

جملة كلية املأمون اجلامعة

B.N. (1997). Folate deficiency causes uracil misincorporation into
human DNA and chromosome breakage: for cancer neuronal
damage. Proceedings of the National Academy of science of the
United States of America 94, 3290-3295.
18- Abou-Eisha, A. and Afifi, M. (2004). Genotoxic Evaluation of the
Antimalarial Drug, Fansidar, in Cultured Humane Lymphocytes.
Cell Biology and Toxicology 20, 303-311.
19- Chen, A.T.L.; Reidy, J.A.; Annest, J.L.; Welty, K.T. and Zhou,
H. (1989). increased chromosome fragility as a consequence of
blood folate levels, smoking status, and coffee consumption.
Environmental and molecular mutagenesis 1, 319-324.
20- Galloway, S.M.; Bloom, A.D.; Resnick, M.; Margolin, B.H.;
Nakamura, F.; Archer, P. and Zeiger, E. (1985). Development of a
Standard Protocol for in Vitro Cytogenetic Testing with Chinese
Hamster Ovary Cells: Comparison of Results of 22 Compound in
two Laboratories. E
21- Rosenkranz, H.S.; Knnever, F.K.; Dimayuga, M. and Klopman,
G. (1990). Significant Differences in the Structural Basis of the
Induction of Sister-Chromatid Exchanges and Chromosomal
Aberrations in Chinese Hamster Ovary Cells. Environmental and
Molecular Mutagenesis 16, 149-199.
22- Abou-Eisha, A.; Creus, A. and Marcos, R. (1999). Genotoxic
Evaluation of the Antimicrobial, Trimethoprim, in Cultured
Human Lymphocytes. Mutation Research 440, 157-162.
23- Tice, R.R. (1995). The Single-Cell gel/Comet Assay. In: Phillis,
D.H. Venitt, S. (Eds.) A Microgel Electrophoretic Technique for
the Detection of DNA Damage and Repair in Individual Cells.
Environmental Mutagenesis. Bios Scientific Publishers, Oxford, pp.
315-339.

38

