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Comparative effects of some local food condiments on sodium
arsenite-induced clastogenicity
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Summary montrent que ces extraits acqueux avaient d’activité
The modulatory effects of the aqueous extracts of some clastogénique trés legére sur les rats dans I’ordre Iaile >
locally consumed food condiments namely garlic (Allium djinger> percil> célerie.Les extraits du djinger et du percil
sativum), ginger (Zingiber officinale), sconio (Pimpinella semblent avoir le meme degré de clastogénecité, le
anisumm LINNE) and cloves (Syzygium aromaticum) on traitement orale de ces rats pour 7 joursavec ces extraits
the clastogenic effects of sodium arsenite, a known avant ’administration d’une dose orale d’arsénite de
inorganic clastogen were assessed in mouse bone marrow sodium, résultait a une réduction remarquable de la
cells using the micronucleus assay method. Results of magnitude de formation des micronucléiques chez les
preliminary investigation of the clastogenicity of the erythrocytes plychromeées dans les moélles osseuses. Le
condiments show that aqueous extracts of these condiments degré de réduction des effects clastogéniques de I’arsénite
have very mild clastogenic activity in mice in the order ¢tait dans I’ordre Djinger > aile > célerie > persil. Le
garlic > ginger and sconio > cloves and that extracts of réduction d’arsénite indusiat la clastogénecité par les
ginger and sconio seem to have the same degree of extraits acqueux des condiments,ainsi suggerant que les
clastogenicity. Pre-treatment of mice for seven days with condiments peuvent etre utilisés dans la prevention de la
extracts of the condiments orally before exposure to the toxicité induite par I’arsénite en lieux ou ’arsénite estun
oral dose (2.5 mg/kg body wt.) of sodium arsenite resulted contaminant environemental.
in a remarkable reduction of the magnitude of formation
of micronuclei in polychromatic erythrocytes of the bone Introduction
marrow. The dégree of reduction of the clastogenic effect Arsenic, a well known human carcinogen, is widely
of arsenite was of the order ginger > garlic > cloves > distributed in the environment as a toxicant in coal, soil,
sconio. This reduction of arsenite induced clastogenicity drinking water and air [1,2). The metal is therefore a great
by aqueous extracts of the condiments may be due in part threat to public health due to exposure via inhalation in
to the antioxidant properties of their chemical constituents, industrial areas and ingestion from food, agricultural
thus suggesting that the condiments may be useful in the products and portable water[3]. For instance,
prevention of arsenite-induced toxicity in areas where epidemiological evidence has associated intake of arsenic
arsenic is an environmental contaminant. contaminated water in areas such as Inner Mongolia, China,
[4,5] Taiwan [6], Bangladesh and West Bengal, India [7]
Keywords: Sodium arsenite, ginger, cloves; sconio; with cardiovascular diseases such as hypertension [8]and
garlic; clastogenicity arteriosclerosis [9], diabetes mellitus [10] and cancer of
the skin, lung, bladder and kidney [11-13].
Résumé This lethal environmental contaminant which is a
Les effects modulatoires des extraits acqueux de certains widely distributed member of the arsenicals has been used
condiments en consommation locale: 'aile (4/lum extensively as a component of animal feeds, pesticides,

Sativum), Djinger (Zingiber Officinale), Percil(Pimpinella herbicides and as a representative for stud-y [14]. Althougp,
anisum line) et Célerie (syzguim oromadicum) sur les arsenic compounds are detoxified in the bo-dy via
effects collastogéniques de 1 arsénie de sodium , un methylation [15] and are excu.:tcd .mostly as arsenite szlllts
through feaces and as arsenate in urine, the rate of excretion
is generally slow and most of the arsenites remain
unmethylated. In this regard, 20-25% of inorganic arsenite
usually remains unmethylated [16]. Toxicity is therefore
believed to result from the unmethylated and tissue bound
arsenicals. For instance, the highest level of arsenite was
Comespondence: Dr. O.A. Odunola, Cancer Rescarch and Molccular reported in the liver and kidney of cancer patients twenty hours
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clastogén Inorganique connu étaient evalués sur les cellules
de la moclle osseuse des rats en utilisant ’analayse des
micronuc]éiques. Les résultats des investigations
préliminares sur la clastegenicité de ces condiments



76 0OA Odunola

In addition to various epidemiological research
activities going on in the arsenic endemic areas of the world,
safe drinking water and consumption of foods rich in
substances that can protect against arsenic toxicity may
play a pivotal role in solving the health problems resulting
from arsenite intoxication. Incontrovertible pieces of
evidence have shown that consumption of certain foods
and adherence to certain dietary customs could protect
against diverse human ailments including cancer [18]. In
this regard, the consumption of garlic (Allium sativum),
ginger (Zingiber officinale), sconio (Pimpinella anisumm
LINNE) and cloves (Syzygium aromaticum) have been
linked to diverse antitoxic properties in areas where they
are widely ingested [19-22]. Moreover, aqueous extracts
of garlic bulbs have been shown to significantly reduce
the clastogenic effects of sodium arsenite [23] and to have
antimutagenic activity against ionizing radiation, peroxides,
adriamycin and N-methyl-N'-nitrosoguanidine in
Salmonella tester strain [24].

The present study was therefore, designed to
investigate the possible protective effects of aqueous
extracts of ginger, sconio and cloves on sodium arsenite-
induced clastogenicity in mice.

Materials and methods

Experimental animals

Male albino mice (Mus musculus) litter mates of about 10
— 12 weeks old having an average weight of approximately
22 g were obtained from the Central Animal House,
College of Medicine, University of Ibadan, Nigeria. The
animals were kept five [5] per cage and were fed pellets
(from Ladokun Livestock Feeds Limited, Ibadan, Nigeria)
and water ad libitum. The mice were allowed to acclimatize
for five (5] days before commencement of the experiment.
Room temperature was 29 + 2 °C with 12 hrs light/dark
cycle.

Clastogen

Sodium arsenite (NaAs0,; Loba, Chemie, Co. Bombay,
India; mol. wt. 129. 92; As 57.6%) was dissolved in glass-
distilled water. The concentration used was 2.5 mg/kg body
weight of mice and this corresponds to 1/10™ of the oral
LD,, of the salt in mice [25].

Extracts of food condiments

Garlic bulbs (Alliwm sativum L; single clove variety); ginger
(Zingiber officinale; the yellow variety); sconio
(Pimpinella anisumm L.) and cloves (Syzygium
aromaticum) were purchased from Bodija Market at
Ibadan, Oyo State, Nigeria. Garlic extract (Ga) was
prepared from freshly sliced cloves grounded into paste
which was made up to 2.2% w/v stock suspension. About
0.1ml of this suspension was administered to the mice orally

to give a dosage of 100 mg/kg body wt. of mice. This
corresponds to a daily human intake of 6.0 g garlic by a 60
kg individual. The dose was also equivalent to the highest
concentration of garlic extract that had been used
beneficially against certain disease conditions [26]. Ginger
extract (Gi) was prepared from freshly peeled and sliced
rhizome grounded into paste. The preparation and
administration are as described for garlic extract. In
preparing extracts of sconio (Sc) and cloves (Cl), these
food condiments or additives were separately ground into
dry powder. Stock suspension 2.2% (w/v) of each of the
extracts were also prepared and 0.1 ml each of the
suspension was administered to experimental animals
accordingly.

Experimental protocol

Throughout the duration of the experiment, the mice were
given pellet and water ad libitum. The mice were divided
into ten different groups of five mice each. The mice in
group I were given distilled water for seven consecutive
days. Those in group II were given distilled water for seven
days and on the seventh day, they also were given NaAs0,
(2.5 mg/kg bdwt). The mice in groups III, IV; V and VI
were separately fed with aqueous extracts of Ga, Gi, Sc
and Cl, respectively, for seven days. The animals in the
remaining four [4] groups VII; VIII; IX and X were
separately fed with aqueous extract of Ga, Gi; Sc and Cl,
respectively, for seven days and on the seventh day they
were fed 2.5 mg NaAs0, / kg body wt.. Twenty-four hours
after the last feeding of the extracts and/or NaAs0,, the
mice were killed by cervical dislocation.

Micronucleus assay

The micronucleus assay was carried out as described by
Heddle and Salamone [27] and Heddle et al. [28]. Femurs
were removed by cutting through the pelvic bones and
below the knee. The bones were freed from muscles and
the knee and all the surrounding tissues were separated
from the shaft in the epiphyseal plate leaving the marrow
cavity closed. A needle was inserted into the proximal
part of the marrow canal and the marrow was flushed out
by gentle aspiration and flushing with fetal calf serum in
the syringe. The cell suspension was centrifuged at 1,000
rpm for S minutes. The supernatant was removed and the
viscous pellet was saved for use. Slides were prepared by
smearing the viscous pellet as a thin film on a microscope
slide. This was followed by fixation in glacial acetic acid-
ethanol (1:3,v\v), air drying and pretreatment in undiluted
and diluted May — Gruenwald solution for 3 min and 2
min, respectively. The slides were then stained in Giemsa
solution. The stained slides were coded and scored under
acompound microscope with the aid of a tally counter for
the presence of micronucleated polychromatic erythrocytes.
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Results

Table 1 shows the number of micronucleated polychromatic
erythrocytes (PCEs) that were induced in a population of
1000 PCEs in mouse bone marrow after administration of
the aqueous extracts of the different food condiments used
in this study. As shown in the table, the degree of induction
of micronuclei in the PCEs although in the order Ga>Gi
and Sc>Clwas only slight when compared with the number
of micronucleated PCEs in mice fed distilled w

. ater only
(negative control group).

Table 1:Number of micronucleated polychromatic
crythrocytes/1000 polychromatic erytrocytes in mouse bone
marrow after administration of food condiments.

Treatment of

experimental Micronucleated PCE/1000PCE
animals slide number

1 2 3 4 5 Mean + S.D
Distilled wateronly 1 0 - ¢ 0 0.25 £ 0.43
Garlic extract (Ga) 3 2 2 3 - 2.50 £ 0.57
Ginger extract (Gi) 2 | 1 2 1.4 +£0.48
Sconio extract (S¢) 2 1 2 | 1 1.4+ 048
Cloves extract (Cl) 1 - 0 2 1 1.0 £ 0.71

Dustlled water or extracts of the food condiments (100 mg/kd bd wt)
were admimstered orally for seven days before the micronucleus assay
as described under materials and methods.

Table 2 shows the effect of the food condiments on
sodium arsenite induced formation of micronucleated PCEs
in mouse bone marrow. As indicated in the table, sodium

Table 2: Effect of extracts of food condiments on “'sodium
arsenite-induced formation of micronucleated polychromatic
ervthrocvtes in mouse bone marrow.

Trcatment of Micronucleated PCE/1000 PCE %"

cxpenmental animals slide number reduction
1 2 3 4 5 Mcn SD

Distilled water

only 1 0-0 0 0 025+043 -

Distilled water +

sodiumarsenite 7 7 6 9 7 72 £0.97 -

Ga +

sodiumarsenite 5 4 4 3 5 42 075 41.7%

Gi+

sodiumarsenite 3 3 5 4 5 40 £089 44.4%

Sc +

sodiumarsenite 6 4 S 5 4 48 +0.75 33.3%

Cl+

sodiumarsenite 4 4 5 4 5 44 049 38.9%

fa)  Sodwum arsenite (25 mg/kg bd wt) was administered orally on
the seventh day of exposure to distilled water or extracts of food
condiments as described under materials and methods.

(h)  Percentage reduction in the effect of soduwum arsenite only by the

extracts

arsenite markedly induced micronuclei formation in the
PCEs when compared to the negative control group above.
However, oral administration of the extracts and sodium
arscnite on the seventh day simultancously led to marked
decreases in the population of micronucleated PCEs
induced by the toxin.

Discussion

The WHO maximum permissible limit and the U.S.
Environmental Protection Agency (USEPA) standard ¢ r
arsenic in drinking water is 50 pg/L [29, 30). However,
WHO recommended 10 pg arscnic per litre of drinking
water as a guideline because at 50 pg/L the risk of dying
from cancer of the liver, lung, kidney or bladder is about
13 per 1,000 persons [31, 32]. Up to date here is no
remedy for chronic arsenic toxicity. Thus safe drinking
water, nutritious food (fruits and vegetables) and physical
exercise have been suggested as preventive measures
against chronic arsenic toxicity. The present study was
therefore designed to assess the modulatory effect of
aqueous extracts of ginger, sconio and cloves on sodium
arsenite clastogenic effects using mice as a model. /n vivo
chromosomal breakage is easily detectable using the mouse
micronucleus assay rather than by the traditional cytogenic
techniques [33, 34]. Positive results with the assay
demonstrate an in vivo genetic activity, specifically
chromosome breakage in the bone marrow. Although the
result obtained by use of the micronuclei assay does not
show conclusively that the agent tested is a mutagen or
carcinogen, there is incontrovertible evidence that this is
usually the case.

The result of the present investigation confirms that
twenty-four hours after administration, 2.5 mg arsenite/kg
body wt. induced micronuclei formation in polychromatic
erythrocytes (PCEs) in the bone marrow of mice (Table 2,
Fig.1). The increase in the population of micronucleated
PCESs was highly significant when compared to the control.
These results suggest an in vivo chromosomal breakage in
the bone marrow induced by arsenite because micronuclei
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Fig.I: Histogram showing the cffects of aqucous extracts of f.ood
condiments on sodium arscnite-induced formation of micronuclel, in
polychromatic erythrocytes (PCE) of the bone marrow.
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arise from chromosomal fragments that are not incorporated
into daughter nuclei at the time of cell division. Before
assessing the modulatory effects of the four food
condiments used in this study, preliminary investigation
was carried out to determine if the condimen_ts on their
own have any clastogenic effect. Although crude extracts
of garlic had earlier on been shown to induce some degree
of chromosomal damage in mouse bone marrow cells [35],
there is a dearth of information on the clastogenic or
carcinogenic potentials of Gi, Sc and Cl. The data
generated in this study on the level of micronucleated PCEs
observed in the bone marrow smear of mice fed with crude
extracts of the food condiments (i.e., Ga, Gi, Sc and Cl)
show evidence of a somewhat mild clastogenic activity of
the order Ga > Gi and Sc > Cl when compared with the
negative control group (Table 1 and Fig. 1). Extracts of Gi
and Sc seem to have the same potency while Cl extract is
the least active.

An assessment of the modulatory effect of these
extracts on the toxicity of sodium arsenite shows clearly
that pretreatment of the mice by feeding the crude extracts
of the condiments for seven days before exposure to sodium
arsenite markedly reduced the population of micronuclei
in the PCEs and this is an indication of a decrease in
chromosomal damage. From the data presented in Table 2
and the histogram (Fig. 1) the degree of reduction of
formation of micronuclei by sodium arsenite in the presence
of the crude extracts of the condiments is in the order Gi
>Ga>Cl> Sc. However, there is no significant difference
in the degree of reduction from one condiment to the other.
The reduction of clastogenic effect of sodium arsenite by
crude extracts of garlic has been attributed to the
inactivation of active oxygen species by allin (thio-2-
propene-1-sulfonic acid S-allyl esters) an enzymatic

degradation product of allin (S-ally-L-cysteine sulfoxide)

which is present in garlic [24, 36]. Similarly, the ability of
crude extracts of ginger to reduce the clastogenic effect of
sodium arsenite may be attributed to the gingerol and
sesquiterpene components of ginger. These two
components have been shown to possess antiviral,
antifungal and antioxidant properties [37, 38]. The
gingerols have also been shown to inhibit pentahydrate-
induced vomiting in leopards and frogs [39]. In addition,
clove extracts contain sesquiterpenes eugenol, eugenol
acetate and caryophyllene which have been suggested to
have antioxidant and anticarcinogenic properties [40, 41].
The effect of clove extract in the present investi gation may
also be due to the effects of these sesquiterpenes. Although
little is known about the anticarcinogenic and
anticlastogenic properties of sconio, its antifungal,
antipesticidal and antioxidant properties are well
documented [42]. Thus, its antioxidant properties may
account for its ability to reduce micronuclei formation and

OA Odunola

thus offer some protection against sodium arsenite-induced
chromosomal damage.

In view of the observation that arsenic toxicity may
be prevented by the binding of arsenic to thiol groups
through the use of compounds such as British anj-
Lewisite-2,3-dimercaptopropanol (BAL) [43], the active
ingredients in the extracts of Ga, Gi, Sc and Cl could be
purified and used to protect against arsenite toxicity. In
this connection, further investigation will be carried out
to establish the usefulness of purified components of the
extracts in arresting arsenite toxicity.

Acknowledgements

This work was supported in part by the University of Ibadan
Senate Research Grant (SRG/COM/1996/16A). The
technical assistance rendered by Mr. J.M. Omorogbe is
appreciated.

References

1. Wullstein L. H. and Snyder, K. Arsenic pollutants in
the ecosystem. Proc. of the Second Intemational
Clean Air Congress. Washington D.C. National
Society for Clean Air. 1971 p 295-301.

2. National Research Council. Arsenic in drinking
water. Washington D.C. National Academy Press. 1999.

3. U.S.Environmental Protection Agency (EPA). Health
Assessment Document for inorganic arsenic. EPA
600/8-83/021F. Cincinnati, O.H. U.S. EPA. 1984.

4. Lian, EW. and Jian, Z.H. Chronic arsenism from
drinking water in some areas of Xinjiang, China. In:
Arsenic in the Environment Part [I: Human Health
and Ecosystem effects. Nriagu, J.O. (ed) New York.
John Wiley and Sons. Inc. 1994; 159-172.

5. Xiao J.G. 96% Well water is underintakable. Asia.
Arsenic Network Newslett. 1997: 2: 7-9.

6. Tseng, W.P, Chu, H.M., How, S.W., Fong, J.M. Lin,
C.S and Yen, S. Prevalence of skin cancer in an
endemic area of chronic arsenicism in Taiwan. J. Natl.
Cancer Inst. 1968; 40: 453-463.

7. Chowdhury, UK., Biswas, B.K. Chowdhury, T.R. e
al. Ground water arsenic contamination in Bangladesh
and West Bengal, India Environ. Health. Perspective,
2000, 108 (5): 393-397.

8. Chen,ClJ., Hsueh, Y.M., Lai, M.S., et al. Increased
prevalence of hypertension and long-term arsenic
¢xposure. Hypertension 1995, 25: 53-60.

9. Chen, CJ.,Wu, MM., Lee, S.S., Wang, J.D., Cheng,
S.H.and Wu, H.Y. Atherogenicity and carcinogenicity
of high arsenic artesian well water. Multiple risk
factors and related malignant neoplasms of Blackfoot
disease. Arteriosclerosis 1988 8: 542-460.

10. Lai, M.S.; Hsueh, Y.M.,, Chien, CJ., et al. Ingested
inorganic arsenic and prevalence of diabetes



Anticlastogenicity of food condiments 79

mellitus. Am. J. Epidemiol. 1994: 139, 484-492,
kb T.\:cng. W.P. Effects and dose response relationship

of skin cancer and black foot discase with arsenic.

Environ. Health Perspect. 1977:19;109-119.

12. Chen, C.J., Chem, C.W.. Wu, M.M. and Kuo T.L.
Cancemotcmial in liver, lung, bladder and kidney
due to ingested inorganic arsenic in drinking water.
Br. J. Cancer, 1992, 66, 888-892.

13. Chiou, H.Y., Hsueh, YM., Liaw, K.G. et al. Incidence
of internal cancers and ingested inorganic arsenic. A
seven year follow-up study in Taiwan. Cancer Res.
1995; 55, 1296-1300.

14. Casely, J.C. The Progress and development of
herbicide for weed management in the tropics. Planter
1996; 72 (843), 323-348.

I5. Moore, MM, Harring-ton-Brock. K. and Cabrera,
M. Biological effects of arsenic exposure, integration
of in vitro genotoxicity data with human biomarker
data in arsenic exposure and health effects. In:
Abemnathy, C.O., Calderon, R.C. and Chappel, W.R.
eds. New York Chapman and Hall, 1997; 330-337.

16. Hopenhanyan-Rich, C., Smith, AH. and Goeden, H.M.
Human studies do not support the methylation
threshold hypothesis for the toxicity of inorganic

arsenic. Environ. Res. 1993, 60: 161-177.

17. IARC Monographs on the evaluation of the
carcinogenic risk of chemical to human. IARC Suppl.
4, 1980.

18. Wattenberg, LW. Inhibition of carcinogenesis by minor
dietary constituents. Cancer Res. 1992, 52. (Supple)
2085s—2091s.

19. Sertie, JAA.; Basile, A.C.; Oshiro, TT.; Silva,F.D. and
Mazella, A.A.G. Preventive anti-ulcer activity of
Zingiber officinale. Fitoterapia 1992; 63(1) 55-59.

20. Meena,M.R. and Sethi, V. Antimicrobial activity of
essential oils from spices.J. Food Sci. Tech. 1994;
31(1);68-70.

21. Ramadan, A., Afifi, NA.; Fatty, MM.; Elkashoury,
E.A. and EL-Narnery, E. Some phamacodynamic
effects and antimicrobial activity of essential oils
of certain plants used in Egyptian folk medicine.
Vet. Med.J.Gaze 1994, 42(1B); 263-270.

22. Augusti, KT. Therapeutic values of onion (Allium
cepa L.) and garlic (Allium, sativum.L.) (Review).
Indian J. Expt.Biol. 1996, 34; 634-640.

23. Roychoudhury, A., Das, T. Sharma, A and Talukder,
G. Inhibition of clastogenic effects of arsenic through
continued oral administration of garlic extract in mice
in vivo. Mutat. Res. 1997, 392: 237-242.

24. Knasmuller, SI., Martin R. de, Domjan, G. and
Szakmary, A. Studies on the antimutagenic activities
of garlic extract. Environ. Mol. Mutagen. 1989, 13:

26.

27.

28.

29.

30.

3L

33.

34.

35.

36.

37

357-365.

. Preston, RJ., Dean, BJ., Galloway, S., Holden, H..

McFee, A.F. and Shelby, M. Mammalian in vivo
cytogenetic assays: Analysis of chromosome
aberrations inbone marrow cells. Mutat. Res. 1987;
189: 157-165

Mansell, P. and Reckless, JPD. Garlic effects on serum
lipids, blood pressure, coagulation, platelet
segregation and vasodialation. Brit. Med. J. 1991,
303:379.

Heddle, JA. aand Salamone, M.F. The micronucleus
assay l. /n Vivo. InStich, H.F. and San, R.H.C. eds.
Topics in environmental physiology and medicine:
Short-term tests for chemical carcinogens. Springer-
Verlag New York. Heidelberg. Berlin. 1981; 243-
249.

Heddle, J.A., Sudharsan Raj, A.and Krepinsky, A.B.
The micronucleus assay IlI: /n Vitro. In Stich, H.F.
and Topics in environmental physiology and medicine.
San, R.H.C. eds Short-term tests for chemical
carcinogens. Springer-Verlag New York. Heidelberg.
Berlin. 1981, 250-254.

U.S. EPA Drinking water regulations and health
advisories. Washington DC. US. Environmental
Protection Agency, Health and Ecological Criteria
Division, 1993.

World Health Organisation. Guide-line for drinking
water quality. Vol. 1 and 2. Geneva, WHO., 1984.
Heddle, JA. A rapid in vivo test for chromosomal
damage. Mutat. Res. 1973, 18: 187-190.

. Schmid, W. The micronucleus test for cytogencic

analysis. In: Hollaender, A. (ed.) Chemical Mutagens:
Principles and Methods for their detection. Plenum
Press New York. 1976, Vol. 4, 31-53.

WHO. Guideline for Drinking water quality
recommendation. Vol. 1 2" edition Geneva World
Health Organisation 1992;41.

Smith, AH. Hopenhayan-Rich C, Bates, MN. et al.
Cancer risks from arsenic in drinking water. Environ.
Health Perspect 19925 97: 259-267

Das, T., Roychoudhury, A., Sharma, A and Talukder,
G. Modification of cytotoxic effects of inorganic
arsenic by crude extracts of Allium sativum in mice.
Int. J. Pharmacol. 1993; 31, 316-320.

Block, E. The chemistry of garlic and onions. Sci.
Am. 1985;3:94-99 .
Denyer, CV, Jackson, P and Loakes, DM. Isolation
of antirhinoviral sesquiterpenes from ginger (Zingiber
officinale). J. Natural Prod. 1994. 57 (5), 658-662.

_ Meen, MR and Sethi, V. Antimicrobial activity of

essential oils from spices. J. Food Sci. Tech. 1994,
31(1), 68-70.



80

39.

40.

41.

OA Odunola

Kawai, T.; Kinoschita, K.; Koyama, K. and Takahashi,
K. Anti-emetic principles of Magnolia Obovata bark
and (Zingiber officinale) rhizome, 1994. Planta—
Medica, 60, 1, 17-20.

Zheng, GQ, Kenney, PM and Lam, LKT.
Sesquiterpenes from clove (Eugenic carryophyllatal)
as potential anticarcinogenic agent. 1992. Toxicol.
93(1),4S.

Ramadan, A, Afifi, NA, Fatty, MM, Elkashoury, EA.
and El-Namery, E. Some pharmacodynamic effects
and antimicrobial activity of essential oils of certain

plants used in Egyptian Folk Medicine, 199.
Med. J. 42(1B), 263-270.

42. Leow, D. Ancthole, a synergist of polygodial ang
warburgonal against Candida  albicans. I Kubolzr
Schilcher, H. Phillipson, J.D. eds. Medicing] g
aromatic plants for human welfare (WOCMAP)
Maastricht, Netherlands:- July 1992-1993 Acta -
Horticultural, 1993: 332, 192-197.

43. Tilson, H.A. Neurotoxicology of heavy metals,
Fundam. Appl. Toxicol. 1987; 9: 599-607.

4. Vet




