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Oral admini strat ion or M. piperi/{{ ( I g/kg body we ight/day) berore ex posure to ga mma radiat ion was found to be e ITe(;

ti ve in protec ting aga inst the chromoso mal da mage in bone ma rrow of Swiss albino mi ce . Ani mal s exposed to 8 Gy ga mma 

radiati on showed chromosomal abernti ons in the form oj' chro matid breaks. chromosome breaks. ce ntric rings, di centri cs. 

exchanges and ace nli ic fragme nt s. There was a signi ficant increase in the rreq uency of aberrant cel ls at 6 hI' aJ'te r irrad iati on. 

Max im um aberrant ce ll s we re observed at 12 hr post-i rradia ti on aut opsy time. Further. the rreq uency or aberran t cell s 

showed dec line at late post-irradiat ion autopsy time. Howeve r. in the an imals pret reated with M elltlia ext ract. there was a 

signifi cant decrease in thc rrcquency of aberrant ce ll s as compared to the irrad iated co ntro l. Al so signiri cant increase in per

cent age or chromatid break s. ehromosome break s, ce ntric rings . di ccntri cs. exc hanges, acentri c rl'agmcnts, tota l abcrrations 

and aberrat ions/damaged ce ll was observed at 12 hr post-irrad iati on au topsy time in control animals. whereas M ell tlia pre

treated irrad iated an im als showed a signiri cant decrease in percentage of such aberrations. A signifi cant decrease in GSH 

content and increase in LPO le vel IVas obse rved in control animals, whereas M elltlia pret reated irradiated an imals ex hibi ted 

a signiri cant increase in GS H content and dec rease in LPO leve l but Ihe va lues n;mained be low the normal. The radi oprotec

ti vc effect of Mellllio was al so dClllonSlra tcd by dctermin ing the LD\o/1o values (DRF=I.78 ). Thc rcsults fro m thc prescnt 

st udy suggcst that M elltlio prctreatmcnt provides protecti on against rad iation inciuced chromoso mal damage in bone marrow 

or Swiss albi no mi ce. 

M ellllw piper ila (L inn .) commonl y ca lled as pepper

mint belonging to the ramil y Labiatae is considered 

aromati c, stimul ant and carminati ve. It is being used 

for all ay ing nausea, flatul ence and vom iting
l
. M elllila 

ex tract has been shown to have antiox idant and anti

peroxidant properti es due to the presence of eugenol, 

caffeic ac id, rosmarini c acid ancl cx -tocopheroI
2

-
4

. 

Men llia ex tract and its oil h8ve also been screened for 

8ntibacteri al and antifunga l acti v iti es aga inst Pseudo-

1II0nas solallacear/il J1 and Aspergill ils lIiger , Aller

naria alrerll {/{a and Fllsa riulI/ c/ilal1!ydosporuIll , re

spec ti ve l/·
6 

Voko vic-Gac is and Simic
7 

showed that 

ex tracts of mint (Mellil/{{ ) could enhance error-free 

repai r or damage and, hence, COli lei be an ti mutagen ic. 

Samman el al.
8 

reported th at Menllia p iperiw has a 

chemopreventi ve effec t aga inst shamm<l (a complex 

mixture of powdered tobacco, slaked li me, oil s, spi ces 

and other add iti ves, has been linked to oral cancer in 

Saudi A rabia) induced carcinogenes is, which could be 

due to antimutagenic properti es. It has been reponed 

that Mel/Ili a trea tment pro tec ts the hemato log ica l con-
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sti tu ents <.t ml seru m phosphatases actl vlty 111 Swiss 

lb ' . . . d' . <) 10 R I a Ino mice aga inst gamma tiTa Ialion · . ecent y, 

Samarth el aI, I I showed th at M en/11O piperi ra (Lihn .) 

leaf ex tract prov ides protec ti on aga inst radia tion in

duced alterati ons in intes tin al mucosa of Swi ss al hino 

mice. Therefore, the present study has been under

taken to eva luate the radi oprotec ti ve effect of leaf ex

tract of M elliho piperila Linn . in tcrms of chromoso

mal aberrati ons in bone marrow o f Swi ss albino mice. 

Mater'ials and Methods 

All irnals-- Adult male Sw iss albino mice (6-8 

weeks old , weighing 25 ± 2 g) maintained in the an i

ma l house as an inbred co lony (procured from l-i am

dard Uni versity, Delhi ) were used. These were main

tained on standard mice k erf and water {ld libilulIl . 

I rradiation - The Coba lt teletherapy unit (ATC

C9) at cancer treatment centre, Ra\:li otlterapy Depart

ment, SMS lI ed ica l Co llege and Hosp ital, Jaipur was 

used for irradiation. U nanaestheti secl mice res trai ned 

in we ll- ven til ated Perspex boxes were exposed to 

whole-body gamma rad iati on (8 Gy) at a distance 

(SSD) of 77.5 em from the source to deli ver the dose

rate o f 1.59 Gy/min . The dose was ca lculated as per 

the physica l decay tabl e fo r Co(,O 
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MeJJl /w e.r/mct (ME) - Fresh leaves of M entha 

piperi/(/ Linn . [RUBL-19443], co llected loca ll y were 

air dri ed, powdered and ex tracled with double dis

tilled water (DDW) by refluxing for 36 hr ( 12 hr x3) 

at 80°e. The ex tract thus obtained was vacuum 

evaporated so as to make it in powder form. The ex

trac t was red isso lved in DDW just before oral ad mini 

strat ion. 

Erperilll ellla/ design - Mice se lected from inbred 

co lony were divided into two groups. Animals of one 

group were adm ini stered ME orall y ( I g/kg body 

weight/day) for three consecuti ve days to serve as 

experimental, whil e the other group received DDW 

(volume eq ual to ME) to se rve as con trol. On 3rd day, 

after 30 min of above treatments anima ls of both the 

groups were exposed to 8 Gy gamma radiation. 

SlI rvil'{i/ assoy- Mice, bot h control and ex peri 

mental , exposed whole-body to gamma radiati on (4, 

6,8 and 10 Gy) were checked daily for 30 days. The 

survival pe rcen tage of mice up to 30 days of ex posure 

aga inst each rad iat ion dose was used to construct sur

vi va l-dose- respo nse curves. 

CYlOgenet ic slildy - Cytogenet ic damage in the 

bone marrow cell s was studied by chromosomal 

aberrat ion analys is. All the animals were inj ected 

(i.p.) wi th 0.025 % colchicine and sac rificed 2 hr later 

by cervical dislocation. Both femurs were dissected 

out. Metaphase plates were prepared by the air drying 

method
l2

. Bone marrow fro m the fem ur was asp i

rated, washed in sal ine, treated hypotoni call y (0.6% 

sod iu m citrate), fixed in 3: I :: methanol:acetic ac id, 

dried and stained with 4% Giemsa (S igma, USA). 

Chromosomal aberrati ons were scored under a li ght 

microscope. A total of 400 metaphase plates were 

scored per animal. Different types of aberrati on like 

ch romatid breaks, ch romosome breaks , frag ments, 

rings, exc hanges and dicentrics were scored. When 

breaks in vol ved both the chromatids, it was termed 

"chromosome type" aberration, wh ile "chromat id 

type" aberrati on involved onl y one chromatid . If the 

deleted porti on had no apparent relation to a specific 

chromoso me, it was ca ll ed a fragment
l3

. 

Biochell/ica / slLIdy- Redu ced glut athi one (GS H) 

assay: The hepat ic leve l of red uced glutathione (GS H) 

was determ ined by the method as desc ribed by Moron 

et a/I .J . GS H co ntent in blood was measured Spectro

photometricall y usi ng Ellman's reagent (DTN B) as a 

co lou ring reagent as per the method desc ribed by 

Beutler et ([/ 1.') . The absorbance was read at 4 12 nm 

lIsing a UV-V IS Systronics Spect rophotometer. 

Li pid perox idat ion assay: The lipid perox idation 

leve l in li ve r and serum was measured using Thiobar

bituri c Acid Reacti ve Substances (TSA RS ) by the 

method of Ohkhawa et 0 /
1
(,. The absorbance was read 

at 532 nm. 

Stat istica l ana /ysis- The data were subjected to 

Student's t tes t for compari son between the groups. 

The va lues are ex pressed as mean ± SE. Sign ificance 

leve l was set at P < 0.05, < 0.005 and < 0.00 I. 

Results 

In the present in ves ti gation, it was observed th at 

pre- treatment of M entha enh anced the su rviva l 

percentage of mice exposed to different doses of 

gamma radi at ion. Mentlia pre-treatment inhi bited 

mortality completely at 4 and 6 Gy. However, at 8 

and 10 Gy, no animal di ed before day 7, and on ly 18 

and 42% death occ urred between day 7 and 10 (Fig. I ). 

Rad iat ion dose-response curves for mice with or 

without pretreatment of M elllha are show n in Fig. 2. 

The LDso!3o for control (irrad iati on alone) and 

ex perimental (Mentha ex trac t + irradiat ion) an imal s 

were computed as 6.48 ± o.cn and 11 .59 ± 0.2 1 Gy , 

respectively. On the basis of LDsO/30 va lues, Mentha 

pretreatment produced a dose reduction fac tor (DRF) 

of 1.78. 

The present study also reports the rad ioprotecti ve 

acti vi ty of M. piperila leaf ex trac t in terms of chro

moso mal aberrati ons in bone marrow of Swiss albino 

mice. Animals ex posed to 8 Gy gamma radiation 

showed chromosomal aberrati ons in the form of 

chromatid breaks, ch romosome breaks, centri c rings, 

dicentrics, exchanges and acentri c frabme nts (Fig. 3). 

There was a signi ficant increase in the freq uency of 

aberrant ce ll s at 6 hr after irradiati on. Max imum aber

rant cell s were observed at 12 hr post-irradiation. Fur

ther, the frequency of aberrant ce ll s showed dec line at 

late post-irrad iation autopsy time. However, in the 

an imals pretreated with M entlia ex trac t, there was a 

significant decrease in the frequency of aberran t ce ll s 

as compared to the irrad iated cont ro l (Fig:. 4). Also 

signi ficant increase in percentage of chromatid 

breaks, chromosome brea ks , centri c rin gs, dicentri cs, 

exchanges, acentri c fragments, total aberrati ons and 

aberrations/damaged cell was observed at 12 hr pos t

irrad iation autopsy time in con tro l an ima ls, whereas 

Ment!1CI pretreated irrad iated animal s showed a sig

nificant decrease in percentage of such aberrations 

(l '<lble I ; Figs 5,6). 

No signi ficant variat ion in the hepatic as well as 

blood GSH co ntent ,vas observed between normal and 
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Mel/rha treated an imals. However, a signi ficant de

crease in GSH was recorded in contro l animals (irra

diation alone). Mentha pretreated irrad iated animals 

showed a signi fica nt increase in GSH content (blood 

as we ll as li ver) with respect to con trol, but such val

ues remained below normal. An increase in TB ARS 

level in li ver and serum was ev id e- nt in control ani

ma ls. Although, no signifi cant difference was noti ced 

in such levels in normal and Mel/rho treated unirracli

ated animal s, but a signifi ca nt dec rease was registered 

in Mentha pretreated irradiated animals (Fi gs 7,8). 

Discussion 

In the prese nt in ves ti ga ti on, it has been observed 

that Mel/rlla pretreated irradiated animals did not 

shoyv any mortality till day 7 at all rad iat ion doses 

studi ed. Tilu s, Mel/ rha pretreatment showed protec

tion against rad iati on-induced gas tro- intestinal dam

age; thereby enh anced surviva l of nlice is obse rved. It 

was also observed th at pretreatment of Mel/rho ex trac t 

protects mouse jej unum aga inst the radi at ion induced 

reduction in villus Il eight , total ce ll s and mitotic fi g

ures/crypt secti on. Mel/rho pretreatment also protects 

against radia ti on indllced Increase In goblet 

ce lls/villu s section and dead cell s/c rypt sec ti on in je

ju nu m of mice
ll

. It has been observ cI that Menr/w 

pretreated animals showed onl y 18 and 42 % mortal

ity as co mpared to 100% mortality in co ntrol (irrad ia

ti on alone) at 8 and 10 Gy respectively. These results 

indi cate that Mentha pretreatment have also provided 

protecti on aga inst the hematopoietic death. It was 

ev ident from our earlier stud y that Men rITa admin istra

tion elevated the counts of endogenous spleen co lo

ni es and sp'leen weight signifi ca ntl/ The enh anced 

survivability observed in Mel/rITa pretreated mi ce 

were probabl y due to acce lerated hematopoieti c re

generati on. 

- 'In th e presen t study, thl: freq uency of aberrant 

ce ll s; chromosome breaks, cen tri c rings, dice nrri cs , 

exc hanges and acentric fragments sign i fi can tl y i n

crca:;cd from 6 hr and reached to max imum at 12 hr in 

animals ex posed to 8 Gy gamma rad iat ion. Exposure 

to rad iat ion is known to prod uce a signifi cant increase 

in the per ce nt aberrant metaphases as well as in th e 

different aberrations. Damage to the chromosomes is 

manifes ted as brea ks and frag ments, which appear as 

micronu clei in the rap idl y proliferati ng cell s
l7

. En

hancement in the frequency of mic rolluc lei and chro-

m 
Fig. :; - Melaphasc chroJlloso llle preparalions fro lll bone marrow of Sw iss albino mi ce (x 1000), (1) norlllal; (b) uicen lr ic ring: 

(e) excha nge, chromosoille brea k: (d) exc hanges, rings , frag lllcn is 
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mosomal aberrati ons has been reported earlier in the 

bone marrow of irradi ated mic el ~. 1 9 . 

Ioni zing radiation is a hi ghl y e rficient cytotoxic 

agent. An X-ray dose of 1.5 Gy produces approxi

mately 10.6 M rad icals in ce ll s
20

. 0 A is the criti cal 

target fo r cell kill ing by ioni zing rad iation, and there 

is growing ev idence that the particular damage re

sponsible are DNA doub le-strand les ions, such as 

OS 8 21, whi Ie damage to other biologica l molecu les 

does occur and is potentiall y cytotoxi c. It has been 

recogni zed that structural aberrations can be induced 

in chromosomes by radiation at any stage of their mi

toti c cyc le. When cell s are irradiated just as they enter 

divi sion, there is apparentl y so me change in the sur

face properti es of the chromosomes, which cause 

them to adhere to each other when they happen to 
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Blood -GSH Blood -TBARS 

Fig. 7 - Blood GS H (Jlg/Illl ) and LPO (nmole/ml ) leve ls o\" mice 

with or without M elllha treat ment and ex posed to 8 Gy gamma 

radi ation 

touch. This sti ck iness has been attributed to a partial 

dissoc iation of the nucleoproteins and an alterat ion in 
. 1- ·· ry 7 N . I ry, d thetr pattern o · organlzat lon--. ataraJan et a . -. an 

Bryant"-I suggested that double strand breaks (dsb) are 

mainly responsible for the formation of chromosomal 

aberrati ons. 

I t has been observed that pretreatment w ith Mentha 

ex tract was cffec ti ve in protecting the chromosomal 

damage agai nst irradiat ion, as is ev idenced by a sig

ni f icantl y lower levels of chromatid breaks, chromo

some breaks, centri c rin gs, dicentrics, exchanges, 

fragments and lotal aberrations. It is well known th at 

free radi cals generated during rad iolys is of water play 

the most signifi cant ro le in the indirec t biolog ica l 

damage induced by ioniZIng radiat ion") . The 

GSH/GST detox i ficat ion system is an important part 

of cellular defense aga inst a large array of injurious 

agen ts. GSH offers protecti on against oxygen derived 

free rad ica ls and ce llul ar lethali ty follow ing ex posure 

to ioniz ing radiat ion
26

. Under normal conditions the 

inherent defense system including g lutathi one and the 

antiox idant enzymes, protects agai nst the ox idati ve 

damage. GSH is a versat ile protector and executes its 

rad ioprotec ti ve function through free radical scaveng

ing, restorati on of the damaged molecule by hyd rogen 

donati on, rcducti on of perox ides and maintenance of 

protein thi ols in the reduced state
10

. 

The present study demonstrates a signifi can t reduc

tion in li ver and blood GSH, fo llowing ex posure. Thi s 

could be due to the enhanced util izati on o f the anti 

ox idant system as an attempt to detoxify the free l ad i

ca ls generated by radiation. Oral ad ministrati on of 

Mel1l/w extract did not significantl y influence the en

dogenous GSH level either in li ver or blood, but its 

presence whil e radiation ex posure protects th e en-
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Fig. 8 - Li ver GS H (Jlmole/g) and LPO (nmole/mg) leve ls or 

mice wi th or withoLit M ellf/w treatment and ex posed to 8 Gy 

gamma radiat ion 

dogenous GSH depletion due to irrad iation. The lower 

dep leti on of li ver and blood GSH in the Mentha pre

treated irradiated animals could be due to the higher 

ava ilability of GSH, which increases the ability to 

cope up with the free radicals produced by radiation. 

The increased GSH level suggests that protec tion by 

Mentha may be med iated through the mod ulati on of 

ce llular antiox idant leve ls. Ochi27 have reported that 

chromosomal aberrati ons were repaired onl y in GSH 

positi ve Ce ll s. Thus it is possible th at the elevated lev

els o f GSH in Mentha pretreated irradiated an imals 

may be ab le to enhance the repair of dsb, hence lower 

freq uency of chromosomal aberrations was ev ident in 

thi s group. 

The basic effect of radiati on on cell u lar membranes 

is bel ieved to be the perox idati on of membrane li pids. 

Radi oly ti c products, including hydroxy l and hydrop

eroxy l rad ica ls can initiate lipid peroxidati on"
x
. In the 

present study, it was observed that, although Mentha 

treatment did not signifi cantl y alter the lipi d peroxida

ti on leve l in unirrad iated animals, it signifi can tl y low

ered the radi at ion induced lipid perox idati on in terms 

of malondialdehyde. Inhibition of lipid peroxidation 
. b· b b i b· . d ry <) 30 In tomem ranes can e causec y antiox i an ts - . . 

It has been shown that more ex-tocopherol is needed in 

the membranes to protect polyunsaturated fatty acids 

(PUFA) against radiati on induced lipid peroxidati on 

when low dose-rates are applied" . 

Several mechani sms, including a potent ant iox idant 

activity, immune response and enhanced recovery of 

bone marrow have been suggested fo r radioprotecti on 

by v itam in E 32 . In the presen t study, it was observed 

that Melllha pretreated irradiated animals exh ibited a 

signifi cant increase in GSH and dec rease in L PO 
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level. M enlha ex tract has been shown to have antioxi

dant and antiperoxidant properti es due to the presence 

of eugenol, caffeic acid , rosmarinic acid and lJ.

tocophero I
2

--
l 

Vokovic-Gacis and Si mic 
7 

showed that 

ex tracts of mint (Melllli a) could enhance error-free 

repair of damage and , hence, could be antimutagenic . 

Samman el 01. x reported that M enllia piperila has a 

chemopreventive effect against shamma induced car

cinogenes is, whi ch cou ld be due to antimutagen ic 

properti es . A combination of antioxidative and an

timutagcni c activiti es via modulation of DNA repair 

processes may be held responsible for the radioprotcc

ti ve effec ts of M elllli a piperilO (Linn .) leaf ex tract. 
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