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Mentha piperita (Linn) leaf extract provides protection against radiation induced 
alterations in intestinal mucosa of Swiss albino mice 
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Intestinal protection in mice agai nst radiation injury by M. piperila ( I g/kg body weight/day) was studied from day I to 
day 20 after whole body gamma irrad iat ion (8 Gy) . Villus height, gob let cells/villus secti on, total cells, milOtic cell s and 
dead cells/crypt section in the jejunum arc good parameters for the assessment of rad iat ion damage. There was signi fi cant 
decrease in the villus height , number of IOtal cell s and mitotic ce ll s/crypt section, whereas goblet ce ll s and dead cell s 
showed signifi cant increase after irradiation. Melllha pretreatment resu lted in a significant increase in villus height , total 
cel ls and mitotic cells, whereas goblet cell s and dead cell s showed a significant decrease from respective irradiated cont rols 
at each autopsy day. The results suggest that Melllha pretreatment prov ides protecti on against radiation induced alterations 
in intesti nal mucosa of Swiss albino mice. 

The sma ll intestine represents one of the major dose 
limiting normal ti ssues in rad iotherapy because of its 
hi gh radiosensitivity. Reducing the damage to small 
intestine using chemical protectors, particul arl y dur­
ing rad iotherapy of the pelvic and abdominal cancers, 
can increase the patient 's tolerance to radiation . It is 
generally accepted that the cause of death after a dose 
of radiati on less than 5 Gy that resu lts in the death of 
animals in 10-15 days is because of hematopoietic 
fai lure. However, it is an es tablished fact that the gas­
trointestinal syndrome after total body irrad iation also 
includes hematopo ietic components t

-
3

. Thus, in addi ­
tion to stimulation of hematopoietic cell s, other path­
ways may be required to achieve therapeut ic efficacy 
in radi otherapy. The Mentha treatment protects the 
hematological consti tuents and serum phosphatases 
ac tivity in Swiss albino mice agai nst gamma irrad ia­
tion4

.5. Therefore, the present study has been under­
taken to determine the radioprotective effect of leaf 
extract of Mentha piperita Linn. on mouse jejunum by 
using parameters like vi llus height , goblet cells/v illus 
secti on, total cells, mitot ic cells and dead cells/crypt 
section as end points. 

Materials and Methods 
An illlals-Adult male Swiss albino mice (6-8 

weeks old , weighing 25±2 g) maintained in the animal 
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house as an inbred colony (procured fro m Hamdard 
University, Delhi ) were used. These were maintained 
on standard mice feed and water ad libitum . 

irradiation- The Cobalt teletherapy unit (ATC­
C9) at cancer treatment centre, Rad iotherapy Depart­
ment, SMS Medical Co llege and Hospital, Jaipur was 
used fo r irrad iat ion. Unanaesthetised mice restrained 
in well- ventil ated Perspex boxes were exposed to 
whole-body gam ma radiation (8 Gy) at a di stance 
(SSD) of 77.5 cm from the source to deliver the dose­
rate of 1.59 Gy/min. 

Mentha extract (ME)-Fresh leaves of Mentha 
piperita Linn. fRUBL-19443] , co llected locall y were 
air dried, powdered and ex tracted with double di s­
tilled water (DDW) by refluxing fo r 36 hI' (12 hr x3) 
at 80°C. The extract thus obtained was vacuum 
evaporated so as to make it in powder form. The ex­
tract was red issolved in DOW just before oral ad mini ­
stration. 

Experimental design-Mice selected from inbred 
colony were divided into two groups. Anima ls of one 
group were administered ME orally ( I g/kg body 
weight/day) fo r three consecutive days to serve as 
experimental, whi le the other group received DOW 
(vo lume equal to ME) to serve as contro l. On 3rd day, 
after 30 min of above treatments an imals of both the 
groups were exposed to 8 Gy gamma radiation. 

Mice from both the groups were autopsied at I, 2, 
5, 10 and 20 days of post-irradiation. A minimum of 5 
animals from each group were sacrificed and jejunum 
was fi xed in Bouin 's fixative. Sections (5 1-lin thick) 
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were cut and stained w ith hematoxylin amI cosin 
(H&E). The fo llow ing parametcrs were studi"d to 
assess the radioprotective effect of Melltha ext ract on 
intestinalll1ucosa: 
a) villus height; b) number of goblet ce ll s/v il lus sec­
ti on; c) number of dead cell s/crypt section ; and d) 
number of total cell s and mitot ic cell s /crypt section. 

Sta tistical allalysis-The data were subjected to 
Student 's 't' test for compari son between thc groups. 
The va lues are expressed as mean ± SE. Significance 
level was set at P < 0.05, < 0.005 and < 0.00 I. 

Results 
Control animals ( irradiati on alone) showed a 

maximum damage to intestinal mu osa on day 2 post­
irrad iat ion followed by recovery at later in tervals in 
the present study, however, normalcy could not be 
restored even till day 20. In this group, a significant 
decrease in villus height and number of total 
cel ls/crypt section was observed th roughout thc ·tudy. 
V illus height showed maximum decrcase as ea rl y as 
at day 2 (277. 16±20.80/-lm, P<O.OOI). However, 
thereafter a gradual increase was noted but villus 
hcight remained below the normal level till day 20 
(Tablc I). The number of total cell s/crypt sect ion was 
reduced maximally (67.62%) and mitotic cell s were 
completely absen t at day 2 in contro l animals. On day 
5 onwards the number of mitoti c ce ll s were found to 
be increased but remained below the normal range 
even at day 20 i.e. last autopsy day of the study 
(Figs I and 3 a-h). A signifi cant increase in the num­
bcr of goblet and dead cells was observed at day I and 
2 respectively in control anima ls (Fig. 2). Thereafter, 
the number of these cells started to dec line towards 

Table I - Quanti tative changes in villus height in jejun um 0(" mic· 
with or wi thout Melllha trea tment and exposed to X Gy gamma 

radiat ion 

IValues are mean ± SE from 5 animals in each observa ti on] 

Autopsy 

time 
( in days) 

Villus height (pill) 

Cont rol Ex pc rimcn tal 

2 
5 
10 

20 

29 1.36± 10.S7" 

277 .8 1 ±20.S0" 

355.74±25.46h 

370.9S± 13.42" 

377. 76± 18.33 h 

Normal value: 508.2 ± 22.85 pm 

342. 18±17.04 a 

323.55± I 8.72 

40S.25± I G.3 1 
430.27± 17.66 a 

486.1 7± I 0.05 " 

Statist ical compari son: Contro l/Normal: Exper imental /Contro l 
Control = Control = Irradiation a lone (8Gy) 
Ex perimc nta l = M elili/O + irrad iati o n 
P valucs: a< 0.05, b< 0.005 , "< 0.00 I 

normal range at larer interva ls. However, the number 
of dead cell s/crypt secti on was reached to normal on 
day 20 but the number of goblet ce l ls remained sig­
ni ficantl y higher th an normal even at day 20 (Fig. 2). 

In Mentha pretreated irradiated an imals maximum 
decrease in villus height was observed again on day 2 
(323.55 ± 18.72 ~lIn ) but the decrease was signi fi­
cant ly less as compared to control group. The number 
of total ccll s and mitotic cell s/crypt section was found 
to be signifi cantly higher than control at each autopsy 
day . The maxi mum decrease in the number of crypt 
cell s and mitotic ce ll s was observed at day 2 (79.9 I % 
and 26.3 1 % respectively). Thereafter, the number of 
these cells increased and reached to normal level on 
day 20. The increase in number of goblet ce ll s and 
dead cells was found to be much less as compared to 
control in Melltha pretreated irr diated animals at 
each studied autopsy day. However, the number of 
goblet cell s/v illus secti on remained higher than nor­
mal at each autopsy day till day 20 but th e numbcr of 
dead cells/crypt sec ti on ga ined normalcy on day 10 
and onwards (Figs 2 and 3 a-h). 

Discussion 
A signifi cant decrease in the height of vi llus was 

observed in control animals exposed to 8 Gy gamma 
radiation . The number of total ce ll s and mitotic 
ce ll s/crypt section was reduced maximal ly at day 2. 
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Fig. 3- Photomicrographs of intesti nal cryp ts or Swiss albino mice exposed to 8 Gy gamma rad iation w ith or w ithout Melll/w pr.:treat­
men! la: normal cell popu lation (X500); b: increased gob let cell s in control animal at day I (X200): e: dead ce lls in control animal at day 
2 (X500); d: dead cells in experimental animal at day 2 (X500); e: mitoti c cell s (arrest of mitosis, clumping of chromosomes) in control 
animal at clay 5 (X50C): r: mitot ic ce lls (normal ) in ex perimental animal at day 5 (X500): g: normal structure in experimental animal at 
day 20 (X 100); h: normal struelllre in ex perimental anima l at day 20 (X500) 1 
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However, a signi ficant increase in goblet cell /villus 
secti on and dead cell s/crypt secti on was observed at 
day I and 2 respecti vely, in control animals. 

A major part in the radi ation damage to the intesti ­
nal epitheliu m is played by in terphase damage caus­
ing the death of cell s immedi ately after irradiation. 
The gas trointestinal syndrome includes vari ous 
mechani sms important for a lethal effec t. They in­
cl ude baring of the villi and in fec tion, damage to the 
blood vessels, and di sturbance of the balance of I iq­
uids and electrolytes6

. The crypt is the proli ferati ve 
unit supplying cell s fo r the maintenance of villus in­
tegri ty and as such assumes a cenrral ro le in the in tes­
tinal response to rad iati on ex posure7

. Ioni zing radi a­
tion affects the cells in all phases of the proli ferating 
cycle but the degree to which these are affected is de­
pendent on the phase in whi ch they were at the time 
of irrad iati ons. Decl ine in the percentage of litotic 
cell s at early intervals may be attributed to a block of 
cells in G2 phase of cell cycle and to prolongati on of 
mitotic process9

.
1O

. Secondly, di viding ce lls are highly 
radiosensiti ve and their direct killing by radi ation ex­
posure may be one of the major fac tors of reducing 
the percentage of dividing cell s in the present study. 

Potten et 0 1.11 ex plained the reducti on in the crypt 
cellularity on the bas is that migrati on of cells from the 
crypt to the villus continues over the first 24 hr post­
irradiation inspite of the fac t that cell di vision is 
inhibited/or severely reduced. Potten et 0 1. 12 further 
suggested cell death and lack of mitoses as possible 
reasons for the signi fic:mt reduction observed in the 
crypt epithelial ce lls ex posed to 8 Gy radi ation. The 
increase in goblet cell number can be attributed to 
rad iation induced discharge of cell s. Radi ati on ex po­
sure slows down the normal diffe renti ation process 13 . 

Mentha pretreated irradiated animals showed a sig­
ni ficant and consistent increase in villus height and 
reached to normal by day 20 post-irradi ation. The 
number of total cells and mitotic cell s/crypt section 
was also found to be signi ficantly higher than control 
at each autopsy day. The number of goblet cells and 
dead cell s was very high in control group as compared 
to Mel/.tha pretreated irradiated animals. 

These results are in good agreement with Uma 
Devi el al. 14 who studied the radioprotective effect of 
2-mercaptopropionylglycine on the intestinal crypt of 
Swiss albino mice after Cobalt-60 irradi ation and ob­
served that MPG afforded considerable protecti on to 
the intestinal crypts by causing an early recovery from 
mitotic inhibition foll owed by an early regeneration of 
the crypt epithelium. 

Evans et 0 1.3 suggested that the protection of G I 
tract by III after total body irradiati on was mainly 
due to the enhanced recovery of bone marrow pro­
genitors in ILl treated mice. An earli er study by 
Samarth et 01.

4
, showed that aqueous ex tract of Men­

tha protects Swiss albi no mice against gamma radia­
tion, and observed significantly hi gher va lues of 
blood corpuscles (RB C/WBC), hematocrit percentage 
(Hct) and hemoglobin (Hb) level in Mentha pretreated 
irradi ated animals as compared to irrad iated control 
animals. Further, a signi ficant enhancement in the 
number of endogenous spleen colon ies has been ob­
served in Men tha pretreated irradi ated ani ma ls4

. 

These results suggested that one of the mechani sms of 
radioprotecti on offered by Men tha ex tract is due to 
stimulation/protecti on of hematopoietic system. 

Increase in ac id phosphatase acti vity can be one in­
dicator of cel l death. Samarth et 01. 5 also reported that 
Mentha extract prov ides the protection against rad ia­
ti on damage by exhi bi ting a significant decrease in 
serum acid phosphatase acti vity and a remarkable in­
crease in the serum alkaline phosphatase acti vity in 
ex perimental animals as compared to control. There­
fore, the decrease in ac id phosphatase level could be a 
consequence of decrease in cell death. Max imum in­
crease in serum acid and alkaline phosphatase activity 
was recorded at 48 hr after ex posure in contro l an i­
mals may refl ect the high cell damage and early ce ll 
death . 

Ionizing radi ation is a highl y efficient cytotox ic 
agent. An X-ray dose of 1.5 Gy produces approx i­
mately 10.6 M rad icals in cell s l5

. DNA is the critical 
target fo r cell ki lling by ionizing rad iation, and there 
is growing evidence that the particu lar les ions that are 
responsible are DN A double-s trand les ions, such as 
DSB20

. Whil e, damage to other biological molecules 
does occur and is potenti ally cytotox ic. 

Dietary substances are known to contain quite a 
few micronutrients, essential anti -ox idants, compl ex­
ing/chelating agents etc. whi ch help in defending 
from the onslaught of free radi ca ls by their anti ­
oxidant properties24

, besides detox ifying the tox ic ma­
terials produced due to metabolic processes and en­
hancing their clearance from body. Mentha extract 
contains eugenol, caffe ic ac id, rosmarinic acid and (X­

tocopheroI21
.
23

• These compounds have shown to have 
anti ox idant properties and thus inhibit lipid perox ida­
ti on. Sam man el al.25 reported th at Mentha piperita 
has a chemopreventi ve effect against shamma (a 
complex mi xture of powdered tobacco, slaked lime, 
oils, spices and other additi ves, whi ch has been lin ked 
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to oral cancer in Saudi Arabia) induced carc inogene · 
sis, which could be due to antimutagenic properties. 
Vokovic-Gacis and Simic26 showed that ex tracts of 
mint (Men tha) could enhance error-free repa ir of 
damage and, hence, could be ant imutagen ic. A com­
bination of an ti oxidative processes and an timutagenic 
activities via modulation of DNA repair processes 
may be held responsible for the ant icarcinogen ic26 and 
radioprotective effects of Mentha. 

Thus, the results from the present study suggests 
that pretreatment of Mentha extract protects mouse 
jejunum agai nst the radiation induced reduction in 
villus hei ght, total cells and mitoti c figures/crypt sec­
tion. Mentha pretreatment also protects against radia­
tion induced increase in goblet cells/villus section and 
dead cell s/crypt section in jejunum of mice. 
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