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The pres ent pa per is a study of the modulatory ef fect of Rosmarinus officinalis leaves ex -
tract on ra di a tion-in duced he ma to log i cal and bio chem i cal changes in Swiss al bino
mice.The dose re duc tion fac tor for the Rose mary ex tract against gamma rays was cal -
cu lated 1.53 from LD50/30 val ues. The Rose mary ex tract was ad min is tered orally for 5
con sec u tive days prior to ra di a tion ex po sure. The he ma to log i cal and bio chem i cal pa -
ram e ters were as sessed from day 1 to 30 post-ir ra di a tion in ter vals. The to tal eryth ro -
cyte count, to tal leu co cytes count, he mo glo bin, and hematocrit val ues in the ex per i -
men tal group were found to be el e vated as com pared to the con trol group of mice.
Fur ther more, the Rose mary ex tract treat ment en hanced re duced glutathione con tent
in the liver and blood against ra di a tion-in duced de ple tion. Treat ment with the plant
ex tract brought a sig nif i cant fall in the lipid peroxidation level, sug gest ing rosemary’s
role in pro tec tion against ra di a tion-in duced mem brane and cel lu lar dam age. The re -
sults from the pres ent study sug gest a ra dio-pro tec tive ef fect of the Rose mary ex tract
against ra di a tion-in duced he ma to log i cal and bio chem i cal al ter ations in mice.
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IN TRO DUC TION

The prob lem of ra di a tion haz ard to liv ing be ings
has risen due to an in creas ing use of nu clear en ergy in
in dus trial, med i cal, en gi neer ing, and sci en tific re -
search. The in ad ver tent ex po sure of hu man to ra di a -
tion al ters the phys i o log i cal and met a bolic func tion ing 
of spe cific body or gans by caus ing ion iza tion and ex -
ci ta tion of mol e cules, lead ing to the for ma tion of free
rad i cals. Free rad i cals are be lieved to play a role in
more than sixty dif fer ent health con di tions, in clud ing
the age ing pro cess, can cer, ra di a tion dam age, ath ero -
scle ro sis, etc. [1, 2].

In re cent years, there has been con sid er able in -
ter est in the pos si bil ity of mod i fi ca tion of ra di a tion in -
ju ries in bi o log i cal sys tems. The de vel op ment of ef -
fec tive radioprotectors and ra dio re cov ery drugs is of
great im por tance in view of their po ten tial ap pli ca tion
dur ing both planned ra di a tion ex po sure (i. e., ra dio -
ther apy) and un planned ra di a tion ex po sure (i. e., in the 
nu clear in dus try, nat u ral back ground ra di a tion, etc.)
[3]. These drugs are also likely to be use ful in nu clear
war fare to pro vide pro tec tion to per son nel [4].

Nu mer ous drugs of both nat u ral and syn thetic
or i gin, e. g., an ti ox i dants [5, 6], cytoprotective agents
[7], metalloelements [8], immunomodulators [9, 10],
sulphydryl com pounds [11, 12], vi ta min A, C, and E
[13, 14], have been tested in both in vi tro and in vivo
mod els, hu man clin i cal tri als, as well as in an i mal
mod els, to ame lio rate in ju ries caused by ex po sure to
ra di a tion. De spite ex ten sive work done in this field,
not a sin gle syn thetic com pound is avail able so far as
an ef fec tive non-toxic radioprotector for prac ti cal pur -
poses [15, 16]. There fore, the search for al ter na tive
sources as ideal radioprotective agents, in clud ing
herbs, is on go ing [17-19].

Var i ous plants and plant prod ucts have been uti -
lized suc cess fully for the treat ment of free rad i -
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cal-med i cated dis eases in hu mans such as rheu ma toid
ar thri tis, can cer, Alz hei mer’s dis ease, Par kin son’s dis -
ease, ag ing, and sev eral other con di tions in clud ing in -
flam ma tory dis eases [20, 21]. It is, there fore, rea son -
able to ex pect that plants may con tain cer tain
com pounds that can pro tect against ra di a tion-in duced
re ac tive ox y gen spe cies (ROS) me di ated dam age. A
num ber of me dic i nal plants eval u ated for their
radioprotective ef fi cacy have shown pro tec tive ef fects 
against the dam ag ing ef fects of ion iz ing ra di a tion [16,
22-24]. Be cause of their low tox ic ity, nat u rally oc cur -
ring di etary com po nents of fer op por tu ni ties for de vel -
op ment as radioprotectors [25].

Rosmarinus officinalis L. (fam ily Lamiaceae) is
ap pre ci ated as a me dic i nal plant mainly for its an ti ox i -
dant, phar ma co log i cal, as well as cu li nary prop er ties. It is 
na tive to South ern Eu rope grows widely along the north
and south coasts of the Med i ter ra nean sea and also in the
sub-Hi ma la yan ar eas of In dia. This plant has shown to be 
safe in tox ic ity stud ies in an i mal mod els when added as
an an ti ox i dant to food. Well pop u lar as “Dew of the sea”,
rose mary has a his tory of me dic i nal use as a tonic and
stim u lant, an al ge sic, antireumatic, car mi na tive, di uretic,
ex pec to rant, anti-ep i lep tic, anti-spas modic in re nal colic, 
dysmenorrhoea, re liev ing re spi ra tory dis or ders ef fects
and for ef fects on hu man fer til ity [26]. The pres ent study
has been un der taken to eval u ate the ef fect of R.
officinalis’ leaves ex tract on ra di a tion-in duced he ma to -
log i cal and bio chem i cal al ter ations in Swiss al bino mice.
Rose mary leaves are used in food in dus try and have
shown to be safe in an i mal tests [27, 28]. 

MA TE RI ALS AND METH ODS

An i mal care and han dling: An i mal care and han -
dling were per formed ac cord ing to guide lines is sued
by the World Health Or ga ni za tion (Geneva, Swit zer -
land) and the In dian Na tional Sci ence Acad emy (New
Delhi, In dia). The De part ment’s Eth i cal Com mit tee
has ap proved the pres ent study. Adult male Swiss al -
bino mice (6-8 weeks old) weigh ing 23 ± 2 g from an
in bred col ony were used for the pres ent study. The an i -
mals were main tained on stan dard mice feed (pro cured 
from Hindustan Le ver Ltd., In dia) and wa ter ad li bi -
tum. Four an i mals were housed in a poly propy lene
cage con tain ing paddy husk (pro cured lo cally) as bed -
ding through out the ex per i ment.

Prep a ra tion of the ex tract: The iden ti fi ca tion of the 
plant Rosmarinus officinalis L. (Fam ily: Lamiaceae)
was done by Dr. Deepak Acharya (Voucher Spec i men
No: DDC/2001/DEPTBT/ACHARYA2430) of the De -
part ment of Bot any, Danielson Col lege, Chhindwara,
Madhya Pradesh, In dia. The non-in fected, cleaned,
shade dried leaves were pow dered and ex tracted with
dou ble dis tilled wa ter (DDW) by refluxing for 36 hours
at 50-60 °C. Pel lets of the drug were ob tained by evap o -
rat ing its liq uid con tent in the in cu ba tor. For ra di a tion

treat ment, the se lected doses were pre pared by dis solv -
ing the drug pel lets in dou ble dis tilled wa ter (1000 mg/
kg body wt.)

De ter mi na tion of acute tox ic ity of Rosemarinus
officinalis ex tract: The acute tox ic ity of the
Rosmarinus officinalis ex tract (RE) was de ter mined
ac cord ing to Prieur et al. [29] and Ghosh [30]. Briefly,
the an i mals were fasted by with draw ing food and wa -
ter for 18 hours and di vided into  groups of 8 each.
Each group of mice was ad min is tered with var i ous
doses, i. e., 100, 200, 400, 800, 1000, 1500, and 2000
mg/kg b. wt. of the plant ex tract orally (5 con sec u tive
days). The animals were pro vided with food and wa ter
im me di ately af ter the ad min is tra tion of the drug. The
mortality of the an i mals was ob served up to 30 days
post-RE treat ment and acute LD50 of RE was cal cu -
lated.

Ir ra di a tion: One hour af ter the last ad min is tra tion
of DDW or RE, the mice were whole body ex posed to
60Co (cobalt teletherapy unit) gamma ra di a tion source at
the Can cer Treat ment Cen tre, Ra dio ther apy De part ment, 
SMS Med i cal Col lege & Hos pi tal, Jaipur, In dia. A batch
of 12 an i mals was ir ra di ated to 9 Gy ra di a tion, each time
in a spe cially de signed well-ven ti lated acrylic box, at a
dose rate of 0.85 Gy per minute at a source-to-an i mal dis -
tance (mid point) of 80 cm.

Se lec tion of op ti mum dose: The dose se lec tion of
RE was done on the ba sis of our pre vi ously con ducted
drug tol er ance and an i mal sur vival study [16]. Var i ous
doses of RE (100, 200, 400, 800, 1000, 1500, and 2000
mg/kg b. wt.) were tested against gamma ir ra di a tion (9
Gy) for ra di a tion sickness and mor tal ity. An optimum
dose (1000 mg/kg b. wt.) thus ob tained was used for ex -
per i men ta tion in de tails.

Pro to col: The mice for this study were di vided into 
four groups: an i mals in Group-1 were ad min is tered
orally with DDW (vol ume equal to RE) to serve as Nor -
mal, while an i mals in Group-II (RE con trol) were given
RE orally in a dose of 1000 mg/kg body wt. per day for 5
con sec u tive days. An i mals of Group-III (ir ra di a tion con -
trol) re ceived an equal vol ume of DDW (as in Group-I)
and were ex posed to 9 Gy gamma rays. An i mals in
Group-IV (RE ex per i men tal) were given RE (as in
Group-II), one hour be fore ex po sure to 9 Gy gamma ir ra -
di a tion.

All an i mals were mon i tored for weight change, be -
hav ioral changes, mor tal ity, food, wa ter con sump tion
etc., up to 30 days. The an i mals from the above groups
were autopsied at days 1, 3, 5, 10, 20, and 30 post-treat -
ment in ter vals of post-ir ra di a tion. Blood sam ples were
col lected from the or bital si nus of mice from re spec tive
groups and ex am ined for histopathological and bio -
chem i cal al ter ations af ter rou tine pro ce dures.

Bio chem i cal al ter ations were stud ied in all the
groups at one hour post-ex po sure to 9 Gy gamma rays.
Glutathione (GSH) con tent in the blood and liver was
es ti mated spec tro pho to met ri cally us ing Ellman’s re -
agent (DTNB) as a col or ing re agent as per the method
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de scribed by Beutler et al. [31] and Mo ron et al. [32],
re spec tively. The absorbance was read at 412 nm, us ing
a UV-VIS Systronic spectrophotometer. The lipid
peroxidation level in the se rum and liver was mea sured
us ing thiobarbituric acid re ac tive sub stance (TBARS)
by the method of Ohkhawa et al. [33]. The absorbance
was read out at 532 nm, us ing a UV-VIS Systronic
spectrophotometer.

Sta tis ti cal anal y sis: The re sult for all the groups
at var i ous au topsy in ter vals was ex pressed as mean ±
stan dard er ror. The Stu dent’s ‘t’ test was used for sta -
tis ti cal com par i son be tween the groups and sig nif i -
cance level was set at dif fer ent lev els as p < 0.05, p <
<j0.01, and p < 0.001.

RE SULTS

No no tice able signs of be hav ioral changes, sick -
ness or mor tal ity were ob served in the sham-ir ra di ated
(Group-I) and RE-treated group (Group-II). These an -
i mals ap peared quite healthy in all re spects. In the
sham-ir ra di ated (Group-I) and rosemary alone treated
(Group-II) mice, a con sis tent weight gain was ob -
served from day 3 on wards, reach ing the max i mum by
the last au topsy in ter val. The to tal eryth ro cyte counts,
he mo glo bin per cent age, hematocrit value and to tal
leu co cyte counts did not show any sig nif i cantly no ta -
ble changes af ter sham-ir ra di a tion. The var i ous he ma -
to log i cal pa ram e ters as de scribed in Group-I an i mals
closely fol lowed the pat tern in RE alone treated mice
(Group-II), de pict ing the fact that the plant ex tract
alone did not bring about no ta ble changes in blood
com po nents of Swiss al bino mice (tab. 1).

Eryth ro cytes: In group III, eryth ro cytes count
de creased sig nif i cantly below nor mal (p < 0.001) at all
au topsy in ter vals. The max i mum de cline (4.07 ± 0.12)

was re corded as early as day 1 post-ir ra di a tion, af ter
which a grad ual in crease was no ticed at later in ter vals.
No an i mals in this group sur vived be yond the 10th day
post-au topsy in ter val. In an i mals pre-treated with RE
prior to ir ra di a tion (group IV), eryth ro cyte counts
showed a highly sig nif i cant (p < 0.001) in crease over
the con trol (Group-I) up to the 10th day post-treat ment. 
How ever, max i mum de crease (5.83 ± 0.17) was ob -
served on day 3 post-ir ra di a tion. There af ter, a re cov -
ery was ev i dent, but the nor mal value could not be at -
tained even af ter the 30th day ra di a tion ex po sure (tab.
1).

He mo glo bin: In ir ra di ated alone (Group-III) an i -
mals, a  marked  drop in the he mo glo bin level (9.74  ± 
± 0.05; p < 0.001) was re corded on day 1 post-ir ra di a -
tion. There af ter, a grad ual in crease was ev i dent up to
the 10th day, but after that no an i mal sur vived later au -
topsy in ter vals. In the RE pretreated ir ra di ated group,
the val ues of he mo glo bin showed a sig nif i cant (p <
<j0.001) in crease over the con trol group. Af ter the day 
1 au topsy in ter val, a con tin u ous re cov ery in the he mo -
glo bin level was mea sured up to day 30 post-ir ra di a -
tion. How ever, a nor mal value could not be ob tained
even on the 30th day of post-treat ment in ter val (tab. 1).

Hematocrit: A highly sig nif i cant de crease (p <
< 0.001) from nor mal was ob served in group III, at all 
au topsy in ter vals stud ied. How ever, the fall was max -
i mal (28.65 ± 0.52) on the 1st day of the post-au topsy
in ter val. Thereafter, a re cov ery was re corded up to
day 10, but the val ues re mained sig nif i cantly be low
nor mal. In RE treated ir ra di ated mice (Group-IV), a
sim i lar trend was no ticed in both the hematocrit and
eryth ro cytes count (tab. 1).

Leu co cyte:  The leucocytes count de creased sig -
nif i cantly (p < 0.001) be low nor mal with a max i mum
de cline (2.71 ± 0.16) on day 3 post-ir ra di a tion. No an i -
mal sur vival was seen in this group af ter day 10
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Ta ble 1. Vari a tions (mean ± standard error) in he ma to log i cal counts af ter ex po sure to 9 Gy gamma rays with
(ex per i men tal) or with out (con trol) Rosmarinus officinalis L. ex tract

Hematological
parameters

Post – irradiation intervals

Groups Day 1 Day 3 Day 5 Day 10 Day 20 Day 30

Erythrocytes
Control 4.07 ± 0.12c 4.13 ± 0.13c 4.41 ± 0.12c 5.37 ± 0.21c n. s. n. s.

Experimental 5.94 ± 0.20c 5.83 ± 0.17c 7.12 ± 0.19c 7.38 ± 0.14c 7.62 ± 0.19 7.96 ± 0.12

Hemoglobin
Control 9.74 ± 0.05c 10.18 ± 0.14c 10.67 ± 0.10c 11.78 ± 0.22c n. s. n. s.

Experimental 10.87 ± 0.23c 11.33 ± 0.19c 11.59 ± 0.21c 11.83 ± 0.16c 12.10 ± 0.19 12.47 ± 0.13

Hematocrit
Control 28.65 ± 0.52c 30.75 ± 1.01c 30.34 ± 0.48c 31.94 ± 0.59c n. s. n. s.

Experimental 34.83 ± 0.84c 34.18 ± 0.34c 35.64 ± 0.60c 38.31 ± 0.63c 39.59 ± 0.43 40.45 ± 0.46

Leucocytes
Control 2.86 ± 0.15c 2.71 ± 0.16c 3.18 ± 0.17c 3.78 ± 0.24c n. s. n. s.

Experimental 3.96 ± 0.21c 4.03 ± 0.27c 4.21 ± 0.12c 4.43 ± 0.18c 4.84 ± 0.20 5.06 ± 0.12

Nor mal val ues:
Eryth ro cytes = 8.67 ± 0.14×106/mm, He mo glo bin = 13.18 ± 0.13 gm/dl, Hematocrit = 42.22 ± 0.38%, Leu co cytes = 5.86 ± 0.14×103/mm,
Con trol = DDW + ir ra di a tion; Ex per i men tal = RE + ir ra di a tion; n. s. = no sur vival
Sta tis ti cal com par i son:
Con trol vs. Nor mal; Ex per i men tal vs. Con trol
Sig nif i cance lev els:
ap £ 0.05, bp £ 0.01, cp £ 0.001



post-ex po sure. In Group-IV, leu co cyte counts were
ob served as sig nif i cantly (p < 0.001) higher than in the
con trol group through out the ex per i ment. Ini tially, a
drop in the num ber of such cells was no ticed on day 1
post-treat ment (3.96 ± 0.21). Later, it ex hib ited a con -
tin u ous rise up to day 30th post-in ter val, but the val ues
re mained be low nor mal (tab. 1)

Glutathione (GSH): Blood and liver GSH level
in Group-I was es ti mated as 3.47 ± 0.12 and 62.87 ±
1.36, re spec tively. In RE alone ad min is tered
(Group-II) an i mals, no sig nif i cant al ter ations in the
GSH con tent were ob served as com pared to nor mal
(Group-I). In an i mals ex posed to 9 Gy rays alone
(Group-III), a sig nif i cant fall in blood and liver GSH
level was re corded (p < 0.001) in com par i son to nor -
mal. How ever, in RE pretreated ir ra di ated mice
(Group-IV), a sig nif i cant in crease (p < 0.001) was ob -
served in com par i son to group-III, but the dif fer ence
was not sig nif i cant (tab. 2).

Lipid peroxidation (LPx): Se rum and liver LPx
in Group-I (nor mal) mice was mea sured af ter 1 hour
and was found to be 1.25 mmol/ml and 2.65 mmol/mg,
re spec tively. No sig nif i cant al ter ations as com pared to
nor mal were ob served in RE alone treated an i mals
(Group-II). In the ir ra di ated alone con trol (Group-
III), the LPx level in creased af ter ra di a tion ex po sure of 
9 Gy. RE pre-treat ment (in group-IV) sig nif i cantly
low ered lipid peroxidation, as it was mea sured above
nor mal in both blood and liver in the ex per i men tal
Group-IV (tab. 2).

DIS CUS SION

Sev eral at tempts have been made to in hibit ra di -
a tion-in duced in ju ries us ing a va ri ety of syn thetic and
nat u ral radioprotectors in mam mals. But chem i cal
com pounds do not qual ify ra di a tion pro tec tion at a
non-toxic, low dose in oc cu pa tional or ther a peu tic set -
tings. Since it is a com mon fact that me dic i nal plants
and plant prod ucts are eco-friendly, harm less, and
cheap, they have be come a ma jor av e nue for the dis -
cov ery of new ra dio-pro tec tive drugs [15, 34, 35]. 

Some ear lier stud ies on radioprotection show
that an agent tested for its ra dio-pro tec tive ac tion is ef -

fec tive only at a par tic u lar dose [35-37]. A sim i lar
ac tion can not be ruled out for RE, which pro vided an
op ti mum pro tec tion at 1000 mg/kg, while the higher
doses re sulted in a steady de cline in its protective
prop er ties. He ma to log i cal counts serve as sen si tive
pa ram e ters de ter min ing the pro tec tive ef fi cacy of such 
com pounds. In the pres ent study, RE pre-treat ment
shows a sig nif i cant in crease in the to tal num ber of
eryth ro cytes, leu co cytes, he mo glo bin con tent, and
hematocrit val ues as com pared to their re spec tive con -
trols at all other in ter vals.

To the con trary, all an i mals of Group-III died
within 30 days when ex posed to the 9 Gy ra di a tion
dose. The first death was re corded on day 7th, fol lowed 
by a 100% mor tal ity within 20 days of the 9 Gy ra di a -
tion ex po sure. Ac cord ing to Casarette [38], dam age to
the hematopoietic sys tem is a ma jor fac tor in the mor -
tal ity rate fol low ing acute ra di a tion ex po sure. RE pre -
treat ment pro vided en hanced sur vival in mice and
also, pro tec tion against hematopoietic death, prob a bly 
by shielding hematopoietic stem cells re spon si ble for
the regeneration and re cov ery of the sys tem. The pro -
cess, pos si bly, stim u lates cel lu lar re gen er a tion and,
thus, causes early re cov ery. Similar  ob ser va tions have 
been re ported ear lier with some herbal prep a ra tions
like Triphala, Abana, Septlin [39], Syzygium cumini
[40], and Bras sica compestris [41].

At a higher dose of 9 Gy, the eryth ro cyte count fell 
more sharply up to day 7, but re cov ered there af ter. Fred
and Smith [42] sug gested that the ra di a tion-in duced de -
ple tion of hematopoietic stem cells may be an im por tant 
fac tor con trib ut ing to the de cline in the erythrocytic
pop u la tion. The acute de cline in the to tal RBC count
may be at trib uted to the leak age on ac count of hem or -
rhage caused by ra di a tion in duced lesions in blood ves -
sels [43]. How ever, the RBC count was sig nif i cantly
higher in ex per i men tal Group-IV than in Group-III. Re -
cently, Samarth et al. [44] ob served a sim i lar pro tec tive
ef fi cacy of a plant ex tract, Mentha piperita, against ra -
di a tion-in duced de ple tion in RBC and he mo glo bin. A
drop in the he mo glo bin con tent (Group-III) may be at -
trib uted to the de creased erythropoiesis and, hence, a
de crease in the num ber of red blood cells and/or the
leak age of RBC into lym phatic tis sue and other tis sue
spaces due to in creased cap il lary per me abil ity. The de -
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Ta ble 2. Re duced glutathione and lipid peroxidation level in blood and se rum of Swiss al bino mice af ter ex po sures to
dif fer ent doses of gamma rays with (ex per i men tal) or with out (con trol) Rosmarinus officinalis L. ex tract

Treatment
Glutathione Lipid peroxidation

Blood [mg/ml] Liver [mmol/mg] Blood serum [mmol/ml] Liver [mmol/mg]

Normal 3.47 ± 0.12 62.87 ± 1.36 1.25 ± 0.06 2.65 ± 0.17

RE treated 3.57 ± 0.12 63.32 ± 1.13 1.19 ± 0.11 2.54 ± 0.12

9 Gy (control) 2.03 ± 0.01c 31.15 ± 0.27c 5.63 ± 0.41c 9.82 ± 0.25c

RE + 9 Gy (experimental) 2.85 ± 0.04c 51.20 ± 0.43c 3.12 ± 0.02c 5.16 ± 0.07c

Sta tis ti cal com par i son:                                                Sig nif i cance lev els:
Con trol vs. nor mal                                                      ap £ 0.05, bp £ 0.01, cp £ 0.001 



crease in the he mo glo bin con tent as ob served in the
pres ent study may also be due to the de ple tion in the
syn the sis of he mo glo bin af ter ra di a tion ex po sure.
Nunia and Goyal [45] ob served the in hi bi tion of he mo -
glo bin syn the sis in an i mals af ter ra di a tion ex po sure. In
RE pre-treated mice (Group-IV), the level of he mo glo -
bin was main tained higher than their con trol val ues at
all other au topsy in ter vals, in di cat ing that the RE has a
pro tec tive ac tion on the he mo glo bin con tent. The dif -
fer ence be tween he mo glo bin con tent of the con trol and
ex per i men tal groups at early post-ir ra di a tion in ter vals
ap pears to be closely as so ci ated with the el e vated RBC
counts ob served in RE pre-treated an i mals in the pres -
ent study. Thus, the pro tec tion of he mo glo bin is closely
re lated with the protection of RBC and erythropoiesis
by rose mary.

The de crease in the hematocrit value can be at -
trib uted to the fail ure of erythropoiesis, de struc tion of
ma ture cells, and in ter nal bleed ing. The de pres sion in
the hematocrit value can also be at trib uted to the to tal
cell de ple tion in pe riph eral blood aided by dis tur -
bances in steady-state mech a nisms in blood form ing
or gans, as well as an in crease in plasma vol ume af ter
ir ra di a tion. In RE treated an i mals, hematocrit val ues
showed a con sis tent re cov ery over con trol from 24
hours on wards; how ever, a nor mal value could not be
at tained at a 9 Gy ra di a tion dose.

It is a well known fact that ra di a tion ex po sure re -
duces the num ber and func tional ac tiv ity of cir cu lat ing 
lym pho cytes and changes the dis tri bu tion and ra tio of
their sub pop u la tions [46]. Patt [47] stated that the
rapid de cline in the lym pho cytes num ber is due the
direct destruction of such cells in pe riph eral blood.
Rose mary extract treat ment to Group-IV mice may
have stim u lated or pro tected hematopoiesis and the
bone mar row and brought about a sub se quent rise in
he ma to log i cal con stit u ents in pe riph eral blood.

Glutathione is a free-rad i cal scav en ger that of -
fers pro tec tion against ox y gen de rived free rad i cals
and cel lu lar lethality fol low ing ex po sure to ion iz ing
ra di a tion [48]. Proper maintenance of GSH is crit i cal
for keep ing a check on cel lu lar ho meo sta sis [49]. Un -
der nor mal con di tions, the in her ent de fense sys tem,
not ex clud ing GSH and an ti ox i dant en zymes, pro tects
against ox i da tive dam age [50, 51].

A sig nif i cant de crease in lev els of GSH was reg is -
tered in Group-III mice in com par i son to  the normal
(Group-I) an i mals. Fur ther more, in an i mals pre-treated
with RE prior to gamma ra di a tion (Group-IV), an in -
crease (as com pared to group III) in hepatic and blood
GSH level was re corded. The pres ent study dem on -
strates that oral ad min is tra tion of RE to Swiss al bino
mice did not sig nif i cantly in flu ence the en dog e nous
GSH level. The lower de ple tion of liver and blood GSH
in Group-IV could be due to the higher avail abil ity of
GSH, which in creases the abil ity to cope with the free
rad i cals pro duced by ra di a tion. 

In the pres ent study, an in crease in LPx level
(hepatic as well as se rum) was ob served fol low ing ra -
di a tion ex po sure. It was ob served that, al though RE
treat ment did not sig nif i cantly al ter the LPx level in
non-ir ra di ated an i mals, it con sid er ably di min ished the
gen er a tion of ra di a tion-in duced lipid peroxidation in
terms of malondialdehyde pro duc tion. The in crease of
lipid peroxidation by prod uct (malondialdehyde) fol -
low ing ra di a tion ex po sure as re vealed in the pres ent
study is a clear in di ca tion of in creased ox i da tive stress. 
Kilic et al. [52] ob served that lipid peroxidation starts
as soon as the en dog e nous GSH gets ex hausted, and
the ad di tion of GSH stops fur ther peroxidation
promptly. In Group-IV, an in crease in the GSH con -
cen tra tion, to wards nor mal, could have re sulted in the
re duced lev els of LPx, thereby pro tect ing against dam -
age caused by ra di a tion. Shimoi et al. [53] pro posed
that plant flavonoids, which show an ti ox i dant ac tiv ity
in vi tro, func tion as an ti ox i dants in vivo, and their
radioprotective ef fect may be at trib uted to their rad i cal 
scav eng ing ac tiv ity. 

The ra dio-modulatory ef fect ob served af ter the R.
officinalis leaves ex tract treat ment may be due to the
sig nif i cant el e va tion in GSH level and a de creased
MDA for ma tion in the blood and liver of Swiss al bino
mice. There are sev eral path ways of radioprotection
that have been sug gested against the dam ag ing ef fects
of ion iz ing ra di a tion in mam ma lian cells. The mech a -
nisms that ra dio-pro tec tors im pli cate in clude free rad i -
cal scav eng ing that pro tects against ion iz ing ra di a -
tion-gen er ated ROS or chemotherapeutic agents and
hy dro gen atom do na tion that fa cil i tates di rect chem i cal
re pair at sites of DNA dam age. 

Rose mary con tains ac tive con stit u ents like
carnosol, carnosic acid, caffeic acid, rosmarinic acid,
ursolic acid, dif fer ent phe nols, diterpenes, and
flavanoids [26, 54, 55] that have been sub jected to var i -
ous phar ma co log i cal in ves ti ga tions. Find ings of Offord
et al. [56] con firm that nat u ral polyphenols found in rose -
mary have not only po tent an ti ox i dant ac tiv i ties but also
anticarcinogenic prop er ties. 

The RE might have scav enged ROS gen er ated
by ion iz ing ra di a tion be fore they could in ter act with
bio chem i cal mol e cules, thus re duc ing the harm ful ef -
fects of ra di a tion. To in ves ti gate the ex act mech a nism
of ac tion and clin i cal ap pli ca bil ity of R. officinalis as a
radioprotector, fur ther work is in prog ress. The re sults
of the pres ent study sug gest that R. officinalis leaves
ex tract mod u lates ra di a tion-in duced he ma to log i cal
and bio chem i cal al ter ations, prob a bly by pro vid ing
pro tec tion from free rad i cals.
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Garima S. A^ARIJA, Pradip K. GOJAL

UPOTREBA  EKSTRAKTA  RUZMARINOVOG  LISTA  PROTIV  ZRA^EWEM 
IZAZVANIH  HEMATOLO[KIH  I  BIOHEMIJSKIH  PROMENA  U  MI[EVA

Rad predstavqa prou~avawe modulatornih efekata na zra~ewem izazvane hematolo{ke i
biohemijske promene kod {vajcarskih belih mi{eva usled primene ekstrakta lista Rosmarinus
officinalis. Faktor redukcije doze do 1,52 za ruzmarinov ekstrakt kao sredstvo protiv gama zra~ewa
izra~unat je iz LD50/30 vrednosti. Ruzmarinov ekstrakt uno{en je oralno pet uzastopnih dana pre
izlagawa zra~ewu. Hematolo{ki i biohemijski parametri procewivani su u in ter valu od prvog do
tridesetog dana po ozra~ivawu. Ukupan broj eritrocita i leukocita, vrednosti hemoglobina i
hematokrita u eksperimentalnoj grupi bile su povi{ene u pore|ewu sa kontrolnom grupom mi{eva.
Postupak ruzmarinovim ekstraktom povisio je redukovani sadr`aj glutationa u jetri i krvi
nasuprot zra~ewem izazvanog slabqewa. Le~ewe biqnim ekstraktom dovelo je do zna~ajnog pada
nivoa lipidne peroksidaze, ukazuju}i na ulogu ruzmarina u za{titi od zra~ewem izazvanog
o{te}ewa mem brane i }elije. Rezultati prou~avawa upu}uje na efekte za{tite ruzmarinovim
ekstraktom od zra~ewem izazvanih hematolo{kih i biohemijskih promena u mi{eva.

Kqu~ne re~i: gama zra~ewe, glutation, hematologija, ozra~ivawe, lipidna peroksidaza,
jjjjjjjjjjjjjjjjjjjjjjjRosmarinus officinalis, {vajcarski beli mi{


