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The pres ent study deals with the radiomodulatory in flu ence of Tinospora cordifolia (Am ri ta)
root ex tract on the pe riph eral blood of Swiss al bino mice af ter 5.0 Gy gamma ir ra di a tion in
the pres ence (ex per i men tal) or ab sence (con trol) of Tinospora cordifolia (75 mg/kg b.wt/day).
The an i mals from dif fer ent groups were necropsied and their blood col lected on days 1, 3, 7,
15, and 30 postirradiation. A con sid er able de crease was re corded in the num ber of eryth ro -
cyte and to tal leu co cyte counts, dif fer en tial leu co cytes, he mo glo bin con tent, and hematocrit
per cent age in the ir ra di ated con trol group, while a re cov ery pat tern was re corded in ex per i -
men tal an i mals, how ever, with out the at tain ment of nor mal lev els up to the end of the ex per i -
ment. Fur ther more, Tinospora cordifolia root ex tract pre treat ment sig nif i cantly ame lio rated
ra di a tion-in duced el e va tion in cho les terol and lipid peroxidation lev els, whereas, a de cline in
glutathione and to tal pro teins con cen tra tion was noted.
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IN TRO DUC TION

The nu clear era in which hu man be ings live to -
day is both a bane and a boon. Though nu clear en ergy
has of fered enor mous ben e fits to man kind, at the same
time, it has also cre ated im mea sur able evils and chal -
lenges that need to be con fronted. Ion iz ing ra di a tion is
a mil lion times stron ger than any thing en coun tered
dur ing our long evo lu tion as a spe cies. Af ter the con -
ver sion of ra di a tion to other forms of en ergy, it has im -
pacted the bi o log i cal sys tem ad versely in a va ri ety of
ways through the ion iza tion of wa ter and dif fer ent bi o -
log i cally es sen tial macromolecules, caus ing a se ries of 
phys i o log i cal changes stem ming from var i ous phys i -
cal, phys i o log i cal, and en vi ron men tal factors.

In the field of radiobiology, the im pact of ra di a -
tion on the hemotopoietic sys tem has been in the fo cus
of in ter est and on the rise for years. Be cause of their
high pro lif er at ing ca pac ity, blood and blood-form ing
tis sues are highly radiosensitive and their dam age may
lead to the de vel op ment of the hemopoietic syn drome
[1]; hence, pe riph eral blood con stit u ents may well serve 
as sig nif i cant bi o log i cal in di ca tors. Nev er the less, blood 
has a re mark able re gen er a tive ca pac ity and will re cover
within a short pe riod of time [2]. The rapid re cov ery of

the said tis sue lim its its ap pli ca tion as a di ag nos tic tool
to ac ci den tal cases of ir ra di a tion.

New tech nol o gies and re search over the past 20
years have pro vided a greater un der stand ing of the
com plex na ture of ra di a tion in ju ries at the mo lec u lar
and cel lu lar level and have, also, paved the way to wards 
the de vel op ment of radiomodulators and radiorecovery
agents that can be ef fi ciently uti lized as a pro tec tion
against the in ju ri ous ef fects of ion iz ing ra di a tion [3]. In
view of this fact, many hun dreds of chem i cal com -
pounds with var ied struc tures and phys i o log i cal func -
tions have been tested for their radioprotective prop er -
ties over the past six de cades [4, 5]. How ever, none of
them were found to be suit able for clin i cal ap pli ca tion,
due to their in her ent tox ic ity at op ti mum dose con cen -
tra tions.

The re-in ven tion of the re la tion ship be tween
plants and health is re spon si ble for the launch ing of a
new gen er a tion of bo tan i cal ther a peu tics, such as
plant-de rived pharmaceuticals, multicomponent bo tan -
i cal drugs, func tional foods, di etary sup ple ments, and
plant-pro duced re com bi nant pro teins [6]. Due to the
pres ence of nat u ral an ti ox i dants, plant prod ucts have
di verse phar ma co log i cal prop er ties that have been used
as a cure for a range of dis eases since an cient time. As a
con se quence, over the past sev eral years, in ter est in the
radioprotective ef fi ciency of plant prod ucts has been on 
the rise [7].
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In this con text, Tinospora cordifolia, of the
Menispermaceae fam ily, has been wel comed by re -
search ers as a po ten tial drug of the Ayurveda (In dian
sys tem of med i cine), where it is be lieved to have
rasayana (re ju ve nat ing), balya (tonic), vayah-stha-
pana (antiaging), aayushyaprada (life span-in creas -
ing), vrishya (aph ro di siac), and chakshusya (eye-dis -
or ders-heal ing) prop er ties [8]. Po ten tial me dic i nal
prop er ties re ported by the sci en tific re search on the
said plant in clude antidiabetic, antipyretic, antispas-
modic, anti-in flam ma tory, antiarthritic, an ti ox i dant,
antiallergic, antistress, antileprotic, antimalarial, he-
patoprotective, immunomodulatory and antineop-
lastic ef fects [9-11]. Tinospora cordifolia has also
been re ported to pro tect against le thal ir ra di a tion in
mice by de creas ing micronuclei and in creas ing sur -
vival in bone mar row cells [12].

We have un der taken the pres ent study with the aim
of com ing to an un der stand ing of the an ti ox i dant and
pos si ble radioprotective po ten tial of the Tinospora
cordifolia root ex tract (TCE) on ra di a tion-in duced he -
ma to log i cal and bio chem i cal al ter ations in mam mals.

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 the guide lines set by WHO (World Health
Or ga ni za tion, Geneva, Swit zer land) and INSA (In -
dian Na tional Sci ence Acad emy, New Delhi, In dia).
Swiss al bino mice, 6-8 weeks old, weigh ing 22 ± 2 g,
from an in bred col ony, were used in the study pre -
sented. They were main tained un der con trolled con di -
tions of tem per a ture and light (14 and 10 hours of light
and dark, re spec tively). The an i mals were pro vided
with stan dard mice food (pro cured by Ashirwad In -
dus tries, Chandigarh, In dia) and wa ter ad li bi tum. Tet -
ra cy cline wa ter was also given once a fort night, as a
pre ven tive mea sure against in fec tion. Through out the
ex per i ment, four to six an i mals were housed in a poly -
propy lene cage con tain ing paddy husk (pro cured lo -
cally) as bed ding. Our study was ap proved by the In -
sti tu tional An i mal Eth i cal Com mit tee.

Source of ir ra di a tion

The an i mals were ir ra di ated by a 60Co source in
the Co balt Ther apy Unit at the Can cer Treat ment Cen -
ter, De part ment of Ra dio ther apy, SMS Med i cal Col -
lege and Hos pi tal, Jaipur, In dia. Unanaesthetized mice 
were re strained in well ven ti lated boxes and ex posed,
whole-body, to gamma ra di a tion (5.0 Gy) at a dose-
rate of 221 c Gy/min from a source-to-sur face dis tance 
(SSD) of 80 cm.

Prep a ra tion of the plant ex tract

Tinospora cordifolia was iden ti fied by a com pe -
tent bot a nist of the Her bar ium of Bot any De part ment,

Uni ver sity of Rajasthan, Jaipur (RUBL No. 20132).
The root of the Tinospora cordifolia was col lected,
cleaned, shade dried, pow dered and ex tracted. The ex -
tract was pre pared by refluxing with dou ble-dis tilled
wa ter (DDW) for 36 (3 ́  12) hours. The cooled liq uid
ex tract was con cen trated by evap o rat ing its liq uid con -
tents to ren der it in pow der form. An ap prox i mate
yield of 22% ex tract was ob tained. The ex tract was
re-dis solved in DDW just be fore oral ad min is tra tion to 
mice. Hence forth, in this ar ti cle, the ex tract of the
Tinospora cordifolia root will be called TCE.

EX PER I MEN TAL DE SIGN

Dose se lec tion of TCE

The dose se lec tion of Tinospora cordifolia was
done in our pre vi ous study on the ba sis of the drug tol -
er ance sur vival ex per i ment [13].

Mod i fi ca tion of ra di a tion re sponse

To eval u ate the ad verse ef fects of gamma rays
and the pos si ble radioprotective ef fi cacy of the TCE
ex tract, a to tal of 48 an i mals were se lected from an in -
bred col ony, ran domly as sorted into four groups of 12
mice each. An i mals in group I (Nor mal/Sham-Ir ra di -
ated) were ad min is tered with dou ble-dis tilled wa ter
(DDW), vol ume equal to TCE as the ve hi cle, by oral
ga vage, once a day for 5 con sec u tive days, to serve as
nor mal. Mice in group II (Neg a tive Con trol or
TCE-alone treated) were ad min is tered with 75 mg/kg
b. w.t/day of TCE dis solved in dou ble-dis tilled wa ter
through oral ga vage for 5 con sec u tive days, once a
day. In group III (Ir ra di ated Con trol), the dou ble-dis -
tilled wa ter vol ume equal to TCE was ad min is tered for 
5 con sec u tive days (as in Group-I) and then ex posed to 
a 5.0 Gy dose of gamma ra di a tion. This group served
as the ir ra di ated pos i tive con trol. Mice in Group IV
(Ex per i men tal) were treated with TCE, orally for 5
con sec u tive days (as in Group-II) and, then, 30 min af -
ter the last dose ad min is tra tion on day 5th, such an i -
mals were ex posed to a 5.0 Gy gamma ra di a tion. 

Au topsy sched ule

An i mals from all the above treated groups (I, II,
III, and IV) were reg u larly ob served for 30 days for
their weight change, any signs of sick ness, mor bid ity,
fur and skin changes, be hav ioral tox ic ity, any vis i ble
ab nor mal i ties, and mor tal ity. A min i mum of 6 an i mals
from each group were necropsied at 12 h, 1, 3, 7, 15,
and 30 days post treat ment, so as to eval u ate the he ma -
to log i cal and bio chem i cal pa ram e ters.

He ma to log i cal study

In the study, one hour af ter ir ra di a tion, blood
was col lected from the car diac punc tures of an i mals
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from each group in a vial con tain ing 0.5 M EDTA. The
to tal num ber of eryth ro cytes (RBC), leu co cytes
(WBC), as well as thematocrit (Hct) and he mo glo bin
(Hb) per cent ages, were de ter mined by stan dard pro ce -
dures.

Bio chem i cal study

Bio chem i cal al ter ations were stud ied in an i mals
of all groups at one hour post ex po sure to gamma ra di -
a tion. The level of glutathione (GSH) was de ter mined
by blood meth ods of Beutler et al. (1963) [14], re spec -
tively. The lipid peroxidation (LPx) level in the se rum
was mea sured by an as say of thiobarbituric acid-re ac -
tive sub stances (TBARS), ac cord ing to the method of
Ohkhawa et al. (1979) [15].

Sta tis ti cal anal y sis

Re sults for all of the groups at var i ous necropsy
in ter vals were ex pressed as a Mean ± Stan dard Er ror
(S. E.). To find out whether the mean of the sam ple
drawn from the ex per i men tal (group IV) de vi ates sig -
nif i cantly from the re spec tive con trol (group III), Stu -
dent's t-test was used by em ploy ing the method of
Bourke et al. (1985) [16]. The sig nif i cance level was
set at dif fer ent lev els as p < 0.05, p < 0.01, and p <
0.001.

RE SULTS

Dur ing the en tire study pe riod, no ad verse ef -
fects in terms of be hav ioral changes, sick ness or mor -
tal ity were ob served in an i mals of Group I and II,
whereas the ir ra di ated con trols (Group III) ex hib ited
ra di a tion-in duced signs and symp toms, with a 2.38%
mor tal ity within the 19th day of ir ra di a tion. To the con -
trary, TCE pre treat ment (Group IV) sig nif i cantly in -
hib its ra di a tion-in duced sick ness and in creases the
sur vival up to the 30th day.

A sig nif i cant and con tin u ous de ple tion in to tal
eryth ro cyte  counts  was  re corded  up  to  day 3rd (7.12 ±
± 0.20; p < 0.001), fol lowed by a sig nif i cant in crease till
the last au topsy in ter val, where the ob served value was
found to be 32.57% lesser than the nor mal. As op posed
to this, through out the ex per i ment, TCE-pretreated ir ra -
di ated an i mals ex hib ited a sig nif i cant in crease in eryth -
ro cyte counts over the ir ra di ated con trol, while the nor -
mal level could not be re stored. The he mo glo bin
con tent sig nif i cantly dropped up to day 3rd of
postirradiation (9.73 ± 0.8; p £ 0.001) and was found to
be 74.45% lesser than the nor mal. Af ter wards, the Hb
con tent started to rise up to day 30th when it was found
to amount to 86.45% of the nor mal (11.30 ± 0.10; p £
0.001). TCE-ad min is tered an i mals ex hib ited a higher

Hb con cen tra tion than Group III, and the val ues were
found to be near nor mal by the end of the ex per i ment
(figs. 1 and 2).

The hematocrit value started di min ish ing sig nif i -
cantly  from  12  hours on  (38.52 ± 0.2; p £ 0.001)  and
at tained  its  min i mum on  day 3 of postirradiation
(36.05 ± 0.23; p £ 0.001). How ever, from day 7th on -
wards, the val ues in creased, while the nor mal per cent -
age was not re gained even by the end of the study, i. e.
the 30th day (90.75% of nor mal). TCE-pretreated an i -
mals also ex hib ited a sim i lar pat tern of al ter ation in
hematocrit per cent age, but the mag ni tude of vari a tions
was fairly lesser and an al most nor mal level was re cov -
ered by the end of the ex per i ment (fig. 3).

In con trast to other he ma to log i cal pa ram e ters, the
eryth ro cyte sed i men ta tion rate (ESR) value was mea -
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Fig ure 1. Vari a tions (mean ± S.E.) in eryth ro cyte counts 
in the pe riph eral blood of mice ex po sure to 5.0 Gy
gamma ra di a tion with (ex per i men tal) or with out (ir ra -
di ated con trol) TCE, re spec tively. Sta tis ti cal anal y sis:
Nor mal v/s ir ra di ated con trol, ir ra di ated con trol v/s ex -
per i men tal; sig nif i cance lev els: a p £  0.05, bp £ 0.01, and
cp £ 0.001

Fig ure 2. Vari a tions (mean ± S.E.) in he mo glo bin lev els
in the pe riph eral blood of mice ex po sure to 5.0 Gy
gamma ra di a tion with (ex per i men tal) or with out (ir ra -
di ated con trol) TCE, re spec tively. Sta tis ti cal anal y sis:
Nor mal v/s ir ra di ated con trol, ir ra di ated con trol  v/s ex -
per i men tal; sig nif i cance lev els: a p £ 0.05, bp £ 0.01, and cp
£ 0.001



sured to be on a sig nif i cant (p £ 0.001) rise from the first
au topsy in ter val up to day 7th of postirradiation (6.12 ±
0.05 mm/h). How ever, in Group III, a sig nif i cant de -
pres sion was ob served at sub se quent in ter vals, while
the nor mal was not at tained. The pat tern of al ter ations
was es sen tially sim i lar in the TCE-pretreated group, but 
a sig nif i cantly lower ESR was re corded at all au topsy
in ter vals in com par i son to the ir ra di ated con trols (fig.
4).

To tal  leu co cyte  counts  ex hib ited a sig nif i cant
(p £ 0.001)  de clin ing  pat tern  from the first au topsy
in ter val  and were found to reach their min i mum on
day  3rd  of  postirradiation,  fol lowed  by  a  sig nif i cant
(p < 0.001) el e va tion till the last au topsy day, i. e. day
30th. As op posed to this, in the TCE-pretreated group,
such cells scored sig nif i cantly higher than the cor re -
spond ing ir ra di ated con trol; how ever, the nor mal
value could not be re cov ered up to the end of ex per i -
men ta tion (fig. 5).

In dif fer en tial leu co cytes, a de creas ing pat tern
was ex hib ited by lym pho cytes, monocytes, and neu -
tro phils up to day 3rd, where upon the ob served val ues
were 53.47%, 39.33 %, and 74.92% lesser than the
nor mal, re spec tively. There af ter, rep a ra tion in such
cel lu lar counts was ev i dent till the end of the study, but
the val ues were still found to be sig nif i cantly lesser
than the stan dard.  In TCE-pretreated an i mals, this de -
crease was less pro nounced in com par i son to ir ra di -
ated con trols, in di cat ing a faster re cov ery; how ever,
by the end of ex per i men ta tion, the nor mal value was
not ob served (figs. 6-8).

Non-neutrophilic granu lo cytes (i. e. eosinophils
and basophils) also sig nif i cantly (p £ 0.001) de clined
from the first au topsy in ter val (i. e. 12 hours) and con -
tin ued to de cline up to day 7 of postirradiation (1.12 ±
±.0.20, p < 0.001). There af ter, the counts of such cells
re cov ered, but the nor mal level could not be re stored
even at the last au topsy in ter val. Al though
TCE-pretreated an i mals also ex hib ited a sim i lar pat -
tern of vari a tions in these counts, their val ues were
much higher as com pared to the re spec tive ir ra di ated
con trol at all au topsy in ter vals (fig. 9).
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Fig ure 3. Vari a tions (mean ± S.E.) in hematocrit value of 
the pe riph eral blood of mice ex po sure to 5.0 Gy gamma
ra di a tion with (ex per i men tal) or with out (the ir ra di ated
con trol) TCE, re spec tively. Sta tis ti cal anal y sis:  Nor mal 
v/s  ir ra di ated  con trol,  ir ra di ated
con trol  v/s  ex per i men tal; sig nif i cance lev els: a p £ 0.05,
bp £ 0.01, and cp £ 0.001

Fig ure 4. Vari a tions (mean ± S.E.) in ESR  value of  the
pe riph eral blood of mice ex po sure to 5.0 Gy gamma ra di -
a tion with (ex per i men tal) or with out (the ir ra di ated con -
trol) TCE, re spec tively. Sta tis ti cal anal y sis:  Nor mal  v/s 
ir ra di ated  con trol,  ir ra di ated 
con trol  v/s  ex per i men tal; sig nif i cance lev els: a p £ 0.05,
bp £ 0.01, and cp £ 0.001

Fig ure  5. Vari a tions (mean ± S.E.) in to tal leu co cytes in
the pe riph eral blood of mice ex po sure to 5.0 Gy gamma
ra di a tion with (ex per i men tal) or with out (the ir ra di ated
con trol) TCE. Sta tis ti cal anal y sis: nor mal v/s ir ra di ated
con trol, ir ra di ated con trol v/s ex per i men tal; sig nif i cance 
lev els: a p £ 0.05, bp £ 0.01, and cp £ 0.001

Fig ure 6. Vari a tions (mean ± S.E.) in lym pho cytes and
pe riph eral blood of mice ex po sure to 5.0 Gy gamma ra -
di a tion with (ex per i men tal) or with out (ir ra di ated con -
trol) TCE, re spec tively. Sta tis ti cal anal y sis: Nor mal v/s
ir ra di ated con trol, ir ra di ated con trol v/s ex per i men tal
con trol; sig nif i cance lev els: a p £ 0.05, bp £ 0.01, and cp £
£ 0.001



A sig nif i cant rise of lipid peroxidation lev els in
the blood was ob served in ir ra di ated con trols (Group
III) up to day 7th (173.95%); there af ter, a sig nif i cant
and pro gres sive de crease was re corded on day 15th

(142.5%) and 30th (100.58%). On the other hand, TCE
pre treat ment low ered the LPO value, while ex hib it ing
a sim i lar pat tern of al ter ations at all other au topsy in -
ter vals (fig. 10).

The GSH level in blood was found to sig nif i -
cantly de crease up to day 7th (28.85 ± 1.13; p <  0.001)
in the ir ra di ated con trol, fol lowed by a sig nif i cant in -
crease up to the last au topsy day, whereas TCE-
pretreated an i mals ex hib ited a sta tis ti cally sig nif i cant
el e va tion in GSH, as com pared to the ir ra di ated con -
trols, while the value re mained be low nor mal till the
last au topsy in ter val (fig. 11).

DIS CUS SION

The dam age to blood and blood-form ing tis sues
af ter ra di a tion ex po sure may re sult in the de vel op ment
of the hematopoietic syn drome which can in duce var i -
ous struc tural and func tional dysfunctions. In the ex per -
i ment pre sented here, ir ra di ated an i mals ex hib ited a
2.38% mor tal ity rate within 19 days of the ex per i ment,
to be pre dom i nantly at trib uted to the hematopoietic
syn drome and the gas tro in tes ti nal syn drome, as sug -
gested ear lier [17, 18]. Ir ra di a tion in hib its the pro lif er a -
tion of stem cells and, as a con se quence, re place ments
are not avail able when nor mal at tri tion re sults in the
pro gres sive loss of se nes cent cells. There fore, any dam -
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Fig ure 7. Vari a tions (mean ± S.E.) in monocytes and pe -
riph eral blood of mice ex po sure to 5.0 Gy gamma ra di a -
tion with (ex per i men tal) or with out (ir ra di ated con trol)
TCE, re spec tively. Sta tis ti cal anal y sis: Nor mal v/s ir ra -
di ated con trol, ir ra di ated con trol v/s ex per i men tal con -
trol; sig nif i cance lev els: a p £ 0.05, bp £ 0.01, and cp £ 0.001

Fig ure 8. Vari a tions (mean ± S.E.) in neutrophylls and
pe riph eral blood of mice ex po sure to 5.0 Gy gamma ra di -
a tion with (ex per i men tal) or with out (ir ra di ated con trol) 
TCE, re spec tively. Sta tis ti cal anal y sis: Nor mal v/s ir ra -
di ated con trol, ir ra di ated con trol v/s ex per i men tal con -
trol; sig nif i cance lev els: a p £ 0.05, bp £ 0.01, and cp £ 0.001

Fig ure 10. Vari a tions (mean ± S.E.) in LPO lev els and the
pe riph eral blood of mice ex po sure to 5.0 Gy gamma ra di -
a tion with (ex per i men tal) or with out (ir ra di ated con trol) 
TCE, re spec tively. Sta tis ti cal anal y sis: nor mal v/s ir ra di -
ated con trol, ir ra di ated con trol v/s
ex per i men tal,  sig nif i cance lev els: a p £ 0.05, bp £ 0.01,
and cp £ 0.001

Fig ure 9. Vari a tions (mean ± S.E.) in non-neutrophilic
granu lo cytes and pe riph eral blood of mice ex po sure to
5.0 Gy gamma ra di a tion with (ex per i men tal) or with out
(ir ra di ated con trol) TCE, re spec tively. Sta tis ti cal anal y -
sis: Nor mal v/s ir ra di ated con trol, ir ra di ated con trol v/s
ex per i men tal con trol; sig nif i cance lev els: a p £ 0.05, bp £
£.0.01, and cp £ 0.001



age to these cells im pairs nor mal phys i o log i cal pro -
cesses, with a dras ti cally ad verse im pact on the sur vival
rate. At the same time, TCE-pretreated an i mals ex pe ri -
enced a sub stan tial in crease in sur vival time by the 30th

day, which may pos si bly be at trib uted to TCE's pro tec -
tive ef fect on the bone mar row stem cell com po nent
which con tin ued to sup ply the req ui site num ber of cells
in the sur vi vors [19].

The find ings on blood con stit u ents pre sented
here dem on strate that a con tin u ous and grad ual de -
cline in RBC, Hb, and Hct was re corded in
whole-body ir ra di ated mice, with a max i mum fall on
day 3rd of postexposure, which may be at trib uted to the 
di rect dam age caused by ra di a tion. Such a de crease in
RBC might be due to the in hi bi tion of new cells en ter -
ing the blood, loss through hem or rhage and the di rect
kill ing of cells/ in di rect ef fects on them via ves sel
trauma, as sug gested ear lier [20, 21]. How ever,
TCE-ad min is tra tion be fore ir ra di a tion showed a sig -
nif i cant in crease in RBCs that could be a re sult of the
stim u la tion and pro duc tion of bone mar row pro gen i -
tor cells and the in hi bi tion of ra di a tion-in duced bone
mar row sup pres sion that might have sig nif i cantly con -
trib uted to the radioprotective ef fect of RBC.

Like wise, the de ple tion in he mo glo bin and
hematocrit lev els may be re lated to the di rect cytotoxic 
ef fects of ra di a tion on the di vid ing cells of the
hemopoietic sys tem, due to the dis tur bances in
steady-state mech a nisms of erythropoiesis, re sult ing
in an al tered he mo glo bin syn the sis, de creased
erythropoiesis, loss of RBC in cir cu la tion, a de creased
hematocrit value and an in crease in the plasma vol -
ume. A sim i lar de crease in he mo glo bin and hematocrit 
counts af ter ex po sure to gamma ra di a tion has also
been re ported by oth ers [22, 23]. Fur ther more, the

immunosuppressive ac tion of ra di a tion also causes a
sig nif i cant re duc tion in the weight of the liver and
spleen (un pub lished data) which might have se ques -
tered the de fec tive RBC, re sult ing in the ini tial de -
crease of he mo glo bin. Tinospora cordifolia has been
re ported as an immunomodulator which may pos si bly
act by re mov ing the de fec tive and dam aged RBC from
pe riph eral blood cir cu la tion through the stim u la tion of 
the liver and the spleen. Whereas the higher level of
Hb at the re main ing in ter vals could be a re sult of a
feed back-mech a nism-stim u lated hemopoiesis in the
bone mar row. The in crease in he mo glo bin and
hematocrit counts is closely re lated with the pro tec tion 
of RBC and erythropoiesis by TCE.

As op posed to this, ESR (eryth ro cyte sed i men ta -
tion rate) con tin u ously rose over the nor mal up to day
7th of ir ra di a tion, where upon it is in flu enced by the
size and num ber of eryth ro cytes; there fore, its rise is
pos si bly due to the ra di a tion-me di ated de struc tion of
ma ture cells, in ter nal bleed ing and in flam ma tion.
Such an el e va tion in ESR is in ac cor dance with the
find ings of [24, 25].

In the pres ent study, the to tal num ber of leu co -
cytes and non-neutrophilic granu lo cytes (eosinophils
and basophils) ex hib ited their min i mum level on day
7th, whereas the max i mum de cline in lym pho cytes,
monocytes and neutrophil counts was re corded on day
3rd fol low ing ir ra di a tion. Sim i larly, some other in ves -
ti ga tors have also re ported a sig nif i cant fall in TLC
(to tal leu co cytes counts) and DLC (dif fer en tial leu co -
cytes counts) in mice af ter ex po sure to dif fer ent doses
of gamma rays [26, 27]. The ini tial phase of rapid de -
cline in all such cel lu lar counts may be due to the di rect 
kill ing by ra di a tion of  hematopoietic stem cells, re -
sult ing in an in suf fi cient re lease of ma ture cells in the
pe riph eral blood, as also sug gested by oth ers  [28, 29]. 

Ir ra di a tion leads to neutropenia and re sults in an
in creased phagocytosis for a num ber of postirradiation 
hours [30]. This in creased phagocytic ac tiv ity is as so -
ci ated with the el e vated level of cytokine (IL-1b and
GM-CFS) ac tiv ity in the se rum [31]. The ad min is tra -
tion of Tinospora cordifolia be fore ir ra di a tion has
been re ported to in crease the en dog e nous pro duc tion
of cytokinines to higher val ues, lead ing to an in crease
in the phagocytic ac tiv ity of peritoneal macrophages
[32, 33]. The said ef fect of TCE may be ef fi cient and
has ten the clear ance of dead cells and mi cro or gan isms
and the re plen ish ment of dam aged cells by new ones,
thus lead ing to a faster re cov ery of hemopoitic tis sues.
A sig nif i cant in crease in leu co cytes counts af ter TCE-
ad min is tra tion and the en hance ment of cell pro lif er a -
tion may also be as so ci ated with the in creased CFU
counts in the spleen, as re ported ear lier, in di cat ing an
immunomodulatory role of TCE in the pres ent study
[13]. 

Ra di a tion-me di ated, large-scale bi o log i cal de -
struc tions are man i fested by an en hanced pro duc tion of
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Fig ure 11. Vari a tions (mean ± S.E.) in GSH lev els and the
pe riph eral blood of mice ex po sure to 5.0 Gy gamma ra di -
a tion with (ex per i men tal) or with out (ir ra di ated con trol) 
TCE, re spec tively. Sta tis ti cal anal y sis:
nor mal v/s ir ra di ated con trol, ir ra di ated con trol v/s
ex per i men tal,  sig nif i cance lev els: a p £ 0.05, bp £ 0.01, and 
cp £ 0.001



free rad i cals as a re sult of ox i da tive stress. The cru cial
out come of ra di a tion is judged by the peroxidation of
mem brane lipids which ul ti mately lead to DNA dam age 
and cell death. How ever, two fac tors blur the as so ci a -
tion be tween ra di a tion ex po sure and its bi o log i cal con -
se quences, i. e. in di vid ual vari abil ity (due to ge netic
and en vi ron men tal fac tors) and the pres ence of var i ous
de fen sive mech a nisms which coun ter act the ox i da tive
stress re sult ing from af ter ra di a tion ex po sure.

The 5-day supplementation of Tinospora cordifolia
pre sented in this study might be re spon si ble for the el e -
vated con cen tra tions of phyto an ti ox i dants which could
sub se quently re store the ra di a tion-me di ated el e va tion in
lipid peroxidation to wards the nor mal, the said
phenomenum be ing a radiorecovery ef fect. As glutathione 
is one of the ma jor com po nents of the cel lu lar an ti ox i dant
sys tem [34], the sig nif i cant re duc tion of GSH in the blood
af ter ir ra di a tion in the pres ent study is, hence, pos si bly at -
trib ut able to its en hanced abil ity to de tox ify the free rad i -
cals gen er ated by ra di a tion. TCE-pre treat ment has con -
trib uted sig nif i cantly to the pro tec tion of en dog e nous
glutathione lev els against ir ra di a tion, also mir rored in
terms of re duced lev els of LPO. The in crease in GSH lev -
els is a con fir ma tion of our be lief that TCE ex erts its
radioprotectove prop er ties, prin ci pally, through free rad i -
cal scav eng ing and the pro tec tion from ra di a tion-in duced
lethality, as well. Sim i lar al ter ations in LPO and GSH lev -
els were also re ported by other in ves ti ga tors us ing dif fer -
ent plant ex tracts [35, 36].

Tinospora cordifolia owes its pow er ful radiop-
rotective ef fects of en hanc ing an ti ox i dant ac tiv i ties in
plasma to the free rad i cal scav eng ing ca pac ity of
polyphenol (3- glucosides, gal lic acid, tan nins),
flavonoids (quercetin), al ka loids (berberine), and
triterpenoids com pounds which elicit the pro tec tion
against ra di a tion and other patho log i cal states [37,
38]. For a long time, polyphenolic com pounds have
been rec og nized to pos sess many po ten tially sig nif i -
cant ben e fits, in clud ing anticarcinogenic, an ti ox i dant,
an ti vi ral and antiproliferative prop er ties [39, 40].

The radioprotective prop er ties of me dic i nal
plants such as Ginko biloba, and Mentha piperita have
also been at trib uted to the pres ence of polyphenols ca -
pa ble of stop ping the prop a ga tion of lipid peroxidation
and che late tran si tional metal ions and, hence, of in hib -
it ing the for ma tion of free rad i cals [41, 42]. The abil ity
of flavonoids to scav enge free rad i cals and block lipid
peroxidation in tro duces the pos si bil ity that the TCE ex -
tract may act as pro tec tive agent against ra di a tion-me di -
ated dam age, as ear lier re ported by [43, 44]. Thus, the
en hance ment of cell pro lif er a tion, immunomodulation,
stim u la tion of hematopoisis and pro tec tion against ra di -
a tion-in duced genotoxicity and the ac ti va tion of the en -
dog e nous an ti ox i dant de fense sys tem could, to gether,
con trib ute to the radioprotective ef fi cacy of TCE, as
pre sented in this study. 

CON CLU SIONS

Based on the re sults ob tained, it can be con cluded
that the ad min is tra tion of TCE be fore ir ra di a tion sig nif -
i cantly re duces postirradiation al ter ations of pe riph eral
blood con stit u ents, in di cat ing its radioprotective in flu -
ence on the hemopoitic sys tem.
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Prijanka [ARMA, Pradip K. GOJAL

SPRE^AVAWE  HEMATOLO[KIH  I  BIOHEMIJSKIH  PROMENA
IZAZVANIH  ZRA^EWEM  POMO]U  EKSTRAKTA  KORENA

BIQKE  TINOSPORA  CORDIFOLIA  (LEKOVITE  INDIJSKE  BIQKE)

Ovaj rad bavi se radiomodularnim uticajem ekstrakta korena biqke Tinospora Cordifolia na 
periferni krvni sistem {vajcarskih al bino mi{eva posle ozra~ivawa gama zra~ewem od 5 Gy u
prisustvu (eksperimentalna grupa) ili odsustvu (kontrolna grupa) Tinospora Cordifolia (75 mg po
kilogramu telesne mase `ivotiwe). Prvog, tre}eg, sedmog, petnaestog i tridesetog dana po
ozra~ivawu, ̀ ivotiwe iz razli~itih grupa ̀ rtvovane su i wihova krv je sakupqena. Registrovan je
zna~ajno smawen broj eritrocita i ukupan broj leukocita. Uo~eni su oblici oporavka kod
`ivotiwa iz eksperimentalne grupe, ali do kraja eksperimenta nisu dostignuti normalni nivoi
oporavka. Tako|e, Tinospora Cordifolia zna~ajno doprinosi pove}awu nivoa holesterola i lipidne
peroksidacije uz uo~eno smawewe glutatina i ukupne koncentracije proteina.

Kqu~ne re~i: gama zra~ewe, Tinospora Cordifolia, glutatin, hematologija,
................ .........lipidna peroksidacija, {vajcarski al bino mi{


