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The pres ent study has been car ried out to eval u ate the radioprotective ef fect of Trigonella
foenum seeds ex tract (TFE) on pe riph eral blood of mice. For this pur pose, mice were orally
given dou ble dis tilled wa ter (con trol) or op ti mum dose (100 mg/kg of body weight per day)
of TFE for five con sec u tive days (ex per i men tal). Thirty min utes af ter the last ad min is tra tion
of dou ble dis tilled water or TFE, these were ex posed whole-body to 5 Gy gamma ra di a tion
and autopsied be tween 12 hours to 30 days for he ma to log i cal and bio chem i cal es ti ma tion.
To tal eryth ro cyte count, he mo glo bin level, and hematocrit per cent age were de creased from
nor mal in both the groups. A sig nif i cant in crease in these pa ram e ters was ob served in TFE ad -
min is tered ir ra di ated group, in con trast to with out TFE ir ra di ated one, by re stor ing to wards
nor mal val ues at the end of  the ex per i ment. From the re sults, it is ev i dent that TFE may be re -
spon si ble for the pro tec tion of stem cells in bone mar row which sub se quently re sulted in
higher he ma to log i cal con stit u ents in pe riph eral blood. The study con cludes the pro phy lac tic
use of such plant ex tract against ra di a tion in duced he ma to log i cal al ter ations. 
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IN TRO DUC TION

Ion iz ing ra di a tion can be de fined as any type of
elec tro mag netic or prac ti cal ra di a tion with suf fi cient
en ergy to ion ize at oms or mol e cules; that is to eject elec -
trons from their outer orbitals. Ion iz ing ra di a tion pass -
ing through liv ing tis sues gen er ates re ac tive free rad i -
cals which in ter act with crit i cal macromolecules, such
as DNA, pro teins or mem branes, and can in duce cell
dam age and po ten tially, cell dys func tion and death.
Dam age to DNA may be the most im por tant fac tor in
cell death [1]. Ex po sure to high amounts of ion iz ing ra -
di a tion re sults in dam age to the haematopoietic, gas tro -
in tes ti nal or cen tral ner vous sys tem, de pend ing on ra di -
a tion dose [2].

Ion iz ing ra di a tions af fect haematopoietic tis sues 
and re duce the cir cu lat ing blood cells which can re sult
in sep ti cae mia, haem or rhage, anae mia and death. One
of the strat e gies for novel radioprotective agents is the
stim u la tion, main te nance and pro lif er a tion of pro gen i -
tor cells from bone mar row. Radioprotective agents

are syn thetic com pounds or nat u ral prod ucts that are
im me di ately ad min is trated be fore ir ra di a tion to re -
duce in ju ries caused by ion iz ing ra di a tions. Sev eral
chem i cal com pounds and their an a logues have been
screened for their radioprotective abil ity; how ever,
their tox ic ity at op ti mum pro tec tive doses pre cluded
their clin i cal use [3, 4]. An other ma jor draw back of
these com pounds was that they were un able to pro vide
post-ir ra di a tion pro tec tion. As a re sult of the side ef -
fect pro file, nar row time win dows of these agents ne -
ces si tated the search for sec ond gen er a tion drugs that
are more ef fec tively less toxic and with more ac cept -
able prop er ties with re spect to route and fre quency of
ad min is tra tion.

Plant prod ucts have var i ous phar ma co log i cal
prop er ties and have been used al ready for a long time
for the treat ment of var i ous dis eases. Hence, screen ing 
herbal drugs of fers a ma jor fo cus for new drug dis cov -
ery. Fenu greek (Trigonella foenum graecum) is an an -
nual herb that has a long his tory as both a cu li nary and
me dic i nal plant. Fenu greek seeds are com monly used
as spice in In dian homes. The plant has tra di tional use
in di a be tes and its antidiabetic po ten tial has been ex -
per i men tally ev i denced [5]. More over, the plant is an
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ex cel lent can di date for oral ther apy as it is ef fec tive,
non-toxic, and with out se ri ous side ef fects. The chem -
i cal con stit u ents of fenu greek seed in clude vol a tile
oils, al ka loids, sapo nins, sapogenins, flavanoids, and
mu ci lage [6]. The seeds are re ported to be rich in
polyphenolic flavanoids [7]. Look ing to wards the
phar ma co log i cal and ther a peu tic val ues of this plant,
the pres ent study has been car ried out to ac cess the
radioprotective role of seeds of fenu greek against ra di -
a tion in duced he ma to log i cal al ter ations in mice.

MA TE RI ALS AND METH ODS

An i mals

An i mal care and han dling were per formed ac -
cord ing to the guide lines set by the  World Health Or -
ga ni za tion (WHO), and the In dian Na tional Sci ence
Acad emy (INSA). Male Swiss al bino mice (Mus
musculus), 6-8 weeks old and weigh ing 22 ± 2 g from
an in bred col ony, were used for the pres ent study.
These an i mals were main tained un der con trolled con -
di tions of tem per a ture and light (light: dark, 10 hours:
14 hours.). They were pro vided stan dard mouse feed
(pro cured from Ashirwad In dus tries Chandigarh, In -
dia) and wa ter ad li bi tum. Tet ra cy cline wa ter once a
fort night was given as pre ven tive mea sures against in -
fec tions. The De part men tal An i mal Eth i cal Com mit -
tee ap proved the pres ent study.

Ir ra di a tion

Co balt teletherapy unit (ATC-C9) 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, was used for ir ra -
di a tion. Unanaesthetized an i mals were re strained in
well-ven ti lated perspex boxes and ex posed to gamma
ra di a tion at the dis tance of 77.5 cm from the source to
de liver the dose-rate of 1.32 Gy per minute.

Prep a ra tion of fenu greek seeds ex tract 

The seeds of fenu greek (Methi) plant were col -
lected af ter proper iden ti fi ca tion (Voucher No.
RUBL20597) by a tax on o mist in Her bar ium of Bot any
De part ment, Uni ver sity of Rajasthan, Jaipur. The plant
seeds were pow dered in a mix ture and the ex tract was
pre pared by refluxing with the dou ble dis tilled wa ter
(DDW) for 36 hours (3×12) at 40 ºC. The liq uid ex tract
was cooled and con cen trated by evap o rat ing its liq uid
con tents in vac uum and freeze dried. The pre pared
fenugreek ex tract (TFE) was stored at low tem per a ture
un til fur ther use. Such ex tract was dis solved in DDW
prior for the oral ad min is tra tion in mice.

EX PER I MEN TAL DE SIGN

De ter mi na tion of op ti mum dose
of TFE against ir ra di a tion

The dose se lec tion of the TFE was car ried out on the 
ba sis of a drug tol er ance study. For this pur pose, the var i -
ous doses of TFE (25, 50, 75, 100, 150, and 200 mg/kg b.
wt.* per day) were tested in Swiss al bino mice for their ef -
fects on the tol er ance to 8.0 Gy gamma ra di a tion, and the
sur vival rate (28, 45, 60, 88, 52, and 48 % sur vival, re spec -
tively) of the an i mals was ob served. The most op ti mum
and tol er a ble dose of TFE (100 mg/kg b. wt.) was se lected
and used for fur ther de tailed ex per i men ta tion.

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

Mice se lected from an in bred col ony were di -
vided into fol low ing four groups.

Group I ( n = 5): Mice of this group were ad min -
is tered orally with DDW, vol ume equal to TFE (100
mg/ kg b. wt. per an i mal) and serve as con trol.

Group II (n = 5): These mice were ad min is tered
TFE by oral ga vage once daily at a dose of 100 mg/kg
b. wt. per an i mal for 5 con sec u tive days to serve as
TFE treated group.

Group III (n = 30): Mice re ceived DDW vol ume
equal to TFE for 5 con sec u tive days (as in Group I). Half
an hour af ter the last ad min is tra tion of DDW, an i mals
were ex posed to 5 Gy gamma rays. 

Group IV (n = 30): Mice were treated with TFE
orally for 5 con sec u tive days (as in Group II) and were
ex posed to gamma ra di a tion half an hour af ter the last
ad min is tra tion of TFE on day 5th.

All these an i mals were ob served daily for any
sign of sick ness, mor bid ity, be hav ioural tox ic ity, and
mor tal ity. A min i mum of 4 an i mals from each groups
(III and IV) were necropsied on 12 hours, days 1, 3, 7,
15, and 30 post-treat ment in ter vals to eval u ate he ma -
to log i cal and bio chem i cal al ter ations.

He ma to log i cal study

Blood was col lected from the or bital si nus of an i -
mals from each group in a vial con tain ing 0.5 M EDTA
(eth yl ene diamine tetra ace tic acid). To tal num ber of
eryth ro cytes (RBC), eryth ro cytes sed i men ta tion rate
(ESR), hematocrit (Hct), and he mo glo bin (Hb) per cent -
age were es ti mated by adopt ing stan dard pro ce dures.

Bio chem i cal study

Lipid peroxidation as say: The lipid peroxidation
(LPO) level in liver and blood se rum was mea sured in
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terms of thiobarbituric acid re ac tive sub stances
(TBARS) by the method of Okhawa et al. [8] with or
with out TFE af ter 24 hours of ex po sure of an i mals to 5
Gy gamma ra di a tion. The absorbance was read at 532
nm us ing a UV-VIS Systronics spectrophotometer (man -
u fac tured at Ahemdabad, In dia).

Glutathione as say: The hepatic level of re duced 
glutathione (GSH) was de ter mined by the method of
Mo ron et al. [9]. The GSH con tent in blood was mea -
sured spec tro pho to met ri cally us ing Ellman’s re agent
with 5-5, dithiobis-2-nitrobenzoic acid (DTNB) as a
colour ing re agent, ac cord ing to the method of Beutler
et al. [10]. The absorbance was read at 412 nm. GSH in 
liver and blood was mea sured af ter 24 hours of ir ra di a -
tion of mice to 5 Gy gamma rays with or with out TFE. 

Sta tis ti cal anal y sis

The re sults ob tained from the ex per i ment at var i -
ous necropsy in ter vals were ex pressed as mean ± stan -
dard er ror (S.E.). The sta tis ti cal dif fer ence be tween
var i ous groups were ana lysed by the Stu dent’s ‘t’ test
and the sig nif i cance was ob served at dif fer ent lev els as 
p < 0.05, p < 0.01, and p < 0.001.

RE SULTS

All he ma to log i cal pa ram e ters (i. e. RBC, ESR,
Hb, and Hct per cent age) did not show any no tice able
change from 24 hours. to day 30th af ter Sham-ir ra di a -
tion (Group I). TFE treat ment to Swiss al bino mice
(Group II) did not ex hibit any sig nif i cant al ter ations in
these he ma to log i cal pa ram e ters as com pared to con -
trol ir ra di ated an i mals.

An i mals sub jected to 5 Gy gamma rays (Group III) 
ex hib ited mild signs and symp toms of ra di a tion sick ness. 
Food or wa ter con sump tion was re duced and some ap -
peared to be le thar gic; how ever, no mor tal ity was ev i dent 
in any of the group. No ad verse ef fects in terms of sick -
ness were ob served in an i mals treated with drug alone,
and also these did not show sig nif i cant change in body
weight, uri na tion, and def e ca tion pat tern. 

Fol low ing ir ra di a tion, a sig nif i cant de crease in to -
tal eryth ro cyte count was re corded as early as at 12
hours (Group III) and con tin ued up to day 3 post-ir ra di -
a tion. There af ter, such cells showed a slight re cov ery
from day 7 on wards but a nor mal value could not be
achieved even till the last au topsy in ter val (i. e., day 30). 
In the an i mals of Group IV, a sig nif i cant (p < 0.001) in -
crease in red cell counts with re spect to ir ra di ated con -
trol was no ticed dur ing the en tire pe riod of study by re -
stor ing al most a nor mal value on the last au topsy
in ter val, i. e., day 30 (fig. 1).

Sim i larly, a sig nif i cant fall in hae mo glo bin con -
cen tra tion was ob served in mice ex posed to 5 Gy
gamma rays. Later, a slight in crease was ob served

from day 7 but the val ues re mained be low nor mal till
the last au topsy day. An i mals pre-treated with TFE ex -
hib ited a higher he mo glo bin 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 (fig. 2).

Fur ther, hematocrit per cent age was reg is tered
sig nif i cantly lower (p < 0.001) in ir ra di ated con trol
Group III, with max i mum de cline on day 3. In Group
IV, hematocrit val ues were higher than the con trol
with a re cov ery from day 7 and reached nor mal by day
30. On the con trary, TFE pre-treated ir ra di ated an i -
mals ex hib ited sig nif i cantly higher hematocrit val ues
through out the ex per i ment (fig. 3).
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Fig ure 1. Vari a tions (mean ±S. E.) in the eryth ro cytes
count [´106 cmm] in the pe riph eral blood of mice af ter
ex po sure to 5.0 Gy gamma ra di a tion with (ex per i men tal)
or with out (con trol) Trigonella foenum ex tract (TFE).
Au topsy in ter val: a = p £ 0.05, b = p £ 0.01, c = p £  0.001

Fig ure 2. Vari a tions (mean ±S. E.) in the he mo glo bin
level [gm/dl] in the pe riph eral blood of mice af ter ex po -
sure to 5 Gy gamma ra di a tion with (ex per i men tal) or
with out (con trol) Trigonella foenum ex tract (TFE). Au -
topsy in ter val: a = p £ 0.05, b = p £ 0.01, c = p £ 0.001

Fig ure 3. Vari a tions (mean ±S. E.) in the hematocrit [%]
in the pe riph eral blood of mice af ter ex po sure to 5.0 Gy
gamma ra di a tion with (ex per i men tal) or with out (con -
trol) Trigonella foenum ex tract (TFE). Au topsy in ter val:
a = p £ 0.05, b = p £ 0.01, c = p £ 0.001



In Group III, the eryth ro cyte sed i men ta tion rate
ex hib ited a sig nif i cant rise above nor mal and reached
max i mum on day 7. Later, a grad ual de cline was no -
ticed on day 15, with out at tain ing a nor mal value even
till the last au topsy in ter val. In TFE pre-treated an i -
mals (Group IV), the in crease in ESR was sig nif i -
cantly lesser than Group III and the value did not rise
much higher than the nor mal even up to day 30 (fig. 4).

There was no sig nif i cant dif fer ence in the lev els of
GSH, and LPO in blood/se rum con tent be tween Sham-ir -
ra di ated (Group I) and TFE alone treated (Group II) an i -
mals; how ever, TFE pre-treated ir ra di ated an i mals ex hib -
ited a sig nif i cant el e va tion (p < 0.001) in glutathione
(blood and liver) as com pared with Group III, but the val -
ues re mained be low nor mal (figs. 5, 6).

A sig nif i cant in crease (p < 0.001) in blood and
hepatic lipid peroxidation lev els was noted in gamma
ir ra di ated an i mals (Group III) as com pared to nor mal.
How ever, these lev els de clined sig nif i cantly in the
TFE pre-treated ir ra di ated (Group IV) an i mals.

DIS CUS SION

Since the hematopoietic sys tem has a high level
of cell turn over, it is among the most radiosensitive
tis sues in the body. Ra di a tion in duced he ma to log i cal
al ter ations have been ex ten sively stud ied [11, 12] to
un der stand the in tri cate path ways in volved in ra di a -
tion me di ated dam age and to de velop novel
radioprotective drugs for mod u la tion of ra di a tion in -
duced le thal dam age, thereby pro vid ing better treat -
ment mo dal i ties. In the pres ent study, a sig nif i cant loss
in body weight was ev i dent in con trol (ra di a tion alone) 
an i mals. A dose de pend ent weight loss in mouse has
also been re ported [13]. In un treated ir ra di ated an i -
mals, body weight de creased dras ti cally and this can
be at trib uted to re duced food and wa ter in take [14],
fluid loss by di ar rhoea and di min ished ab sorp tion ca -
pac ity of the GI tract. Haematopoietic syn drome is
char ac ter ized by symp toms such as weight loss, ir ri ta -
bil ity, lethargicity, ruf fling of hair, ema ci a tion, and
epilation [15]. The pri mary cause of mor tal ity in ir ra -
di ated con trol in the pres ent study may be due to sep -
sis, from op por tu nis tic in fec tions and in creased
translocation of bac te ria across the gas tro in tes ti nal
mu cosa as also sug gested by oth ers [16]. 

In the pres ent in ves ti ga tion, a sig nif i cant def i cit
in haema to logi cal con stit u ents of pe riph eral blood
(RBC, WBC, Hb, Hct) of ir ra di ated con trol was re -
corded as com pared to the TFE pre-treated an i mals.
How ever, a sharp de cline in eryth ro cytes, hematocrit,
and he mo glo bin was ob served up to 3rd day of post-ir -
ra di a tion in both the groups. Ex po sure to ion iz ing ra -
di a tions in duces a dose de pend ent de cline in cir cu lat -
ing hematopoietic cells, not only through re duc ing
bone mar row cell pro duc tion but also by re dis tri bu tion 
and apoptosis of ma ture cells [16-18].  Hematocrit is
the per cent age of whole blood that is made up of cells
and de crease in its value be low nor mal in di cates anae -
mia. An other mea sure of anae mia is a de crease in he -
mo glo bin per cent age [19]. In the pres ent study, it has
been ob served that the he mo glo bin level sig nif i cantly
de clined fol low ing ir ra di a tion with 5 Gy. These ob ser -
va tions are in ac cor dance with the find ings of oth ers
[20, 21]. The de crease in Hb con tent is at trib uted to de -
cline in num ber of RBC in pe riph eral blood. In TFE
pre-treated an i mals, Hb val ues were higher than the ir -
ra di ated con trol group which showed sig nif i cant pro -
tec tion of RBC by TFE. A con sid er able de cline in Hct
was also re corded in the ex per i men tal group which is
re lated to fail ure of erythropoiesis and in creased
plasma vol ume.
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Fig ure 4. Vari a tions (mean ±S. E.) in the eryth ro cyte sed -
i men ta tion rate (ESR) [mm/hour] in the pe riph eral
blood of mice af ter ex po sure to 5.0 Gy gamma ra di a tion
with (ex per i men tal) or with out (con trol) Trigonella
foenum  ex tract   (TFE).  Au topsy  in ter val:  a = p  £ 0.05,
b = p £ 0.01, c = p £ 0.001

Fig ure 5. Re duced glutathione (GSH) level in blood and
liver of Swiss al bino mice af ter ex po sure to 5 Gy gamma
rays with (ex per i men tal) or with out (con trol) Trigonella
foenum ex tract (TFE). Au topsy in ter val: a = p £ 0.05,
b = p £ 0.01, c = p £ 0.001

Fig ure 6. Lipid peroxidation (LPO) level in se rum and
liver of Swiss al bino mice af ter ex po sure to 5.0 Gy gamma 
rays with (experimental) or with out (con trol) Trigonella
foenum ex tract (TFE)



In the pres ent study, TFE might have of fered
pro tec tion to bone mar row and erythropoietic cells
which sub se quently main tained the nor mal val ues of
RBC, ESR, Hb, and Hct in blood. One of the ba sic
mech a nisms of ra di a tion dam age is gen er a tion of
highly re ac tive ox y gen spe cies (ROS). The pres ence
of poly un sat u rated fatty ac ids (PUFA) in cell mem -
brane makes it highly sus cep ti ble to ox i da tive at tack
lead ing to a chain re ac tion called as lipid peroxidation
[22]. It also dis turbs the an ti ox i dant de fense sys tem
and re duces the intracellular con cen tra tion of GSH.
How ever, TFE treat ment did not sig nif i cantly al ter the
lipid peroxidation level in unirradiated an i mals but it
sig nif i cantly low ered the ra di a tion in duced LPO in ex -
per i men tal group. In hi bi tion of LPO in bio mem branes 
can be achieved by an ti ox i dants [23, 24]. GSH is a ver -
sa tile pro tec tor and ex e cutes its radioprotective func -
tion through free rad i cal scav eng ing, res to ra tion of
dam aged mol e cule by hy dro gen do na tion, re duc tion
of per ox ides and main te nance of pro tein thiols in the
re duced state [25]. The pres ent study dem on strates
sig nif i cant re duc tion in blood as well as liver GSH fol -
low ing ra di a tion ex po sure may be due to en hanced uti -
li sa tion of the an ti ox i dant sys tem to de tox ify the free
rad i cals gen er ated by ra di a tion. Oral ad min is tra tion of
TFE dur ing ra di a tion ex po sure pro tects the en dog e -
nous GSH depletion.

Nat u ral an ti ox i dants ex hibit a long win dow of
pro tec tion, i. e., they pro vide some pro tec tion when
ad min is tered hours be fore or af ter ra di a tion ex po -
sure. Ex og e nous ad min is tra tion of an ti ox i dants, such 
as glutathione, superoxide dismutase (SOD), an ti ox i -
dant vi ta mins (A, C, and E), the disulfide lipoic acid,
as well as sub stances that mimic or in duce ac tiv ity of
en dog e nous an ti ox i dant sys tems (e. g., se le nium,
zinc, and cop per salts and metal com plexes), have
shown pro tec tion against hematopoietic syn drome
death [26-34]. The whole ex tract of fenugreek has
been re ported to con tain sev eral bioactive com po -
nents such as glycosides, al ka loids, bit ter prin ci ple
crys tal line com pounds which elicit pro tec tion
against sev eral stress and patho log i cal con di tions by
act ing through dif fer ent mech a nisms such as an ti ox i -
dant de fense sys tem [35], stim u la tion of cell pro lif er -
a tion immunomodulational and anti-in flam ma tory
ac tiv ity. The im por tant in gre di ents pres ent in TFE
may be re spon si ble to scav enge ra di a tion in duced
free rad i cals, in hibit GSH de ple tion and com bat ox i -
da tive stress as well as he ma to log i cal le sions. The
hematopoietic stem cells could be pro tected against 
ra di a tion by TFE, which might be re spon si ble for the
in creased blood con stit u ents. It was also ev i dent in
the in creased spleen weight and num ber of ra di a -
tion-in duced spleen col o nies (CFU-S) in TFE and ra -
di a tion com bined group as re ported in our pre vi ous
study [36].

CON CLU SIONS

The in her ent an ti ox i dant abil i ties of TFE to
bring about a post-ir ra di a tion hematopoietic re cov ery
at ther a peu tic dose make it as a use ful herbal drug for
achiev ing radioprotection. From the prom is ing re sults
ob tained in the pres ent study, it can be an tic i pated that
herbal prep a ra tions from fenugreek could be widely
ex ploited in clin ics and for pro tec tion of in di vid u als in
the sit u a tion of ra dio log i cal emer gency.
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UTICAJ  EKSTRAKTA  BIQKE  TRIGONELLA  FOENUM  GRAECUM  (METHI)  NA 
HEMATOLO[KE  PARAMETRE  MI[EVA  IZLO@ENIH  GAMA  ZRA^EWU

U ovom radu prikazani su rezultati ispitivawa radioprotektivnog potencijala
ekstrakta semena biqke Trigonella foenum graecum (TFE) na hematopoezno tkivo. Ispitivawa su
sprovedena na mi{evima. Ispitivanoj grupi mi{eva oralno je aplicirana optimalna doza TFE 100
mg/kg telesne mase, u kontinuitetu od 5 dana. Kontrolnoj grupi mi{eva data je destilovana voda.
Pola sata nakon aplikovawa posledwe doze, mi{evi su ozra~eni gama zra~ewem, dozom 5 Gy. U
vremenskim intervalim 12 ~asova do 30 dana ̀ ivotiwe su ̀ rtvovane i obavqena su hematolo{ka i
biohemijska ispitivawa. Odre|en je ukupni broj eritrocita, vrednost hemoglobina i hematokrit.
Utvr|eno je da su svi navedeni hematol{ki parametri o~uvani samo u grupi `ivotiwa koje su
pretretirane ekstraktom semena biqke Trigonella foenum graecum. U tretiranoj grupi `ivotiwa
dinamika oporavka hematolo{kih parametara je bila takva da su bazalne vrednosti postignute na
kraju eksperimenta. Iz dobijenih rezultata mo`e se zakqu~iti da TFE protektivno deluje na
hematopoezni sistem, i da se mo`e koristiti u svrhu prevencije hematolo{kih disfunkcija koje
nastaju kao posledica ozra~ivawa.

Kqu~ne re~i: gama zra~ewe, hematolo{ki parametri, Trigonella foenum graecum, {vajcarski beli
.........................mi{


