
The present study investigates the possible role of crude turmeric extracts in radioprotection by a variety
of methods. Although curcumin, the main bioactive component of turmeric, has been extensively used in
such studies, the efficiency of the crude extracts has been poorly investigated. This study revealed that
dimethyl sulfoxide (DMSO) extracts of turmeric produces a significant amount of radioprotection, which
is very similar in nature and extent to that imparted by curcumin. Field Inversion Gel Electrophoresis
(FIGE) studies also clearly showed the protection offered by turmeric extracts against X-ray induced
DNA damage of E. coli WP2s(λ) cells.
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INTRODUCTION

Natural radiations, as well as artificial (man-made) radiations bring about various
biochemical changes in living systems. Since time immemorial, a large number of
plant products have been used in many indigenous systems of medicines. But, their
use as modulators of radiation effects is a relatively new area of research.

Curcumin (diferuloyl methane), reported to be the main bioactive component of
dry rhizome of turmeric (Curcuma longa L.; Zingiberaceae) [15], possesses anti-
inflammatory and antioxidant activities [1, 6, 13, 16] and anti-promoter effects [5].
Curcumin was effective in inhibiting radiation-induced protein kinase C activity in
vitro [19]. Curcumin also provides protection against chromosome damage produced
by radiation [18]. Curcumin from turmeric extract was shown to protect the plasmid
DNA from the degradation by gamma-radiation [12]. These studies indicate the
importance of curcumin as dose-modifying factor during radiation processing.

Turmeric is readily available in nature and its crude extract is easy to obtain as
compared to curcumin, which needs rigorous method of purification from turmeric.
Most of the works in the literature have investigated the role of curcumin as a mod-
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ulating agent. In the present study, we have attempted to evaluate the role of crude
turmeric extract in radioprotection vis-à-vis its main bioactive component viz., cur-
cumin in a bacterial system.

MATERIALS AND METHODS

Bacterial strain

Bacterial strain used in this study was a derivative of E. coli B/r, WP2s(λ): trpE65,
uvrA155; obtained through the kind courtesy of Dr. Virginia Houk, US Environ-
mental Protection Agency, USA.

Bacterial media

The culture media used were: (i) LB medium containing 0.5% yeast extract (Difco),
1% tryptone (Difco) and 1% NaCl in distilled water; pH adjusted to 7.2. (ii) LB
plates containing the same compositions as LB medium, supplemented with 1.4%
bacto-agar (Difco) in glass distilled water.

FIGE buffers

The following buffers were used for the FIGE studies: (i) Wash buffer containing 200
mM NaCl, 10 mM Tris (pH 7.2) and 100 mM ethylene diamine tetra acetic acid
(EDTA) (pH 8.0). (ii) Bacterial lysis solution containing 10 mM Tris (pH 7.5), 50
mM NaCl, 100 mM EDTA (pH 8.0) and 0.5% sodium dodecyl sulphate (SDS). (iii)
Digestion buffer consisting of 0.5 M EDTA (pH 8.0), 1% SDS and 0.5 mg/ml pro-
teinase K. (iv) 0.5X Tris-borate buffer (TBE) consisting of 0.045 M Tris-borate and
0.001 M EDTA (pH 8.0).

Tris, EDTA-disodium salt, boric acid and low melting point agarose were pro-
cured from Gibco BRL-Life Technologies (USA). DMSO, proteinase K and agarose
(Pulsed Field Grade) were obtained from Sigma Chemical Co., USA. All other
chemicals used were of analytical grade.

Turmeric extracts

Ten g fresh rhizome of turmeric was soaked in 10 ml DMSO or sterile double dis-
tilled water and kept overnight at 4 °C. The extracts were then filtered through a 0.22
μm membrane filter (Millipore Corporation, USA).



Assay of bacterial viability

Log phase E. coli WP2s(λ) cells were centrifuged and resuspended in an equal vol-
ume of saline (0.85%). A fixed volume of DMSO containing no or different amounts
of curcumin were added to 2 ml of saline suspended cells in petri plates and exposed
to a fixed dose of X-ray (450 Gy) or UVB radiation (78.3 J/m2). In a separate set of
experiments, turmeric extracts (in DMSO or water) upto a volume of 0.7 ml were
added to 2 ml of saline suspended E. coli WP2s(λ) cells. In each case the total vol-
ume of the added agent was made up to 0.7 ml along with a control having 0.7 ml of
the solvent in question. The irradiated cells, with or without the agents, were then
immediately assayed for the colony forming units (c.f.u.) on LB plates after appro-
priate dilutions in saline. Colonies were scored after overnight incubation at 37 °C.

FIGE study

E. coli WP2s(λ) cells exposed to 450 Gray of X-rays (dose rate being calculated by
Fricke dosimetry), in presence or absence of turmeric extracts, were subjected to
FIGE study after lysis and digestion of cell-Agarose plugs prepared with equal vol-
ume of aliquots pooled from the samples as mentioned. The procedure followed in
the preparation and processing of the plugs is as described elsewhere [2].

The plugs, so prepared, were loaded in a gel cast with 1% Pulsed Field Grade
Agarose and were run using the FIGE Mapper (Bio Rad, USA) with the following
run parameters:

Size range: 25–150 Kb
Run buffer: 0.5 X TBE
Run temperature: 16 °C

Switch time ramp.: 0.4–3.5 s., linear shape
Run time: 20 h

Fwd. voltage: 180 Volts
Rev. voltage: 120 Volts

The gel was stained with 5 μg/ml ethidium bromide solution and analyzed by the
Gel Documentation System and Image Master VDS software (Pharmacia Biotech,
USA).

RESULTS

Curcumin was found to decrease the extent of X-ray induced mortality in E. coli
WP2s(λ) cells in a dose-dependent manner. Figure 1 shows that with increasing con-
centrations of curcumin, the viability of the exposed cells also increases vis-à-vis the
control. Results indicate that 200 μg/ml curcumin renders as much as 50 times of
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Fig. 1. Survival [F] of X-ray exposed E. coli WP2s(λ) cells in presence of varying concentrations of
curcumin (dissolved in DMSO). The amounts of radioprotection [#] using the same curcumin concen-

trations are also shown

Fig. 2. Survival [F] of X-ray exposed E. coli WP2s(λ) cells and the times of radioprotection [#]
in presence of varying amounts of turmeric extract in DMSO
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Fig. 3. Survival [F] of X-ray exposed E. coli WP2s(λ) cells in presence of varying amounts of aqueous
turmeric extract and the amount of protection [#] imparted thereto

Fig. 4. Survival curve of E. coli WP2s(λ) cells exposed to a fixed UVB dose in presence of varying
amounts of curcumin (dissolved in DMSO)
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protection as compared to a 0.05% survival of the control cells containing equal vol-
ume of DMSO exposed to an X-ray dose of 450 Gy.

Turmeric extracts, like curcumin, were also found to decrease the X-ray induced
lethality in E. coli WP2s(λ) cells. 0.7 ml of turmeric extract in DMSO exhibited as
much as 40 times of radioprotection in comparison to 0.08% survival of the control
cells (Fig. 2).

Radioprotection of the aqueous extract of turmeric is shown in Figure 3. The
nature of the protection in this case is similar to that of the DMSO extract, only the
extent of protection in this case is much lower. 0.7 ml aqueous extract of turmeric
resulted in 0.22% survival of E. coli WP2s(λ) cells exposed to 450 Gy of X-rays,
which amounts to 19.65 times radioprotection as compared to the 0.011% survival of
the control cells.

Table 1
OD values of genomic DNA remaining in the wells after the FIGE run with X-ray exposed E. coli

WP2s(λ) cells in the presence or absence of varying amounts of turmeric extract in DMSO

Samples C CE T1 T2 T3

Max. OD 65.621 29.066 92.994 103.45 129.59

C: unexposed control; CE: exposed control; T1: exposure + 0.1 ml turmeric extract; T2: exposure+0.4 ml
turmeric extract; T3: exposure + 0.7 ml turmeric extract

Fig. 5. Survival curves of E. coli WP2s(λ) cells exposed to a fixed UVB dose in presence of varying
amounts of [F] DMSO extract and [#] aqueous extract of turmeric



Curcumin was also found to play a significant role in protecting the lethal effects
of UVB exposure as represented in Figure 4. It was observed that 200 μg/ml of cur-
cumin raised the survival level to 29.6% from 0.017% as obtained with E. coli cells
exposed to a given dose of UVB only.

Figure 5 shows that when 0.7 ml of turmeric extract in DMSO or water was used
along with the E. coli WP2s(λ) cells during UVB exposure, it resulted in 55.6% and
1.8% survival, respectively, as compared to 0.1% and 0.0008% survival levels in the
respective controls.

Radioprotection of turmeric 339

Acta Biologica Hungarica 56, 2005

Fig. 6. Gel photograph of an FIGE run showing the mobility of the genomic DNA of X-ray exposed
E. coli WP2s(λ) cells in presence of different amounts of turmeric extract in DMSO. 1: control cells;
2: control cells exposed to X-rays only; 3: X-ray exposed cells in presence of 0.1 ml of turmeric extract;
4: X-ray exposed cells in presence of 0.4 ml of turmeric extract; 5: X-ray exposed cells in presence of

0.7 ml of turmeric extract
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Figures 6 and 7 represent gel photographs of the FIGE study. Tables 1 and 2 rep-
resent the data recorded by the Pharmacia Gel Doc. System. It is quite evident from
the tables as well as from the gel photographs that higher concentrations of turmeric
extracts render higher and higher degrees of protection to the genomic DNA of
E. coli cells as compared to the DNA damage rendered by a fixed dose (450 Gray)
of X-rays.

Fig. 7. Gel photograph of an FIGE run showing the mobility of the genomic DNA of X-ray exposed
E. coli WP2s(λ) cells in presence of different amounts of turmeric extract in water. 1: control cells;
2: control cells exposed to X-rays only; 3: X-ray exposed cells in presence of 0.1 ml of turmeric extract.
4: X-ray exposed cells in presence of 0.4 ml of turmeric extract; 5: X-ray exposed cells in presence of

0.7 ml of turmeric extract



DISCUSSION

Both water and DMSO extracts of turmeric exhibit significant radioprotection to
X-ray exposure in E. coli WP2s(λ) cells. All the results with turmeric extracts in
DMSO surely indicated the radioprotection imparted is due to the extracts of turmer-
ic only and not due to DMSO, which is believed to have its own role in radioprotec-
tion [3, 9, 20], as strict DMSO control was used in all the experimental points under
observation. The significant amount of radioprotection rendered by aqueous extract
of turmeric further confirms that this effect is solely due to a component of turmer-
ic. The extent of radioprotection of turmeric in DMSO is much higher than that with
water extract of turmeric. Curcumin, reported to be the main bioactive component of
turmeric [15], also renders a similar type of radioprotection. Curcumin, dissolved in
DMSO produces protection to X-ray irradiated cells to a significant extent and that
is quite comparable to the protection rendered by DMSO extract of turmeric;
although a quantitative estimate of curcumin in turmeric extracts cannot be made
from this study. The lesser extent of radioprotection by the same volume of aqueous
extract of turmeric may be interpreted in terms of lesser amounts of curcumin com-
ing out in water as curcumin is known to have a very low solubility in water. The
nature and extent of radioprotection by turmeric extracts vis-à-vis curcumin may be
indicative of the fact that the radioprotection shown is possibly due to curcumin. It
is, however, evident that this radioprotection is surely not due to another component
of turmeric that was shown earlier to impart genotoxic activity to E. coli cells [8].

The results of FIGE studies have also confirmed the role of turmeric extracts in
radioprotection of X-ray irradiated E. coli cells. The protection rendered in this case
is by way of reducing the genomic DNA breakage induced by X-rays.

Detrimental effects of ionizing radiation on the living system occur mainly due to
its indirect effects. On exposure to X-ray irradiation, free radicals are generated from
the radiolysis of water molecules. These free radicals interact with various biomole-
cules and in turn, bring about the changes in their structure and function. Curcumin
has been shown to be able to protect the DNA by inhibiting free radical induced
strand break formation [17]. Zhao et al [22] have shown removal of free radicals by
curcumin using spin traps. An inhibition of lipid peroxidation by curcumin is also
indicative of its free radical scavenging ability [11]. Curcumin was again reported to
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Table 2
OD values of genomic DNA remaining in the wells after the FIGE run with X-ray exposed E. coli

WP2s(λ) cells in the presence or absence of varying amounts of turmeric extract in water

Samples C CE T1 T2 T3

Max. OD 163.56 63.381 81.970 166.64 159.59

C: unexposed control; CE: exposed control; T1: exposure + 0.1 ml turmeric extract; T2: exposure + 0.4 ml
turmeric extract; T3: exposure + 0.7 ml turmeric extract
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be an antioxidant [6, 13]. In the light of the above, curcumin/turmeric seems to inac-
tivate the free radicals generated during X-ray exposure. Free radical scavenging and
electron donation or hydrogen transfer are probable attributes for the protective effect
of curcumin [4]. So it can be suggested that the radioprotective property of turmeric
extracts is due to the scavenging of free radicals by curcumin [10] which results in a
significant decrease of free radicals, thereby lowering the extent of DNA damage,
and that has directly been revealed in the FIGE study.

Curcumin has been shown to scavenge hydroxyl radicals and prevent 8-OH-
deoxyguanosine formations in mouse fibroblast cells in vitro [14]. Oda [7] showed
that curcumin blocked umuC induction promoted by UV irradiation in a dose-depen-
dent manner. The present study, however, confirms that turmeric extracts (consisting
of the yellow pigment curcumin, which is known to be its main bioactive component)
also render protection to UVB exposed E. coli cells, possibly by scavenging free rad-
icals, which are produced upon UV exposure [7, 21].

Amongst the large number of radioprotectors studied, the ones, which impart min-
imum toxicity, are accepted at clinical levels. Turmeric extracts, which are directly
obtained from natural sources, may fulfill the above criteria and serve as an efficient
radioprotector as it exhibited moderate amount of genotoxicity only under a very spe-
cial condition [8].
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