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Curcuma zanthorrhiza Roxb. is a medicinal plant that is used as a raw material in 
the herbal medicine and pharmaceutical industries. The main content of C. 
zanthorrhiza is curcuminoid, which is used as an antioxidant and an anticancer 
agent. The aim of this research was to study the effect of gamma radiation used 
for preserving simplicia or herbal drugs through the examination of their 
cytotoxicity against mouse leukemia L1210 cells and antiproliferative activity 
against human cancer cell lines HUT78, A549, HeLa, and THP1. The samples of 
curcuma rhizome were irradiated by gamma ray emmited by Cobalt-60 as a 
source at doses of 0 (control), 5, 7.5, 10, and 15 kGy. After irradiation, the 
samples were macerated using n-hexane, ethyl acetate, and ethanol, respectively. 
Preliminary cytotoxicity test toward extract from control sample against mouse 
leukemia L1210 cells revealed that the ethyl acetate extract was the most active 
extract inhibiting the growth of cells with an IC50 value of 16.6 µg/mL, followed 
by ethanol extract (18.8 µg/mL) and n-hexane extract (42.7 μg/mL). 
Fractionation using a chromatography column of the ethyl acetate extract 
resulted in seven fractions denoted as F1-F7. The cytotoxicity test of the seven 
fractions against mouse leukemia L1210 cells showed that fraction 3 (F3) was 
the most active fraction with an IC50 value of 10.0 μg/mL, followed by F7 (11.2 
μg/mL), F6 (11.8 μg/mL), F5 (12.0 μg/mL), F1 (13.2 μg/mL), F4 (14.5 μg/mL), 
and F2 (27.8 μg/mL), respectively. Based on these results, all irradiated samples 
were then extracted, fractionated, and tested for cytotoxicity in a similar manner. 
The result showed that irradiation of samples under doses up to 10 kGy can be 
used to preserve Curcuma zanthorrhiza simplicia without damaging its efficacy. 
To ensure that the irradiation dose of 10 kGy did not reduce anticancer activity, 
the F3 from irradiation sample at a dose of 10 kGy was also examined of its in-
vitro antiproliferative activity using HUT78, A549, HeLa, and THP1 human 
cancer cell lines. The results showed that irradiation of the sample at a dose of 10 
kGy reduced the antiproliferative activity of F3 against HUT78 (32 %), A549 (48 
%), HeLa (42 %), and THP1 (31 %). However, its reduction did not eliminate its 
antiproliferative activities. These results indicated that the preservation of 
simplicia using radiation can be done at a maximum radiation dose of 10 kGy by 
modifying the concentration of simplicia in the fabrication process of herbal 
medicine formulation. 
 

© 2019 Atom Indonesia. All rights reserved
 15 

INTRODUCTION 16 

Curcuma zanthorrhiza Roxb., known as 17 

Javanese turmeric (Indonesian: temulawak), is a 18 

member of the Zingiberaceae family that is one of 19 
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the medicinal plant originating from Indonesia. It is 20 

commonly used as a herbal medicine for treating 21 

hepatitis and increasing body stamina [1,2]. 22 

Curcumin and desmethoxycurcumin are two of 23 

curcuminoid group compounds contained in ginger, 24 

turmeric, and other similar plants. Both of these 25 

compounds have benefits as antitumor, antioxidant, 26 

antiinflammatory, antimicrobial, antihyperlidemic, 27 
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and hepatoprotector [3]. The European Medicines 28 

Agency [4] reported that C. zanthorrhiza rhizomes 29 

have been used in Europe since 1963, mainly to treat 30 

digestive, skin, and liver diseases and infections. 31 

The use of curcuma rhizomes has been continuously 32 

documented in European handbooks as a specific 33 

ingredient that meets the requirements of Directive 34 

2004/24/EC for use as products that are classified as 35 

"Traditional Herbal Medicine Products". N.G. 36 

Vallianou et al. [5] stated that curcumin and its 37 

analogous compounds have been shown to have 38 

various anticancer properties in a series of tests on 39 

various cancer cells, such as pancreatic, lung, 40 

ovarian, oral, colorectal, and breast carcinoma cells, 41 

and melanoma cells. Z. Udin [6] reported that the 42 

cytotoxic activity test against YMB-l cells toward 43 

standard xanthorrhizol compound and ethyl acetate-44 

soluble portion from methanol extract showed an 45 

IC50 of 2.9 and 3.2 μg/mL, respectively. A similar 46 

result was stated by S.F. Oon et al. [7] that 47 

xanthorrhizol extracted from C. xanthorrhiza shown 48 

the bioactivity in the form of anticancer, 49 

antimicrobial, antiinflammatory, antioxidant, 50 

antihyperglycemic, antihypertensive, antiplatelet, 51 

nephroprotective, hepatoprotective, estrogenic, and 52 

antiestrogenic effects. Riki et al. [8] stated that the 53 

curcuminoid extracted from curcuma proved to be 54 

able to inhibit HeLa cell growth by 93.3 % at a 55 

concentration of 62.5 μg/mL, while nanoparticle 56 

curcuminoid extract can increase its activity by      57 

93.4 % at the concentration of 2 μg/mL. The study 58 

of the antiproliferative activity test of curcumin at a 59 

concentration of 20 μM (≈ 7.4 μg/mL) showed that 60 

the compound inhibited the growth of MCF-7 cancer 61 

cells [9].  62 

Simplicia from Curcuma sp. as an ingredient 63 

for herbal medicine is easily overgrown by 64 

microbes. The quality of ingredients and herbal 65 

medicines itself must be free from contaminating 66 

pathogenic microbes. Irradiation techniques is one of 67 

the methods for preserving agricultural products 68 

[10]. Gamma irradiation on C. zanthorrhiza 69 

rhizomes showed that the irradiation dose of 10 kGy 70 

was sufficient to reduce microbes by 2-4 log cycles, 71 

while doses of up to 0.25 kGy can inhibit the 72 

sprouting fresh of C. zanthorrhiza rhizomes [11]. 73 

Gamma irradiation doses of 3, 5, and 7 kGy did not 74 

affect the stability of curcuminoid structure from 75 

whole powder, powder-free essential oil, and crude 76 

extract of C. zanthorrhiza rhizome; thus, gamma 77 

irradiation can be used for pasteurization to improve 78 

the quality of C. zanthorrhiza rhizomes [11]. 79 

Another study showed that gamma irradiation of 80 

simplicia of Andrographis paniculata with 81 

irradiation doses of up to 7.5 kGy did not eliminate 82 

its efficacy as an anticancer, and at that dose the 83 

irradiated simplicia did not show toxic properties in 84 

acute toxic examination toward male and female 85 

mice [12]. A study by E. Riswana et al.                86 

[13]  showed that doses of 2.5-10 kGy were able to 87 

reduce microbial contamination from 104 to 101 88 

colonies. E. Katrin et al. [14] suggested that ethanol 89 

extract from simplicia of C. zanthorrhiza irradiated 90 

at doses of 5 and 10 kGy did not show toxic 91 

properties in acute toxicity examination toward 92 

female and male mice. This fact shows that     93 

gamma irradiations at doses of up to 10 kGy for the 94 

purpose of disinfestation and extending the shelf life 95 

of an herbal drug and simplicia did not make the 96 

material toxic. 97 

The aim of the research was to study the 98 

effect of gamma radiation on the anticancer efficacy 99 

of C. zanthorrhiza rhizomes preserved using gamma 100 

radiation by examining their cytotoxic activity 101 

against mouse leukemia L1210 cells and their 102 

antiproliferative activities on human cancer cells 103 

(HUT78, A549, HeLa, and THP1), and to study the 104 

chromatogram profile changes of thin layer 105 

chromatography. 106 

 107 

 108 

EXPERIMENTAL METHODS 109 

Materials 110 

Curcuma zanthorrhiza Roxb. rhizomes 111 

obtained from PT. Sido Muncul (Herbal Medicine 112 

Industry), n-hexane p.a., ethyl acetate p.a., ethanol 113 

p.a., methanol p.a., RPMI 1640 medium (Gibco), 114 

bovine calf serum (Gibco), mouse leukemia L1210 115 

cells originating from methylchlorantren-induced 116 

mice in DBA/2 strain obtained from the Institute of 117 

Physical and Chemical Research (RIKEN)-Japan, 118 

trypan blue, silica gel 60 with 70-230 mesh sizes 119 

(Merck), celite 545 (Merck), methanol HPLC grade 120 

(Prolabo), Fricke standard solution dosimeter for 121 

calibration of the radiation dose which consists of 122 

0.001M Fe(NH4)2.(SO4)2.6H2O, 0.001 M NaCl, and 123 

0.4 M H2SO4. 124 

 125 

 126 

Equipment 127 

In this work, the equipment used consisted of 128 

the Natural Rubber Gamma Irradiator at CIRA with 129 

Cobalt-60 as a gamma radiation source, a CO2 130 

incubator, an oven, an autoclave, a vacuum rotary 131 

evaporator (Buchi), UV lamps (254 nm wavelength), 132 

an electric heater, an ultrasonicator, an analytic 133 

balance, a chromatography column, a microscope 134 

(Nikon), glassware, multiwell tissue culture plates, 135 

and a hemocytometer. 136 
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Preparation and irradiation of C. zanthorrhiza 137 

rhizomes 138 

The C. zanthorrhiza rhizomes were sliced, 139 

dried, and ground to a powder and then packed     140 

into ten polyethylene plastic bags containing 100 g 141 

each, then tightly sealed with a sealer machine. 142 

These materials were then irradiated in usual    143 

manner [15,16] at varying doses, i.e., 5, 7.5, 10, and 144 

15 kGy (at a dose rate of 7.5 kGy/h), and one set 145 

without irradiation as a control sample. Two bags 146 

were subjected to each radiation dose. 147 

 148 

 149 

Preparation of extracts and its cytotoxicity 150 

tests on mouse leukemia L1210 cells 151 

C. zanthorrhiza rhizomes (unirradiated and 152 

irradiated samples) were macerated with n-hexane, 153 

ethyl acetate, and ethanol, respectively [15,16].   154 

Each maceration was done three times, and the 155 

obtained filtrate was then evaporated using        156 

rotary evaporator at a temperature of ± 40 °C    157 

under reduced pressure. The obtained extract       158 

was then dried under vacuum and weighted.          159 

The n-hexane, ethyl acetate, and ethanol extracts 160 

from an unirradiated sample (control sample)       161 

and from irradiated samples were tested for 162 

cytotoxicity on mouse leukemia L1210 cells. The 163 

concentration of the samples was varied as 5, 10, 20, 164 

40, and 80 µg/mL in methanol as described in       165 

the previous studies [15,16]. After incubation for 48 166 

h, the cell growth was calculated under a microscope 167 

on a 40× magnification by added trypan blue 168 

[15,17]. The extract is declared as active in 169 

inhibiting the growth of cancer cells or has cytotoxic 170 

activity if it has an IC50 value of ≤ 20 µg/mL 171 

[9,15,16,18]. 172 

 173 

 174 

Antiproliferative activity test of F3 against 175 

human cancer cell lines HUT78, A549, HeLa, 176 

and THP1 177 

To ensure that preservation of extracts using 178 

radiation did not significantly reduce their efficacy, 179 

the active fraction (F3) was tested for 180 

antiproliferative activity on human cancer lines 181 

according to the previous procedure as usual manner 182 

[18]. Samples were dissolved in dimethyl sulfoxide. 183 

Then, the DMEM F12 media was added to obtain 184 

concentrations of 2, 4, 8, 16, and 32 µg/mL. After 185 

incubation for 72 hours, the numbers of living and 186 

dead cells were calculated. Subsequently, the IC50 187 

value was calculated according to a previous 188 

procedure [15,16,18]. 189 

RESULTS AND DISCUSSION 190 

Extraction 191 

The result of extraction by maceration for 192 

unirradiated C. zanthorrhiza rhizomes is presented 193 

in Table 1. From Table 1, it can be seen that the 194 

nonpolar compounds which are extracted into n-195 

hexane provided yields ranging from 0.87 to 0.97 %, 196 

while semipolar components are extracted into ethyl 197 

acetate at yields of 4.4 to 6.3 %, and polar 198 

components were extracted into ethanol at 1.21-1.37 199 

%, with total extracts ranging from 6.54 to 8.61 %. It 200 

is also seen that the higher the radiation dose the 201 

greater the tendency for extraction. Thus, it can be 202 

assumed that radiation treatment causes the 203 

component to be easily dissolved and extracted into 204 

the solvents. However, n-hexane extract from 205 

irradiated sample at a dose of 7.5 kGy (0.87 g) has a 206 

yield 6.5 % lower than the average yield of n-hexane 207 

extract (0.93 g). 208 

 209 

Table 1. The weight of n-hexane, ethyl acetate, and ethanol 210 

extracts from 100 g of C. zanthorrhiza rhizomes at varying 211 

irradiation doses; average of two replications. 212 
 213 

Dose 
(kGy) 

n-hexane 
extract (g) 

ethyl acetate 
extract (g) 

ethanol 
extract (g) 

Total extract 
(g or %) 

0* 0.92 4.41 1.21 6.54 

5 0.95 5.05 1.25 7.25 

7.5 0.87 5.77 1.27 7.91 

10 0.94 4.92 1.32 7.18 

15 0.97 6.27 1.37 8.61 

*0 = un-irradiated sample = control 214 

 215 

 216 

Cytotoxicity test of extracts on mouse 217 

leukemia L1210 cells 218 

In the preliminary screening of three extracts, 219 

namely n-hexane, ethyl acetate, and ethanol extracts, 220 

for cytotoxicity against mouse leukemia L1210 cells, 221 

the IC50 value of each extract was 42.7, 16.6, and 222 

18.8 µg/mL, respectively. Ethyl acetate and ethanol 223 

extracts are thus classified as potentially active as 224 

anticancer substances because they have IC50 < 20 225 

µg/mL, while n-hexane extract (42.7 µg/mL) is 226 

classified as a less-active extract [9,15,16,18]. 227 

 228 

 229 

Separation of ethyl acetate extract by 230 

column chromatography and cytotoxicity 231 

test on mouse leukemia L1210 cells 232 

The results of the separation from 1.0 g of 233 

ethyl acetate extracts from each unirradiated and 234 

irradiated samples consist of seven fractions (F1-235 

F7), as shown in Table 2. From Table 2, it can be 236 

seen that the F3, F4, and F5 fractions had a higher 237 

yield than other fractions. It can be understood that a 238 
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small amount of the more nonpolar components 239 

which are combined into F1 and F2 from the 240 

semipolar component (ethyl acetate extract) have 241 

been extracted first into the n-hexane solvent, while 242 

F6 and F7 contain a small amount of polar 243 

component which could be extracted into the ethyl 244 

acetate solvent. 245 

Furthermore, all fractions of ethyl acetate 246 

extract from unirradiated samples were tested for 247 

cytotoxicity against mouse leukemia L1210 cells, 248 

and the results are presented in Fig. 1.  249 

 250 

Table 2. Results of the column fractionation of ethyl acetate 251 

extract (1.0 g) for varying irradiation doses. 252 
 253 

Dose 
(kGy) 

F1 
(mg) 

F2 
(mg) 

F3 
(mg) 

F4 
(mg) 

F5 
(mg) 

F6 
(mg) 

F7 
(mg) 

0* 126 13 227 258 159 71 129 

5 118 15 225 256 168 62 136 

7.5 114 14 204 285 172 71 130 

10 109 16 209 274 186 72 121 

15 73 15 212 283 162 79 137 

*0 = un-irradiated sample = control 254 

 255 

 256 
Fig. 1. Cytotoxicity of fractions F1-F7 from the ethyl acetate 257 

extract of unirradiated C. zanthorrhiza rhizomes against mouse 258 

leukemia L1210 cells. 259 

 260 

It was seen that six fractions (F1, F3-F7) 261 

showed cytotoxicity with IC50 values ≤ 20 µg/mL 262 

[9,15,16,18,19], whereas F2 was classified as a less-263 

active fraction with an IC50 value of 27.8 µg/mL. 264 

Among those fractions, F3 is the most active fraction 265 

in inhibiting the growth of mouse leukemia L1210 266 

cells with the smallest IC50 value (10.0 µg/mL).       267 

It was assumed that F3 contains curcumin 268 

compounds. The presence of curcumin compounds 269 

in F3 was evidenced by the thin layer chromatogram 270 

as shown in Fig. 2. On the other hand, F2 has the 271 

largest IC50 value, which means the lowest cytotoxic 272 

activity. This shows that most inactive components 273 

were accumulated in F2. Fortunately, F2 has the 274 

lowest yield for every irradiation dose.  275 

Before spraying with cerium sulfate, F3     276 

from all radiation doses only showed three          277 

spots (Fig. 2(a)), namely curcumin (Rf = 0.62), 278 

demethoxycurcumin (Rf = 0.34), and bisdemethoxycurcumin 279 

(Rf = 0.15) based on the authentic standard [20-23], 280 

but after spraying with cerium sulfate reagent and 281 

heating, the new spots appeared at Rf = 0.52 and     282 

Rf = 0.28 on F3 from irradiated samples at doses of 283 

7.5, 10, and 15 kGy, although the spots were       284 

very thin (Fig. 2(b)). This fact indicates that gamma 285 

irradiation at doses of ≥ 7.5 kGy can cause the 286 

formation of new compounds that are predicted as a 287 

result of degradation of the existing components. 288 
 289 

 290 
K = standard curcumin; 0 kGy = unirradiated sample. 291 

(a) (b) 292 
 293 

Fig. 2. Thin-layer chromatogram (TLC) of F3 from varying 294 

irradiation dose compared to the standard curcumin; (a) spots on 295 

the TLC plate under the UV lamp with λ 366 nm; (b) the TLC 296 

plate after spraying with reagent cerium sulfate and heating. 297 

 298 

A study by Saefudin et al. [24] stated that 299 

curcumin from Curcuma zanthorrhiza had antitumor 300 

activities, with three mechanisms of tumor cell 301 

inhibition, namely: first, curcumin compound will 302 

replace the chromosomes in tumor cells to inhibits 303 

the binding (3H)-uridine with tumor cells; second, 304 

curcumin inhibits binding the uridine into RNA; and 305 

third, curcumin inhibits binding the leucine into 306 

proteins during protein synthesis. 307 

Based on Fig. 1, it can be stated that F3 is the 308 

most active fraction. For further determining the 309 

effect of radiation to the sample, all F3 from ethyl 310 

acetate extract of irradiated samples of each varying 311 

radiation dose were tested for cytotoxicity against 312 

mouse leukemia L1210 cells. The test results are 313 

presented in Fig. 3. 314 
 315 

 316 
 317 
 318 

 319 
Fig. 3. Cytotoxicity against mouse leukemia L1210 cells of F3 320 

from ethyl acetate extract of irradiated samples of each varying 321 

radiation dose. 322 

F3
Control 

F3
5 kGy 

F3 
7.5 kGy 

F3 
10 kGy 

F3
15 kGy 

IC
50

 (
m

g/
m

L
) 

IC
50

 (
m

g/
m

L
) 



E.K. Winarno et al. / Atom Indonesia Vol. 45 No. 3 (2019)  xxx - xxx 

 

From Fig. 3, it can be seen that there was an 323 

increase in IC50 value of F3 obtained from irradiated 324 

samples, but analysis using SPSS 24 ANOVA at 95 325 

% confidence level (α = 0.05) showed that 326 

irradiation doses of up to 10 kGy did not increase 327 

the IC50 value significantly or did not reduce the 328 

cytotoxicity against L1210 mouse leukemia cells. 329 

However, at a radiation dose of 15 kGy there was a 330 

slight increase in IC50 value from 10.0 to 10.7 331 

µg/mL, it was significantly different based on the 332 

ANOVA test. In acute toxicity test carried out 333 

previously by E. Katrin et al. [14] showed that the 334 

irradiation of the sample at a dose of 10 kGy did not 335 

make the sample acute-toxic. 336 

Furthermore, based on the formation of new 337 

spots at Rf = 0.28 and Rf = 0.52 in thin layer 338 

chromatogram and the decreasing cytotoxicity of F3 339 

at a dose of 15 kGy, it can be assumed that radiation 340 

could reduce the cytotoxic ability of the components 341 

in F3. This decrease may occur in the degradation of 342 

curcumin compound into other compounds caused 343 

by radiation effect [14,25]. 344 

 345 

 346 

Antiproliferative activity test of F3 against 347 

cancer cell lines HUT78, A549, HeLa, and 348 

THP1 349 

Based on the fact that F3 from the irradiated 350 

sample is the most active fraction inhibiting the 351 

growth of mouse leukemia L1210 cells among the 352 

fractions, then all F3 from irradiated samples were 353 

further tested for antiproliferative activity on human 354 

cancer cell lines (lymphoma HUT78, A549 lung, 355 

cervix HeLa, and mouse leukemia THP1). The test 356 

results are presented in Fig. 4 and Table 3.  357 

 358 

 359 
 360 
 361 
 362 

Fig. 4. IC50 value of F3 from ethyl acetate extract of unirradiated 363 

and irradiated samples at 10 kGy against human cancer cell lines 364 

(HUT78, A549, HeLa, THP1). 365 

 366 

 367 

Based on Fig. 4 and Table 3, it can be seen 368 

that radiation with a dose of 10 kGy decreases the 369 

antiproliferative activity of F3 on lymphoma 370 

HUT78 cancer cells, A549 lung cancer cells,     371 

HeLa cervical cancer, and THP1 mouse leukemia 372 

cancer by 32 %, 48 %, 42 %, and 31 %, 373 

respectively. Although the increase in IC50 value or 374 

decrease in activity is significant, the values are   375 

still in the active category, because the IC50 values 376 

are still smaller than 20 µg/mL. The decrease in 377 

activity caused by radiation can be overcome in   378 

two ways: first, by improving the quality of the 379 

simplicia in order to lower the initial contaminants, 380 

so as to lower the required radiation dose;            381 

and second, by increasing the concentration of 382 

simplicia in the fabrication process of herbal 383 

medicine formulation. 384 

 385 

Table 3. Increase of IC50 value and decrease of antiproliferative 386 

activity against cancer cell lines HUT78, A549, HeLa, and 387 

THP1 of F3 from ethyl acetate fraction of unirradiated and 388 

irradiated samples at 10 kGy. 389 
 390 

No
Cancer 

Cell lines

IC50 F3-EEE* 
(µg/mL) 

Increase of 
IC50 value 

(%) 

Decrease of 
Antiproliferative

Activity (%) Control** 10 kGy 

1 HUT78 2.1 3.1 148 32 

2 A549 6.3 12.2 194 48 

3 HeLa 7.8 13.4 172 42 

4 THP1 5.2 7.5 144 31 

 **   F3-EEE: Fraction 3 from ethyl acetate extract 391 

** control = un-irradiated sample 392 

 393 

 394 

CONCLUSION 395 

The maximum dose for preserving the 396 

simplicia of curcuma rhizomes with gamma 397 

irradiation is 10 kGy. Irradiation doses of up to 10 398 

kGy can reduce the antiproliferative activity of 399 

fraction 3 against human cancer cell lines 400 

(lymphoma HUT78 cancer cells, A549 lung cancer 401 

cells, HeLa cervical cancer cells, and THP1 mouse 402 

leukemia cancer cells). However, the reduction does 403 

not eliminate its activity. These results indicate that 404 

preservation of simplicia of curcuma rhizomes using 405 

radiation can be done at a maximum radiation dose 406 

of 10 kGy by modifying the initial concentration of 407 

simplicia in the fabrication process of herbal 408 

medicine formulation. 409 

 410 
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