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A\str[]t   

Curcuma aromatica, [ Vc_nh[g_m_ g_^c]ch[f jf[hn, _rbc\cnm ^cp_lm_ 

nb_l[j_onc] [jjfc][ncihm ch]fo^cha \fii^ fimm, \fii^ mn[mcm, \fii^s 

olch[ncih, \fii^s pigcncha, cll_aof[l g_hmnlo[ncih, _jcf_jms, [h^ ][h]_l 

nl_[ng_hn. C. aromatica lbctig_m _nb[hif _rnl[]n [h^ ]ol]ogif ]ihn_hn 

b[p_ \__h mbiqh mnliha chbc\cncih i` ][h]_l aliqnb. H_jG2 ]_ffm q_l_ 

_rjim_^ ni ^cff_l_hn ^im_m i` _nb[hif _rnl[]n [h^ ]ol]ogif _rnl[]n. Tb_ 

^_al__ i` ]_ff aliqnb chbc\cncih q[m ^_n_lgch_^ omcha nb_ WST-1 [mm[s, [h^ 

Hi_]bmn 33258 mj_]nli`foilig_nlc] [mm[s, qbcf_ nb_ l[n_ i` ]_ff ^_[nb \s 

[jijnimcm q[m [mm_mm_^ omcha nb_ [hh_rch-jlijc^cog ci^c^_ ^io\f_-

mn[chcha [mm[s. Ffiq ]snig_nls q[m _gjfis_^ ni mno^s nb_ ]_ff ]s]f_, qbcf_ 

nb_ nl[hmq_ff [mm[s q[m om_^ ni [mm_mm ]_ff gcal[ncih [h^ chp[mcih. Tb_ 

_rjl_mmcih i` bax [h^ bcl-2 a_h_m q[m [h[fst_^ omcha l_[f-ncg_ l_p_lm_ 

nl[hm]lcjncih-PCR. C. aromatica lbctig_m _nb[hif _rnl[]n (CE) ]ihmcmn_^ i` [ 

nin[f jb_hifc] ]ihn_hn p[fo_ i` 15.02±0.18 (ga/a _rnl[]n) [h^ [ ]ol]ogif 

f_p_f i` 849.8 ± 23.73 (ga/a _rnl[]n). Tb_ aliqnb i` H_jG2 ]_ffm q[m 

mojjl_mm_^ ch [ ^im_-^_j_h^_hn g[hh_l \s C. aromatica lbctig_m _nb[hif 

_rnl[]n. Fiffiqcha [ 72-biol _rjimol_ ni [h (CE) ]ih]_hnl[ncih i` 100 μa/

gL, nb_ chbc\cncih l[n_ q[m g_[mol_^ ni \_ 34.559 ± 0.456 %, nb_ IC50 p[fo_ 

q[m ^_n_lgch_^ ni \_ 44.79 μa/gL [h^ nb_ chbc\cncih i` ]ol]ogif q[m 

50.961± 0.641 %, [h^ nb_ IC50=93.48. Tb_ [jjfc][ncih i` CE ch^o]_^ f[n_ 

[jijnimcm ch H_jG2 ]_ffm. Tb_ CE [fmi ch^o]_^ jlial[gg_^ ]_ff ^_[nb 

([jijnimcm) ch H_jG2 ][h]_l ]_ffm, _ff_]ncp_fs mojjl_mmcha nb_cl aliqnb, 

gip_g_hn, [h^ chp[mcih \s ]ihnliffcha nb_ mshnb_mcm i` B]f-2 gRNA. Tbcm 

qile acp_m hip_f chmcabnm chni nb_ [hncb_j[nig[ []ncih i` (CE) [h^ 

_mn[\fcmb_m [ `ioh^[ncih `il nb_ ^_p_fijg_hn i` jl_fcgch[ls [hnc][h]_l 

g_^c][ncihm. 

 

K_ywor^s   
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jbsni]b_gc][f m]l__hcha  

 

Intro^u]tcon   

H_j[ni]_ffof[l ][l]chig[ (HCC), ]iggihfs ehiqh [m fcp_l ][h]_l, cm [ 

mo\mn[hnc[f qilf^qc^_ b_[fnb b[t[l^. Tb_ nogil b[m [ bcab ^_al__ i` 

g[fcah[h]s [h^ [ mnliha [\cfcns ni chp[^_ [h^ mjl_[^, g[echa cn jlih_ ni 

chp[mcih [h^ g_n[mn[mcm ^olcha nb_ ^_p_fijg_hn [h^ _pifoncih i` nb_ 

nogil. Togil ]_ffm chp[^_ \fii^ [ln_lc_m, f_[^cha ni _cnb_l p[m]of[l chp[mcih 

il nb_ `ilg[ncih i` [ \fii^ ]fin qcnbch nb_ \fii^ p_mm_fm (1). HCC b[m \__h 
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bnnjm://jf[hnm]c_h]_ni^[s.ihfch_ 

fche_^ ni ]blihc] pcl[f b_j[ncncm, g[chfs ][om_^ \s 

ch`_]ncihm i` b_j[ncncm B [h^ C pclom_m (HBV [h^ HCV, 

l_mj_]ncp_fs) (2). A^^cncih[f p[lc[\f_m nb[n ]ihnlc\on_ ni 

nb_ \_achhcha i` HCC ch]fo^_ hih-pcl[f ]blihc] b_j[ncncm, 

mo]b [m [fjb[-1-[hncnlsjmch ^_`c]c_h]s, b_l_^cn[ls 

b_gi]blig[nimcm, [h^ afs]ia_h mnil[a_ ^cm_[m_. Onb_l 

lcmem ch]fo^_ [f]ibif-l_f[n_^ mn_[nimcm, hih[f]ibifc] 

mn_[nib_j[ncncm (NASH), _rjimol_ ni [`f[nirch B1, [h^ 

]ca[l_nn_ mgiecha (3, 4). D_mjcn_ mcahc`c][hn jlial_mm ch 

g_^c][f n_]bhifias, nb_ ionfiie `il HCC l_g[chm \f_[e, 

qcnb p_ls `_q _ff_]ncp_ nl_[ng_hn ijncihm [p[cf[\f_. Tb_ 

c^_hnc`c][ncih i` bcabfs _ff_]ncp_ [hnc-][h]_l ]igjioh^m 

qcnb gchcgog [^p_lm_ _ff_]nm cm _mm_hnc[f `il _hb[h]cha 

j[nc_hn jliahimcm (5). 

 N[nol[f jli^o]nm b[p_ _g_la_^ [m jligcmcha 

][h^c^[n_m `il [hnc][h]_l ^loa ^_p_fijg_hn. Oh_ mo]b 

jf[hn, Curcuma aromatica S[fcm\, ehiqh [m "Nab_ nl[ha" 

ch Vc_nh[g_m_, il [lig[nc] nolg_lc], cm [ j_l_hhc[f 

no\_liom b_l\ ]b[l[]n_lct_^ \s cnm [hhof[n_, `l[al[hn 

qbcn_ lbctig_, _rbc\cncha [h chn_lh[f il[ha_-s_ffiq bo_. 

Tb_ jf[hn gimnfs aliqm ch nb_ nlijc][f [h^ mo\nlijc][f 

l_acihm i` Sionb [h^ Sionb_[mn Amc[ (6). Tb_ jf[hn b[m 

_mn[\fcmb_^ [ l_jon[ncih `il cnm [hnc\[]n_lc[f []ncpcnc_m, 

[hncirc^[hn, [hnc][h]_l, [hnc-ch`f[gg[nils, [h^ qioh^ 

b_[fcha. In [fmi m_lp_m [m [h [hnc^in_ `il mh[e_ p_hig (7, 

8).  

 R_]_hn mno^c_m bcabfcabn cnm jligcm_ ch ]ig\[ncha 

][h]_l, hin[\fs cnm ][j[]cns ni jl_p_hn ]_ff jlifc`_l[ncih 

[h^ gcal[ncih. N_p_lnb_f_mm, nb_ `oh^[g_hn[f 

g_]b[hcmgm \_bch^ cnm [hnc-b_j[nig[ []ncih b[p_ hin 

\__h _rn_hmcp_fs chp_mnca[n_^. Col]ogif, qbc]b \_fiham ni 

nb_ S_mkocn_lj_hic^ alioj, b[m \__h cmif[n_^ `lig g[hs 

jf[hn mj_]c_m i` nb_ Zchac\_l[]_[_ `[gcfs. Col]ogif b[m 

^_gihmnl[n_^ hin[\f_ chbc\cnils _ff_]nm ih bog[h foha 

[^_hi][l]chig[ ASTC-[-1 ]_ffm pc[ [ ][mj[m_m-

ch^_j_h^_hn gcni]bih^lc[f j[nbq[s. Folnb_lgil_, cn b[m 

[h _r]_jncih[f ][j[]cns ni chbc\cn nb_ mjl_[^ i` \l_[mn 

][h]_l ]_ffm \s \fi]echa MMP-9 nblioab nb_ JNK1/2 [h^ 

Aen-^_j_h^_hn NF-κB mcah[fcha j[nbq[sm. Mil_ip_l, 

]ol]ogif b[m \__h i\m_lp_^ ni ch^o]_ ]_ff ]s]f_ [ll_mn 

[h^ [jijnimcm ch bog[h h[mijb[lsha_[f ][l]chig[ CNE-2 

]_ffm pc[ IGF-1R/PI3K/Aen mcah[fcha j[nbq[s (9-11). Tb_ 

chp_mnca[ncihm jlipc^_^ _pc^_h]_ nb[n ]ol]ogif ^cmjf[s_^ 

hin[\f_ [hnc][h]_l jlij_lnc_m. N_p_lnb_f_mm, nb_ cgj[]n 

[h^ g_]b[hcmgm i` cnm []ncih [a[chmn fcp_l ][h]_l l_g[ch 

gimnfs oh]f_[l. Ih nbcm mno^s, q_ chp_mnca[n_^ nb_ _nb[hif 

_rnl[]n Curcuma aromatica lbctig_m _nb[hif _rnl[]n (CE) 

[h^ cnm ]ihmncno_hn ]ol]ogif [a[chmn nb_ bog[h b_j[nig[ 

]_ff fch_ H_jG2. Tb_ l_mofnm i` iol mno^s jlipc^_ h_q [h^ 

p[fo[\f_ ch`ilg[ncih ih biq C. aromatica ]ig\[nm 

b_j[nig[, qbc]b g[s \_ om_^ ni \ocf^ _ffc]c_hn [h^ 

h[nol[f nb_l[js [jjli[]b_m `il fcp_l ][h]_l. 

 

M[t_rc[ls [n^ M_tbo^s 

M[t_rc[ls 

Curcuma aromatica q_l_ aliqh ch C[o Na[ha, Tl[ Vchb, 

Vc_n N[g (9°48′10″B 106°26′54″Đ) `lig Ajlcf 2022 ni 

D_]_g\_l 2022 (l[chs m_[mih). Aft_l nbcm ncg_,  

nb_ jli^o]nm i` jbinimshnb_mcm mshnb_mct_^ ch nb_ f_[p_m 

[h^ jm_o^imn_gm qcff \_ nl[hmjiln_^ ni nb_ lbctig_ [h^ 

mnil[a_ liinm `il []]ogof[ncih. Curcuma aromatica 

lbctig_m [l_ b[lp_mn_^, q[mb_^, [h^ ^lc_^ ni 15% 

bogc^cns. Aft_l ^lscha, nb_ lbctig_m [l_ ]lomb_^ nblioab [ 

0.25gg mc_p_ ni g[e_ jiq^_l. Tb_ jiq^_l m[gjf_m q_l_ 

om_^ ni _rnl[]n. Tb_ pio]b_l mj_]cg_hm (VST 2022-168) 

q_l_ ^_jimcn_^ ch nb_ D_j[lng_hn i` Bci-[]ncp_ 

Cigjioh^m [n nb_ Ihmncnon_ i` Tlijc][f Bcifias. 

Cigj[l[ncp_ giljbifias q[m om_^ ni c^_hnc`s nb_ 

m]c_hnc`c] h[g_m i` mno^c_^ mj_]c_m \[m_^ ih nb_ jlcil 

jo\fc][ncihm (12), [h^ DNA B[l]i^cha (^[n[ hin mbiqh \s 

iol mno^s).  

M_tbo^s 

Extr[]tcon [n^ ^_t_rmcn[tcon o` tb_ Cur]umol 

]ompoun^ 

Pf[]_ 0.5 a i` ^ls jiq^_l m[gjf_ chni [ 50 gL n_mn no\_ 

qcnb [ ][j (_[]b ]ih]_hnl[ncih l_j_[n_^ nbl__ ncg_m). 

Uncfct_ nb_ mi[echa g_nbi^ qcnb 60% _nb[hif `il 24 biolm 

[n 50 °C. Fcfn_l nb_ mifoncih ni ]iff_]n nb_ _rnl[]n. Snil_ nb_ 

_rnl[]n_^ mifoncih ch [ 50 gL n_mn no\_, [^^ nb_ 

]ill_mjih^cha mifp_hn ni []bc_p_ [ ohc`ilg pifog_ i` 50 

gL `il _[m_ i` ][f]of[ncih, [h^ ]fim_ nb_ fc^. Pl_m_lp_ nb_ 

_rnl[]n [n -20°C `il mn[\cfcns ch ^_n_lgchcha nb_ \cifiac][ffs 

[]ncp_ chal_^c_hnm. Ah[fst_ nb_ ]ol]ogif ]ihn_hn ch nb_ 

_rnl[]n omcha Hcab-P_l`ilg[h]_ Lckoc^ Cblig[nial[jbs 

(HPLC) 

D_t_rmcn[tcon o` tb_ pb_nolc] ]ont_nt o` tb_ _xtr[]t 

0.5 gL i` nb_ m[gjf_ q[m gcr_^ qcnb 2.5 gL i` Fifch-
Cci][fn_o l_[a_hn, n[e_ nb_ gcrnol_ mn[\cfct_^ `il 6 

gchon_m. N_rn, [^^ 2 gL i` [ 7.5% (q/p) mi^cog ][l\ih[n_, 

[h^ ch]o\[n_ ch nb_ ^[le [n liig n_gj_l[nol_ `il 1 biol. 

Uncfct_ [ UV-Vcm mj_]nlijbinig_n_l (J[m]i V730 UV-VIS) ni 

g_[mol_ nb_ [\mil\[h]_ i` nb_ mifoncih [n 765 hg, qcnb 

a[ffc] []c^ [m nb_ l_`_l_h]_ mn[h^[l^. Qo[hnc`s nb_ Tin[f 

jb_hifc] ]ihn_hn \s g_[molcha cn ch gcffcal[gm i` a[ffc] 

[]c^ _kocp[f_hn j_l al[g i` ^ls q_cabn (ga GAE/a DW) 

(13). 

D_t_rmcn[tcon o` tb_ ]ur]umol ]ont_nt o` tb_ _xtr[]t 

D_n_lgch[ncih i` ]ol]ogif ]ihn_hn \s HPLC g_nbi^ (14), 

Col]ogif mn[h^[l^ mifoncih (5-100jjg), HPLC [h[fsmcm 

q[m j_l`ilg_^ ih [ 2995 msmn_g (W[n_l, USA), ]ihh_]n_^ 

ni [ DAD 2996 ^_n_]nil. Cblig[nial[jbc] m_j[l[ncih om_^ 

[ C18 ]ifogh (250 × 4.6 gg, 5 µg ), gi\cf_ jb[m_ mifp_hn 

ch]fo^_m [ gcrnol_ i` []_nihcnlcf_: g_nb[hif: H2O: 

jbimjbilc] []c^ l[nci 550:225:225:1. Ffiq l[n_ q[m 1 gL/

gch, chd_]ncih m[gjf_ pifog_ q[m 10 μL. R_mofnm q_l_ 

l_]il^_^ [n 210 hg q[p_f_hanb. 

C_ll ]ultur_ 

H_jG2 [h^ Cb[ha'm Lcp_l ]_ffm q_l_ i\n[ch_^ `lig nb_ 

Ag_lc][h Tsj_ C_ff Cofnol_ Ciff_]ncih (ATCC, M[lsf[h^, 

USA). Tb_ ]_ffm q_l_ ]ofncp[n_^ ch DMEM (D_f\_]]i’m 

Mi^c`c_^ E[af_ M_^cog) mojjf_g_hn_^ qcnb 10% `_n[f 

\ipch_ m_log (GIBCO BRL) [h^ 1% j_hc]cffch-

mnl_jnigs]ch. Tb_ ch]o\[ncih m_nncham ]ihmcmn_^ i` [ 

n_gj_l[nol_ i` 37°C ch [ bogc^c`c_^ ch]o\[nil qcnb [ a[m 

]igjimcncih i` 5% CO2 [h^ 95% [cl. Tb_ ]ofnol_m q_l_ 
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gihcnil_^ \s ^icha l_aof[l gc]lim]ijc] chmj_]ncihm omcha 

[h chp_ln_^ gc]lim]ij_. 

C_ll vc[\clcty [ss[y 

H_jG2 ]_ffm q_l_ jf[]_^ ihni 24-q_ff jf[n_m [n [ ^_hmcns i` 

5 × 104 ]_ffm/q_ff [h^ ch]o\[n_^ [n 37°C. CDEM q[m [^^_^ 

ni _[]b q_ff [ft_l 1 ^[s [h^ 3 ^[sm. C_ff pc[\cfcns q[m 

[mm_mm_^ `iffiqcha _[]b j_lci^ omcha nb_ WST-1 n_mn 

(EZ3000, D[_cf L[\ S_lpc]_ Ci., S_iof, Kil_[). E[]b q_ff 

q[m lchm_^ qcnb PBS. Tb_h, 200 µL i` nb_ WST-1 [a_hn, 

^cfon_^ [n [ l[nci i` 1:10 qcnb nb_ ]ofnol_ g_^c[, q[m [^^_^ 

[h^ nb_ ]_ffm q_l_ ]ofncp[n_^ `il ih_ biol. N_rn, 100 µL 

`lig _[]b q_ff q[m nl[hm`_ll_^ ni [ 96-q_ff jf[n_ [h^ l_[^ 

omcha [h ELISA jf[n_ l_[^_l (SUNRISE, TECAN, Glö^ca, 

Aomnlc[) [n [ q[p_f_hanb i` 450 hg. 

R_[l- tcm_ qu[ntcttcv_ (qrt-PCR)  

H_jG2 ]_ffm q_l_ b[lp_mn_^ qcnb [ ]ih]_hnl[ncih i` 5 × 104 

]_ffm. Tin[f RNA q[m _rnl[]n_^ Qc[a_h RN_[ms ecn. ]DNAm 

q_l_ mshnb_mct_^ omcha nb_ Gim]lcjnTM R_p_lm_ 

Tl[hm]lcjncih Ssmn_g Kcn (Plig_a[, J[j[h). Tb_ kln-PCR 

q[m loh ch CFX96 Tio]b R_[f-ncg_ PCR Ssmn_g Bcil[^). 

Tb_ ]DNA q[m g_[mol_^ omcha nb_ SYBR Gl__h R_[fncg_ 

PCR M[mn_l Mcr (Tisi\i, J[j[h) `iffiqcha nb_ ^cl_]ncihm 

jlipc^_^ \s nb_ g[ho`[]nol_l. Tb_ jlcg_lm oncfct_^ `il nb_ 

mno^c_m [l_ ionfch_^ ch T[\f_ 1. 

Sp_]tro`luorom_trc] [ss[y 

A mj_]nli`foilig_nlc] [mm[s q[m ][llc_^ ion ni ^_n_]n 

ho]f_[l ]ih^_hm[ncih [h^ `l[ag_hn[ncih ch chn[]n ]_ffm 

(15). H_jG2 ]_ffm q_l_ ]ofncp[n_^ ch [ 96-q_ff jf[n_ [n [ 

n_gj_l[nol_ i` 37°C. Tb_ ]_ffm q_l_ nl_[n_^ qcnb CE [n 

]ih]_hnl[ncihm i` 50ga/gL [h^ 100ga/gL Ah[fsmcm i` nb_ 

]_ffm q[m ]ih^o]n_^ [n 4, 24, [h^ 48 biolm \s 

]_hnlc`oa[ncih (8000a) [n liig n_gj_l[nol_ `il 5 gchon_m. 

So\m_ko_hnfs, 70 gL i` nb_ moj_lh[n[hn q[m l_jf[]_^ qcnb 

q[lg jbimjb[n_-\off_l_^ m[fch_ (PBS), [h^ nb_h 10 µL i` 

H33258 mifoncih q[m [^^_^ ni _[]b q_ff, qcnb nb_ `ch[f 

]ih]_hnl[ncih l[hacha `lig 0.1 ni 5 µa/gL, `il 60 gchon_m. 

Sj_]nli`foilig_nlc] g_[mol_g_hnm q_l_ nb_h j_l`ilg_^ 

[n [h _r]cn[ncih/_gcmmcih q[p_f_hanb i` 352/461 hg omcha 

[ `foil_m]_hn gc]lijf[n_ l_[^_l (T_][h Ih`chcn_ F200, 

Sqcnt_lf[h^).  

Ann_xcn V-FITC Apoptoscs Ass[y  

Tb_ ko[hnc`c][ncih i` [jijnimcm ch H_jG2 ]_ffm q[m 

j_l`ilg_^ nblioab [ Ffiq ]snig_nls Ahh_rch V-FITC/PI 

mn[chcha [mm[s (16). Tb_ ]iff_]n_^ ]_ffm q_l_ q[mb_^ qcnb 

]if^ PBS [h^ mn[ch_^ qcnb 5 µL i` FITC-Ahh_rch V mifoncih 

[h^ 5 µL i` PI mifoncih. Aft_l a_hnf_ piln_rcha, nb_ ]_ffm 

q_l_ ch]o\[n_^ `il 15 gchon_m [n liig n_gj_l[nol_ ch nb_ 

^[le. So\m_ko_hnfs, 400 µL i` 1X \ch^cha \off_l q[m [^^_^ 

ni nb_ m[gjf_m [h^ nb_ [h[fsmcm q[m j_l`ilg_^ omcha FACS 

(FACS Alc[ II `lig BD Bcim]c_h]_m, USA) qcnbch 1 biol.  

St[tcstc]s 

Tb_ ^[n[ q_l_ jl_m_hn_^ [m g_[h ± SD (h = 3). Tb_ 

mn[ncmnc][f [h[fsmcm q[m ]ih^o]n_^ omcha Sno^_hn’m n-n_mn 

[h^ Oh_-q[s ANOVA qcnb Scag[Pfin p_lmcih 11.0.  

 

R_sults [n^ Dcs]usscon   

Extr[]tcon [n^ ^_t_rmcn[tcon o` tb_ Cur]umol ]ompoun^  

V[lciom _rnl[]ncih g_nbi^m q_l_ _gjfis_^ ni i\n[ch 

_rnl[]nm `lig Curcuma aromatica jiq^_l (^[n[ hin 

mbiqh). Fil nbcm mno^s, q_ oncfct_^ [ 60% _nb[hif 

]ih]_hnl[ncih [n 50°C `il 24 biolm ni _rnl[]n jifsjb_hif 

[h^ ]ol]ogif. Tb_ nin[f jb_hifc] [h^ ]ol]ogif ]ihn_hnm 

q_l_ 20.44 ± 0.78 mgGAE/g and 970.27 ± 15.71 mg/g 

extract, respectively. The HPLC quantification of curcumol 

is illustrated in Fcaol_ 1.  

Cytotoxc]cty t_st 

H_jG2 ]_ffm [h^ Cb[ha’m ]_ffm q_l_ nl_[n_^ qcnb CE [h^ 

]ol]ogif [n ]ih]_hnl[ncihm (3.125; 6.25; 12.5; 25; 50; 75; 

[h^ 100 μa/gL) [h^ 0 μa/gL q_l_ om_^ [m [ \f[he ]ihnlif 

`il 24, 48, [h^ 72 biolm l_mj_]ncp_fs. Tb_ [\cfcns ni chbc\cn 

]_ff jlifc`_l[ncih q[m n_mn_^ \s nb_ WST-1 g_nbi^. Tb_ 

l_mofnm mbiq_^ nb[n CE [h^ ]ol]ogif \inb ][om_^ 

m_]ih^[ls ]_ff ^_[nb. D_j_h^cha ih nb_ ]ih]_hnl[ncih [h^ 

nl_[ng_hn ncg_, _mj_]c[ffs [n 100 μa/gL [h^ ]ofnol_^ `il 

72 b. An 72 b, [ff m[gjf_m i` CE [h^ ]ol]ogif (100 μa/gL) 

l_^o]_^ ]_ff pc[\cfcns, qcnb nb_ molpcp[f l[n_ i` H_jG2 ]_ffm 

\_cha 34.559 ± 0.456 % (Curcuma aromatica), [h^ 50.961± 

0.641 %, (]ol]ogif). 

 R_mofnm `lig Fcaol_ 2 ch^c][n_^ nb[n nb_ fcp_l ][h]_l 

]_ff fch_ H_jG2: CE _rbc\cn_^ [h IC50 p[fo_ i` 50-75 μa/gL, 

qb_l_[m ]ol]ogif b[m [h IC50 h_[l 100μa/gL. CE 

^_gihmnl[n_m [ al_[n_l [\cfcns ni chbc\cn chbc\cnm 

jlifc`_l[ncih i` ][h]_l ]_ffm ]igj[l_^ ni ]ol]ogif. 

 Fcaol_ 3 mbiqm nb[n, `il nb_ fcp_l ]_ff fch_m (Cb[ha'm 

fcp_l), nb_ CE [h^ ]ol]ogif b[p_ gchcg[f _ff_]nm (f_mm 

nirc]), [h^ nirc]cns cm ihfs i\m_lp_^ [n 100 μa/gL [ft_l 72 

biolm i` nl_[ng_hn (Fcaol_ 3). Tb_l_`il_, nb_ CE 

^_gihmnl[n_m nb_ [\cfcns ni chbc\cn nb_ jlifc`_l[ncih i` 

][h]_l ]_ffm (H_jG2) qcnb fcnnf_ cgj[]n ih hilg[f ]_ffm. 

T[ra_t a_n_ Prcm_r s_qu_n]_ 

GAPDH 
F: 5’-GAAGGTCGGAGTCAACGGATTT-3’ 

R: 5’-CTGGAAGATGGTGATGGGATTTC-3’ 

Bcl-2 
F: 5’-TTCTTTGAGTTCGGTGGGG-3’ 

R: 5’-CAGGAGAAATCAAACAGAGGC-3’ 

Bax 

F: 5’-CTTTTGCTTCAGGGTTTCATC-3’ 

R: 5’-CACTCGCTCAGCTTCTTGGT-3’ 

R: 5’-CCAAATCCTCCAGAACCAAT-3’ 

T[\l_ 1. Tb_ jlcg_lm om_^ `il nb_ R_[f-ncg_ PCR 

Fcaur_ 1. HPLC l_mofnm i` Curcuma aromatica liin _rnl[]n m[gjf_ 
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Ev[lu[tcon o` ]_ll nu]l_[r `r[am_nt[tcon 

R_mofnm mbiq nb[n nblioab fcabn q[p_f_hanbm [h^ _f_]nlih 

gc]lim]ijs, cn cm jimmc\f_ ni c^_hnc`s nb_ jb_hinsjc] 

]b[ha_m nb[n i]]ol ^olcha [jijnimcm. An [h _[lfs mn[a_, 

]bligimig_m qcff ]fogj nia_nb_l chni \fi]em (jsehimcm) 

[h^ nbcm cm [ ]b[l[]n_lcmnc] mcah i` [jijnimcm. Fiffiqcha nb_ 

jsehimcm mn[a_, nb_ ]_ff g_g\l[h_ qcff oh^_lai ]f_[p[a_ 

ni `ilg ]_ff ^_\lcm `lig nb_ [jijninc] \i^s ][ff_^ nb_ 

"\o^^cha" jli]_mm. Tb_h, nb_ ]_ffm qcff _hn_l nb_ mn[a_ i` 

jlial[gg_^ ^_[nb ([jijnimcm). 

 An `clmn, q_ _r[gch_^ nb_ _ff_]n i` CE ih H_jG2 ]_ffm 
\s i\m_lpcha nb_cl ][j[]cns ni oh^_lai [jijnimcm. W_ om_^ 

nqi ^cff_l_hn ^im_m i` nb_ _rnl[]n (50 [h^ 100 µa/gL) [h^ 

]igj[l_^ nb_ l_mofnm ni [ ]ihnlif alioj. Tb_ i\m_lp[ncihm 

q_l_ ]ih^o]n_^ [n ncg_ chn_lp[fm i` 24, 48, [h^ 72 biolm. 

Fiffiqcha 24 biolm, nb_ _rnl[]n nl_[ng_hn alioj _rbc\cn_^ 

[fn_l[ncihm ch nb_ ]_ff g_g\l[h_ [h^ nb_ jl_m_h]_ i` 

[jijninc] \i^c_m, \on nb_ ]ihnlif alioj ^c^ hin. Tb_ 

`ch^cham ch^c][n_^ nb[n nb_ ]_ff giljbifias ch nb_ ]ihnlif 

alioj _rbc\cn_^ ]f[lcns [h^ ]ihmcmn_h]s qcnb nb_ ^s_. 

N_p_lnb_f_mm, [giha nb_ nl_[ng_hn aliojm i` nb_ _rnl[]n, 

]_ln[ch l_acihm _rbc\cn_^ [ bcab_l f_p_f i` ^[leh_mm, 

qb_l_[m ]_ln[ch fi][ncihm q_l_ _h]igj[mm_^ \s 

^cgchoncp_ tih_m i` chn_hm_ fcabn (Fcaol_ 4). Tb_ ^_al__ i` 

`l[ag_hn[ncih i` nb_ H_jG2 ]_ff ho]f_om ch]l_[m_^ 

jlijilncih[ffs qcnb fiha_l nl_[ng_hn ^ol[ncihm [h^ f[la_l 

]ih]_hnl[ncihm i` nb_ nl_[ng_hn _rnl[]n.  

 Tb_ l_mofnm jl_m_hn_^ ch (Fcaol_ 5) [h^ (Fcaol_ 6) 

l_p_[f [ mn[ncmnc][ffs mcahc`c][hn ^cff_l_h]_ ch nb_ jlijilncih 

i` [jijninc] ]_ff aliojm \_nq__h m[gjf_m nl_[n_^ qcnb CE 

[h^ nb_ ]ihnlif alioj [n nbl__-ncg_ jichnm: 24, 48, [h^ 72 

biolm. Wcnb nb_ ch]l_[m_ ch nl_[ng_hn ncg_, nb_ j_l]_hn[a_ 

i` H_jG2 ]_ffm _hn_lcha [jijnimcm [fmi lcm_m. Tbom, CE ][h 

ch^o]_ H_jG2 ]_ffm ni _hn_l [jijnimcm [n [ ]ih]_hnl[ncih 

i` 50 µa/gL [ft_l 24 biolm i` nl_[ng_hn. 

 

Fcaur_ 2. Eff_]nm i` Curcuma aromatica _rnl[]n [h^ ]ol]ogif ih nb_ 
jlifc`_l[ncih i` H_jG2 ]_ffm omcha nb_ WST-1 g_nbi^. A) % C_ff pc[\cfcns, 
l_f[ncp_ ni nb_ chcnc[f hog\_l [n ncg_ 24b qcnb nb_ ch^c][n_^ hihnirch _r]_jn 
`il ]ih]_hnl[ncihm i` ]ol]ogif 75 ga/gL [h^ 100 ga/gL. B) Erjimol_ `il 48 
biolm ni CE ]ih]_hnl[ncihm i` 50-100 μa/gL, [h^ ]ol]ogif ]ih]_hnl[ncihm i` 
6.25-100 μa/gL _rbc\cn_^ nirc]cns. C) Erjimol_ `il 72 biolm ni CE [h^ 
]ol]ogif ]ih]_hnl[ncihm i` 12.5-100 μa/gL _rbc\cn_^ nirc]cns. D[n[ l_jl_m_hn 

g_[hm ± SD i` nbl__ ch^_j_h^_hn _rj_lcg_hnm (hm: Nihmcahc`c][hn, 
***P<0.05,****P<0.0001) 

Fcaur_ 3. Eff_]nm i` Curcuma aromatica _rnl[]n [h^ ]ol]ogif ih nb_ 
jlifc`_l[ncih i` Cb[ha’m ]_ffm omcha nb_ WST-1 g_nbi^ [ft_l 24b, 48b, [h^ 72b. 
A) % C_ff pc[\cfcns, l_f[ncp_ ni nb_ chcnc[f hog\_l [n ncg_ 24b qcnb nb_ ch^c][n_  ̂
hihnirch. B) Erjimol_ `il 48 biolm ni CE _rbc\cn_^ hihnirc]cns _r]_jn `il 
]ih]_hnl[ncihm i` ]ol]ogif ]ih]_hnl[ncihm i` 75-100 μa/gL _rbc\cn_^ f_mm 
nirc]cns. C) Erjimol_ `il 72 biolm ni CE ]ih]_hnl[ncihm i` 75- 100 μa/gL, [h^ 
]ol]ogif ]ih]_hnl[ncihm i` 50-100 μa/gL _rbc\cn_^ gcf^ nirc]cns. D[n[ 

l_jl_m_hn g_[hm ± SD i` nbl__ ch^_j_h^_hn _rj_lcg_hnm (hm: Nihmcahc`c][hn, 
****P<0.0001) 
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CE [n^ ]ur]umol cnbc\ct_^ B]l-2 _xpr_sscon 

Ih nbcm mno^s, q_ ^_n_lgch_^ nb_ [\cfcns ni chbc\cn fcp_l 

][l]chig[ ]_ffm (H_jG2) nblioab B]f-2 _rjl_mmcih. Tb_ 

H_jG2 ]_ffm q_l_ nl_[n_^ qcnb CE [n nqi ]ih]_hnl[ncihm 

(50 [h^ 100 μa/gL) [ft_l 48 biolm, omcha 1% DMSO [m [ 

]ihnlif. Fcaol_ 7 ch^c][n_m [ ^cff_l_h]_ \_nq__h nb_ 

]ihnlif alioj [h^ nb_ 100 µa/gL nl_[ng_hn, \on hi 

^cff_l_h]_ q[m i\m_lp_^ qcnb nb_ 50 µa/gL nl_[ng_hn. Tb_ 

_rjl_mmcih i` B]f-2 ^_]l_[m_^ \s 40% ch nb_ \[n]b nl_[n_^ 

qcnb 100 μa/gL _rnl[]n [ft_l 48 biolm [h^ l_g[ch_^ 

oh]b[ha_^ ch nb_ \[n]b nl_[n_^ qcnb 50 μa/gL _rnl[]n. 

Afnbioab nb_l_ q[m [ ^_]l_[m_ ch _rjl_mmcih, cn q[m hin 

mn[ncmnc][ffs mcahc`c][hn. 

 Tbcm jlipc^_m _pc^_h]_ i` [ l_^o]ncih ch nb_ 

_rjl_mmcih i` nb_ B]f-2 a_h_ ch nb_ ho]f_c i` ]_ff \[n]b_m 

nl_[n_^ qcnb CE [n [ ]ih]_hnl[ncih i` 100 μa/gL [ft_l 48 

biolm 

Fcaur_ 4. Ig[a_ i` H_jG2 ]_ffm mn[ch_^ qcnb Hi_]bmn 33342 oh^_l nb_ ch`fo_h]_ i` Curcuma aromatica _rnl[]n, Alliqm ch^c][n_ ]ih^_hm_^ [h^ `l[ag_hn_^ 
ho]f_c. 

Fcaur_ 5. Tb_ cgj[]n i` ncg_ _rjimol_ ni [ ]ih]_hnl[ncih i` 100 μa/gL i` CE ih [jijnimcm ch H_jG2 ]_ffm q[m [mm_mm_^ omcha `fiq ]snig_nls qcnb Ahh_rch V-

FITC/PI mn[chcha. Tb_ fiq_l f_ft ko[^l[hn l_jl_m_hnm pc[\f_ ]_ffm, nb_ fiq_l lcabn ko[^l[hn mbiqm _[lfs [jijninc] ]_ffm, nb_ ojj_l lcabn ko[^l[hn mcahc`c_m f[n_ 

[jijninc] ]_ffm, [h^ nb_ ojj_l f_ft ko[^l[hn ch^c][n_m ^_[^ ]_ffm. 

Fcaur_ 6. P_l]_hn[a_ i` H_jG2 ]_ffm _hn_lcha [jijnimcm [ft_l nl_[ng_hn qcnb 
Curcuma aromatica _rnl[]n `il 24b,48b [h^72b ([, \, ]: mn[ncmnc][ffs mcahc`c][hn 
^cff_l_h]_, j < 0.05). 
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B[x _xpr_sscon 

W_ [fmi [mm_mm_^ B[r _rjl_mmcih ch H_jG2. A]]il^cha ni 

nb_ ]b[ln ch Fcaol_ 8, nb_l_ cm hi mn[ncmnc][f ^cff_l_h]_ 

\_nq__h nb_ ]ihnlif alioj [h^ nb_ nl_[ng_hnm i` 50 µa/gL 

[h^ 100 µa/gL. Tbcm ch^c][n_m nb[n nb_ _rjl_mmcih i` nb_ 

B[r a_h_ ch nb_ ho]f_c i` ]_ff \[n]b_m nl_[n_^ qcnb CE ^c^ 

hin ]b[ha_ [ft_l 48 biolm. 

 Ih nb_ ]ihnlif alioj, nb_l_ q[m [ \[f[h]_^ 

_rjl_mmcih i` B]f-2 [h^ B[r gRNA, jl_p_hncha ]_ffm `lig 

_hn_lcha [jijnimcm. Cihp_lm_fs, ch aliojm i` ]_ffm nl_[n_^ 

qcnb CE [n ]ih]_hnl[ncihm i` 100 µa/gL, nb_ \[f[h]_ ch nb_ 

_rjl_mmcih i` B]f-2 [h^ B[r gRNA mbcft_^ ^iqhq[l^. Tbcm 

[fn_l[ncih ch B]f-2 gRNA _rjl_mmcih [n nb_ nl[hm]lcjncih[f 

f_p_f f_[^m ni nb_ ch^o]ncih i` nb_m_ ]_ffm chni [jijnimcm, 

_rbc\cncha ]b[l[]n_lcmnc] `_[nol_m i` [jijnimcm. 

 Tb_ RT-PCR [h[fsmcm l_mofnm [\ip_ [fcah qcnb nb_ 

[mm_mmg_hnm i` ]snijf[mgc] `l[ag_hn[ncih, ]blig[nch 

]ih^_hm[ncih, [h^ ho]f_[l `l[ag_hn[ncih. Tb_ jli]_mm i` 

l_^o]cha nb_ _rjl_mmcih i` nl[hm]lcjncih jli^o]nm i` nb_ 

[hnc-[jijninc] a_h_ B]f-2 [h^ g[chn[chcha nb_ _rjl_mmcih 

i` nb_ jli-[jijninc] a_h_ B[r ]ill_mjih^m ni 

giljbifiac][f ]b[ha_m ch nb_ [jijnimcm jli]_mm, mo]b [m 

gil_ jlihioh]_^ ]_ff `l[ag_hn[ncih, ]snijf[mgc] 

]b[ha_m, ]blig[nch ]ih^_hm[ncih, [h^ ho]f_[l 

`l[ag_hn[ncih. 

 Hiq_p_l, FACS n_mn l_mofnm [h^ ho]f_[l mn[chcha 

mbiq_^ nb[n nb_ CE _rnl[]n ][h ch^o]_ H_jG2 ]_ffm ni 

_hn_l [jijnimcm [n [ ]ih]_hnl[ncih i` 50 µa/gL [ft_l 24 

biolm. N_p_lnb_f_mm, iol l_mofnm ^c^ hin mbiq mcahc`c][hn 

^cff_l_h]_m ch B[r [h^ B]f-2 a_h_ _rjl_mmcih [n nbcm ncg_ 

jichn ]igj[l_^ ni nb_ ]ihnlif. Ti _r[gch_ ]b[ha_m [n nb_ 

gif_]of[l f_p_f, `olnb_l i\m_lp[ncih i` gRNA _rjl_mmcih 

f_p_fm i` j53 [h^ ][mj[m_ `[gcfs a_h_m q[m h_]_mm[ls. 

Dcs]usscon 

Soj[q[^__ Bol[j[h (2020) mno^c_^ nb_ _nb[hif _rnl[]nm 

i\n[ch_^ `lig p[lciom Col]og[ mj_]c_m. Tb_ l_mofnm 

ch^c][n_^ nb[n nb_ nin[f jb_hifc] ]ihn_hn p[lc_^ ^_j_h^cha 

ih nb_ mj_]c_m, l[hacha `lig 0.4 ± 0.1 ni 22.3 ± 2.4 ga GAE/

a. Tb_ bcab_mn nin[f jb_hifc] ]ihn_hn q[m i\m_lp_^ ch C. 

fiha[ (22.3 ± 2.4 ga GAE/a), qbcf_ Curcuma aromatica 

_rbc\cn_^ [ jb_hifc] ]ihn_hn i` 11.0 ± 0.2 ga GAE/a (17). 

Ool l_mofnm `il nb_ _nb[hif _rnl[]n i` Curcuma aromatica 

aliqnb ch Tl[ Vchb (Vc_n N[g) mbiq_^ [ nin[f jb_hifc] 

]ihn_hn nqc]_ [m bcab [m nb_ [`il_g_hncih_^ mno^s.  

 Curcuma aromatica cm lc]b ch _mm_hnc[f icfm [h^ 

m_]ih^[ls g_n[\ifcn_m, ch]fo^cha t_^_lih_, ]ol]ogif, 

]ol]ogch, a_lg[]lih_, ][gjbil, ]olt_l_hih_, 7-

g_nb[hi[tof_h_, 1,8-]ch_if_, β-_f_g_h_, fch[fiif, 9-iri-

h_ijli]ol]og_hif, h_ijli]ol]og_hif, β-]ol]og_h_, [l-

]ol]og_h_, [h^ r[hnbillbctif (18, 19). Hiq_p_l, nb_ 

_rnl[]ncih i` ]ol]ogif `il [hnc][h]_l jlij_lnc_m omcha 

_nb[hif _rnl[]n ch Curcuma aromatica b[m hin \__h 

jl_pciomfs j_l`ilg_^. Ho[ha _n [f. (2000) ihfs l_m_[l]b_^ 

nb_ cmif[ncih i` ]ol]ogif \on ^c^ hin _p[fo[n_ nb_ 

]ih]_hnl[ncih i` ]ol]ogif ch Curcuma aromatica. Ool 

mno^s ^cm]ip_l_^ ]ol]ogif ch nb_ _nb[hif _rnl[]n i` 

Curcuma aromatica [h^ ^_n_lgch_^ cnm ]ihn_hn ni \_ 

970.27 ± 15.71 μa/a _rnl[]n \s HPLC. Tbcm mno^s cm 

mcahc`c][hn \_][om_ gimn l_m_[l]b ch^c][n_m nb[n ]ol]ogif 

cm jl_m_hn ch _mm_hnc[f icf mifoncihm [n fiq ]ih]_hnl[ncihm 

(20). 

 Curcuma aromatica [h^ ]ol]ogif [l_ l_]iahct_^ 

`il nb_cl [hnc][h]_l jlij_lnc_m, \_cha c^_hnc`c_^ [m 

[jijnimcm ch^o]_lm (21). Ool chp_mnca[ncih l_p_[f_^ nb[n 

\inb CE [h^ ]ol]ogif _ff_]ncp_fs chbc\cn_^ nb_ aliqnb i` 

H_jG2 ]_ffm ch [ ncg_- [h^ ]ih]_hnl[ncih-^_j_h^_hn 

g[hh_l. Tbcm mno^s ^_gihmnl[n_m nb[n CE [h^ ]ol]ogif 

ch^o]_ [jijnimcm ch bog[h b_j[nig[ H_jG2 ]_ffm \s 

^iqhl_aof[ncha B]f-2 _rjl_mmcih. Tb_ [jijninc]-ch^o]cha 

cm jlcg[lcfs [ff_]n_^ \s nb_ _kocfc\lcog \_nq__h B]f-2 [h^ 

B[r, l[nb_l nb[h ihfs \s nb_ [giohn i` B]f-2 (22). Tbcm 

_kocfc\lcog [fmi ch`fo_h]_m ]_ff aliqnb. C_ff pc[\cfcns cm 

]ihmn[hn qbcf_ nb_ f_p_fm i` B]f-2 [h^ B[r [l_ ch 

_kocfc\lcog. Ih]l_[m_^ f_p_fm i` B]f-2 _rjl_mmcih l_mofn ch 

nb_ mojjl_mmcih i` ]_ff [jijnimcm (23). Ool chp_mnca[ncih 

l_p_[fm nb_ chpifp_g_hn i` B[r [h^ B]f-2 ch nb_ ch^o]ncih 

i` H_jG2 ]_ff [jijnimcm \s CE [h^ ]ol]ogif. Tb_ gRNA 

_rjl_mmcih i` B]f-2 q[m ^_]l_[m_^, [h^ B[r q[m \[f[h]_^, 

l_mofncha ch [ mo\m_ko_hn ch]l_[m_ ch nb_ B[r/B]f-2 l[nci, 

qbc]b ch^o]_^ [jijnimig_ `ilg[ncih. 

 

Con]luscon   

B[m_^ ih nb_ `ch^cham, cn q[m ^_^o]_^ nb[n nb_ ]bim_h 

_rnl[]ncih ]ih^cncihm `il Curcuma aromatica lbctig_m 

ch^o]_ [jijnimcm ch H_jG2 ]_ffm, bch^_lcha ][h]_l ]_ff 

^cpcmcih. Tb_ i\m_lp_^ chbc\cnils _ff_]n q[m [nnlc\on_^ ni [ 

l_^o]ncih ch nb_ _rjl_mmcih i` nb_ [hnc-[jijninc] a_h_, B]f-

2, [h^ [h _f_p[ncih ch nb_ _rjl_mmcih i` nb_ jli[jijninc] 

a_h_, B[r. 

 

Fcaur_ 7. Eff_]n i` Curcuma aromatica _rnl[]n ih B]f-2 _rjl_mmcih ch H_jG2 
]_ffm.  

Fcaur_ 8. Eff_]n i` Curcuma aromatica _rnl[]n ih B[r _rjl_mmcih ch H_jG2 
]_ffm. Tb_l_ cm hi mn[ncmnc][f ^cff_l_h]_ qcnb j > 0.05. 
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