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A\str[]t 

Tb_ mno^s ch]fo^_^ nb_ lif_ i` e_s g_n[\ifcn_m chpifp_^ ch irc^[ncp_ ^_`_hm_, 

[h^ imginc] [^domng_hn oh^_l q[n_l mnl_mm cm mncff oh^cm]ip_l_^. W_ b[p_ 

_p[fo[n_^ qb_nb_l [hncirc^[hn jin_hnc[f ]iof^ \_ higch[n_^ [m [ jin_hnc[f 

g[le_l i` ^lioabn l_mcmn[h]_ ch nbl__ g[ct_ bs\lc^m (SC01, SC703, [h^ 

SC720). Uh^_lq[n_l ^_`c]c_h]s ch [ff g[ct_ bs\lc^m ^_]l_[m_^ mcahc`c][hnfs 

]igj[l_^ ni ]ihnlif m[gjf_m ch al[ch sc_f^, jbinimshnb_nc] jcag_hnm, [h^ 

jb_hifc] ]igjioh^m. Ih ]ihnl[mn, jlifch_ [h^ afs]ch_ \_n[ch_ (GB) 

mcahc`c][hnfs ch]l_[m_^. Ih ]ihnl[mn, [ mcahc`c][hn ch]l_[m_ (p< 0.05) q[m 

^_n_]n_^ ch nb_ fcjc^ j_lirc^[ncih ch^c][nil i` g[fih^c[f^_bs^_ (MDA). Tb_ 

bs^lia_h j_lirc^_ (H2O2) [h^ nin[f mifo\f_ jlin_chm l_g[ch_^ oh[ff_]n_^ 

oh^_l ^lioabn mnl_mm ch nb_ nbl__ g[ct_ bs\lc^m. Ef_]nlijbil_nc] 

chp_mnca[ncihm [nnlc\on_^ nbl__, nqi, [h^ ih_ cmi`ilgm, l_mj_]ncp_fs, ni 

j_lirc^[m_ (POX), moj_lirc^_ ^cmgon[m_ (SOD), [h^ ][n[f[m_ (CAT). Ih nb_ 

mno^c_^ g[ct_ bs\lc^m, SOD cmi`ilgm, ch]fo^cha F_-SOD, Co/Zh-SOD, [h^ Mh-

SOD, [jj_[l_^ ih nb_ 8% mf[\ jifs[]lsf[gc^_ a_fm. Tb_ q[n_l mnl_mm 

^_]l_[m_m Mh-SOD, Co/Zh-SOD, [h^ F_-SOD []ncpcnc_m ch [ff nbl__ bs\lc^m. 

Folnb_l, POX1, POX2, [h^ CAT []ncpcnc_m ^_]l_[m_^ ch SC01 [h^ SC703, qbcf_ 

nb_s ch]l_[m_^ ch SC720 oh^_l q[n_l ^_`c]cn mnl_mm. Ih [ff g[ct_ bs\lc^m, 

irc^[ncp_ mnl_mm `lig q[n_l fcgcn[ncih f_[^m ni mcahc`c][hn ]b[ha_m ch nb_ 

_htsg[nc]/hih-_htsg[nc] [hncirc^[hnm [h^ g[ch ila[hc] imgifsn_m. B[m_^ 

ih nb_ ]oll_hn mno^s'm `ch^cham, q_ \_fc_p_ nb[n Co/Zh-SOD []ncpcns, jlifch_, 

[h^ jbinimshnb_nc] jcag_hnm gcabn \_ om_^ [m \ci]b_gc][f ch^c][nilm i` 

q[n_l mnl_mm nif_l[h]_. 

 

K_ywir^s  

[hncirc^[hn; al[ch sc_f^; bs\lc^; imginc] [^domng_hn; binimshnb_nc] jcag_hnm  

 

Ihtri^u]tcih 

Dlioabn mnl_mm f_[^m ni [^p_lm_ _ff_]nm ih ]lij aliqnb [h^ sc_f^. In [fmi 

ch`fo_h]_m [ \li[^ mj_]nlog i` jbsmcifiac][f [h^ gif_]of[l [mj_]nm i` 

jf[hnm. Pf[hnm b[p_ ^_p_fij_^ m_p_l[f [jjli[]b_m, mo]b [m jli^o]cha 

]igj[nc\f_ mifon_m ni _p[^_ nb_ ^[g[a_ ][om_^ \s q[n_l mnl_mm (1). 

A]]ogof[ncih i` ila[hc] mifon_m l_^o]_m irc^[ncp_ ^[g[a_ oh^_l ^lioabn 

]ih^cncihm, m[`_ao[l^m mo\]_ffof[l mnlo]nol_m, [h^ g[chn[chm _htsg_ []ncpcns 

(2). Dlioabn mnl_mm-ch^o]_^ [^p_lm_ _ff_]nm ih jf[hn jbinimshnb_mcm [l_ 
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a_h_l[ffs [m]lc\_^ ni [ l_^o]ncih ch jbinimshnb_nc] 

jcag_hnm, l_^o]cha nb_ jbinimshnb_mcm l[n_ (3,4). 

 W[n_l ^_`c]cnm ^_p_fij mfiqfs _hioab ni [ffiq 

]b[ha_m ch ^_p_fijg_hn[f jli]_mm_m, [m q[n_l mnl_mm b[m 

m_p_l[f [^p_lm_ _ff_]nm ih jf[hn aliqnb. Ih nbcm mcno[ncih, 

]igj[nc\f_ mifon_m fce_ jlifch_ [h^ GB [l_ jli^o]_^ ni 

]iohn_l oh`[pil[\f_ ]_ffof[l ]ih^cncihm. Tb_ imginc] 

jin_hnc[f `fo]no[ncih i` micf mifoncih ]l_[ncha q[n_l mnl_mm 

ch jf[hnm ofncg[n_fs f_[^m ni jf[hn ^_[nb ^o_ ni aliqnb 

[ll_mn [h^ gif_]of[l ^[g[a_. Omginc] [^domng_hn i` ]_ffm 

b_fjm g[chn[ch jf[hn q[n_l \[f[h]_ [h^ _mn[\fcmb [h 

chn_lh[f gcfc_o (5). Afnbioab nb_ ^_`chcn_ lif_ i` jlifch_ [h^ 

GB ch mnl_mm l_mcmn[h]_ cm mncff ]ihnlip_lmc[f, nb_s b[p_ \__h 

^_mcah[n_^ [m [^p[hn[a_iom ch nb_ imgil_aof[ncih [h^ 

g[chn_h[h]_ i` _htsg_m [h^ g_g\l[h_m oh^_l mnl_mm 

]ih^cncihm (9). Mil_ip_l, nb_ mno^c_m moaa_mn [ hin[\f_ 

chn_l[]ncih \_nq__h GB/jlifch_ []]ogof[ncih [h^ jf[hn 

l_mcmn[h]_ [a[chmn mnl_mm `[]nilm (6,7). Tb_ GB [h^ jlifch_ 

]ihn_hnm ch g[ct_ jf[hnm ch]l_[m_^ oh^_l ^lioabn mnl_mm 

(8,9).  

 In cm q_ff-^i]og_hn_^ nb[n l_[]ncp_ irsa_h mj_]c_m 

(ROS) mshnb_mcm cm ch]l_[m_^ oh^_l ^lioabn mnl_mm (4). Tb_ 

ROS ][om_m ]_ff g_g\l[h_ ^sm`oh]ncih, jlin_ch 

^_al[^[ncih, [h^ _htsg_ ch[]ncp[ncih \s ch^o]cha 

irc^[ncp_ mnl_mm. Dlioabn-nif_l[hn jf[hnm ][h g[chn[ch 

q[n_l oh^_l ^lioabn ]ih^cncihm [h^ mbiq bcab _ffc]c_h]s 

[a[chmn irc^[ncp_ mnl_mm (5). Pf[hnm ]ihn[ch hog_liom 

[hncirc^[hn _htsg_m, ch]fo^cha SOD, POX, [h^ CAT, qbc]b 

l_^o]_ nirc] ]igjioh^m il l_pcp_ nb_cl ncmmo_m' 

[hncirc^[hnm ni jlin_]n [a[chmn ROS. Dolcha ^lioabn 

]ih^cncihm, nb_ bcab []ncpcns i` [hncirc^[hn _htsg_m g[s 

n[e_ j[ln ch fiq_lcha fcjc^ j_lirc^[ncih, [ jb_hig_hih 

nb[n i]]olm ]iggihfs ^o_ ni ch]l_[m_^ ROS jli^o]ncih ch 

mnl_mm-[ff_]n_^ jf[hnm (8-10). Nih-_htsg[nc] [hncirc^[hnm 

qcnb fiq gif_]of[l q_cabn ch]fo^_ jifsjb_hifm, 

][lin_hic^m, [hnbi]s[hch, [m]il\c] []c^, [h^ afon[nbcih_ 

(3). D_mjcn_ nb_cl jligch_hn lif_ [m _htsg_ mo\mnl[n_m, 

nb_s ][h jlin_]n jf[hn ]_ffm `lig irc^[ncp_ ^[g[a_ (5). Fil 

_r[gjf_, ^_bs^l[ncih ^olcha nb_ jl_-[h^ jimn-`fiq_lcha 

mn[a_m f_[^m ni _hb[h]_^ []ncpcns i` ^cff_l_hn [hncirc^[hn 

_htsg_m ch g[ct_ (10). Afmi, ^lioabn mnl_mm ]ih^cncihm 

g_[mol_^ _hb[h]_^ f_p_fm i` jb_hifc]m [h^ ][lin_hic^m ch 

nb_ g[ct_ jf[hnm (9, 10). Op_l nb_ j[mn s_[lm, m_p_l[f 

mno^c_m b[p_ `i]om_^ ih [hncirc^[hn ^_`_hm_ msmn_gm 

ch^o]_^ \s mnl_mm ]ih^cncihm. Ih gimn ][m_m, [ jimcncp_ 

]ill_f[ncih b[m \__h ^l[qh \_nq__h ^lioabn nif_l[h]_ 

[h^ oj-l_aof[ncih i` [hncirc^[hnm (8, 10-12).  

 Gcp_h nb_ [\ip_ ch`ilg[ncih, q_ bsjinb_mct_^ nb[n 

q[n_l ^_`c]cn mnl_mm ]iof^ [ff_]n irc^[ncp_ ^_`_hm_ [h^ nb_ 

j[nn_lh i` imginc] [^domng_hn ch nb_ g[ct_ jf[hnm. 

Tb_l_`il_, nb_ ]oll_hn l_m_[l]b q[m ]ih^o]n_^ ni [mm_mm 

nb_ chn_l]ihh_]ncih i` al[ch sc_f^, [hncirc^[hn ^_`_hm_ 

msmn_g, jbinimshnb_nc] jcag_hnm, GB, [h^ jlifch_ 

]ihn_hnm ch nbl__ g[ct_ bs\lc^m [h^ qb_nb_l nb_m_ 

[hncirc^[hn msmn_gm b[^ [h [mmi]c[ncih qcnb nb_ ^_al__ i` 

^lioabn nif_l[h]_ ch ^cff_l_hn bs\lc^m i` nb_ g[ct_ jf[hn. 

 
M[t_rc[fs [h^ M_tbi^s 

Pf[ht g[t_rc[f [h^ _xj_rcg_ht[f ]ih^ctcihs 

Tbcm l_m_[l]b ch]fo^_^ `c_f^ _rj_lcg_hnm ih nbl__ g[ct_ 

bs\lc^m SC01 (TS01×MS02; S[b[h^ S__^ Bcin_]bhifias 

Ci., Miab[h, Il[h), SC703 (K47/3×MO17; S__^ [h^ Pf[hn 

Igjlip_g_hn Ihmncnon_, K[l[d, Il[h), [h^ SC720 (K47/1×K19; 

S__^ [h^ Pf[hn Igjlip_g_hn Ihmncnon_, K[l[d, Il[h). Tqi 

ch^cpc^o[f _rj_lcg_hnm ch 2022 q_l_ j_l`ilg_^ ch [ 

l[h^igct_^ ]igjf_n_ \fi]e ^_mcah [n Miab[h Aalc]ofnol[f 

R_m_[l]b Sn[ncih, Il[h. Am nb_ ]ihnlif ]ih^cncih, ih_ 

chp_mnca[ncih q[m ][llc_^ ion [n hilg[f cllca[ncih 

]ih^cncihm, [h^ nb_ inb_l q[m ][llc_^ ion qcnb chn_llojn_^ 

cllca[ncih `il 14 ^[sm [b_[^ i` nb_ `fiq_lcha mn[a_. Fiol 

l_jfc][ncihm q_l_ ]ihmc^_l_^ `il nb_ _rj_lcg_hnm. Pf[hncha 

i` nb_ m__^m q[m ][llc_^ ion ih Ajlcf 20, 2022. Tb_ 

^_mcah_^ jfinm ]ihn[ch_^ nqi liqm qcnb [ f_hanb i` 3 g 

[h^ qc^nb i` 0.75 g, [h^ jf[hn ^_hmcns q[m 74000 jf[hnm/

b[. Tb_ micf nsj_ ch nb_ _rj_lcg_hnm q[m m[h^s fi[g, 

ch]fo^cha 49.8% m[h^ [h^ 18.5% ]f[s. B_`il_ jf[hncha, nb_ 

micf `_[nol_m q_l_ g_[mol_^ (T[\f_ 1). Tb_ 25 ^[sm 

`iffiqcha nb_ _mn[\fcmbg_hn i` nb_ m__^m, `_lncfct[ncih q[m 

j_l`ilg_^ \s [^^cha ol_[ (60 ea b[-1). Ih nb_ _h^, nb_ al[ch 

sc_f^ j_l jf[hn q[m _p[fo[n_^. 

Pbitisyhtb_tc] jcag_hts  

Tb_ jcag_hn ]ihn_hn i` nb_ f_[p_m [m ]bfilijbsff ([, \), 

][lin_hic^m, [h^ [hnbi]s[hchm q_l_ ^_n_lgch_^. Tb_ `l_mb 

f_[` (200 ga) q[m jiq^_l_^ qcnb fckoc^ hcnlia_h. Tb_ 

jcag_hn _rnl[]ncihm q_l_ i\n[ch_^ \s [^^cha 2.0gf 

[]_nih_ \off_l, ch]fo^cha 85% []_nih_ [h^ 15% Tlcm-HCf 

(jH=8). Tb_ jcag_hn [\mil\[h]_ q[m l_[^ [n 470, 537, 647, 

[h^ 663 hg (9). 

Prifch_ [h^ GB 

Tb_ jlifch_ ]ihn_hn ch `l_mb f_[p_m i` g[ct_ q[m [mm_mm_^ 

qcnb [\mil\[h]_ l_[^ [n 520 hg (13). Tb_ GB ]ihn_hn q[m 

j_l`ilg_^ qcnb [\mil\[h]_ l_[^ [n 365 hg (14). 

Tit[f jb_hifc]s  

80% []_nih_ q[m [^^_^ ni nb_ `l_mb g[ct_ f_[p_m, [h^ nb_ 

gcrnol_m q_l_ ]_hnlc`oa_^ `il 10 gch [n 10,000a. Tb_ 100μf 

pifog_ i` nb_ moj_lh[n[hn q[m gcr_^ qcnb 2 gL q[n_l [h^ 

1 gL i` Fifch-Cci][fn_[o'm jb_hif l_[a_hn. Aft_lq[l^, 5 gL 

i` 20% mi^cog ][l\ih[n_ q[m [^^_^ ni nb_ moj_lh[n[hn, 

[h^ nb_ `ch[f pifog_ q[m ch]l_[m_^ ni 10 gL \s [^^cha nb_ 

T[\f_ 1. Cb_gc][f jlij_lnc_m i` nb_ micf om_^.   

jH 
CCE 
(%) 

OM 
(%) 

N[ 
(ga ea-1) 

K 
(ga ea-1) 

P 
(ga ea-1) 

F_ 
(ga ea-1) 

Mh 
(ga ea-1) 

Cu 
(ga ea-1) 

Zh 
(ga ea-1) 

7.7 9.8 1.3 195.0 836.0 27.0 3.3 9.9 1.7 1.0 

CCE: C[f]cog C[l\ih[n_ Ekocp[f_hn, OM: Ola[hc] M[nn_l OM: Ola[hc] M[nnn_l; N[:Si^cog;K:Pin[mmcog;P:Pbimjbilom; F_: Ilih; 
Mh:M[hah_m_; Co:Cijj_l; Zh: Zch] 
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q[n_l. Tb_ gcrnol_ q[m nbilioabfs \f_h^_^, [h^ 

[\mil\[h]_ q[m l_[^ [n 750hg (9). 

Hy^ria_h j_rixc^_ (H2O2) 

Tb_ 0.1% (q/p) TCA (5 gf) q[m [^^_^ ni 500 ga i` `l_mb 
f_[p_m, [h^ ]_hnlc`oa[ncih q[m j_l`ilg_^ [n 12,000a `il     

15 gch. Tb_ 0.5 gf i` nb_ ]ihn_hnm q_l_ gcr_^ qcnb 1 gf 

Pin[mmcog ci^c^_ (KI, 1 M) [h^ 0.5 gf jin[mmcog 

jbimjb[n_ \off_l (10 gM, jH 7.0). Fch[ffs, nb_ [\mil\[h]_ 

q[m n[e_h [n 390 hg (9). 

M[fih^c[f^_by^_ (MDA) 

Tb_ f_p_f i` fcjc^ j_lirc^[ncih q[m ^_n_lgch_^ ch n_lgm i` 

nbci\[l\cnolc] []c^-l_[]ncp_ mo\mn[h]_m (TBARS) 

]ih]_hnl[ncih qcnb gchil gi^c`c][ncihm (9). Fl_mb f_[`       

(1.0 a) q[m bigia_hct_^ ch 3 gL i` 1.0% (q/p) TCA [n 4 °C. 

Tb_ bigia_h[n_ q[m ]_hnlc`oa_^ [n 20,000a `il 15 gch, 

[h^ 0.5 gL i` nb_ moj_lh[n[hn i\n[ch_^ q[m [^^_^ ni 3 gL 

i` 0.5% (p/p) nbci\[l\cnolc] []c^ (TBA) ch 20% TCA. Tb_ 

gcrnol_ q[m ch]o\[n_^ [n 95 °C ch [ mb[echa q[n_l \[nb `il 

50 gch, [h^ nb_ l_[]ncih q[m mnijj_^ \s ]iifcha nb_ no\_m 

ch [h c]_ q[n_l \[nb. Tb_h, nb_ m[gjf_m q_l_ ]_hnlc`oa_^ 

[n 10,000a `il 10 gch, [h^ nb_ [\mil\[h]_ i` nb_ 

moj_lh[n[hn q[m l_[^ [n 532 hg. Tb_ p[fo_ `il hihmj_]c`c] 

[\miljncih [n 600 hg q[m mo\nl[]n_^. Tb_ ]ih]_hnl[ncih 

i` TBARS q[m ][f]of[n_^ omcha nb_ [\miljncih ]i_ffc]c_hn, 

155 ggif-1 ]g-1.  

Extr[]tcih [h^ _f_]trijbir_scs i` [htcixc^[ht _hzyg_  

Tb_ `l_mb f_[p_m i` g[ct_ bs\lc^m q_l_ alioh^ qcnb 

^_n[]b_^ giln[lm [h^ j_mnf_m omcha Tlcm-HCf (jH 7.5) 

\off_l ch]fo^cha PEG 2%, mi^cog g_n[\cmof`cn_ 20 gM, Tlcm 

50 gM, mo]lim_ 5%, [m]il\c] []c^ 50 gM, [h^                            

2- g_l][jni_nb[hif 0.1%. Tb_ jl_j[l_^ ]ihn_hnm q_l_ 

]_hnlc`oa_^ `il 10 gchon_m [n 4ºC [h^ 10,000a (12). Ernl[]n 

i` _htsg_m q[m ^cl_]nfs [nnl[]n_^ chni 3×5 gg qc]em i` 

Wb[ng[h `cfn_l j[j_l (3 gg) [h^ q[m fi[^_^ ih 8% 

bilctihn[f mf[\ jifs[]lsf[gc^_ a_fm qcnb TBE _f_]nli^_ 

\off_l (jH 8.8). Tin[f mifo\f_ jlin_ch q[m ^_n_lgch_^ ch 

[hncirc^[hn _htsg_ _rnl[]ncih, [h^ _f_]nlijbil_mcm q[m 

loh `il 3 biolm [n 4°C. Ef_]nlijbil_mcm q[m j_l`ilg_^ `il 

nbl__ [hncirc^[hn _htsg_m, ch]fo^cha SOD, POX, [h^ CAT, 

i` nb_ g[ct_ f_[p_m omcha 8% mf[\ jifs[]lsf[gc^_ a_fm. Ti 

mn[ch SOD cmi`ilgm, m_hmcncpcns ni KCN (2 gM) il H2O2                            

(5 gM) (12) [h^ ni mn[ch POX [h^ CAT _htsg_m q[m [jjfc_^ 

(8). 

St[tcstc][f Ah[fyscs 

Tb_ a_fm q_l_ `cr_^ [h^ m][hh_^ cgg_^c[n_fs [ft_l 
mn[chcha. Ah cg[a_ [h[fsmcm jlial[g (MCID miftq[l_) 

g_[mol_^ _[]b cmitsg_ \[h^'m ijnc][f ^_hmcns (ohcn f_mm, 

D). Tbcm jlial[g [fmi ^_n_lgch_^ nb_ \[h^ [l_[ (ch2, A). 

Tb_h D× A (ijnc][f ^_hmcns × [l_[) D[n[ q_l_ jl_m_hn_^ [m 

g_[h ± SE. Tb_ Doh][h n_mn cm [jjfc_^ [ft_l j_l`ilgcha [ 

ih_-q[s ANOVA omcha SPSS 22.0. Scahc`c][h]_ ch 

]igj[lcha ^cff_l_hn nl_[ng_hnm q[m ^_n_lgch_^ \[m_^ ih 

[ p≤ 0.05.  

 

R_sufts   

W[n_l ^_`c]c_h]s [ff_]n_^ [ff nb_ g[ct_ bs\lc^m \s l_^o]cha 

al[ch sc_f^. Tb_ [jjfc_^ q[n_l ^_`c]cn mnl_mm ^_]l_[m_^ nb_ 

sc_f^ i` SC01, SC703, [h^ SC720 \s [\ion 16.51%, 28.97%, 

[h^ 47.41%, l_mj_]ncp_fs. Tb_ al[ch sc_f^ _p[fo[ncih 

ch^c][n_^ nb[n SC01 cm ]ihmc^_l_^ ni \_ nif_l[hn ]igj[l_^ 

ni SC703 [h^ SC720 (T[\f_ 2). 

 Pbinimshnb_nc] jcag_hn ^[n[ `il ]ihnlif [h^ 

mnl_mm_^ g[ct_ jf[hnm [l_ acp_h ch T[\f_ 3. W[n_l ^_`c]cn 

mnl_mm ^cgchcmb_^ nb_ ]ihn_hn i` f_[` jcag_hnm, ch]fo^cha 

]bfilijbsff [, ]bfilijbsff \, [hnbi]s[hch, ][lin_hic^, [h^ 

nin[f ]bfilijbsff ]ih]_hnl[ncihm. Tb_ l_^o]ncihm q_l_ 

25%, 36%, 35%, 28%, [h^ 30% `il ]bfilijbsff [, \, 

][lin_hic^, [hnbi]s[hch, [h^ nin[f ]bfilijbsff. Hs\lc^ 

SC703 b[^ [ bcab_l f_[` H2O2 ]ihn_hn nb[h nb_ inb_l 

bs\lc^m. Tb_ jbinimshnb_nc] jcag_hn _p[fo[ncih ch^c][n_^ 

nb[n SC01 b[^ bcab_l ]bfilijbsff [, ]bfilijbsff \, 

[hnbi]s[hch, ][lin_hic^, [h^ nin[f ]bfilijbsff 

]ih]_hnl[ncihm nb[h SC703 [h^ SC720 oh^_l q[n_l ^_`c]cn 

mnl_mm (T[\f_ 3).  

 Tb_ ]ihn_hn i` jlifch_ [h^ GB cm \_fc_p_^ ni b[p_ [ 
pcn[f lif_ ch jl_p_hncha q[n_l fimm ch jf[hnm nblioab ]_ffof[l 

imginc] [^domng_hn. Tb_ jlifch_ [h^ GB ]ih]_hnl[ncihm ch 

bs\lc^ g[ct_ f_[p_m q_l_ _hb[h]_^ ^olcha q[n_l ^_`c]cn 

mnl_mm (T[\f_ 2). Tb_ [oag_hn[ncih l[ha_^ \_nq__h 29 ni 

34 j_l]_hn `il jlifch_ [h^ 16 ni 40 j_l]_hn `il GB 

[]]ogof[ncih. G_h_l[ffs, nb_ ]ihn_hn i` jlifch_ [h^ GB 

q[m nb_ bcab_mn ch SC01. 

T[\f_ 2. M_[h p[fo_m [h^ j_l]_hn chbc\cncih ch al[ch sc_f^, jlifch_, [h^ GB (g_[h ± SE) ch nb_ nbl__ g[ct_ bs\lc^m.   

Hy\rc^s 
Gr[ch yc_f^ jr_-jf[ht (a) Prifch_ (μgif/a `r_sb w_cabt) GB (μgif/a ^ry w_cabt) 

Nirg[f W[t_r ^_`c]ct P_r]_ht Nirg[f W[t_r ^_`c]ct P_r]_ht Nirg[f W[t_r ^_`c]ct P_r]_ht 

SC01 174.79±1.10[ 145.93±2.01[ -16.51 27.31±2.71[ 36.61±2.43[ +34.06 12.85±1.13[ 18.03±1.82[ +40.35 

SC703 131.13±1.20\ 93.13±1.79\ -28.97 26.07±2.82\ 34.01±3.51\ +31.96 12.43±1.85\ 15.96±1.43\ +28.39 

SC720 118.32±2.11] 62.22±3.04] -47.41 26.14±2.61\ 33.86±1.82] +29.64 12.11±1.17] 14.06±1.22] +16.11 

T[\f_ 3. Pcag_hn ]ihn_hnm (g_[h ± SE) ch g[ct_ f_[p_m oh^_l ]ihnlif [h^ ^lioabn mnl_mm.   

Hy\rc^s 
Pcag_ht ]iht_ht (μgif a-1 `r_sb w_cabt) 

Cbfirijbyff [ Cbfirijbyff \ Tit[f Cbfirijbyff Ahtbi]y[hch C[rit_hic^ 

Cihnlif 
SC01 0. 22±0.001[ 0. 02±0.0002^ 0. 24±0.008\ 0.130±0.007[ 0.09±0.0006[ 

SC703 0. 22±0.003[ 0. 05±0.0001[ 0. 26±0.004[ 0.123±0.006\ 0.09±0.0006[ 
SC720 0. 19±0.002\ 0. 04±0.0001\ 0. 23±0.003] 0.115±0.005] 0.08±0.001\ 

W[n_l 
^_`c]cn 

SC01 0. 17±0.001] 0. 01±0.0001_ 0. 19±0.001^ 0.083±0.002_ 0.05±0.0001^ 
SC703 0. 16±0.001] 0. 03±0.0001] 0. 17±0.001_ 0.099±0.002^ 0.06±0.0003] 

SC720 0. 14±0.001^ 0. 02±0.0002^ 0. 15±0.001` 0.095±0.003^ 0.06±0.0002] 
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 Uh^_l q[n_l ^_`c]cn mnl_mm, nin[f jb_hifc] 

]igjioh^m ch nb_ f_[p_m i` SC01, SC703, [h^ SC720 

^_]l_[m_^ \s [\ion 21.23 j_l]_hn (Fca. 1). A^^cncih[ffs, 

]igjf_n_ jb_hifc] ]ihn_hn q[m bcab_l ch SC01 [h^ SC703 

nb[h ch SC720 bs\lc^m oh^_l ^lioabn ]ih^cncihm. 

 Afnbioab q[n_l ^_`c]cn mnl_mm ^c^ hin mcahc`c][hnfs 

[ff_]n (p< 0.15) f_[` H2O2 ]ihn_hn, cn mcahc`c][hnfs ^cff_l_^ 

[giha nb_ bs\lc^m (Fca. 1). Hs\lc^ SC703 b[^ [ bcab_l f_[` 

H2O2 ]ihn_hn nb[h nb_ inb_l bs\lc^m. Tb_ l_mofnm mbiq nb[n 

q[n_l ^_`c]c_h]s ]b[ha_^ MDA ]ihn_hn ch SC01, SC703, 

[h^ SC720 bs\lc^m. In q[m ch]l_[m_^ ch nb_ f_[p_m i` SC01 

[h^ SC703 [h^ ^_]l_[m_^ ch SC720 bs\lc^ f_[p_m (Fca. 1), 

nbioab. Tb_ bcab_mn MDA f_p_f q[m l_]il^_^ ch SC720 

oh^_l q[n_l ^_`c]cn mnl_mm. 

 Tb_ nin[f mifo\f_ jlin_ch _rnl[]n_^ `lig g[ct_ 

f_[p_m q[m ch]l_[m_^ ch SC703. Ih ]ihnl[mn, cn q[m l_^o]_^ 

ch SC01 [h^ SC720 oh^_l q[n_l ^_`c]cn mnl_mm (Fca. 1). Tin[f 

mifo\f_ jlin_ch q[m bcab_l ch SC01 nb[h ch nb_ inb_l nqi 

bs\lc^m ^olcha nb_ ^lioabn. 

 B[m_^ ih nb_ l_mofnm, nbl__, nqi, [h^ ih_ cmi`ilg(m) 

q_l_ ^_n_lgch_^ `il l_mj_]ncp_fs SOD, POX, [h^ CAT (Fca. 

2). Ah[fsmcm i` p[lc[h]_m `il nb_ []ncpcns i` [hncirc^[hn 

cmi`ilgm ch^c][n_^ nb[n ^lioabn mnl_mm [h^ nb_ bs\lc^m 

mcahc`c][hnfs [ff_]n _htsg[nc] []ncpcnc_m ch g[ct_. KCN [h^ 

H2O2 q_l_ om_^ ni `ch^ ion biq nb_ SOD cmi`ilgm qile_^ 

ch nb_ jifs[]lsf[gc^_ a_fm. Mh-SOD cm l_mcmn[hn ni KCN [h^ 

H2O2, qb_l_[m Co/Zh-SOD cm m_hmcncp_ ni \inb chbc\cnilm. 

Fch[ffs, F_-SOD cm l_mcmn[hn ni KCN [h^ m_hmcncp_ ni H2O2 

(Fca. 3).  

 Uh^_l q[n_l mnl_mm, nb_ []ncpcns i` [ff nb_ SOD 

cmi`ilgm [m Mh-SOD, F_-SO, [h^ Co/Zh-SOD q[m 

^cgchcmb_^ ch g[ct_ f_[p_m. Uh^_lq[n_l ^_`c]c_h]s, Co/Zh-

SOD, F_-SOD, [h^ Mh-SOD []ncpcns q_l_ nb_ bcab_mn ch 

SC01 [h^ fiq_mn ch SC720 g[ct_ bs\lc^m (Fca. 3 [h^ 4). Tb_ 

[]ncih i` POX cmi`ilgm (POX1 [h^ POX2) q[m mcahc`c][hnfs 

^_]l_[m_^ ch SC01 [h^ SC703 [h^ q[m ch]l_[m_^ ch SC720 

g[ct_ bs\lc^m (Fca. 2 [h^ 4). W[n_l ^_`c]cn mnl_mm 

mcahc`c][hnfs gi^c`c_^ nb_ CAT []ncpcns i` [ff g[ct_ bs\lc^m 

Fca. 1. M_[hm i` A-MDA, B-H2O2, C-nin[f jb_hifc]m, [h^ D-nin[f mifo\f_ jlin_chm (±SE) ch nb_ nbl__ g[ct_ bs\lc^m oh^_l ]ihnlif [h^ q[n_l 
^_`c]cn ]ih^cncihm. 

Fca. 2. Er[gjf_ i` moj_lirc^_ ^cmgon[m_ (A), j_lirc^[m_ (B), [h^ _mn_l[m_ (C) \[h^cha j[nn_lh `il ]ihnlif [h^ q[n_l ^_`c]cn mnl_mm 
]ih^cncihm ch g[ct_. 
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(Fca. 2 [h^ 4). CAT []ncpcns ch]l_[m_^ ch SC01 [h^ SC703 [h^ 

^_]l_[m_^ ch SC720 g[ct_ bs\lc^m oh^_l mnl_mm ]ih^cncihm. 

Tb_ bs\lc^ SC720 _rbc\cn_^ nb_ bcab_mn CAT []ncpcns. 

 Tb_ ^[n[ l_f[n_^ ni nb_ ]b[ha_m ch ^cff_l_hn 

[hncirc^[hn msmn_gm [l_ mbiqh ch T[\f_ 4. Am m__h, ^lioabn

-ch^o]_^ `fo]no[ncihm ch nb_ \ci]b_gc][f nl[cnm q_l_ hin 

]ihmn[hn. Tb_s b[^ hi l_f[ncih ni nb_ ^lioabn nif_l[h]_ ch 

nbl__ g[ct_ bs\lc^m `ilg_lfs ]b[l[]n_lct_^ [m m_hmcncp_ 

[h^ nif_l[hn \[m_^ ih al[ch sc_f^. Tb_l_`il_, nb_ l_mofnm 

ch^c][n_ g[ct_ bs\lc^m' l_mjihm_ ni [h irc^[ncp_ ^_`_hm_ 

msmn_g.  

 Cill_f[ncih [h[fsmcm \_nq__h al[ch sc_f^ [h^ 

[hncirc^[hn f_p_f, imginc] [^domng_hn, jbinimshnb_nc] 

jcag_hnm, [h^ RWC l_p_[f_^ nb[n al[ch sc_f^ mcahc`c][hnfs 

]ill_f[n_m qcnb jlifch_ ]ihn_hn, Co/Zh-SOD, [h^ 

]bfilijbsff ch ]ihnlif [h^ mnl_mm_^ jf[hnm. Folnb_l, oh^_l 

q[n_l ^_`c]c_h]s, nb_ al[ch sc_f^ q[m [mmi]c[n_^ qcnb MDA, 

H2O2, [h^ [hnbi]s[hchm (Fca. 5). Tb_ g[ct_ bs\lc^m qcnb 

bcab jlifch_ []]ogof[ncih [h^ Co/Zh-SOD []ncpcns 

^_n[ch_^ `olnb_l l_^o]ncih ch al[ch sc_f^ oh^_l q[n_l 

^_`c]cn mnl_mm.  

 

Dcs]usscih 

D_n_lcil[n_^ al[ch sc_f^ oh^_l ^lioabn ]ih^cncihm l_f[n_m 

ni \ci]b_gc][f, jbsmcifiac][f, [h^ gif_]of[l jli]_^ol_m 

]ihnliffcha nb_ al[ch sc_f^. Ih nb_ ]oll_hn mno^s, nb_ nbl__ 

g[ct_ bs\lc^m _rjl_mm_^ p[lciom l_mjihm_m ni q[n_l ^_`c]cn 

mnl_mm, jimmc\fs ^o_ ni nb_cl a_h_nc] ^cp_lmcns, qbc]b ][h 

[ff_]n jf[hn aliqnb (10). R_jiln_^ 47% chbc\cncih ch nb_ 

al[ch sc_f^ qb_h q[n_l ^_`c]cn mnl_mm i]]oll_^ ch nb_ mcfe 

_g_la_h]_ (8, 9).  

Fca. 3. Tb_ []ncpcns i` SOD cmi`ilgm q[m ^_n_]n_^ \s h_a[ncp_ mn[ch-
cha [h^ c^_hnc`c_^ \[m_^ ih nb_cl m_hmcncpcns ni KCN [h^ H2O2. Tb_ 
Mh-SOD cm l_mcmn[hn ni \inb chbc\cnilm; Co/Zh-SOD cm m_hmcncp_ ni 
\inb, qb_l_[m F_-SOD cm l_mcmn[hn ni KCN [h^ H2O2.  
([) Cihnlif (SOD1, SOD2, [h^ SOD3)  
(\) 2gM KCN (SOD1 [h^ SOD3): F_-SOD [h^ Mh-SOD  
(]) 2gM KCN [h^ 5gM H2O2 (SOD3): Mh-SOD  

Fca. 4. M_[hm i` A-Co/Zh-SOD, B-F_-SOD, C-Mh-SOD, D-POX1, E-POX2, [h^ F-CAT ^_hmcnig_nlc] []ncpcnc_m (±SE) ch nb_ nbl__ g[ct_ bs\lc^m 
oh^_l ]ihnlif [h^ q[n_l ^_`c]cn ]ih^cncihm. 
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 In cm ehiqh nb[n ^lioabn mnl_mm ][om_m mo\mn[hnc[f 

^[g[a_ ni jbinimshnb_nc] jcag_hnm [h^ f_[^m ni nb_ 

^_n_lcil[ncih i` nbsf[eic^ g_g\l[h_m (3). Tbom, [ 

l_^o]ncih ch jbinimshnb_nc] ][j[]cns ch jf[hnm _rjim_^ ni 

^lioabn mnl_mm cm _rj_]n_^ (9), [h^ nb_ ^_]l_[m_ ch Cbf 

]ihn_hn cm [ ]iggihfs i\m_lp_^ jb_hig_hih (3). M[hs 

[onbilm (3, 9, 15) b[p_ l_jiln_^ [ mcahc`c][hn ^_]fch_ ch 

LRWC p[fo_ ch l_mjihm_ ni ^lioabn mnl_mm. 

 Ih l_mjihm_ ni q[n_l ^_`c]c_h]s, jlifch_, qbc]b 

jf[sm [ pcn[f lif_ oh^_l imginc] mnl_mm, cm ]iggihfs 

[]]ogof[n_^ ch nb_ ]snimif (16). Tb_ ]oll_hn l_m_[l]b 

l_]il^_^ bcab jlifch_ []]ogof[ncih `il SC01 oh^_l q[n_l 

^_`c]cn mnl_mm. Plifch_ []]ogof[ncih `[]cfcn[n_m nb_ _rnl[ 

chn[e_ i` q[n_l `lig nb_ mollioh^cha [l_[. Tbcm 

]ihm_ko_hnfs h_onl[fct_m q[n_l fcgcn[ncih _ff_]nm (7). 

Pl_pciom l_jilnm l_p_[f_^ nb[n [jjfscha GB jimcncp_fs 

[ff_]nm nb_ aliqnb [h^ al[ch sc_f^ i` g[ct_ jf[hnm mnl_mm_^ 

\s ^lioabn ]ih^cncihm (10). Ep_h nbioab nb_ g_]b[hcmgm 

\s qbc]b GB [h^ jlifch_ []n [l_ hin `offs _fo]c^[n_^, nb_ 

[jjfc][ncih i` GB [h^ jlifch_ cm l_jiln_^ [m _ff_]ncp_ ih 

]lij jli^o]ncih ch mnl_mm`of _hpclihg_hnm (9). Tb_ ]ihn_hn 

i` GB [h^ jlifch_ ch nb_ g[ct_ oh^_l q[n_l ^_`c]cn mnl_mm 

mbiq_^ [ mcahc`c][hn ch]l_[m_ (8). Dlioabn mnl_mm cgjlip_m 

nb_ []]ogof[ncih i` GB [h^ jlifch_ ch nb_ f_[`, jimmc\fs [m 

[ l_mjihm_ ni imginc] [^domng_hn ni l_^o]_ nb_ ^lioabn 

_ff_]n ch nb_ jf[hn (1, 7-10). 

 Oon i` nb_ m_]ih^[ls g_n[\ifcn_m, jb_hifc] 
]igjioh^m [l_ ]lcnc][f ni l_^o]cha _hpclihg_hn[f mnl_mm 

_ff_]nm ih nb_ jf[hn (17). Ih]l_[m_^ jb_hifc] ]igjioh^ 

mshnb_mcm cm ^cl_]nfs [mmi]c[n_^ qcnb lc]_ [\cinc] mnl_mm (18). 

Ih nb_ ]oll_hn l_m_[l]b, nb_ nin[f jb_hifc]m i` nb_ g[ct_ 

bs\lc^m ^_]l_[m_^ oh^_l q[n_l ^_`c]cn mnl_mm. Ih [hinb_l 

mno^s, ^lioabn mnl_mm cm l_jiln_^ ni l_^o]_ nb_ nin[f 

jb_hifc]m i` nb_ f_[` ch g[ct_ (8). 

 L_[` H2O2 q[m oh[ff_]n_^ ch g[ct_ bs\lc^m oh^_l 

q[n_l ^_`c]cn mnl_mm. Orc^[ncp_ mnl_mm ]iggihfs l[cm_m ROS 

jli^o]ncih [m •O2
-, H2O2, [h^ •OH  ch jf[hnm (5). Hiq_p_l, 

nb_ [^domng_hn i` ROS cm [mmi]c[n_^ qcnb nb_ a_h_l[ncih 

T[\f_ 4. P_l]_hn chbc\cncih ch jcag_hn ]ihn_hnm [h^ [hncirc^[hn msmn_g ch nb_ nbl__ g[ct_ bs\lc^m. 
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SC01 24.09 18.19 23.55 35.67 39.08 27.96 7.20 3.55 0.56 29.11 32.63 20.45 82.28 85.75 26.56 
SC703 27.44 72.72 35.13 18.62 32.55 18.69 3.37 1.21 0.15 20.00 17.72 24.65 39.37 68.20 36.84 

SC720 29.01 56.75 33.91 17.52 22.89 36.31 2.99 3.84 0.51 18.36 37.50 12.67 51.20 47.45 18.18 

Fca. 5. Cill_f[ncih \_nq__h al[ch sc_f^ [h^ [hncirc^[hn ^_`_hm_, imginc] [^domng_hn, jbinimshnb_nc] jcag_hnm, [h^ RWC oh^_l ]ihnlif 
[h^ q[n_l ^_`c]cn mnl_mm ch g[ct_ bs\lc^m (* [h^ ** mcahc`c][hn [n 0.05 [h^ 0.01 f_p_fm, l_mj_]ncp_fs). 
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l[n_ (ch]fo^cha l_[]ncih qcnb g_n[\ifcn_m mo]b [m ho]f_c] 

[]c^m, jlin_chm, [h^ fcjc^m) [h^ m][p_hacha [h^ 

^_al[^[ncih qcnb _htsg[nc] [h^ hih-_htsg[nc] 

[hncirc^[hnm (4). Ciggihfs, •O2
- ^cmgon[ncih qcnb 

[hncirc^[hn _htsg_ jli^o]_m H2O2. A^^cncih[ffs, nb_ 

j_lircmig[f jbinil_mjcl[ncih [h^ -irc^[ncih l_[]ncihm (3) 

jli^o]_ H2O2. Ih nb_ ]oll_hn l_m_[l]b, fcjc^ j_lirc^[ncih [m 

MDA f_p_f ch nb_ f_[p_m i` g[ct_ bs\lc^m q[m ^cff_l_hn ch 

nb_ nbl__ g[ct_ bs\lc^m. Fil _r[gjf_, ch SC01 [h^ SC703 

a_hinsj_m, MDA ]ihn_hn ch]l_[m_^, qbcf_ cn ^_]l_[m_^ ch 

SC720 oh^_l q[n_l ^_`c]cn mnl_mm. Ah ch]l_g_hn i` MDA ch 

^lioabn-m_hmcncp_ (gil_ nb[h ^lioabn-nif_l[hn) g[ct_ 

jf[hnm [ff_]n_^ \s ^lioabn mnl_mm (9).  

 Tbl__ g[ct_ bs\lc^m' nin[f mifo\f_ jlin_ch ]ihn_hn 

^c^ hin mcahc`c][hnfs ]b[ha_ oh^_l ^lioabn ]ih^cncihm. 

Tb_m_ l_mofnm [l_ mcgcf[l ni nb_ `ch^cham i` Y[ha _n [f. (19). 

Ehtsg[nc] [h^ hih-_htsg[nc] [hncirc^[hnm jl_m_lp_ 

jf[hnm [a[chmn ROS \s l_^o]cha ^[g[a_. Tb_ [hncirc^[hn 

_htsg_ SOD ch [_li\c] ila[hcmgm cm ]lo]c[f ch ^cgchcmbcha 

jf[hn ROS _ff_]nm (20). Tb_ ]f[mmc`c][ncih i` SOD cmi`ilgm cm 

\[m_^ ih nb_cl g_n[f ]i`[]nilm i` clih (F_-SOD), ]ijj_l/

tch] (Co/Zh-SOD), [h^ g[ha[h_m_ (Mh-SOD) [h^ qbc]b [l_ 

fi][n_^ ch p[lciom ]igj[lng_hnm i` nb_ ]_ff (20). W[n_l 

^_`c]cn mnl_mm _hb[h]_^ Mh-SOD []ncpcns ch nb_ g[ct_ 

bs\lc^m (12). Tb_ []ncih i` nb_ POX cmi`ilgm ch]l_[m_^ ch 

^lioabn-nif_l[hn [h^ m_hmcncp_ g[ct_ fch_m oh^_l imginc] 

mnl_mm [n nb_ m__^fcham mn[a_ (19). CAT []ncpcns ch SC01 [h^ 

NS 640 bs\lc^m q[m ch]l_[m_^ oh^_l q[n_l ^_`c]cn mnl_mm, 

qb_l_[m cn q[m ^_]l_[m_^ ch nb_ SC720 bs\lc^ (Fca. 2 [h^ 

3). CAT []ncpcns cm [mmi]c[n_^ qcnb m][p_hacha H2O2 [h^ cm 

jligin_^ qcnb nif_l[h]_ ni [\cinc] mnl_mm (4, 5, 8, 21). In cm 

q_ff-^i]og_hn_^ nb[n ^lioabn mnl_mm _f_p[n_^ CAT []ncpcns 

(10). Am [ l_mofn, cn ][h \_ ]ih]fo^_^ nb[n nb_ [hncirc^[hn 

^_`_hm_ msmn_g [h^ imginc] [^domng_hn, [fiha qcnb nb_ 

cgjlip_g_hn i` nb_ jbinimshnb_nc] msmn_g g[chn[ch_^ 

g[ct_ jli^o]ncpcns oh^_l q[n_l ^_`c]cn mnl_mm. Ehb[h]cha 

Co/Zh-SOD []ncpcns oh^_l ^lioabn mnl_mm ch g[ct_ fch_m 

(22). Wb_h g[ct_ jf[hnm ^c^h'n a_n _hioab q[n_l, nb_ 

[]ncpcns i` SOD cmi`ilgm [h^ ila[hc] imgifsn_m (GB [h^ 

jlifch_) q[m fche_^ ni al[ch sc_f^ (8, 9). 

 

Cih]fuscih 

Ih nbcm l_m_[l]b, q[n_l ^_`c]cn mnl_mm l_^o]_^ nb_ aliqnb 

[h^ jbsmcifiac][f nl[cnm i` nb_ nbl__ g[ct_ bs\lc^m. Op_l[ff, 

nb_ []ncpcns i` [hncirc^[hn _htsg_m q[m hin ]ihmcmn_hn ch 

nb_ g[ct_ bs\lc^m oh^_l q[n_l ^_`c]cn mnl_mm. O` nb_ 

^cff_l_hn irc^[ncp_ ^_`_hm_ msmn_gm [h^ g_n[\ifcn_m,       

Co/Zh-SOD []ncpcns, ]bfilijbsff [ [h^ [hnbi]s[hch, [h^ 

jlifch_ ]ill_f[n_ qcnb nb_ l_mjihm_ i` g[ct_ bs\lc^m ni 

q[n_l ^_`c]cn mnl_mm. 

 

A]ehiwf_^a_g_hts 

Tb_ [onbilm b[p_ al[n_`offs []ehiqf_^a_^ nb_ S[b[h^ 

S__^ Bcin_]bhifias Ci. `il jlipc^cha m__^ (SC01; 

TS01×MS02) [h^ fiacmnc]m `[]cfcnc_m ^olcha nb_ l_m_[l]b 

j_lci^. 
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