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A\str[]t 

Pifs[gch_m (PAm) [l_ fch_[l [fe[fc hcnlia_hiom qcnb nqi, nbl__ il gil_ [gchi 

aliojm nb[n b[p_ [ fiq gif_]of[l q_cabn. PAm [l_ ]l_[n_^ \s ila[hcmgm nblo 

g_n[\ifcmg [h^ ][h \_ `ioh^ ch h_[lfs qbiffs ]_ffm. Tb_s [l_ ]ihmc^_l_^ [ 

ohcko_ nsj_ i` jf[hn mncgof[hn \_][om_ nb_s []nm mcahc`c][hn lif_m ch g[hs 

ech^m i` jf[hn aliqnb [h^ ^_p_fijg_hn[f mn[a_m [m q_ff [m mnl_mm l_mjihm_m. 

Mil_ _pc^_h]_ moaa_mnm nb[n nb_ PA ][h \_ jli^o]_^ _h^ia_hiomfs il 

_ria_hiomfs [jjfc_^ ni cgjlip_ jf[hn l_jli^o]ncih, jli^o]ncpcns, [h^ \_[l 

mnl_mm. Wbcf_ nb_ g_]b[hcmg i` jifs[gch_m ch`fo_h]cha jf[hn aliqnb [h^ 

mnl_mm l_mjihm_m cm mncff hin ]f_[l. W_ [l_ g[echa [h [nn_gjn ni mojjfs [h 

ch]fomcp_ l_pc_q i` nb_ [p[cf[\f_ fcn_l[nol_ nb[n _rjf[ch_^ nb_ [mmi]c[ncih 

\_nq__h PAm [h^ `fiq_lcha, mnl_mm l_mjihm_m [h^ m_h_m]_h]_. Tbcm l_pc_q 

[cg_^ [n nbcm cm `i]om_^ [h^ [\\l_pc[n_m biq PAm _hb[h]_m [h^ ch]l_[m_ 

jf[hn jli^o]ncpcns [h^ nb_h m_lp_ [m [ `ioh^[ncih `il `ilnb]igcha mno^s ih 

nb_ g_]b[hcmgm i`  PAm _rjficn ch jf[hn l_jli^o]ncih [h^ aliqnb. 

 

K_ywor^s  

jifs[gch_, jifs[gch_ irc^[m_, aliqnb, jlifc`_l[ncih 

 

Intro^u]tcon 

Pifs[gch_m (PAm) ]igjioh^m fce_ nb[n mj_lgch_ (Sjg), mj_lgc^ch_ (Sj^), 

][^[p_lch_ (C[^) [h^ jonl_m]ch_ (Pon) [l_ jimcncp_fs ]b[la_^ [fcjb[nc] 

gif_]of_m, jf[s [h _mm_hnc[f lif_ ch nb_ ho]f_c] []c^ l_aof[ncih, jlin_ch 

mshnb_mcm [h^ mnlo]nol_m, chn_l[]ncihm i` ho]f_c] []c^, jlin_ch, irc^[ncp_ 

\[f[h]_, [h^ jlifc`_l[ncih i` nb_ ]_ff. (1,2). Tb_s ][h \_ `ioh^ ch jlie[lsinc] 

[m q_ff [m _oe[lsinc] ]_ffm. (3,4).  PAm [l_ gimnfs `ioh^ ch `l__ `ilg ch bcab_l 

jf[hnm. M[hs jbsmcifiac][f jli]_mm_m [l_ l_aof[n_^ \s nb_g, ch]fo^cha `fiq_l 

^_p_fijg_hn(5), ]_ff jlifc`_l[ncih _g\lsia_h_mcm, giljbifias, 

ila[hia_h_mcm, m_h_m]_h]_, liin msmn_g `ilg[ncih, `locn g[nol[ncih, 

[l]bcn_]nol_, ch^o]_ [ \cimshnb_mcm i` imginc] [fn_l[ncih mo\mn[h]_m [h^ 

l_mjihm_m ni [\cinc] [h^ \cinc] mnl_mm_m [h^ [m [h [hncirc^[hn (6,7,8,9), 

m[fchcns [h^ `locn g[nolcns [h^ ^_p_fijg_hn (10) [fmi l_]iahct_^ [m \_cha 

]lo]c[f `il jf[hn aliqnb (11). Tb_s [l_ fce_qcm_ _f[\il[n_ ch [\cinc] [h^ \cinc] 

mnl_mm l_mjihm_m (12). M_[hqbcf_, `l__ jifs[gch_m ]ihnlc\on_ `ilg ]ip[f_hn 

\ih^m qcnb \cifiac][f mo\mn[h]_m mo]b [m ho]f_c] []c^m [h^ jlin_chm [fmi 

fcahch il jb_hifc] ]igjioh^m (13). Pf[hnm mo]b [m jin[ni_m ]ihn[ch 

hog_liom jbsni]b_gc][fm fce_ PAm, qbc]b [l_ bcabfs l_kocl_^ ch nb_ ^c_n 

\_][om_ i` nb_cl om_`of _ff_]nm ih b_[fnb (14).  Ih [^^cncih, PAm ][h g[chn[ch 

nb_ mn[\cfcns i` nb_ g_g\l[h_ [h^ [c^ ch nb_ m][p_hacha i` l_[]ncp_ irsa_h 

mj_]c_m (ROS) ch ]bfilijf[mnm (15). cn m__gm nb[n PAm \iimn nb_ []ncpcns i` 

[hncirc^[hn _htsg_m [h^ hinc]_[\fs f_mm_h nb_ irc^[ncp_ _ff_]nm i` ROS ih 

g_g\l[h_m (16). 
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 W_ l_pc_q nb_ f[n_mn l_m_[l]b i` PAm _ff_]nm ih jf[hn 

aliqnb, `lig `fiq_lcha ni m[fchcns, [h^ chp_mnca[n_ nb_cl 

]b[l[]n_lcmnc]m ch l_mjihm_ ni p[lciom mnl_mm_m. 

 

M_tbo^oloay 

Tb_ g_nbi^ifias i` nbcm [lnc]f_ q[m ^_mcah_^ ni m_[l]b 

[h^ ^c[ahim_ PAm _ff_]ncp_h_mm, qbc]b ^_j_h^_^ ih nb_ 

ch`ilg[ncih [h^ _pc^_h]_ [p[cf[\f_ [h^ jo\fcmb_^ ih nb_ 

m]c_h]_m jf[n`ilgm, W_\ i` S]c_h]_, S]ijom, Jibh 

Tbigjmih S]c_h]_ Dcl_]n _n]., `il nb_ [jjlircg[n_fs f[mn 

40 s_[lm. Tb_ [lnc]f_ ^_[fn qcnb nb_m_ ]igjioh^m `lig 

m_p_l[f [mj_]nm `i]omcha ih nb_ j[j_lm ih jf[hn echa ^ig_ 

ihfs ch]fomcih qbcf_ _r]fo^cha [ff ncmmo_m [h^ ila[hcmgm i` 

bog[hm [h^ [hcg[fm. 

 PAm ]igjioh^m q_l_ ^cm]omm_^ ch n_lgm i` nb_ 

]b_gc][f ^cmnlc\oncih ]igjimcncihm, \cimshnb_mcm, 

^_al[^[ncih [h^ nb_ _ff_]nm i` nb_ jli^o]nm i` nb_m_ pcn[f 

jli]_mm_m ih jf[hn ]_ff ^cpcmcihm, [h^ jlifc`_l[ncih. Tb_ 

]lcn_lc[ i` nb_ _ff_]n i` PAm ch nbcm [lnc]f_ q[m ^cm]omm_^ \s 

m_[l]bcha [h^ ]iff_]ncha ch`ilg[ncih nb[n ch^c][n_m [h^ 

]ih`clgm nb_ _ff_]n i` nb_m_ ]igjioh^m' `l__ il ]ig\ch_^ 

qcnb inb_l h_a[ncp_ ]igjioh^m il cihm ih nb_ m_hmcncpcns 

i` jf[hnm niq[l^m _hpclihg_hn[f ch`fo_h]_m mo]b [m 

n_gj_l[nol_, jbsmcifiac][f jH il chn_lh[f ch`fo_h]_m mo]b 

[m _rjimol_ ni irc^[ncp_ mnl_mm [h^ nb_cl lif_ [m 

[hncirc^[hnm \s ]ig\ch_^ qcnb g_g\l[h_ jbimjbifcjc^ i` 

nb_ ]_ff ni jlin_]n cn. Fil i\n[chcha [ff nb_ ch`ilg[ncih i` 

nbcm l_pc_q, omcha mig_ e_sqil^m q_l_ [^ijn_^, h[g_fs 

PAm ]igjioh^m, nsj_m, nb_ l_f[ncihmbcj i` P[m ni jf[hn fc`_, 

[h^ nb_ `oh]ncihm i` PAm. In q[m `ioh^ nb[n nb_s b[p_ [h 

cgjiln[hn lif_ ch nb_ ^_p_fijg_hn [h^ `fiq_lcha, ch 

[^^cncih ni nb_cl mcahc`c][hn lif_ ch _hb[h]cha jf[hn 

l_mcmn[h]_ ni _hpclihg_hn[f ]ih^cncihm. 

 

R_sults 

Dcstrc\utcon o` PAs 

Pifs[gch_m [l_ [\oh^[hn ch _oe[lsinc] [h^ jlie[lsinc] 

]_ffm (17). PAm [l_ ^cmnlc\on_^ ch jf[hnm ch ncmmo_ [h^ ila[h-

mj_]c`c] `ilgm [h^ j[lnc]cj[n_ jf[s ch jbinimshnb_mcm (18). 

Tb_ \_mn ]iggih PAm ch jf[hnm [l_ Sjg, Sj^ [h^ Pon, qcnb 

bcab chnl[]_ffof[l ]ih]_hnl[ncihm, [h^ nb_ f_[mn ]iggih 

[l_ C[^ [h^ D[j (19,20). M[hs mno^c_m ch^c][n_ nb_ 

jl_m_h]_ i` jifs[gch_ ]igjioh^m ch lc]_, jcmn[]bci, al__h 

n_[, g[hai_m, [h^ gombliigm (21-23) hinc]_^ ]f_[l 

^cff_l_h]_m ch nb_ ]ih]_hnl[ncih i` jifs[gch_ ]igjioh^m 

ch [ p[lc_ns i` jf[hnm, [h^ ch^c][n_^ nb[n mig_ jf[hnm 

]ihn[ch bcab f_p_fm i` Pon [h^ Sjg ch ]ilh, ]cnlom, [h^ 

j_[m. Sj^ q[m [fmi `ioh^ [n [ bcab_l f_p_f ch mis\_[hm, 

\_[hm [h^ ][mnil ncmmo_m [h^ nb_m_ f_p_fm i` jf[hn f_[p_m 

]b[ha_^ ^olcha nb_ fc`_ i` nb_ f_[` (24). Igg[nol_ ]cnlom 

m__^ mj_]c_m [fmi q_l_ `ioh^ ni ]ihn[ch bcab f_p_fm i` 

][^[p_lch_ (25,26). 

 Oh nb_ inb_l b[h^, [h chp_lm_ l_f[ncihmbcj q[m 

i\m_lp_^ \_nq__h [m]il\c] []c^ qcnb i` Pon [h^ Sjg 

f_p_fm ch al__h j_jj_lm [h^ nig[ni_m l_mj_]ncp_fs (27). 

Hcab f_p_fm i` _h^ia_hiom Pon q_l_ `ioh^ ni \_ 

oh`[piol[\f_ `il nb_ []]ogof[ncih i` GA, [h^ _h^ia_hiom 

Pon q[m ^cm]ip_l_^ ni \_ mnlc]nfs chn_ll_f[n_^ ni ac\\_l_ffch 

]ihn_hnm (28). Tb_ j[nn_lhm i` PA ^cmnlc\oncih g[s \_ 

fche_^ ni nb_cl ohcko_ `oh]ncihm. G_h_l[ffs, al_[n_l PA 

]ihn_hnm [l_ [mmi]c[n_^ qcnb gil_ li\omn jf[hn aliqnb 

[h^ g_n[\ifcmg (29). 

Cb_mc][l n[tur_ o` poly[mcn_s  

Tb_ g[dilcns i` PAm b[p_ [ gchcgog i` nqi jimcncp_fs 

]b[la_^ [gchi il ao[hc^chcog aliojm, ^cmnch]n \s [ 

][l\ih \[]e\ih_ qcnb [ l[ha_ i` f_hanbm (Fcaol_ 1) (46).  

Dcff_l_hn `lig inb_l ][ncihm fce_ Ma2+ il C[2+, PAm b[p_ hi 

f_mm nb[h nqi ]b[la_^ aliojm fche_^ \s [ `f_rc\f_ ][l\ih 

]b[ch. Bs ^icha nbcm, _f_]nlimn[nc] `il]_m i` [gchi il 

ao[hc^ch_ aliojm [l_ _hb[h]_^ \s bs^lijbi\c] _ff_]nm. 

Aag[nch_ (AGM), qbc]b cm [ ]b_gc][f ]igjioh^, cm [ 

g_g\_l i` nb_ PA `[gcfs (47). 

Bcosyntb_scs o` Poly[mcn_s 

Ih [ff nb_ echa^igm i` fcpcha nbcham, nb_ PA \cimshnb_nc] 

j[nbq[s b[m \__h nbilioabfs chp_mnca[n_^ (48,49). Tb_ 

]iggih PA \cimshnb_nc] j[nbq[s'm g[ch ionjon cm 

jonl_m]ch_, ch a_h_l[f. Tblioab nbl__ ^cmnch]n [lachch_-

^_j_h^_hn j[nbq[sm, jf[hnm ][h jli^o]_ PAm `lig nb_ 

jlin_chia_hc] [gchi []c^ f-Alachch_. (Fcaol_ 2)(12). Tb_ 

`clmn j[nbq[s cm ]igj[l[\f_ ni nb[n i` [hcg[fm [h^ `ohac 

[h^ chpifp_m nb_ ]ihp_lmcih i` f-[lachch_ \s nb_ 

gcni]bih^lc[f [lach[m_ chni ilhcnbch_, nb[n cm h_rn 

^_][l\irsf[n_^ pc[ ilhcnbch_ ^_][l\irsf[m_ (ODC) ni sc_f^ 

jonl_m]ch_. A^^cncih[ffs, jf[hnm ][h jli^o]_ [ag[nch_ \s 

omcha nb_ [lachch_ ^_][l\irsf[m_ (ADC) _htsg_, qbc]b 

nb_h ][n[fst_m nb_ ]ihp_lmcih i` [ag[nch_ ni N-][l\[gisf 

jonl_m]ch_ [h^ jonl_m]ch_ omcha nb_ _htsg_m [ag[nch_ 

cgchibs^lif[m_ [h^ N-][l\[gisf jonl_m]ch_ 

[gc^ibs^lif[m_, l_mj_]ncp_fs. ADC [h^ [ag[nch_ 

ol_ibs^lif[m_, l_mj_]ncp_fs, ][h ][n[fst_ nb_ l_[]ncihm 

nb[n l_mofn ch L-[lachch_ [h^ [ag[nch_ ]ihnlc\oncha ni nb_ 

a_h_l[ncih i` Pon (50-53).  

 Tb_ nbcl^ j[nbq[s mn[lnm qcnb nb_ ]ihp_lmcih i` Ala 

ni ]cnloffch_, nb[n cm \_`il_ ^_][l\irsf[n_^ pc[ ]cnloffch_ 

^_][l\irsf[m_ ni jli^o]_ Pon (54,55). Tb_ `clmn nqi 

j[nbq[sm [l_ gil_ jl_p[f_hn ch jf[hnm \_][om_ nb_ Ccn 

j[nbq[s b[m ihfs \__h ^cm]ip_l_^ mi `[l ch m_m[g_. 

Sj_lgc^ch_ mshnb[m_ (SPDS) a_h_l[n_m mj_lgc^ch_ `lig 

Pon [h^ [gchi-jlijsf, nb[n cm jlial_mmcp_fs mojjfc_^ \s f-

g_nbcihch_ (56). A^^cncih[ffs, jonl_m]ch_ ]iof^ \_ 

nl[hm`ilg_^ chni mj_lgc^ch_ pc[ nb_ ][l\irs 

hilmj_lgc^ch_ ^_][l\irsf[m_ [h^ ][l\irshilm j_lgc^ch_ 

^_bs^lia_h[m_, l_mj_]ncp_fs, omcha [gc^_ alioj jlipc^_^ 

Fca 1. Cb_gc][f mnlo]nol_ i` jifs[gch_m (46) 
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nblioab nb_ f-[mj[ln[n_ -4- m_gc[f^_bs^_ `lig nb_ afs]ch_ 

][n[\ifcmg j[nbq[s. Ih nb_ jl_m_h]_ i` bigimj_lgc^ch_ 

mshnb[m_, Pon [h^ Sj^ \inb jligin_ [ mshnb_mcm i` nb_ 

bigimj_lgc^ch_. Fch[ffs, \s g_[hm i` nb_ _htsg_m 

mj_lgch_ mshnb[m_ [h^ nb_lgimj_lgch_ mshnb[m_, 

l_mj_]ncp_fs, mj_lgc^ch_ cm nl[hm`ilg_^ chni Sjg il 

nb_lgimmj_lgch_ nblioab [ ]ig\ch[ncih i` [h [^^cncih[f 

[gchi-jlijsf alioj (57,58).  A^^cncih[ffs, mig_ inb_l PAm 

g[s \_ ^_lcp_^ `lig inb_l [gchi []c^m nb[n [l_ 

jlin_chia_hc]. Fil _r[gjf_, fsmch_ ^_][l\irsf[m_ (LDC) 

][n[fst_m nb_ mshnb_mcm i` nb_ ^c[gch_ ][^[p_lch_ `lig f-

fsmch_(59). Tb_ [gchi []c^m L- afs]ch_, L-jlifch_, L-

afon[g[n_, [h^ L-g_nbcihch_ [l_ _ff_]ncp_ miol]_m ch nb_ 

\cimshnb_mcm i` jifs[gch_m (60,61). 

C[t[\olcsm o` Poly[mcn_s 

Tb_ []ncih i` [gch_ irc^[m_m cm ]lo]c[f ch nb_ ^_al[^[ncih 

i` PAm ch jf[hnm. Pifs[gch_ irc^[m_ (PAO) jlipie_m nb_ 

`ilg[ncih i` PA [m g_n[\ifc] _h^ jli^o]nm. Wb_[n PAO, 

irc^ct_m Sjg [h^ Sj^ ni jli^o]_ 3-[gchijlijsf-4-[gchi 

\on[h[f, 1,3-^c[gchi jlij[h_, 4-[gchi \on[h[f [h^ 

bs^lia_h j_lirc^_. Tb_ `f[pch [^_hch_ ^cho]f_inc^_-

^_j_h^_hn _htsg_m ehiqh [m jifs[gch_ irc^[m_m, qbc]b 

qile ch PA ^_al[^[ncih, [l_ _mm_hnc[f ch nb_ j[nbq[s. 

(62,63). T[mmihc (64) ^cm]ip_l_^ nb[n _ri-Sj^ mg_[l_^ ni 

ech^m i` moh`fiq_l no\_liom l_mofn_^ ch Pon 

nl[hm`ilg[ncih. Tb_ a_h_l[n_^ H2O2 jf[sm [ lif_ ch jf[hn 

ch^c][ncih nl[hm^o]ncih nblioab [\cinc] [h^ \cinc] mnl_mm 

l_mjihm_m (65,66). Tb_ `oh]ncih i` jifs[gch_m ch b_fjcha 

jf[hnm [^[jn ni m[fn mnl_mm ]ih^cncihm b[m \__h 

^_gihmnl[n_^. Uh^_l m[fn mnl_mm ]ih^cncihm, Calendula 

officinalis L. jf[hnm q_l_ acp_h _ria_hiom Sjg [h^ Sj^ ni 

m__ qb[n _ff_]nm nb_s b[^ ih nb_cl ^_p_fijg_hn [h^ 

jbsmcifiac][f ]b[l[]n_lcmnc]m (67). Folnb_lgil_, PA 

g_n[\ifcmg cm fche_^ ni nb_ ]l_[ncih i` NO (68), qbc]b cm [h 

cgjiln[hn mcah[ffcha ]ihmncno_hn `il jf[hn aliqnb (69). In 

b[m \__h ^_gihmnl[n_^ nb[n jifs[gch_m [h^ jf[hn aliqnb 

l_aof[nilm [l_ ]lo]c[f `il nb_ mn[ln [h^ ]ihnlif i` nb_ 

jlial[gg_^ ]_ff ^_[nb jli]_mm. A p[lc_ns i` m_]ih^[ls 

g_n[\ifcn_m ehiqh [m jb_hif [gc^_m [l_ jli^o]_^ qb_h 

[ jb_hifc] gic_ns cm ]ihdoa[n_^ qcnb jifs[gch_m il 

^_[gch[n_^ [lig[nc] [gchi []c^m. (70,71). Tb_ ][n[\ifcmg 

i` PA ]igjioh^m cm [ hih-l_p_lmc\f_ jli]_mm nblioab 

qbc]b nb_ ]_ffm ][h \_ mojjfc_^ qcnb ][l\ih [h^ hcnlia_h, 

qbc]b [l_ om_^ [m jl_]olmilm `il ]_ffof[l ]igjih_hnm (72). 

Ih il^_l ni \_nn_l oh^_lmn[h^ nb_ `oh]ncihm i` PAm ch jf[hn 

aliqnb [h^ ^_p_fijg_hn [h^ nb_ g_]b[hcmgm oh^_lfscha 

nb_g, cn cm cgjiln[hn ni oh^_lmn[h^ biq PA g_n[\ifcmg 

chn_l[]nm qcnb jf[hn bilgih_m [h^ biq cn [ff_]nm mcah[ffcha 

gif_]of_m. 

Pbyscoloac][l []tcon o` poly[mcn_s 

Poly[mcn_s [n^ tb_ Flow_rcna 

Hcab_l jf[hnm ai nblioab [ jb[m_ i` p_a_n[ncp_ aliqnb 

\_`il_ \_achhcha [ jb[m_ i` jlifc`_l[ncih [h^ aliqnb, nb_h 

f_[` [h^ \o^ ncmmo_m oh^_lai ^cff_l_hnc[n_ jbsmcifiac][f 

nolhip_l ni nb_ ncmmo_m i` `fiq_l \o^, qbc]b nb_h ]ofncp[n_m 

chni [ `fil[f j[ln i` jf[hnm, cn'm l_`_ll_^ ni [m `fiq_l \o^ 

l_jli^o]ncih (73). Ponl_m]ch_, Sj_lgc^ch_, [h^ Sj_lgch_ 

f_p_fm q_l_ _f_p[n_^ [n jlcil ^_p_fijg_hn[f j_lci^m, 

qb_l_[m Ponl_m]ch_ [h^ Sj_lgch_ f_p_fm mn[s_^ ]ihmn[hn 

(74). Pifs[gch_m, qbc]b [l_ cgjiln[hn [h^ o\ckocniom 

gif_]of_m l_kocl_^ `il ]_ff aliqnb [h^ ^cff_l_hnc[ncih, [l_ 

irc^[ncp_fs ^_-[gch[n_^ \s ]ijj_l [gch_ irc^[m_m [h^ 

[gch_ irc^[m_m nb[n ch]fo^_ `f[pch (75).  PA cm nbioabn ni \_ 

[ jf[hn aliqnb l_aof[nil (10).   

 Pifs[gch_m [h^ l_jli^o]ncp_ ^_p_fijg_hn [jj_[l 

ni \_ ]fim_fs l_f[n_^, []]il^cha ni [ hog\_l i` fch_m i` 

_rj_lcg_hn[f ^[n[, cn q[m `ioh^ nb[n PAm q_l_ gil_ 

jl_p[f_hn ch Al[\c^ijmcm `fiq_lm ch [hs inb_l ila[h, [h^ 

[^^cha chpcnlim PAm ni jf[hnm nb[n q_l_ hin `fiq_lcha 

mcahc`c][hnfs ch]l_[m_^ nb_cl `fiq_lcha l_mjihm_ (76). 

Gc\\_l_ffc] []c^ (GA3) [h^ mj_lgch_ (SPM), nqi jf[hn 

aliqnb l_aof[nilm, b[p_ \__h ]b[l[]n_lct_^ [m _rn_h^cha 

nb_ jimnb[lp_mn fc`_ i` `fiq_lm (77) Sjg _hb[h]_^ nb_ 

ko[fcns i` nb_ `fiq_l [h^ p[m_ fc`_ i` ]on lim_ \fimmigm 

(78). Oh nb_ inb_l b[h^, `__^cha i` Sj^ cm ^cl_]nfs 

]ill_f[n_^ ni nb_ ncg_ i` `fiq_lcha ch Arabidopsis thaliana 

(79). 

Fca 2. Bcimshnb_mcm j[nbq[s i` g[ch PAm ch jf[hnm (12) 

1 Pon 
\li]]ifc, ][ofc`fiq_l, _aajf[hn, dcfó (m][lf_n _aajf[hn), nig[ni, al__h ihcih, 

j[lmf_s, mjch[]b, ][j_lm, ][mm[p[, b_[ln i` j[fg [h^ \_[h mjlionm 
30 

2 Pon, mj^, mjg Sis\_[hm 31 

3 Sjg, Sj^, jon M[ct_ al[ch, Ciggih qb_[n 32 

4 Sjg, Sj^, jon 
Flocnm: Ajjf_ – \[h[h[m – ]b_lls – ecqc – jch_[jjf_ – il[ha_ - g[h^[lch - [pi][^im, 

mnl[q\_lls 
33,34,35,36 

5 Sjg, Sj^, jon 

V_a_n[\f_m:  Bli]]ifc – ]o]og\_l – ][ofc`fiq_l – ]_f_lc[] – ]iola_nn_ – _aajf[hn - 

][\\[a_ al__h \_[hm – f_nno]_ – gombliig - al__h j_jj_l – ihcih - jin[ni – 
][llin – mjch[]b – nig[ni 

37,38 

6 Sjg, Sj^, jon L_aog_m: f_hncfm -  mis\_[h - l_^ \_[hm – j_[m - mis\_[h gcfe - ni`o – mjlionm – gcmi 
34,36,37, 

39,40,41,42,43 

7 Sjg, Sj^, jon C_l_[fm: qb_[n a_lg – Rc]_ - qbcn_ \l_[^ 34, 35, 37, 44 

8 Sjg, Sj^, jon Nonm: ]b_mnhonm - Afgih^m - jcmn[]bcim 34, 39 

9 Sjg, Sj^, jon mjch[]b f_[` ]_ffm - chn[]n ]bfilijf[mnm-  nbsf[eic^ g_g\l[h_m 45 

T[\l_ 1. Dcmnlc\oncih i` Pifs[gch_m 
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Poly[mcn_s [n^ Pl[nt S_n_s]_n]_ 

PAm ]b[ha_ [m nb_ jf[hn aliqm. Eh^ia_hiom PAm q_l_ 

`ioh^ ni \_ fiq_mn ch nb_ m_h_m]_hn ncmmo_m ch qbif_ jf[hnm 

(80). A ^_]l_[m_ ch f_p_fm i` PA [jj_[lm ni \_ [h cgjiln[hn 

jl_]olmil ni m_h_m]_h]_ mcah[fm (81). D_f[s_^ f_[` 

m_h_m]_h]_ q[m fche_^ ni bcab_l Sjg f_p_fm [h^ bcab_l NO 

f_p_fm (82). (83) ^cm]ip_l_^ nb[n ]bfilijbsff ^_al[^_^ 

koc]efs [h^ Pon ]iff_]n_^ nblioab m_h_m]_h]_, qb_l_[m 

_ria_hiom Sjg il Sj^ chbc\cn_^ jlin_ch \l_[e^iqh [h^ 

l_^o]_^ ]bfilijbsff b[lg. PA mshnb_mcm chbc\cnilm ch 

j_ihc_m _rn_h^_^ nb_ fc`_mj[h [h^ ^_f[s_^ `fiq_l 

m_h_m]_h]_, \on PAm l_^o]_^ `[mn_l `fiq_l m_h_m]_h]_ 

(84). Ep_h ^olcha h_g[ni^_ j[nbia_h_mcm, nb_ nig[ni 

jf[hn'm jbsmcifiac][f l_[]ncihm ni nb_ jifs[gch_m q_l_ 

`ioh^ ni \_ cgjlip_^ (85). 

Poly[mcn_s [n^ T_mp_r[tur_ Str_ss 

PAm ][h mncgof[n_ jbinimshnb_mcm qbcf_ [fmi lcmcha jf[hn 

[hncirc^[hn [\cfcns [h^ imginc] [^domng_hn [\cfcns oh^_l 

bcab-n_gj_l[nol_ mnl_mm (86). PAm m_lp_ hog_liom lif_m ch 

[ff jf[hnm, [h^ nb_ jlcg[ls jbsmcifiac][f jli]_mm_m 

oh^_lfscha nb_ nif_l[h]_ i` bcab-n_gj_l[nol_ p[ls 

\_nq__h jf[hn mj_]c_m. PAm b[p_ nb_ [\cfcns ni \ch^ ni nb_ 

]_ff g_g\l[h_'m jbimjbifcjc^ mcn_, ch]l_[mcha ]if^ 

l_mcmn[h]_ [h^ jl_p_hncha ]snifsmcm (87). Wb_h nb_ ]bcffcha 

n_gj_l[nol_ q[m [jjfc_^ ni mq__n j_jj_l [h^ to]]bchc 

`locnm, nb_ Pon ]ihn_hn _rj[h^_^ l[jc^fs, []]igj[hc_^ \s 

n_llc`scha ^_n_lcil[ncih (88). Pon []]ogof[ncih, ih nb_ 

inb_l b[h^, _hb[h]_^ Sjg q[m [ ^_`_h]_ l_[]ncih ni ]if^ 

^[g[a_, qbc]b ][om_^ ]bcffcha ^[g[a_. Tb_s `ioh^ nb[n 

nb_ mj_lgc^ch_, mj_lgch_, [h^ Pon f_p_fm _p_hno[ffs lim_ 

qb_h fiko[n `locn q[m e_jn [n fiq n_gj_l[nol_m (89). 

Tb_ Rol_ o` Poly[mcn_s wctb Oxc^[tcv_ Str_ss 

PAm ][h []ncp[n_ [ p[lc_ns i` _htsg_m ehiqh [m 

[hncirc^[hnm ch jf[hnm, j_lgcnncha nb_g ni mo]]_mm`of 

^_`_h]_ [a[chmn l_[]ncp_ irsa_h mj_]c_m [h^ nb_h ^_]l_[m_ 

irc^[ncp_ mnl_mm, qbc]b cm ][om_^ \s [ ^cp_lmcns i` 

_hpclihg_hn[f nlcaa_lm. Sjg [h^ Pon jl_nl_[ng_hn i` 

g[ct_ f_[p_m cgjlip_^ nb_cl l_mcmn[h]_ ni nb_ irc^[ncp_ 

^[g[a_ ][om_^ \s j[l[ko[n (90). Ti ]ig\[n nb_ 

^_nlcg_hn[f cgj[]n i` ^cff_l_hn _hpclihg_hn[f mnl_mmilm ih 

jf[hn jli]_mm_m jifs[gch_m b[p_ \__h [^pi][n_^ [m [ 

pc[\f_ ijncih. (91) Uh^_l bsjirc[ mnl_mm, _ria_hiom Sj^ 

_f_p[n_^ nb_ [giohn i` Sj^ [h^ Sjg qbcf_ l_^o]cha nb_ 

[giohn i` Ponl_m]ch ch ]o]og\_l m__^fcha liinmni]e. (92). 

In q[m [fmi ^cm]ip_l_^ nb[n ]if^-nl_[n_^ il ]if^ jifs[gch_-

nl_[n_^ aliojm b[^ bcab_l mj_]c`c] [hncirc^[hn _htsg_ 

[]ncpcns nb[h ]igj[l[\f_ ]ihnlifm, ch]fo^cha ][n[f[m_ [h^ 

[m]il\[n_ j_lirc^[m_. Tb_ nl_[n_^ jf[hnm' H2O2 [h^ 

g[fih^c[f^_bs^_ f_p_fm q_l_ mcahc`c][hnfs l_^o]_^ [m [ 

l_mofn (93). Tb_ cgj[]nm i` C^2+ [h^ Co2+ ih nb_ 

j_lirc^[ncih i` fcjc^m q_l_ l_^o]_^ \s Sjg nl_[ng_hn. 

(94).  PAm b[p_ nb_ jin_hnc[f ni b[lg ]_ffm oh^_l ]ih^cncihm 

i` mnl_mm \_][om_ nb_cl ^_al[^[ncih a_h_l[n_m nb_ jiq_l`of 

irc^ct_lm bs^lia_h j_lirc^_ (H2O2) [h^ []lif_ch. (95). H2O2 

cm, ih nb_ inb_l b[h^, [ gif_]of_ nb[n mcah[fm nb[n g[s 

j[mm nblioab [ mnl_mm`of mcah[f nl[hm^o]ncih j[nbq[s. 

 Am [ l_mofn, PAm [jj_[l ni \_ l_^ir l_aof[nilm i` 

big_imn[mcm ch jf[hnm nb[n mbiq [ ^o[f lif_ ch irc^[ncp_ 

mnl_mm (96). Nog_liom mno^c_m l_p_[f_^ nb[n jifs[gch_ 

irc^[m_ (PAO) a_h_m [l_ _mm_hnc[f `il [ p[lc_ns i` [\cinc] 

[h^ \cinc] mnl_mm l_mjihm_m (97). 
 

Dcs]usscon 

Aff fcpcha ila[hcmgm ]ihn[ch jifs[gch_m, qbc]b [l_ 

chpifp_^ ch [ p[lc_ns i` g_n[\ifc] jli]_mm_m ch jf[hnm fce_ 

]_ff ^cpcmcih, jlifc`_l[ncih, _rj[hmcih, ^cff_l_hnc[ncih, [h^ 

jlial[gg_^ ]_ff ^_[nb ni jlin_]n nb_g `lig p[lciom 

mnl_mm_m (98). Tb_s [l_ cgjiln[hn `il ]_ffm [h^ [l_ ehiqh 

[m _h^ia_hiom aliqnb l_aof[nilm (99). 

 Tb_ ][j[\cfcns i` jifs[gch_m ni chn_l[]n pc[ 

h_a[ncp_fs ]b[la_^ mcn_m ch gif_]of_m fce_ fcjc^m, jlin_chm, 

[h^ ho]f_c] []c^m cm ih_ i` nb_ l_[mihm `il nb_cl qc^_ l[ha_ 

i` `oh]ncihm, [fmi mig_ h[nol[f ]igjioh^m fce_ jb_hifc] 

]igjioh^m. A^^cncih[ffs, cn b[m \__h ^cm]ip_l_^ nb[n [ 

`_q \sjli^o]nm i` jifs[gch_ ][n[\ifcmg jf[s cgjiln[hn 

mcah[ffcha `oh]ncihm ch [ p[lc_ns i` jbsmcifiac][f, ]_ffof[l, 

[h^ ^_p_fijcha jli]_mm_m (100). Fil _r[gjf_, 

nl[hmafon[gch[m_m (TG[m_m) ]ip[f_hnfs fche jifs[gch_m ni 

j[lnc]of[l jlin_chm. TG[m_m jf[s [ ]_hnl[f lif_ ch 

jbinimshnb_mcm ch jf[hnm (101). A]]il^cha ni B_f^[-P[f[tóh 

_n [f. (102), nb_ mj_lgc^ch_-^_j_h^_hn bsjomch[ncih 

j[nbq[s g[s b[p_ hip_f lif_m ch jf[hn cgjlip_g_hn [h^ 

l_mjihm_m ni bilgih[f, ^c_n[ls, [h^ _hpclihg_hn[f 

mcah[fm. 

 A]]il^cha ni l_m_[l]b \s N[g\__m[h _n [f. (103), 

PAm b[p_ [fmi \__h l_p_[f_^ ni _hb[h]_ fiha_pcns ch [ 

hog\_l i` ila[hcmgm, ch]fo^cha nig[ni `locn, [h^ ni 

_rn_h^ nb_ mb_f` fc`_ i` nig[ni `locn. Tb_s [fmi j[lnc]cj[n_ 

ch \inb nl[hm]lcjncih[f [h^ nl[hmf[ncih[f a_h_ l_aof[ncih 

(104). Ih jl_pciom l_m_[l]b, nig[ni `locnm qcnb bcab f_p_fm 

i` nb_ [h[\ifc] \cia_hc] [gch_m Sjg [h^ Sj^, qbc]b [l_ 

jli^o]_^ [m [ l_mofn i` s_[mn S-[^_himsf g_nbcihch_ 

^_][l\irsf[m_ _rjl_mmcih, qiof^ ch]l_[m_ [h _rjl_mmcih i` 

SA \cimshnb_mcm a_h_m, l_mofncha ch ch]l_[m_^ SA ]l_[ncih.  

 Ponl_m]ch_ N-g_nbsfnl[hm`_l[m_ cm [ ]lo]c[f _htsg_ 

i` nb_ m_]ih^ g_n[\ifcmg [h^ cm chpifp_^ ch nb_ 

\cimshnb_mcm i` nlij[h_ [fe[fic^m, hc]inch_ [h^ 

][fsmn_ach_m. Ah ch-mcfc]i mno^s ^_gihmnl[n_^ mnlo]nol[f [m 

q_ff [m `oh]ncih[f ]b[l[]n_lct[ncih [h^ ^_p_fij_^ nbl__-

^cg_hmcih[f ]igjon[ncih[f gi^_fm i` jonl_m]ch_ N-

g_nbsfnl[hm`_l[m_ jlin_chm. R_]_hnfs nb_ hog\_l i` 

l_jilnm cffomnl[ncha nb[n ]limmn[fe \_nq__h PA [h^ 

jbsnibilgih_m ch jf[hnm ni l_mjih^ ni [\cinc] mnl_mm_m 

b[m ch]l_[m_^ [h^ _rjim_^ nb_ `[pil[\f_ ch`fo_h]_ i` nb_ 

]i-[jjfc][ncih i` _ria_hiom PA [h^ jbsnibilgih_m (105).  

 

Con]luscon 

Ih nbcm l_pc_q, q_ ]ih]fo^_ nb[n jifs[gch_m [l_ []ncp_ 

h[nol[f ]igjioh^m b[pcha [n f_[mn nqi jimcncp_fs ]b[la_^ 

[gchi aliojm nb[n jf[s cgjiln[hn lif_m ch g[hs \cifiac][f 

joljim_m ch jf[hnm. .Tb_ chpifp_g_hn i` jifs[gch_m ch [ 

p[lc_ns i` jf[hn jli]_mm_m, ch]fo^cha DNA l_jfc][ncih, a_h_ 

nl[hm]lcjncih, ila[h ^_p_fijg_hn, ]_ff ^cpcmcih, `locn 

^_p_fijg_hn [h^ f_[p_m m_h_m]_h]_, lcj_hcha, [h^ [\cinc] 

mnl_mm_m, cm mojjiln_^ \s [ mo\mn[hnc[f \i^s i` l_m_[l]b. Am 

[ l_mofn, nb_ g[ch a_h_m ADC, ODC, il SAMDC b[p_ \__h 

ip_l_rjl_mm_^ il ^iqh l_aof[n_^, [fn_lcha nb_ [giohn i` 

https://plantsciencetoday.online
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/polyamine
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PA ch ]_ffm. Op_l_rjl_mmcih i` b_n_lifiaiom ADC il ODC 

nsjc][ffs l_mofnm ch ch]l_[m_^ Pon f_p_fm qcnbion [ff_]ncha 

Sj^ il Sjg. Ih ]ihnl[mn, ip_l_rjl_mmcih i` nb_ j[nbq[s'm 

a_h_m ^iqhmnl_[g (SAMDC il Sj^ mshnb[m_) nsjc][ffs 

l_mofnm ch bcab_l f_p_fm i` Sj^ [h^ Sjg, ^_gihmnl[ncha 

nb[n nb_ f_p_fm i`  Sjg [h^ Sj^ [l_ ncabnfs l_aof[n_^ \s 

]_ffof[l big_imn[mcm. Tb_ jbsni]b_gc][f, jifs[gch_m 

b[p_ [h cgjiln[hn cgj[]n ih nb_ ]ihn_hnm i` \ci[]ncp_ 

]igjioh^m qcnb [hncirc^[hn []ncpcns \_mc^_m ch nb_ []ncpcns 

i` nb_ e_s [hncirc^[hn _htsg_m ch `locnm ^olcha nb_ lcj_hcha 

[h^ m_h_m]_h]_ jli]_mm_m. In ][h \_ ch`_ll_^ nb[n 

jifs[gch_m b[p_ qc^_ [jjfc][ncihm ^o_ ni nb_cl _ff_]n ih 

nb_ jlij_lnc_m i` jb_hifc] ]igjioh^m [h^ `f[pihic^m. 

 

A]knowl_^a_m_nts 

Tb_ [onbilm [l_ [jjl_]c[ncp_ i` nbim_ qbi jlipc^_^ nb_ 
l_miol]_m h__^_^ ni `chcmb nbcm qile. Sj_]c[f nb[hem ai ion 

ni nb_ Cb_gcmnls D_j[lng_hn [n nb_ Ciff_a_ i` E^o][ncih 

`il Pol_ S]c_h]_m, Uhcp_lmcns i` Mimof.  
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