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A\str[]t   

Gl__h mshnb_mcm i` h[hij[lnc]f_m [h^ nb_cl jb[lg[]ifiac][f 

cgjf_g_hn[ncih b[p_ a[ch_^ cgjiln[h]_ ch nb_ `c_f^ i` h[hin_]bhifias. 

Tbcm mno^s jlcg[lcfs [cgm ni _rjfil_ nb_ om_ i` Punica granatum L. m__^ icf 

[m [ l_^o]cha [a_hn `il nb_ mshnb_mcm i` ]i\[fn h[hij[lnc]f_m, g[echa cn \inb 

_]ihigc][ffs [h^ jb[lg[]ifiac][ffs p[fo[\f_.  G[m ]blig[nial[jbs-g[mm 

mj_]nlim]ijs [h[fsmcm q[m ][llc_^ ion ni mno^s nb_ []ncp_ g_n[\ifcn_m 

jl_m_hn ch P. granatum m__^ icf. Tb_ al__h mshnb_mcm i` ]i\[fn h[hij[lnc]f_m 

q[m _mn[\fcmb_^ \[m_^ ih nb_ ]ifil ]b[ha_ i` nb_ l_[]ncih gcrnol_ `lig 

^[le al__h ni fcabn al__h. Tb_m_ j[lnc]f_m mbiq_^ [ λg[r [n 279.88 hg `il UV-

pcmc\f_ mj_]nlig_nls [h[fsmcm. Folnb_lgil_, X-l[s Dcffl[]ncih (XRD), Fiolc_l 

Tl[hm`ilg Ih`l[l_^ Sj_]nlim]ijs (FTIR), Fc_f^ Egcmmcih S][hhcha Ef_]nlih 

Mc]lim]ij_ (FE SEM) [h^ Dsh[gc] Lcabn S][nn_lcha (DLS) q_l_ j_l`ilg_^ ni 

]ih`clg nb_ h[nol_ i` nb_m_ h[hij[lnc]f_m. Tb_ jb[lg[]ifiac][f jin_hnc[f i` 

nb_m_ ]i\[fn irc^_ h[hij[lnc]f_m q[m n_mn_^ [a[chmn gc]li\c[f j[nbia_hm. 

Tb_ l_mofnm moaa_mn nb[n nb_m_ h[hij[lnc]f_m _rbc\cn_^ mcahc`c][hn []ncpcns 

[a[chmn p[lciom bog[h \[]n_lc[f [h^ `oha[f j[nbia_hm. A^^cncih[ffs, ch in 

vitro ]sninirc]cns [h[fsmcm, ^_gihmnl[n_^ nb[n CiONPm m_f_]ncp_fs n[la_n_^ 

MCF-7 ][h]_l ]_ffm qcnb [ mcahc`c][hn IC50 p[fo_ ]igj[l_^ ni hih-][h]_liom 

]_ffm (L929). Ih ]ih]fomcih, nbcm mno^s ^_gihmnl[n_^ nb[n al__h mshnb_mct_^ 

CiONPm omcha P. granatum mbiq mcahc`c][hn jin_hnc[f [a[chmn _oe[lsinc] 

][h]_l ]_ffm [h^ gc]li\c[f j[nbia_hm. Folnb_lgil_, nbcm mno^s b[m 

cgjfc][ncihm `il g_^c][f l_m_[l]b ]_hn_lm [h^ jb[lg[]_onc][f ch^omnlc_m ch 

[^^l_mmcha gi^_lh ]b[ff_ha_m mo]b [m ch]l_[mcha [hnc\cinc] l_mcmn[h]_ ch 

]iggohcnc_m.    
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Ihtri^u]tcih   

Ih 1959, Ag_lc][h jbsmc]cmn Pbcffcjm F_shg[h _mn[\fcmb_^ nb_ 
h[hin_]bhifias ch bcm f_]nol_ ehiqh [m 'Tb_l_'m jf_hns i` liig [n nb_ 

\innig'. Pli`_mmil T[hcao]bc `lig Tiesi Uhcp_lmcns i` S]c_h]_ chnli^o]_^ 

nb_ n_lg ‘N[hin_]bhifias’ (1). N[hij[lnc]f_m ^cff_l `lig inb_l j[lnc]f_m ^o_ 

ni nb_cl ohcko_ jbsmc]i]b_gc][f ]b[l[]n_lcmnc]m, mo]b [m nb_cl mol`[]_ [l_[ 

ni g[mm l[nci, mg[ff mct_ [h^ bcab l_[]ncpcns (2). N[hij[lnc]f_m b[p_ [ qc^_ 

l[ha_ i` [jjfc][ncihm ch `c_f^m mo]b [m ]b_gc][f [h^ \cig_^c][f ch^omnlc_m, 

^loa ^_fcp_ls, b_[fnb ][l_, `ii^ [h^ `__^ [h^ _hpclihg_hn[f m_]nilm (3, 4). 
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CHOLE &  MANJUNATH  2     

bnnjm://jf[hnm]c_h]_ni^[s.ihfch_ 

Tb_ al__h mshnb_mcm g_nbi^ `il h[hij[lnc]f_m jf[s [ 

]lo]c[f lif_ ch ]ihnliffcha nb_ _htsg_-l_^o]cha [\cfcns [h^ 

\cifiac][f gif_]of_m. Tbcm g_nbi^ b[m \__h jlip_h \s 

g[hs l_m_[l]b_lm ni \_ gil_ _ff_]ncp_, ]imn _ffc]c_hn, _]i-

`lc_h^fs [h^ _[mcfs ni ]b[l[]n_lct_ (5, 6). Gl__h mshnb_mct_^ 

h[hij[lnc]f_m [l_ qc^_fs om_^ ch [alc]ofnol_, mo]b [m h[hi-

j_mnc]c^_m, h[hi-`_lncfct_lm, h[hi-b_l\c]c^_m [h^ h[hi-

]i[ncha. Ih ^loa ^_fcp_ls, g_n[f h[hij[lnc]f_m fce_ AoNPm 

_rbc\cn [ qc^_ mj_]nlog i` ijnc][f [h^ jbsmc]i]b_gc][f 

jlij_lnc_m, \ci]igj[nc\cfcns [h^ `f_rc\cfcns g[echa nb_g 

_r]_ff_hn h[hi-][llc_lm (7). 

 Ci\[fn-\[m_^ h[hij[lnc]f_m b[p_ a[ch_^ 

cgjiln[h]_ ch mshnb_nc] \cifias ^o_ ni nb_cl ohcko_ [h^ 

jligcmcha h[nol_. CiNPm [l_ ]iggihfs om_^ ch _h_las 

mnil[a_ msmn_gm, a[m m_hmilm, mif[l m_f_]ncp_ [\mil\_lm, 

fcnbcog-cih \[nn_lc_m, `c_f^ _gcmmcih g[n_lc[fm, ][j[]cnilm, 

g[ah_nc] `foc^m, g[ah_nc] ]igjimcn_m [h^ _f_]nli-]bligc] 

nbch `cfgm (8). R_]_hnfs, [h _rnl[]n i` P. granatum j__f q[m 

oncfct_^ ni mshnb_mct_ ]i\[fn h[hij[lnc]f_m, omcha ]i\[fn 

hcnl[n_ b_r[bs^l[n_ [m [ jl_]olmil m[fn (9). Aspalathus 

linearis f_[p_m b[p_ mbiqh jin_hnc[f [m [ \ci-l_^o]cha 

[a_hn ch nb_ mshnb_mcm i` Ci\[fnimc] irc^_ (Ci3O4) 

h[hij[lnc]f_.  CiNPm mshnb_mct_^ `lig Ziziphora 

clinopodioides [h^ Cardiospermum halicacabum f_[p_m 

_rnl[]nm b[p_ _rbc\cn_^ [hncgc]li\c[f [h^ [hnc][h]_l 

[]ncpcns l_mj_]ncp_fs (10, 11). Wcnb nb_m_ [jjfc][ncihm, 

CiNPm b[p_ a[ch_^ cgjiln[h]_ ch nb_ \cig_^c][f `c_f^ `il 

]ig\[ncha \[]n_lc[f [h^ `oha[f aliqnb. CiNPm [l_ 

]ihmc^_l_^ \ci-m[`_ ^o_ ni nb_cl gchcg[f b_gifsnc] 

[]ncpcns (7, 12).  

 Punica granatum cm [ ^_]c^oiom jf[hn \_fihacha ni 

nb_ `[gcfs Lsnbl[]_[_. In cm q_ff-ehiqh ch nl[^cncih[f 

g_^c]ch[f msmn_gm fce_ Asolp_^[ `il cnm g_^c]ch[f 

jlij_lnc_m. R_m_[l]b_lm b[p_ jlip_h cnm [hncirc^[hn, 

[hnc][h]_l, [hnc-^c[\_nc], [hnc-ch`f[gg[nils [h^ 

[hncgc]li\c[f []ncpcnc_m, g[echa cn mocn[\f_ `il 

jb[lg[]_onc][f [jjfc][ncihm (13, 14). Pig_al[h[n_ m__^m 

_rbc\cn h_jblijlin_]ncp_ []ncpcnc_m [h^ b_fj jl_p_hn 

jlimn[n_ ][h]_l \s ch^o]cha [jijnimcm [h^ [fn_lcha ]_ff 

aliqnb j[nbq[s (15, 16). Tb_ fckoc^ _rnl[]n i` 

jig_al[h[n_m m__^m b[m mbiqh [hnc\[]n_lc[f [h^ 

[hnc`oha[f jlij_lnc_m [a[chmn Salmonella enteric [h^ 

Penicillium mjm l_mj_]ncp_fs (16). Pig_al[h[n_ m__^ icf 

[]nm [m [h _ff_]ncp_ [hnc][h]_l [a_hn ch nb_ nl_[ng_hn i` 

]ifih [h^ \l_[mn ][h]_l (17). Tb_ [\oh^[h]_ i` 

]ihdoa[n_^ fchif_c] []c^ ch jig_al[h[n_ m__^ icf b_fjm 

[]ncp[n_ i` TNF-α [h^ mojjl_mm NF-κB g[echa cn _ff_]ncp_ 

[a[chmn ^c[\_n_m (18). Scfp_l h[hij[lnc]f_m q_l_ 

mshnb_mct_^ `lig p[lciom j[lnm i` P. granatum mo]b [m 

f_[p_m, j__f, m__^, doc]_ [h^ `locn _rnl[]nm, _rbc\cn_^ 

[hncgc]li\c[f, [hncirc^[hn [h^ [hnc][h]_l []ncpcns [a[chmn 

^cff_l_hn j[nbia_hm (19, 20). Scgcf[lfs, clih irc^_ 

h[hij[lnc]f_m mshnb_mct_^ `lig f_[` [h^ j__f _rnl[]n i` 

jig_al[h[n_ b[p_ mbiqh \_h_`c]c[f _ff_]nm ch q[mn_q[n_l 

nl_[ng_hn [h^ mif[l bs^lia_h jli^o]ncih l_mj_]ncp_fs (21, 

22).       

 Sch]_ nb_l_ cm hi l_jiln [p[cf[\f_ ih nb_ al__h 
mshnb_mcm i` P. granatum m__^ icf, nbcm mno^s [cgm ni `cff nb_ 

a[j [h^ jligin_ al__h mshnb_mcm qcnb ^cff_l_hn icf 

m[gjf_m ch nb_ `onol_. Tbcm mno^s qcff b_fj ni _hb[h]_ nb_ 

_]ihigc] [h^ jb[lg[]ifiac][f mcahc`c][h]_ i` p[lciom icfm 

ch nb_ l_[fg i` h[hig_^c]ch_. Tb_ jlcg[ls i\d_]ncp_ i` 

nbcm mno^s cm ni bcabfcabn nb_ [jjfc][ncihm i` P. granatum 

m__^ icf ch mshnb_mctcha CiNPm nblioab nb_ al__h mshnb_mcm 

[jjli[]b, qbcf_ [mm_mmcha cnm jb[lg[]ifiac][f _ffc]c_h]s ch 

n_lgm i` [hncgc]li\c[f [h^ [hnc][h]_l mno^c_m.  

 

M[t_rc[fs [h^ M_tbi^s 

1. S[gjf_ ]iff_]tcih:  

Pol_ jig_al[h[n_ m__^ icf q[m jol]b[m_^ `lig ICAR-
NRCP (Ih^c[h Cioh]cf i` Aalc]ofnol[f R_m_[l]b- N[ncih[f 
R_m_[l]b C_hnl_ ih Pig_al[h[n_), Sif[jol, M[b[l[mbnl[, 
Ih^c[. Tb_ ]if^-jl_mm_^ _rnl[]ncih g_nbi^ q[m om_^ ni 
_rnl[]n nb_ jig_al[h[n_ m__^ icf. 

2. Sample preparation for Gas Chromatography-Mass 
Sj_]trig_try: 

S[gjf_m `il GC-MS [h[fsmcm q_l_ jl_j[l_^ omcha jol_ 
jig_al[h[n_ m__^ icf [h^ gi^c`c_^ g_nbsf[ncih g_nbi^. 
Ti jl_j[l_ nb_ m[gjf_, 0.5 gL i` jol_ jig_al[h[n_ m__^ 
icf q[m n[e_h ch [ n_mn no\_. Tb_h, 1 gL i` g_nbsf[ncih 
mifoncih ([]_nsf ]bfilc^_ [h^ g_nb[hif ch [ 1:20 l[nci) q[m 
[^^_^. Tb_ n_mn no\_ q[m ]ip_l_^ qcnb j[l[ffch [h^ 
[fogchog `icf [h^ jf[]_^ ch [ \icfcha \[nb `il 5-10 gch. 
Aft_l nb_ mifoncih ]iif_^ ^iqh, 2 gL i` ^io\f_ ^cmncff_^ 
q[n_l [h^ 1 gL i` b_r[h_ q_l_ [^^_^. Tb_ mifoncih q[m 
gcr_^ omcha [ piln_r [h^ nb_ nij f[s_l i` nb_ m[gjf_ q[m 
]iff_]n_^ [h^ m_hn `il GC-MS [h[fsmcm. Tb_ jl_j[l_^ 
m[gjf_ q[m mo\d_]n_^ ni GC-MS omcha nb_ SHIMADZU, 
J[j[hGCMS-QP2010SE chmnlog_hn. H_fcog a[m q[m om_^ 
[m nb_ ][llc_l a[m. Tb_ l_]_cp_^ gif_]of[l mj_]nlog \[h^ 
q[m ]igj[l_^ qcnb nb_ NIST fc\l[ls ^[n[\[m_ ni c^_hnc`s 
[]ncp_ g_n[\ifcn_m (23).  

3. Synthesis of cobalt nanoparticle:  

Pig_al[h[n_ m__^ icf (5% v/v) q[m om_^ [m [ l_^o]cha 
[a_hn qbcf_ [ ]i\[fniom ]bfilc^_ (]ih]_hnl[ncih- 0.1 M) 
mifoncih q[m om_^ [m [ jl_]olmil [a_hn ch nb_ al__h 
mshnb_mcm. Pifs_nbsf_h_ afs]if (PEG) q[m om_^ [m [ 
mn_[^scha [a_hn. Tb_ ]igjf_n_ gcrnol_ q[m mncll_^ 
]ihmn[hnfs [n [ n_gj_l[nol_ i` 45 °C `il 1 b. Aft_l 1 b i` 
l_[]ncih, nb_ mifoncih q[m ]_hnlc`oa_^ [n 10000 ljg `il 10 
gch. Oh_ q[mb qcnb []_nih_ [h^ 2 q[mb_m qcnb _nb[hif 
q_l_ j_l`ilg_^ ni l_gip_ ohq[hn_^ l_gh[hnm `lig nb_ 
mifoncih. Aft_l q[mbcha, nb_ l_g[chcha j[lnc]f_m q_l_ 
]iff_]n_^ ch [ af[mm j_nlc-jf[n_ [h^ ^lc_^ [n 100 °C ch [ bin 
[cl ip_h ni i\n[ch ]i\[fn j[lnc]f_m. Tb_ ^lc_^ j[lnc]f_m q_l_ 
^cmmifp_^ ch 10-15 gL ^io\f_ ^cmncff_^ q[n_l [h^ `cfn_l_^ 
omcha [ 0.5 µg jil_ mct_ mslcha_ `cfn_l. Tb_ `cfnl[n_ q[m 
q[mb_^ qcnb _nb[hif 2 ncg_m [h^ nb_h ]_hnlc`oa_^ [n 
10000 ljg `il 8 gch. Tb_ `ch[f j[lnc]f_m q_l_ ^lc_^ [n 100 °
C ip_lhcabn ch [ bin [cl ip_h, l_mofncha ch jolc`c_^ ]i\[fn 
j[lnc]f_m.   

4. Characterization of cobalt nanoparticle:  

Tb_ mshnb_mct_^ j[lnc]f_m q_l_ ]b[l[]n_lct_^ omcha UV-
mj_]nlim]ijs, X-l[s ^cffl[]ncih (XRD), Fc_f^ Egcmmcih 
S][hhcha Ef_]nlih Mc]lim]ijs (FE SEM), Dsh[gc] Lcabn 
S][nn_lcha (DLS) [h^ Fiolc_l Tl[hm`ilg Ih`l[l_^ 
Sj_]nlim]ijs (FTIR). UV mj_]nlim]ijs q[m j_l`ilg_^ 
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omcha nb_ SHIMADZU UV-1800 gi^_f qcnb [ l[ha_ i` 190 
hg ni 1100 hg. X-l[s ^cffl[]ncih j[nn_lhm q_l_ i\n[ch_^ 
omcha nb_ RIGAKU gchc`f_r 600 XRD chmnlog_hn (jiq_l- 
600W, J[j[h).  Dsh[gc] Lcabn S][nn_lcha g_[mol_g_hnm 
q_l_ j_l`ilg_^ omcha nb_ Z_n[mct_l ZEN 3600 chmnlog_hn 
`lig M[fp_lh, G_lg[hs. Tbcm chmnlog_hn ][h g_[mol_ 
j[lnc]f_m momj_h^_^ ch [ fckoc^ g_^cog l[hacha `lig 0.3 
hg ni 10.0 µg. Fiolc_l-Tl[hm`ilg Ih`l[l_^ Sj_]nlim]ijs  
[h[fsmcm i` nb_ h[hij[lnc]f_m q[m ]ih^o]n_^ omcha nb_ 
SHIMADZU FTIR mj_]nlig_n_l (J[j[h) [h^ mj_]nl[ \[h^ 
q_l_ g_[mol_^ `lig 4000 ni 500 ]g-1. Fil S][hhcha 
Ef_]nlih Mc]lim]ijs q[m j_l`ilg_^ omcha nb_ Ajl_i 2S 
gi^_f `lig Tb_lgi S]c_hnc`c].    

4.1. Ahtcgc]ri\c[f []tcvcty i` ]i\[ft h[hij[rtc]f_s: 

Ahtc\[]t_rc[f []tcvcty: Tb_ [a[l-q_ff ^cffomcih n_]bhcko_ 
q[m om_^ ni n_mn nb_ [hnc\[]n_lc[f []ncpcns i` nb_ al__h 
mshnb_mct_^ h[hij[lnc]f_m. In vitro, nb_ [hnc\[]n_lc[f 
[]ncpcns i` CiONPm q[m n_mn_^ omcha 5 ^cff_l_hn \[]n_lc[f 
mnl[chm: Escherichia coli (ATCC 10536), Staphylococcus 
aureus (ATCC 25923), Klebsiella pneumoniae (ATCC 2146-
01060P), Pseudomonas aeruginosa (ATCC 27853) [h^ 
Bacillus subtilis (ATCC 6633). Cbfil[gjb_hc]if q[m om_^ [m 
[ mn[h^[l^ [hnc\cinc] ni ^_n_lgch_ nb_ [hnc\[]n_lc[f 
[]ncpcns. A mni]e mifoncih i` ]bfili[gjb_hc]if qcnb nb_ 
]ih]_hnl[ncih i` 10 ga/gL q[m jl_j[l_^ [h^ [ qilecha 
mifoncih i` 1 ga/0.1 gL q[m om_^. Dcff_l_hn ]ih]_hnl[ncihm 
i` al__h mshnb_mct_^ h[hij[lnc]f_m (20, 40, 60, 80 [h^ 100 
µa/gL) q_l_ om_^. Tb_ [hnc\[]n_lc[f []ncpcns q[m 
g_[mol_^ \s ^_n_lgchcha nb_ tih_ i` chbc\cncih ch 
gcffcg_n_lm (gg) (24, 25). Tb_ l_mofnm i\n[ch_^ `lig 
[hnc\[]n_lc[f mno^c_m q_l_ [h[fst_^ [h^ mn[h^[l^ 
^_pc[ncih [h^ mn[h^[l^ _llil q_l_ ][f]of[n_^. Tb_ 
p[lc[ncih ch nb_ p[fo_m cm g_hncih_^ ch T[\f_ 2. 

Ahtc`uha[f []tcvcty: Tb_ [a[l-q_ff ^cffomcih n_]bhcko_ q[m 
om_^ ni j_l`ilg nb_ [hnc`oha[f []ncpcns i` nb_ al__h 
mshnb_mct_^ h[hij[lnc]f_. Fcp_ ^cff_l_hn `oha[f mnl[chm 
\_fihacha ni nb_ a_hom Candida q_l_ om_^: Candida 
tropicalis (ATCC 10231), Candida glabrata (MTCC3019), 
Candida parapsilosis (ATCC 22019), Candida albicans 
(ATCC90028) [h^ Candida krusei (ATCC 14243). Dcff_l_hn 
]ih]_hnl[ncihm i` al__h mshnb_mct_^ h[hij[lnc]f_m (20, 40, 
60, 80 [h^ 100 µa/gL) q_l_ om_^. Ffo]ih[tif_ q[m om_^ [m 
[ qilecha mifoncih qcnb [ ]ih]_hnl[ncih i` 1 ga/0.1 gL 

jl_j[l_^ `lig [ mni]e mifoncih i` 10 ga/gL. Tb_ 
chbc\cncih tih_ q[m g_[mol_^ ch gcffcg_n_lm (gg) ni 
^_n_lgch_ nb_ [hnc`oha[f []ncpcns (25, 26). Tb_ l_mofnm 
i\n[ch_^ `lig [hnc`oha[f mno^c_m q_l_ [h[fst_^ [h^ 
mn[h^[l^ ^_pc[ncih [h^ mn[h^[l^ _llil q_l_ ][f]of[n_^. 
Tb_ p[lc[ncih ch nb_ p[fo_m cm g_hncih_^ ch T[\f_ 3. 

4.2. In vitro tixc]cty i` ]i\[ft h[hij[rtc]f_s: 

Tb_ ]sninirc]cns i` CiNPm q[m ^_n_lgch_ omcha nb_ in vitro 
MTT [mm[s. Tb_ L929 ]_ff fch_ (mech _jcnb_fc[f ]_ffm/ hih-
][h]_l ]_ffm) [h^ nb_ MCF-7 ]_ff fch_ (\l_[mn ]_ffm/ ][h]_l 
]_ffm) q_l_ oncfct_^ `il nb_ MTT [mm[s. Nih-][h]_liom ]_ffm 
[h^ ][h]_liom ]_ffm q_l_ om_^ [m l_`_l_h]_m `il [hnc][h]_l 
mno^c_m l_mj_]ncp_fs. Sn[h^[l^ ]ofnol_ n_]bhcko_m q_l_ 
om_^ [n 37 iC, ch [ CO2 _hpclihg_hn [h^ l_gip_^ qb_h 
80% ]ih`fo_h]_ q[m i\n[ch_^ `il nb_ aliqnb [h^ ]ofnol_ 
i` ]_ff fch_m. Tb_ ]_ffm q_l_ nb_h nl_[n_^ qcnb p[lciom 
]ih]_hnl[ncihm (0-100 µM m_lc[f nqi-`if^ ^cfoncihm) i` 
al__h mshnb_mct_^ CiNPm [h^ ch]o\[n_^ [a[ch. Aft_l 24 b 
i` ch]o\[ncih, ]_ffm q_l_ nl_[n_^ qcnb 3-*4, 5- 
^cg_nbsfnbc[tif-2-sf+-2, 5-^cjb_hsf n_nl[tifcog \ligc^_ 
mn[ch (MTT). Tb_m_ jf[n_m q_l_ ch]o\[n_^ `il 5 b [n 37 iC ch 
[ 5% CO2 [ngimjb_l_. Tb_ moj_lh[n[hn q[m l_gip_^ [h^ 
100 µa/gL i` ^cg_nbsf mof`irc^_ q[m [^^_^. UV- Vcmc\f_ 
mj_]nlig_nls q[m om_^ ni g_[mol_ nb_ ]ifil ]b[ha_ 
[\mil\[h]_ [n q[p_f_hanb i` 590 hg. Tb_ pc[\cfcns i` 
]ihnlif [h^ nl_[n_^ ]_ffm q[m ][f]of[n_^ omcha [\mil\[h]_ 
p[fo_ (27, 28). 

 

R_sufts [h^ Dcs]usscih 

1. Ah[fyscs i` []tcv_ g_t[\ifct_s ch s__^ icf: 

GC-MS q[m ^ih_ ni [h[fst_ nb_ []ncp_ g_n[\ifcn_m 
jl_m_hn ch P. granatum m__^ icf. Tb_ a[m ]blig[nial[jbs 
j[nn_lh i` P. granatum m__^ icf cm mbiqh ch Fca. 1. Khiqh 
g_n[\ifcn_m q_l_ c^_hnc`c_^ \s [h[fstcha nb_ m_j[l[n_ 
j_[em. F[nns []c^m q_l_ nb_ g[dil alioj i` []ncp_ 
g_n[\ifcn_m [h[fst_^ ch [\oh^[h]_. P[fgcnc] []c^, mn_[lc] 
[]c^, j_hn[^_][hic] []c^, fchif_c] []c^, [t_f[c] []c^, 
mko[f_h_, 2,4-Dc-n_ln-\onsfjb_hif [h^ ]ihdoa[n_^ fchif_c] 
[]c^m q_l_ i\n[ch_^ ch jig_al[h[n_ m__^ icf. Tb_m_ 
[]ncp_ g_n[\ifcn_m qile [m [hncgc]li\c[f [h^ [hncirc^[hn 
[a_hnm ch nb_ icf. Tb_ fcmn i` []ncp_ g_n[\ifcn_m cm acp_h ch 
T[\f_ 1. 

Fca. 1. GC-MS [h[fsmcm i` Punica granatum m__^ icf.  

https://paperpile.com/c/mMmdNb/az8r
https://paperpile.com/c/mMmdNb/KnwQ
https://paperpile.com/c/mMmdNb/KnwQ
https://paperpile.com/c/mMmdNb/bjZO
https://paperpile.com/c/mMmdNb/pqic
https://paperpile.com/c/mMmdNb/wEFD
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Sf. 
Ni. 

N[g_ i` A]tcv_ M_t[\ifct_s R_t_htcih tcg_ Ar_[ % Mif_]uf[r w_cabt 
(a/gif) 

Mif_]uf[r stru]tur_ 

1 Nih[h_^cic] []c^ 13.675 0.70 188.22 

 

2 2,4-Dc-n_ln-\onsfjb_hif 13.739 2.43 206.32 

 

3 H_r[^_][h_ 20.035 0.79 226.44 

 

4 
P[fgcnc] []c^ (H_r[^_][hic] 

[]c^) 17.798 7.91 256.42 

 

5 P_hn[^_][hic] []c^ 18.611 0.23 242.4 

 

6 H_jn[^_][hic] []c^ (M[la[lc] 
[]c^) 

18.611 0.23 270.5 

 

7 
9,11-O]n[^_][^c_hic] []c^ 

(Cihdoa[n_^ Lchif_c] []c^) 19.131 9.35 280.4 

 

8 Sn_[lc] []c^ 19.294 3.14 284.5 

 

9 H_h_c]im[h_ 22.649 0.51 296.6 

 

10 1,2-B_ht_h_^c][l\irsfc] []c^ 21.901 0.63 390 

 

11 Sko[f_h_ 23.852 17.32 410.7 

 

12 Ec]im[h_ 18.349 0.79 282.5 

 

13 a[gg[-Scnimn_lif 34.416 8.40 414.7 

 

14 P_hn[]im[h_ 22.649 0.51 352.7 

 

15 \_n[-Ti]ijb_lif 27.846 22.33 416.7 

 

 

T[\f_ 1. Lcmn i` []ncp_ g_n[\ifcn_m jl_m_hn in Punica granatum L. m__^ icf 

https://plantsciencetoday.online


5 

Pf[hn S]c_h]_ Ti^[s, ISSN 2348-1900 (ihfch_) 

2. Synthesis of cobalt nanoparticle:   

Tb_ l_[]ncih gcrnol_ q[m jl_j[l_^ qcnb 5% (5 gL) 
jig_al[h[n_ m__^ icf, 2% PEG (2 gL i` Pifs_nbsf_h_ 
afs]if), [h^ 93 gL i` Ci\[fn Cbfilc^_ (CiCf2) 0.1 M 
mifoncih. Tb_ gcrnol_ q[m e_jn [n 600 ljg ch [ g[ah_nc] 
mncll_l `il 1 b [n [ n_gj_l[nol_ i` 45 °C. Tb_ ]igjf_ncih i` 
nb_ l_[]ncih gcrnol_ q[m ch^c][n_^ \s [ ]ifil ]b[ha_ ch 
nb_ gcrnol_. Am mbiqh ch Fca. 2, nb_ chcnc[f ]ifil i` nb_ 
l_[]ncih gcrnol_ q[m ^[le \focmb al__h qbcf_ nb_ _h^ ]ifil 
q[m fcabn al__h. Tb_ al__h gcrnol_ q[m ]_hnlc`oa_^ [n 
10000 ljg `il 10 gch. Tb_ l_mofncha j_ff_nm q_l_ q[mb_^ 
qcnb []_nih_ [h^ _nb[hif nqc]_. Tb_ ]igjf_n_fs ^lc_^ 
]i\[fn j[lnc]f_m q_l_ ch [ al__h jiq^_ls `ilg sc_f^cha 
30%. Tb_m_ ]i\[fn j[lnc]f_m q_l_ ^cmmifp_^ ch ^cmncff_^ 
q[n_l ni j_l`ilg UV-pcmc\f_ mj_]nlijbinig_nls [h[fsmcm. 
Tb_ [\mil\[h]_ i` nb_ UV-pcmc\f_ mj_]nlog i` ]i\[fn 
j[lnc]f_m [h^ jl_]olmil m[fn ]i\[fn ]bfilc^_ cm mbiqh ch nb_ 
acp_h Fca. 2. Tb_ i\m_lp_^ f[g\^[ g[r (λg[r) p[fo_ `il 
]i\[fn j[lnc]f_m [h^ jl_]olmil m[fn q_l_ 279.88 hg [h^ 510 
hg l_mj_]ncp_fs. Tbcm ]ih`clgm nb[n ]i\[fn ]bfilc^_ 
j[lnc]f_m q_l_ l_^o]_^ ^olcha nb_ mshnb_mcm i` CiNPm. Tb_ 
l_mofn[hn jli^o]n mbiq_^ [ ^cff_l_hn mol`[]_ jf[mgih 

l_mih[h]_ nb[h nb_ jl_]olmil m[fn, ch^c][ncha mo]]_mm`of 
mshnb_mcm i` ]i\[fn h[hij[lnc]f_m nblioab nb_ al__h 
mshnb_mcm g_nbi^ qcnb nb_ l_^o]ncih i` ]i\[fn m[fn. 

3. Characterization of cobalt nanoparticle: 

3.1. Dynamic Light Scattering:  

Tb_ [p_l[a_ j[lnc]f_ mct_ i` nb_ mshnb_mct_^ ]i\[fn 
j[lnc]f_m q[m [h[fst_^ omcha ^sh[gc] fcabn m][nn_lcha ni 
[h[fst_ nb_ ch^cpc^o[f j[lnc]f_ mct_. Dcff_l_hn nlc[f [h^ _llil 
g_nbi^m q_l_ j_l`ilg_^ ni ijncgct_ nb_ l_[]ncih 
]ih^cncihm, ch]fo^cha nb_ ]ih]_hnl[ncih i` icf (3%, 5%, 7%) 
[h^ n_gj_l[nol_ (30, 35 [h^ 45 °C). A l_[]ncih [n 30 °C qcnb 
^cff_l_hn ]ih]_hnl[ncihm i` jig_al[h[n_ m__^ icf mbiq_^ 
gil_ [aafonch[ncih qb_l_[m ch]l_[m_ ch n_gj_l[nol_ ni 35 
°C l_^o]_^ nb_ [aafonch[ncih qcnb [h [p_l[a_ j[lnc]f_ mct_ 
i` 189 hg. An [ ]ih]_hnl[ncih i` 5% icf [h^ [ n_gj_l[nol_ 
i` 45 °C, nb_ [p_l[a_ j[lnc]f_ mct_ i` ]i\[fn j[lnc]f_m q[m 
129.6 hg, [m mbiqh ch Fca. 3. Am nbcm cm [ al__h mshnb_mcm, 
ijncgct[ncih i` l_[]ncih ]ih^cncihm ][hhin \_ j_l`ilg_^ 
[\ip_ 50 °C. Tb_ j[lnc]f_ mct_ ch p[lciom ]ih^cncihm q[m ch 
nb_ h[hi-m][f_ l[ha_, [m [h[fst_^ \s DLS, ]ih`clgcha nb[n 
nb_ mshnb_mct_^ ]i\[fn j[lnc]f_m q_l_ h[hij[lnc]f_m. 

Fca. 2. A) Ihcnc[f ]ifiol i` l_[]ncih gcrnol_ B) Eh^ ]ifiol i` l_[]ncih gcrnol_ C) UV-pcmc\f_ mj_]nlog `il CiNPm mbiqm j_[e 279.8 hg [h^ 510 hg `il jl_]olmil m[fn 
mifoncih.  
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3.2. X-r[y ^cffr[]tcih [h[fyscs: 

X-l[s ^cffl[]ncih [h[fsmcm q[m j_l`ilg_^ ih nb_ al__h 
mshnb_mct_^ ]i\[fn h[hij[lnc]f_m (CiNPm) ni i\m_lp_ nb_ 
^cff_l_hn XRD j[nn_lhm. Tb_ al[jbc][f j[nn_lh i` 
mshnb_mct_^ CiNPm cm mbiqh ch Fca. 4. Tb_ mcahc`c][hn 2 
nb_n[ j_[e p[fo_m; 20.0, 37.08, 62.8 74.2 q_l_ ]igj[l_^ 
qcnb jl_pciomfs mno^c_^ ]i\[fn j[lnc]f_ j[nn_lhm, qbc]b 
g[n]b_^ qcnb ]i\[fn irc^_ j_[em [m l_jiln_^ \s (29). XRD 
j[nn_lhm ]ih`clg_^ nb[n nb_ al__h mshnb_mct_^ CiNPm [l_ 
]i\[fn irc^_ h[hij[lnc]f_m (CiONPm).       

 

3.3. Field emission scanning electron microscopy: 

CiONPm q_l_ `olnb_l [h[fst_^ omcha i` [ `c_f^ _gcmmcih 
m][hhcha _f_]nlih gc]lim]ij_ ni mno^s nb_cl n_rnol_ [h^ 
giljbifias. Tb_ mshnb_mct_^ CiONPm q_l_ `ioh^ ni b[p_ 
[ mjb_lic^[f mb[j_ qcnb [ mgiinb n_rnol_ [h^ oh_p_h 
^cmnlc\oncih, [m mbiqh ch Fca. 5. Tb_ mct_ i` _[]b 
h[hij[lnc]f_ q[m \_fiq 100 hg.  

 

Fca. 3. Dsh[gc] fcabn m][nn_lcha [h[fsmcm i` CiONPm. 

Fca. 4. XRD [h[fsmcm i` ]i\[fn irc^_ h[hij[lnc]f_m. 

https://plantsciencetoday.online
https://paperpile.com/c/mMmdNb/UKIt


7 

Pf[hn S]c_h]_ Ti^[s, ISSN 2348-1900 (ihfch_) 

3.4. Fiurc_r Tr[hs`irg Ih`r[r_^ Sj_]tris]ijy:  

FTIR q[m j_l`ilg_^ ni [h[fst_ nb_ ^cff_l_hn `oh]ncih[f 
aliojm jl_m_hn ch nb_ al__h mshnb_mct_^ CiONPm. 
Foh]ncih[f aliojm mo]b [m g_n[f ][l\ihsf [h^ [fesf q_l_ 
`ioh^ [n q[p_f_hanbm i` 2100-1930 ]g-1 [h^ 2975-2855 ]g-

1 l_mj_]ncp_fs. Tb_ al[jb `il ^cff_l_hn `oh]ncih[f aliojm 
jl_m_hn ch nb_ CiONPm cm mbiqh ch Fca. 6. 

4.Pb[rg[]ifiac][f [jjfc][tcihs i` ]i\[ft ixc^_ 
h[hij[rtc]f_s:  

4.1. Antimicrobial activity of cobalt oxide nanoparticle: 

Tb_ [hnc\[]n_lc[f [h^ [hnc`oha[f []ncpcnc_m i` CiONPm q_l_ 
mno^c_^ in vitro omcha nb_ [a[l q_ff ^cffomcih n_]bhcko_ 
[a[chmn ^cff_l_hn j[nbia_hc] \[]n_lc[ [h^ `ohac. Gl__h 
mshnb_mct_^ CiONPm mbiq_^ mcahc`c][hn []ncpcns [a[chmn 

Fca. 5. Fc_f^ _gcmmcih m][hhcha _f_]nlih gc]lim]ij_ [h[fsmcm i` CiNPm A) 400 hg B) 50 hg. 

Fca. 6. Gl[jbc][f l_jl_m_hn[ncih i` ^cff_l_hn `oh]ncih[f aliojm jl_m_hn ch CiONPm.  
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Pseudomonas aeruginosa [h^ Bacillus subtilis qcnb nb_ 
bcab_mn chbc\cncih tih_ i` 27 gg [n ]ih]_hnl[ncih i` 100 
µa/gL. Tb_s [fmi mbiq_^ []ncpcns [a[chmn Staphylococcus 
aureus, Klebsiella pneumoniae [h^ Escherichia coli mbiqh 
ch T[\f_ 2 [h^ Fca. 7. Aa[chmn 5 ^cff_l_hn j[nbia_hc] `ohac 
\_fihacha ni nb_ a_hom Candida. CiONPm mbiq_^ nb_ 

bcab_mn [hn[aihcmg [a[chmn Candida albicans [h^ Candida 
krusei qcnb tih_m i` chbc\cncih i` 16 gg [h^ 18 gg [n [ 
]ih]_hnl[ncih i` 100 µa/gL. Tb_s [fmi mbiq_^ []ncpcns 
[a[chmn Candida tropicalis, Candida glabrata [h^ Candida 
parapsilosis[m mbiqh ch T[\f_ 3 [h^ Fca. 7.  

Fca. 7. Ahncgc]li\c[f []ncpcns i` CiONPm omcha nb_ q_ff-^cffomcih g_nbi^ [a[chmn A) Pseudomonas aeruginosa B) Bacillus subtilis C) Candida albicans D) Candida 
krusei. 

Sf. Ni. B[]t_rc[f Str[chs 

Cihtrif Zih_ i` ]f_[r[h]_ `ir ^cff_r_ht ]ih]_htr[tcihs (gg) 

Cbfir[gjb_hc]if Zih_ i` 
]f_[r[h]_ ch (gg) 

Cih]_htr[tcih f_v_f (µa/gf) 

20 40 60 80 100 

1 Escherichia coli 32 ± 0.8 14 ± 1.2 15 ± 0.86 16 ± 1.45 18 ± 1.20 21 ± 1.45 

2 Staphylococcus aureus 26 ± 0.6 18 ± 0.89 19 ± 1.93 20 ± 0.88 22 ± 0.88 24 ± 1.97 

3 Klebsiella pneumoniae 35 ± 0.8 17 ±1.15 18 ± 1.15 20 ± 1.20 21 ± 1.45 22 ± 1.20 

4 Pseudomonas aeruginosa 33 ± 0.3 22 ± 1.52 23 ± 1.44 24 ± 0.88 25 ± 1.76 27 ± 0.88 

5 Bacillus subtilis 34 ± 0.8 22 ± 1.45 23 ± 1.73 24 ± 0.57 25 ± 1.52 27 ± 1.15 

T[\f_ 2. Ahnc\[]n_lc[f []ncpcns i` CiONPm [a[chmn ^cff_l_hn \[]n_lc[ 

Tb_ [\ip_ g_hncih_^ ^[n[ cm nb_ g_[h i` nlcjfc][n_ p[fo_m [h^ nb_ mn[h^[l^ ^_pc[ncih cm g_hncih_^ qcnb ± msg\if 

https://plantsciencetoday.online
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4.2. In vitro toxicity of CoONPs: 

MTT [mm[s q[m j_l`ilg_^ [n ^cff_l_hn ]ih]_hnl[ncihm (10-
100 µa/gL) `il \inb ][h]_liom [h^ hih-][h]_liom ]_ffm. 
Tb_ giljbifiac][f l_mofnm i` ]ihnlif [h^ nl_[n_^ ]_ffm `il 
\inb ]_ffm nsj_m [l_ mbiqh ch Fca. 8. Tb_ IC50 p[fo_ i` L929 
hih-][h]_liom ]_ff fch_ q[m `ioh^ ni \_ gil_ nb[h 100 µa/
gL qbcf_ nb_ ][h]_liom ]_ff MCF-7 mbiq_^ [h IC50 p[fo_ i` 

57.85 ± 0.10 µa/gL. Ih L929, [n nb_ bcab_mn ]ih]_hnl[ncih i` 
100 µa/gL, ]_ff pc[\cfcns q[m 96% qbcf_ ch MCF-7 
(][h]_liom ]_ff fch_), ]_ff pc[\cfcns q[m ihfs 4%. Tbcm 
]igj[l[ncp_ mno^s mnlihafs ]ih]fo^_m nb[n al__h 
mshnb_mct_^ CiONPm mbiq bcab ]sninirc]cns [a[chmn MCF-7 
][h]_liom ]_ff fch_m [h^ ][h []n [m [ jin_hnc[f [hnc-][h]_l 
[a_hn ch jb[lg[]ifias (Fca. 9).  

Sf. Ni. Fuha[f Str[chs 

Cihtrif 
Zih_ i` ]f_[r[h]_ `ir ^cff_r_ht ]ih]_htr[tcihs (gg) 

  

Ffu][hizif_ 
Zih_ i` 

]f_[r[h]_ ch 
(gg) 

Cih]_htr[tcih f_v_f (µa/gf) 
  

20 40 60 80 100 

1 
Candida tropicalis 

  
32 ± 1.15 12 ± 0.88 12 ± 1.15 15 ± 1.2 14 ± 1.20 16 ± 1.2 

2 
Candida glabrata 

  
31 ± 1.85 10 ± 1.2 10 ± 1.45 12 ± 1.73 13 ± 1.52 14 ± 1.83 

3 
Candida parapsilosis 

  
34 ± 1.52 0 0 0 13 ± 1.20 14 ± 1.76 

4 
Candida albicans 

  
26 ± 1.45 12 ± 1.45 12 ± 1.08 14 ± 1.45 15 ± 1.45 16 ± 1.45 

5 
Candida krusei 

  
32 ± 1.15 13 ± 1.20 13 ± 1.34 15 ± 1.52 16 ± 1.13 18 ± 1.17 

T[\f_ 3. Ahnc`oha[f []ncpcns i` CiONPm [a[chmn ^cff_l_hn `ohac 

Tb_ [\ip_ g_hncih_^ ^[n[ cm nb_ g_[h i` nlcjfc][n_ p[fo_m [h^ nb_ mn[h^[l^ ^_pc[ncih cm g_hncih_^ qcnb ± msg\if. 

Fca. 8. Miljbifias i` MCF-7 [h^ L929 ]_ffm nl_[n_^ qcnb CiONPm. 
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Dcs]usscih 

Tbcm mno^s l_jilnm nb_ al__h mshnb_mcm i` ]i\[fn irc^_ 

h[hij[lnc]f_m (CiONPm) `lig P. granatum m__^ icf. Tb_ icf 

jf[s_^ [h cgjiln[hn lif_ [m [ l_^o]cha [a_hn ch nbcm al__h 

mshnb_mcm. Am ^cm]omm_^ _[lfc_l, jig_al[h[n_ m__^ _rnl[]n 

cm [h [^_ko[n_ miol]_ i` [hncirc^[hn [h^ [hncgc]li\c[f 

[a_hnm (16). Tbcm mno^s [cgm ni [mm_mm nb_ _ffc]c_h]s i` 

jig_al[h[n_ m__^ icf ch jb[lg[]ifiac][f jlij_lnc_m mo]b 

[m [hncgc]li\c[f [h^ [hnc][h]_l _ff_]nm [h^ ni jlipc^_ 

]igg_l]c[f [h^ jb[lg[]ifiac][f p[fo_ \_sih^ cnm _^c\f_ 

joljim_. Scgcf[lfs, nbcm mno^s _rjfil_m nb_ ijjilnohcnc_m 

`il nb_ mshnb_mcm i` p[lciom \ci[]ncp_ h[hij[lnc]f_m fce_ 

clih, aif^, mcfp_l, tch] [h^ ]ijj_l `lig icf. Tb_ al__h 

mshnb_mct_^ CiONPm _rbc\cn_^ mgiinb n_rnol_, oh_p_h ch 

hog\_l [h^ mjb_lic^[f-mb[j_^ giljbifias oh^_l 

m][hhcha _f_]nlih gc]lim]ij_ (SEM). Tb_ [p_l[a_ mct_ i` 

nb_ al__h mshnb_mct_^ CiONPm cm 129.6 hg qbc]b `[ffm 

qcnbch nb_ l[ha_ i` ]igg_l]c[ffs [p[cf[\f_ CiNPm 90 hg ni 

200 hg (30). Ci\[fn cm hin [ qc^_fs _rjfil_^ _f_g_hn ch 

al__h mshnb_mcm ^o_ ni cnm mct_-l_^o]cha h[nol_. In cm 

^cffc]ofn ni l_^o]_ nb_ mct_ i` al__h mshnb_mct_^ ]i\[fn 

_f_g_hnm ih nb_ h[hi-m][f_. Hiq_p_l, [ `_q _rj_lcg_hn[f 

mno^c_m b[p_ mbiqh nb[n ]i\[fn h[hij[lnc]f_m ][h b_fj 

l_^o]_ bs^lirsf jlifch_, qioh^ ]ihnl[]nol_, b_rolihc] 

[]c^, `c\li]sn_ [h^ b_rim[gch_ ch l[nm [h^ ][h \_ oncfct_^ 

[m [ ]on[h_iom qioh^ b_[fcha [a_hn (31). Tb_ 

[hncgc]li\c[f q_ff-^cffomcih mno^s jlip_^ nb[n al__h 

mshnb_mct_^ CiONPm [l_ jin_hn [hnc\[]n_lc[f [h^ 

[hnc`oha[f [a_hnm [a[chmn ^cff_l_hn j[nbia_hc] gc]li-

ila[hcmgm [h^ ][h jl_p_hn ]iggih ch`_]ncihm [h^ 

][h^c^c[mcm ch bog[hm. A^^cncih[ffs, nb_m_ CiONPm 

mbiq_^ \_h_`c]c[f _ff_]nm ih in vitro nirc]cns ch ][h]_l 

mno^c_m [a[chmn \l_[mn ][h]_l (MCF-7) ]_ffm qcnbion [hs 

b[lg`of _ff_]nm. 

 Pl_pciomfs l_jiln_^ mno^c_m b[p_ mnlihafs jlip_h 

nb[n ]i\[fn h[hij[lnc]f_m b[p_ [ \_h_`c]c[f jlimj_]n ch 

jb[lg[]_onc][f ch^omnlc_m ^o_ ni nb_cl p[lciom 

jb[lg[]ifiac][f [jjfc][ncihm. Sshnb_mcm mno^c_m i` 

^cff_l_hn h[hij[lnc]f_m fce_ clih, mcfp_l, aif^ [h^ ]ijj_l 

b[p_ \__h l_jiln_^ `lig ^cff_l_hn j[lnm i` jig_al[h[n_ 

(f_[p_m, `locn j__f, doc]_ [h^ m__^) qbc]b [l_ \inb 

jb[lg[]ifiac][ffs [h^ _]ihigc][ffs cgjiln[hn. Fil 

_r[gjf_, tcl]ihcog h[hij[lnc]f_m mshnb_mct_^ \s 

jig_al[h[n_ j__f _rnl[]n b[p_ mbiqh jin_hnc[f [m 

[hncgc]li\c[f [h^ [hncirc^[hn [a_hnm (32). Tb_ `f_mbs 

j_lc][lj i` nb_ jig_al[h[n_ `locn b[m \__h om_^ `il nb_ 

mshnb_mcm i` mcfp_l h[hij[lnc]f_m qbc]b b[p_ mbiqh `ch_ 

jb[lg[]ifiac][f [h^ \ci]igj[nc\cfcns jin_hnc[f (28). 

A^^cncih[ffs, mcfp_l h[hij[lnc]f_m mshnb_mct_^ omcha 

jig_al[h[n_ j__f _rnl[]n b[p_ ^_gihmnl[n_^ aii^ 

[hncgc]li\c[f []ncpcns [a[chmn ^cff_l_hn gc]li-ila[hcmgm 

(33). Zch] h[hij[lnc]f_m mshnb_mct_^ omcha jig_al[h[n_ 

j__f _rnl[]n b[p_ mbiqh aii^ ]sninirc]cns [h^ 

[hnc\[]n_lc[f []ncpcns [hn[aihcmn ni ]ifih ][h]_l (HCT116) 

]_ffm [h^ p[lciom al[g-h_a[ncp_ [h^ al[g-jimcncp_ 

\[]n_lc[ l_mj_]ncp_fs (34). Hiq_p_l, nb_l_ [l_ hin go]b 

`ch^cham l_f[n_^ ni m__^ icf h[hij[lnc]f_ mshnb_mcm. 

S_f_hcog h[hij[lnc]f_m mshnb_mct_^ omcha jig_al[h[n_ 

j__f _rnl[]n b[p_ mbiqh aii^ [hnc][h]_l []ncpcns [a[chmn 

Ma63 [h^ MCF7 ]_ff fch_m (35). Gif^ h[hij[lnc]f_m (AoNPm) 

mshnb_mct_^ omcha P. granatum m__^ icf qb_l_ f[m_l 

[nnlcncih q[m om_^ `il mn[\cfct[ncih, b[p_ mbiqh aii^ 

miol]_ i` [hncirc^[hn [h^ [hnc-ch`f[gg[nils []ncpcnc_m (36). 

A]]il^cha ni p[lciom fcn_l[nol_ molp_sm, nb_ mshnb_mcm i` 

CiONPm omcha nb_ icf-q[n_l g_nbi^ cm nb_ `clmn mo]]_mm`of 

[nn_gjn qcnb cnm jb[lg[]ifiac][f [jjfc][ncihm. Tb_ 

]oll_hn mno^s l_mofnm jlipc^_ [^^cncih[f _pc^_h]_ `il nb_ 

al__h mshnb_mcm i` CiONPm [h^ nb_cl [hnc\[]n_lc[f, 

[hnc`oha[f [h^ [hnc][h]_l jlij_lnc_m. Ih nb_ `onol_, in vivo, 

mno^c_m ][h \_ ]ih^o]n_^ ni `olnb_l ni domnc`s nb_m_ 

l_mofnm.     

Fca. 9. Cigj[l[ncp_ [h[fsmcm i` in vitro nirc]cns i` CiONPm [a[chmn MCF-7 [h^ L929 ]_ff fch_. 
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Cih]fuscih   

Tbcm mno^s ^_gihmnl[n_m nb[n, nb_ mshnb_mcm i` CiONPm 
`lig P. granatum m__^ icf b[m jin_hnc[f ch nb_ 

jb[lg[]_onc][f ch^omnls [m [h [hnc\cinc]. In [fmi `cffm nb_ 

a[j ch al__h mshnb_mcm qcnb icf m[gjf_m. Tb_m_ CiONPm ][h 

\_ om_^ ni ]ihnlif p[lciom \[]n_lc[f [h^ `oha[f j[nbia_hm 

l_mjihmc\f_ `il ch`_]ncihm mo]b [m ][h^c^c[mcm. 

Folnb_lgil_, CiONPm ][h \_ om_^ [m [h [hnc-][h]_l [a_hn 

[m nb_s b[p_ mbiqh jimcncp_ l_mofnm qcnb MCF-7 ]_ff fch_m 

qcnbion go]b _ff_]n ih L929 ]_ff fch_m, ch^c][ncha nb[n 

nb_m_ CiONPm qiof^ hin b[p_ h_a[ncp_ cgj[]n ih b_[fnbs 

bog[h ]_ffm. In cm moaa_mn_^ nb[n nb_m_ CiONPm ][h \_ 

om_^ ch nb_ `ilg i` ichng_hnm, jf[mn_lm, `clmn-[c^ ]l_[gm, 

\[h^[a_m [h^ _gofmcihm `ilg `il _rn_lh[f om_. Mipcha 

`ilq[l^, nbcm mno^s ][h \_ p_ls b_fj`of `il g_^c][f 

l_m_[l]b ]_hn_lm [h^ jb[lg[]_onc][f ch^omnlc_m ch ^_[fcha 

qcnb gi^_lh jli\f_gm mo]b [m ch]l_[mcha [hnc\cinc] 

l_mcmn[h]_ ch nb_ ]iggohcns.  
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