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A\str[]t   

Dc[\_n_m, [ ]blihc] g_n[\ifc] ^cmil^_l qcnb ch]l_[mcha afi\[f jl_p[f_h]_, 
jim_m [ mcahc`c][hn jo\fc] b_[fnb ]ih]_lh, h_]_mmcn[ncha nb_ ^_p_fijg_hn i` 
m[`_ [h^ _ff_]ncp_ ^loam. Tbcm mno^s mj_]c`c][ffs [mm_mm_^ nb_ chbc\cnils 
_ff_]nm i` Euclea natalensis f_[` _rnl[]nm ih α-[gsf[m_ nblioab in vitro,          
in vivo, [h^ in silico g_nbi^m. Tb_ _rnl[]nm q_l_ m_ko_hnc[ffs i\n[ch_^ omcha 
mifp_hnm i` al[^_^ jif[lcns. α-[gsf[m_ chbc\cncih mno^c_m q_l_ ]ih^o]n_^ 
nblioab mj_]nlijbinig_nlc] g_nbi^m, qbcf_ in vivo [mm_mmg_hnm q_l_    
j_l`ilg_^ omcha [ mn[l]b nif_l[h]_ n_mn ih l[nm. Mif_]of[l ^i]echa q[m   
][llc_^ ion omcha Aoni^i]e 4.2.6, [h^ SqcmmADME, [fiha qcnb ADMETf[\ 2.0, 
q_l_ _gjfis_^ ni ^_n_lgch_ nb_ ^loa-fce_h_mm [h^ nirc]cns jlij_lnc_m i` nb_ 
fcn_l[nol_-gch_^ ]igjioh^m. Tb_ _rnl[]nm ^_gihmnl[n_^ mcahc`c][hn in vitro 
chbc\cncih i` α-[gsf[m_, qcnb nb_ g_nb[hif _rnl[]n _rbc\cncha nb_ bcab_mn 
j_l]_hn[a_ i` chbc\cncih [n 27% ± 4.2, `iffiq_^ \s b_r[h_ [h^ [ko_iom   
_rnl[]nm [n 18% ± 2.5 [h^ 18% ± 3.7, l_mj_]ncp_fs. In vivo, nb_ _rnl[]nm       
fiq_l_^ \fii^ afo]im_ f_p_fm, qcnb [][l\im_ l_^o]cha j_[e \fii^ afo]im_ 
f_p_fm \s 42%, qbcf_ \inb nb_ [ko_iom [h^ g_nb[hif _rnl[]nm l_^o]_^ cn \s 
19% _[]b [ft_l 30 gch. Tb_ ip_l[ff afo]im_-fiq_lcha _ff_]n, \[m_^ ih nb_ 
[l_[ oh^_l nb_ mn[l]b nif_l[h]_ ]olp_, l[he_^ [m `iffiqm: [][l\im_ > g_nb[-
hif > [ko_iom > b_r[h_ > ^c]bfilig_nb[h_ _rnl[]n. Mif_]of[l ^i]echa c^_h-
nc`c_^ 20(29)-foj_h_-3β-cmi`_lof[n_ C3 [m nb_ gimn jligcmcha ]igjioh^ 
qcnb nb_ fiq_mn \ch^cha _h_las i` -11.4 e][f/gif. Mif_]of[l ^sh[gc]m       
l_p_[f_^ nb[n C3 fim_m mn[\cfcns [m cn ^cp_la_m `lig nb_ []ncp_ mcn_. A^^cnci-
h[ffs, qbcf_ [ff inb_l ]igjioh^m j[mm_^ nb_ Lcjchmec ^loa-fce_h_mm ]lcn_lc[,      
20(29)-foj_h_-3β-cmi`_lof[n_ C3 ^c^ hin. Tb_l_`il_, nb_ jl_m_hn mno^s       
moaa_mnm nb[n E. natalensis _rbc\cnm [hnc^c[\_nc] jlij_lnc_m nblioab nb_   ch-
bc\cncih i`  α-[gsf[m_ [h^ g[s m_lp_ [m [ miol]_ i` jin_hnc[f [hnc^c[\_nc] 
^loa  gif_]of_m.   

 

K_ywor^s   

Dc[\_n_m g_ffcnom; α-[gsf[m_; il[f mn[l]b nif_l[h]_ n_mn; Euclea natalensis; jbsni-
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Intro^u]tcon   

Dc[\_n_m g_ffcnom cm [ ]blihc] g_n[\ifc] ^cmil^_l nb[n [ff_]nm 500 gcffcih 
j_ijf_, qcnb afi\[f _mncg[n_m jlid_]ncha [jjlircg[n_fs 643 gcffcih ][m_m \s 
2030 (1). In cm ]b[l[]n_lct_^ \s ]blihc] bcab \fii^ moa[l f_p_fm, [nnlc\on_^ ni 
_cnb_l nb_ \i^s'm ch[\cfcns ni jli^o]_ chmofch (Tsj_ 1 ^c[\_n_m) il nb_ \i^s'm 
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BATI  ET AL   2     

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

ch_ffc]c_h]s ch omcha chmofch (Tsj_ 2 ^c[\_n_m) (2). Dc[\_n_m 
jim_m [  mcahc`c][hn jo\fc] b_[fnb ]ih]_lh ^o_ ni [mmi-
]c[n_^ ]igjfc][ncihm, ch]fo^cha ][l^cip[m]of[l ^cm_[m_, 
l_h[f `[cfol_, \fch^h_mm, [h^ [gjon[ncihm. Tl[^cncih[f 
nl_[ng_hnm `il ^c[\_n_m chpifp_ chmofch chd_]ncihm [h^ il[f    
bsjiafs]_gc] g_^c][ncihm (3), \on nb_m_ [jjli[]b_m b[p_ 
fcgcn[ncihm ^o_ ni mc^_ _ff_]nm [h^ ][h \_ _rj_hmcp_ `il 
jiilfs ^_p_fijcha ]iohnlc_m. Ih nb_ Uhcn_^ Sn[n_m [fih_, 
^cl_]n g_^c][f ]imnm `il g[h[acha ^c[\_n_m mola_^ `lig 
116 \cffcih USD ch 2007 ni 237 \cffcih USD ch 2017 (4),     
jin_hnc[ffs jf[]cha [h ip_lqb_fgcha \ol^_h ih g[hs 
]iohnlc_m. Oh_ qc^_fs om_^ ]f[mm i` bsjiafs]_gc] ^loam `il 
g[h[acha nsj_ 2 ^c[\_n_m cm α-[gsf[m_ chbc\cnilm. Tb_m_ 
^loam l_^o]_ jimnjl[h^c[f bsj_lafs]_gc[ \s fcgcncha    
afo]im_ [\miljncih chni nb_ \fii^mnl_[g. α-[gsf[m_, [ 
^ca_mncp_ _htsg_, jf[sm [ lif_ ch ]ihp_lncha ]igjf_r      
][l\ibs^l[n_m chni mcgjf_l moa[lm. Ih ^c[\_n_m (5, 6), nb_ 
[]ncpcns i` α-[gsf[m_ ch]l_[m_m, f_[^cha ni nb_ l[jc^ \l_[e-
^iqh i` ][l\ibs^l[n_m [h^ nb_ mo\m_ko_hn l_f_[m_ i`  
afo]im_ chni nb_ \fii^mnl_[g. Tbcm jli]_mm l_mofnm ch      
_f_p[n_^ \fii^ moa[l f_p_fm [ft_l [ g_[f, n_lg_^ jimn-
jl[h^c[f bsj_lafs]_gc[—[ b[ffg[le i` nsj_ 2 ^c[\_n_m. 

 Tb_l_`il_, ^loam nb[n chbc\cn nb_ []ncih i`                    

α-[gsf[m_ ][h mfiq ^iqh ][l\ibs^l[n_ \l_[e^iqh, ofnc-

g[n_fs l_^o]cha nb_ l_f_[m_ i` afo]im_ chni nb_ \fii^-

mnl_[g [h^ _hmolcha ]ihnliff_^ \fii^ afo]im_ f_p_fm.     

Cihm_ko_hnfs, α-[gsf[m_ chbc\cnilm jf[s [ ]lcnc][f lif_ ch 

nb_ g[h[a_g_hn i` nsj_ 2 ^c[\_n_m. Hiq_p_l, mshnb_nc] 

chbc\cnilm mo]b [m [][l\im_ (7), gcafcnif (8), [h^ piafc\im_ 

(9) b[p_ fcgcn[ncihm, ch]fo^cha [^p_lm_ _ff_]nm [h^ fiq \ci-

[p[cf[\cfcns [n n[la_n mcn_m. H_h]_, nb_l_ cm [ jl_mmcha h__^ 

`il h_q [h^ _ff_]ncp_ α-[gsf[m_ chbc\cnilm ^_lcp_^ `lig 

h[nol[f miol]_m. Gcp_h nb_ bcab ]imn [h^ hin[\f_ mc^_ 

_ff_]nm i` afo]im_-fiq_lcha ^loam (4, 10), g[hs ch^cpc^o[fm 

nolh ni nl[^cncih[f g_^c]ch[f jf[hnm ni g[h[a_ ^c[\_n_m 

[h^ cnm ^_\cfcn[ncha ]igjfc][ncihm (11). M_^c]ch[f jf[hnm 

iff_l [ bifcmnc] [jjli[]b ni ^c[\_n_m g[h[a_g_hn (10), 

[h^ nb_cl l_[^cfs [p[cf[\cfcns (12) g[e_m nb_g [                 

]imn-_ff_]ncp_ [fn_lh[ncp_ ni gi^_lh g_^c]ch_. Nog_liom 

g_^c]ch[f jf[hnm b[p_ \__h c^_hnc`c_^ [m jin_hnc[f miol]_m 

i` α-[gsf[m_ chbc\cnilm (13–16). Tb_m_ jf[hnm ]ihn[ch     

\ci[]ncp_ ]igjioh^m nb[n chbc\cn α-[gsf[m_ []ncih, f_[^-

cha ni [ ^_]l_[m_ ch afo]im_ l_f_[m_ chni nb_ \fii^mnl_[g. 

Tb_ \cijlimj_]ncha i` g_^c]ch[f jf[hnm `il α-[gsf[m_   

chbc\cnilm jl_m_hnm [ jligcmcha mnl[n_as `il ^c[\_n_m nl_[n-

g_hn [h^ b[m a[lh_l_^ m]c_hnc`c] [nn_hncih. 

 Euclea natalensis cm [h _p_lal__h qii^s jf[hn    \_-
fihacha ni nb_ E\_h[]_[_ `[gcfs, qc^_fs ^cmnlc\on_^ ch nb_ 
`il_mnm i` Sionb A`lc][, Binmq[h[, [h^ inb_l A`lc][h h[-

ncihm. In b[m \__h _rn_hmcp_fs mno^c_^ `il cnm g_^c]ch[f 
jlij_lnc_m (17). Tb_ m_f_]ncih i` nbcm jf[hn `il nb_ ]oll_hn 
mno^s cm \[m_^ ih cnm ^i]og_hn_^ _nbhijb[lg[]ifiac][f 

om_m []limm p[lciom ]iohnlc_m (17). E. natalensis cm            
`l_ko_hnfs _gjfis_^ ch nl[^cncih[f g_^c]ch_ `il nb_     
g[h[a_g_hn i` p[lciom ]ih^cncihm, ch]fo^cha b_[^[]b_m, 

m_ro[ffs nl[hmgcnn_^ ch`_]ncihm, no\_l]ofimcm, mech           
ch`_]ncihm, [h^ ^c[\_n_m g_ffcnom (17–19). Pl_pciom chp_mnc-
a[ncihm b[p_ _rjfil_^ nb_ [hncirc^[hn jin_hnc[f i` nb_  

[]_nih_ liin \[le _rnl[]n [h^ _nb[hifc] mbiinm _rnl[]n. 
Tb_m_ mno^c_m `ioh^ nb[n nb_cl DPPH m][p_hacha []ncpcns cm 

]igj[l[\f_ ni nb[n i` pcn[gch C, [m ch^c][n_^ \s nb_ chbc\c-
nils ]ih]_hnl[ncih jlipc^cha 50% chbc\cncih (IC50) (20). 

A^^cncih[ffs, nb_ []_nih_ liin \[le jl_j[l[ncih ^_gih-
mnl[n_^ [hnc-^c[\_nc] jlij_lnc_m \s chbc\cncha nb_ []ncpcnc_m 
i` α-[gsf[m_ [h^ [fjb[-afo]imc^[m_ (21). Tb_ [\cfcns i`       

E. natalensis _rnl[]nm ni m][p_ha_ `l__ l[^c][fm [h^ chbc\cn 
][l\ibs^l[n_-bs^lifstcha _htsg_m mojjilnm nb_ _nbhi- 
jb[lg[]ifiac][f om_ i` nb_m_ _rnl[]nm ch g[h[acha          

^c[\_nc] ]igjfc][ncihm. Tb_l_`il_, nb_ jl_m_hn mno^s [cgm 
ni [mm_mm nb_ α-[gsf[m_ chbc\cnils _ff_]nm i` E. natalensis 
f_[` _rnl[]nm \inb in vitro [h^ in vivo omcha hilgiafs]_gc] 

l[nm. Tb_ l_jiln_^ ]igjioh^m i` E. natalensis qcff [fmi \_ 
[h[fsm_^ nblioab in silico mno^c_m ni c^_hnc`s jin_hn        
\ci[]ncp_ ]igjioh^m nb[n ][h \_ gi^_ff_^ chni bsji-

afs]_gc] ^loam.   

 

M[t_rc[ls [n^ M_tbo^s 

Plant collection and extraction       

M[nol_^ f_[p_m i` Euclea natalensis q_l_ ]iff_]n_^ `lig 
M[nfb[eif[ pcff[a_ ch C_hnl[f Binmq[h[ [h^ [onb_hnc][n_^ 

\s Dl. M. Motcf[ [n nb_ Uhcp_lmcns i` Binmq[h[ b_l\[lcog 
(Vio]b_l hog\_l: BAKW-01/2020). So\m_ko_hnfs, nb_ 
f_[p_m q_l_ ]f_[h_^ qcnb n[j q[n_l, lchm_^ qcnb ^cmncff_^ 

q[n_l, [h^ f_ft ni ^ls ch ^[leh_mm [n liig n_gj_l[nol_ `il 
7 ^[sm. Umcha [ biom_bif^ \f_h^_l (Onncgi, Sionb A`lc][), 
nb_ ^lc_^ f_[p_m q_l_ alioh^ chni [ `ch_ jiq^_l. Tb_    

jiq^_l q[m nb_h m_ko_hnc[ffs _rnl[]n_^ qcnb ^cff_l_hn  
ila[hc] mifp_hnm ch ch]l_[mcha jif[lcns il^_l. Ajjlirc-
g[n_fs 2 ea i` nb_ jiq^_l q[m g[]_l[n_^ ch 3 L i`            

hih-jif[l h-b_r[h_ `il 24 blm qcnb chn_lgcnn_hn mb[echa [n 
liig n_gj_l[nol_. Tb_ gcrnol_ q[m `cfn_l_^ omcha Ni. 1 
Wb[ng[h `cfn_l j[j_l, [h^ nb_ l_mc^o_ q[m mo\d_]n_^ ni 

nqi [^^cncih[f _rnl[]ncihm qcnb `l_mb fckoc^. Tb_ `cfnl[n_m 
q_l_ ]ig\ch_^, [h^ nb_ mifp_hn q[m _p[jil[n_^ omcha [ 
lin[ls _p[jil[nil [n fiq jl_mmol_ [h^ n_gj_l[nol_. Scgc-

f[l ni nb_ h-b_r[h_ _rnl[]ncih, nb_ l_mc^o_ oh^_lq_hn   
_rnl[]ncih qcnb ^c]bfilig_nb[h_: g_nb[hif (1:1, gi^_-
l[n_ jif[lcns), 70% g_nb[hif (bcab_l jif[lcns), [h^ q[n_l 

(bcab_mn jif[lcns). Tb_ l_mofncha `iol ]lo^_ _rnl[]nm q_l_ 
^lc_^ [h^ mnil_^ [n -20 °C `il j_h^cha [h[fsmcm. 

Experimental animals       

40 Sjl[ao_ D[qf_s l[nm, q_cabcha \_nq__h 150 [h^ 180 a 
[h^ [a_^ 8 q__em, q_l_ biom_^ ch mn__f ][a_m [n nb_      
Binmq[h[ Ihn_lh[ncih[f Uhcp_lmcns i` S]c_h]_ [h^ T_]bhi-
fias (BIUST) [hcg[f biom_. Tb_ [hcg[f `[]cfcns g[chn[ch_^ 

[ 12 bl ^[le/12 bl fcabn ]s]f_ [h^ [ n_gj_l[nol_ i`               
24 ± 1 °C. R[nm q_l_ jlipc^_^ qcnb hilg[f li^_hn `__^ 
(Ejif, Sionb A`lc][) [h^ b[^ ohl_mnlc]n_^ []]_mm ni         

^cmncff_^ q[n_l [^ fc\cnog. Tb_ [hcg[f mno^s jlini]if q[m 
[jjlip_^ \s nb_ Mchcmnls i` H_[fnb [h^ W_ffh_mm, qcnb  
j_lgcn hog\_l HPDME 13/18/1. 

In vitro α-amylase inhibitory activity assay         

Ti [mm_mm nb_ cgj[]n i` Euclea natalensis _rnl[]nm ih           
α-[gsf[m_ []ncpcns, nb_ g_nbi^ ^_m]lc\_^ \s K[gn_e[l 
(22) q[m _gjfis_^ ni ]igj[l_ nb_ chbc\cnils _ff_]nm i` nb_ 

_rnl[]nm [n [ bcab ^im_ i` 1 ga/gL (23). Tb_ p[lciom jf[hn 
_rnl[]nm q_l_ l_]ihmncnon_^ ch 20% DMSO, [h^ 0.5 gL i`    
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1 ga/gL i` _rnl[]nm il 0.5 gL i` 50 µa/gL i` [][l\im_ 
(jimcncp_ ]ihnlif) q_l_ ch]o\[n_^ qcnb 0.5 gL i` 0.5 ga/gL 

α-[gsf[m_ ch 0.02 M mi^cog jbimjb[n_ \off_l (jH 6.9) [h^ 
6 gM mi^cog ]bfilc^_ [n 37 °C `il 10 gch. So\m_ko_hnfs, 
0.5 gL i` 1% mn[l]b, jl_j[l_^ ch nb_ m[g_ \off_l, q[m  

[^^_^, [h^ nb_ ]ihn_hnm q_l_ `olnb_l ch]o\[n_^ [n 37 °C 
`il 30 gch. Fiffiqcha nbcm, 1 gL i` ^chcnli m[fc]sfc] []c^ 
(DNS) q[m [^^_^ ni b[fn nb_ l_[]ncih, [h^ nb_ gcrnol_ q[m 

\icf_^ `il 5 gch \_`il_ \_cha ^cfon_^ ni 5 gL qcnb ^cmncff_^ 
q[n_l. A\mil\[h]_ [n 540 hg q[m ^_n_lgch_^ omcha [ 
Sj_]200E UV-Vcm mj_]nlijbinig_n_l (Tb_lgiFcmb_l S]c_h-

nc`c], USA). Tb_ p_bc]f_ ]ihnlif om_^ q[m 20% DMSO, [h^ 
\f[hem `il _[]b _rnl[]n q_l_ ]l_[n_^ \s gcrcha [ff nb_ 
[\ip_ ]igjih_hnm \on l_jf[]cha nb_ _htsg_ mifoncih qcnb 

\off_l. Tb_ [\mil\[h]_ i` \f[hem q[m mo\nl[]n_^ `lig nb_ 
[\mil\[h]_ i` m[gjf_m ni _fcgch[n_ \c[m \lioabn [\ion \s 
nb_ ]ifil i` nb_ _rnl[]nm. Tb_ j_l]_hn[a_ chbc\cncih q[m 

][f]of[n_^ [m [ j_l]_hn[a_ i` nb_ p_bc]f_ ]ihnlif, [mmog-
cha 100% bs^lifsmcm i` mn[l]b ch nb_ [\m_h]_ i` [hs         
chbc\cnil. 

A\m(]ihnlif) - A\m (m[gjf_) 
P_l]_hn[a_ chbc\cncih =                                                              X100  

A\m(]ihnlif)  
 ..............Ekh. 1 

Oral starch tolerance test (OSTT)         

Ol[f mn[l]b nif_l[h]_ n_mnm q_l_ ]ih^o]n_^ [m jl_pciomfs 

^_m]lc\_^ (19). Ih mogg[ls, 30 `[mn_^ hilgiafs]_gc] l[nm 

g__ncha nb_ ]lcn_lc[—q_cabcha \_nq__h 160 [h^ 180 a, 

[a_^ 8 q__em, [h^ b[pcha `[mncha \fii^ afo]im_ f_p_fm     

\_fiq 5.6 ggif/L (ch^c][ncp_ i` jl_^c[\_n_m ]oniff) q_l_ 

^cpc^_^ chni mcr aliojm i` `cp_ _[]b `il mn[ncmnc][f ]igj[lc-

mihm. Tb_ l[nm q_l_ il[ffs [^gchcmn_l_^ qcnb 100 ga/ea 

\i^s q_cabn i` nb_ _rnl[]nm, ]bim_h \[m_^ ih cnm _ffc][]s ch 

nb_ il[f afo]im_ nif_l[h]_ n_mn (24). 

Glioj 1: Sn[l]b mifoncih + 2 gL Dcmncff_^ q[n_l (Nilg[f 

]ihnlif) 

Glioj 2: Sn[l]b mifoncih + 50 ga/ea \q A][l\im_ (Pimcncp_ 

]ihnlif) 

Glioj 3: Sn[l]b mifoncih + 100 ga/ea \q H_r[h_ (HEX) 

_rnl[]n 

Glioj 4: Sn[l]b mifoncih + 100 ga/ea \q Dc]bfilig_nb[h_

-g_nb[hif 1:1 (DCM) _rnl[]n  

Glioj 5: Sn[l]b mifoncih + 100 ga/ea \q 70% M_nb[hif 

(M_OH) _rnl[]n 

Glioj 6: Sn[l]b mifoncih + 100 ga/ea \q Ako_iom (AQE) 

_rnl[]n 

 A][l\im_ [n 50 ga/ea \q (25) m_lp_^ [m nb_ jimcncp_ 

]ihnlif, qbcf_ ^cmncff_^ q[n_l q[m om_^ [m nb_ h_a[ncp_  

]ihnlif. 15 gch [ft_l nl_[ng_hn, nb_ \fii^ afo]im_ f_p_f 

q[m g_[mol_^ (0 gch), [h^ nb_ l[nm q_l_ il[ffs [^gchcm-

n_l_^ [ mn[l]b mifoncih [n [ ]ih]_hnl[ncih i` 3.0 a/ea \i^s 

q_cabn. Bfii^ afo]im_ f_p_fm (BG) q_l_ g_[mol_^ omcha [ 

b[h^b_f^ afo]ig_n_l (A]]o-]b_]e A]ncp_, G_lg[hs) [ft_l 

30, 60, [h^ 120 gch. Tb_ j_[e \fii^ afo]im_ (PBG) q[m 

^_n_lgch_^ \s i\m_lpcha nb_ \fii^ afo]im_ f_p_f ^olcha 

nb_ g_hncih_^ ncg_ chn_lp[fm, [h^ nb_ [l_[ oh^_l nb_ 

]olp_ (AUC) q[m ][f]of[n_^ omcha nb_ `ilgof[ \_fiq: 

 ..........................Ekh. 2 

Wb_l_ BG mn[h^m `il \fii^ afo]im_ f_p_fm [n ncg_ chn_lp[fm 

0, 30, 60 [h^ 120 gch. 

In silico studies          

Lca[n^s pr_p[r[tcon          

Ti c^_hnc`s nb_ cmif[n_^ il c^_hnc`c_^ ]igjioh^m ch Euclea 

natalensis _rnl[]nm, [ ]igjl_b_hmcp_ fcn_l[nol_ l_pc_q q[m 

]ih^o]n_^, _h]igj[mmcha jo\fcmb_^ [lnc]f_m oj ohncf 2021. 

Tb_ 14 ]igjioh^m ^cm]ip_l_^ ^olcha nbcm chp_mnca[ncih 

[l_ jl_m_hn_^ [m 2D mnlo]nol_m ch T[\f_ 1. Tb_ 3D mnlo]-

nol_m i` nb_m_ 14 fca[h^m q_l_ i\n[ch_^ [m SDF `cf_m `lig 

Po\Cb_g (bnnjm://jo\]b_g.h]\c.hfg.hcb.aip/) [h^ mo\m_-

ko_hnfs ]ihp_ln_^ ni PDB `cf_m omcha Dcm]ip_ls Sno^ci. 

So\m_ko_hnfs, nb_ fca[h^m oh^_lq_hn `olnb_l jl_j[l[ncih 

nblioab Aoni^i]e niifm, qbc]b chpifp_^ ][f]of[ncha G[mn_c-

a_l ]b[la_m [h^ m[pcha nb_g [m PDBQT `cf_m. 

Prot_cn pr_p[r[tcon         

Tb_ ]lsmn[f mnlo]nol_ i` bog[h chn_mnch[f [gsf[m_ (1B2Y) ch 

]igjf_r qcnb [][l\im_ q[m i\n[ch_^ `lig nb_ RCSB      

Plin_ch D[n[ B[he (bnnjm://qqq.l]m\.ila/). Umcha              

Dcm]ip_ls Sno^ci, nb_ jlin_ch mnlo]nol_ q[m jl_j[l_^ \s 

l_gipcha nb_ \ioh^ [][l\im_, q[n_l gif_]of_m, b_n_li-

[nigm, [h^ ]b[ch B. So\m_ko_hnfs, nb_ l_g[chcha ]b[ch A 

q[m `olnb_l jli]_mm_^ omcha Aoni^i]e niifm, chpifpcha nb_ 

[^^cncih i` Kiffg[h ]b[la_m [h^ jif[l bs^lia_hm. Tb_ 

`ch[f mnlo]nol_ q[m nb_h m[p_^ ch PDBQT `ilg[n. 

Mol_]ul[r ^o]kcna       

Tb_ α-[gsf[m_ \ch^cha mcn_ l_mc^o_m q_l_ c^_hnc`c_^ omcha 

Dcm]ip_ls Sno^ci Vcmo[fct_l, l_`_l_h]cha nb_ jo\fc][ncih 

qb_l_ 1B2Y q[m ]i-]lsmn[ffct_^ qcnb [][l\im_, [h^ nb_ 

mnlo]nol_ q[m ^_jimcn_^ ch nb_ Plin_ch D[n[ B[he (PDB). 

So\m_ko_hnfs, [ alc^ \ir q[m ^_`ch_^ qcnb ]iil^ch[n_m       

r = 17.388, s = 5.268, [h^ t = 46.733, ]_hn_l_^ [lioh^ nb_ 

[]ncp_ mcn_ i` α-[gsf[m_, qcnb alc^ mct_m i` 60 × 60 × 60 [n 

3.75 mj[]cha. Mif_]of[l ^i]echa q[m j_l`ilg_^ qcnb Aoni-

^i]e 4.2.6 (bnnjm://[oni^i]e.m]lcjjm._^o/) oncfctcha 

L[lg[ec[h a_h_nc] [failcnbgm. Cigjioh^m q_l_ [mm_mm_^ 

\[m_^ ih nb_cl \ch^cha [ffchcnc_m [h^ nb_ h[nol_ i` gif_-

]of[l chn_l[]ncihm qcnb nb_ jlin_ch. Tb_ fca[h^m q_l_ ch^c-

pc^o[ffs ^i]e_^ qcnb 100 ]s]f_m ni c^_hnc`s nb_ jim_ qcnb 

nb_ fiq_mn \ch^cha [ffchcns (e][f/gif). 

Mol_]ul[r ^yn[mc] scmul[tcons       

Tb_ D_mgih^ gi^of_ i` nb_ S]blö^cha_l miftq[l_ q[m 
_gjfis_^ ni ]ih^o]n gif_]of[l ^sh[gc]m mcgof[ncih 

n_mnm, [cgcha ni [h[fst_ nb_ ]ih`ilg[ncih[f ]b[ha_m [h^ 

mn[\cfcnc_m i` nb_ nij nqi \_mn-[gsf[m_ ]igjioh^         

]igjf_r_m qcnb C2, C3, [h^ nb_ jimcncp_ ]ihnlif A][l\im_. 

Tb_ TIP3P gi^_f q[m oncfct_^ ni ^_n_lgch_ nb_ ijncg[f 

^i]echa jim_m i` nb_ fca[h^m ch [mmi]c[ncih qcnb α-[gsf[m_ 

qcnbch [h _rjfc]cn ilnbilbig\c] j_lci^c] \ioh^[ls \ir 

qcnb [ mct_ i` 10 Å. Umcha nb_ \ocfn-ch D_mgih^ Ssmn_g 

Bocf^_l niif, nb_ mcgof[n_^ msmn_g q[m h_onl[fct_^ \s  

[^^cha nb_ [jjlijlc[n_ [giohnm i` N[+ [h^ Cf-. Tb_ NPT 

_hm_g\f_, ch]iljil[ncha [ Nim_-Hiip_l nb_lgimn[n [h^  
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ID Lca[n^ 2D Stru]tur_ Affcncty (k][l/mol) 

 A][l\im_ 

 

-11.2 

C3 20(29)-foj_h_-3β-cmi`_lof[n_ 

 

-11.4 

C2 Loj_if 

 

-9.9 

C7 G[fjchih_ 

 

-9.4 

C1 B_nofch 

 

-9.3 

C10 Dcimjslch 

 

-8.6 

C6 Eo]f[hih_ 

 

-8.4 

C9 N_i^cimjslch 

 

-8.3 

C5 M[g_a[echih_ 

 

-8.1 

T[\l_ 1. Bch^cha [ffchcns m]il_m [h^ chn_l[]ncihm i` ]igjioh^m qcnb α-[gsf[m_.  
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\[limn[n, q[m _gjfis_^ ni g[chn[ch nb_ n_gj_l[nol_ [h^ 

jl_mmol_ [n 300 K [h^ 1 \[l, l_mj_]ncp_fs. Tb_ OPLS-3_ 

`il]_ `c_f^ qcnbch D_mgih^'m gif_]of[l ^sh[gc]m gi^of_ 

q[m oncfct_^ `il lohhcha nb_ mcgof[ncih, [h^ nb_ lohncg_ 

q[m m_n [n 100 hm. Fiffiqcha nb_ mcgof[ncih lohm, nb_      

nl[d_]nils `cf_m q_l_ _r[gch_^ omcha nb_ D_mgih^ mcgof[-

ncih [h[fsmcm gi^of_ ni ][f]of[n_ p[lciom mnlo]nol[f        

j[l[g_n_lm, mo]b [m nb_ liin g_[h mko[l_ ^_pc[ncih 

(RMSD) [h^ nb_ liin g_[h mko[l_ `fo]no[ncih (RMSF) 

ADME [n^ ^rua-lck_n_ss [n[lyscs         

Tb_ mcgjfc`c_^ gif_]of[l chjon fch_ _hnls msmn_g (SMILES) 

`il _[]b ]igjioh^ q[m l_nlc_p_^ `lig Po\Cb_g [h^ ch-

jon chni nb_ SqcmmADME miftq[l_ (bnnj://

qqq.mqcmm[^g_.]b/) ni [mm_mm ^loa-fce_h_mm \[m_^ ih nb_ 

Lcjchmec j[l[g_n_lm. A^^cncih[ffs, nb_ [\miljncih, ^cmnlc\o-

ncih, g_n[\ifcmg, _r]l_ncih, [h^ nirc]cns (ADMET) jlij_l-

nc_m q_l_ ^_n_lgch_^ omcha ADMETL[\ 2.0 (bnnjm://

[^g_ng_mb.m]\^^.]ig/) 

 

St[tcstc][l [n[lyscs        

Tb_ l_mofnm [l_ jl_m_hn_^ [m nb_ g_[h (h = 3) `il in vitro 

mno^c_m [h^ h = 5 `il in vivo mno^c_m, []]igj[hc_^ \s nb_ 

mn[h^[l^ ^_pc[ncih (SD). Sn[ncmnc][f mcahc`c][h]_ q[m ^_n_l-

gch_^ [n j < 0.05 omcha Oh_-q[s [h[fsmcm i` p[lc[h]_ 

(ANOVA) qcnb Toe_s-Kl[g_l’m l[ha_ n_mn. Aff mn[ncmnc][f 

[h[fsm_m [h^ al[jbcha q_l_ j_l`ilg_^ omcha Gl[jbP[^ 

Plcmg p_lmcih 9.0.   

 

R_sults  

α-amylase inhibition         

Tb_ in vitro [gsf[m_ chbc\cncih q[m gimn jlihioh]_^ qcnb 

[][l\im_, _rbc\cncha [ j_l]_hn[a_ chbc\cncih i` 49% ± 1.2, 

[m ^_jc]n_^ ch Fca. 1. Fiffiqcha nbcm, nb_ M_OH _rnl[]nm 

^_gihmnl[n_^ [ ]ihmc^_l[\f_ chbc\cncih [n 27% ± 4.2, qbcf_ 

HEX [h^ AQE _rnl[]nm mbiq_^ chbc\cncih f_p_fm i` 18% ± 2.5 

[h^ 18% ± 3.7, l_mj_]ncp_fs. Tb_ fiq_mn chbc\cncih q[m   

i\m_lp_^ qcnb DCM [n 9% ± 0.8. Aff _rnl[]nm q_l_ mn[ncmnc-

][ffs ^cff_l_hn (j<0.05) `lig [][l\im_ [h^ `lig _[]b inb_l,  

C4 Imi^cimjslch 

 

-7.9 

C13 O]n[bs^li_o]f_ch 

 

-7.2 

C12 Sbch[hifih_ 

 

-6.0 

C8 M_nbsfh[jbnb[t[lch 

 

-5.8 

C14 4-Hs^lirs-5-g_nbirs-2-h[jbnb[f^_bs^_ 

 

-5.6 

C11 7-M_nbsfdoafih_ 

 

-5.6 
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_r]_jn `il HEX [h^ AQE _rnl[]nm, qbc]b q_l_ hin mcahc`c-

][hnfs ^cff_l_hn (j<0.05) `lig _[]b inb_l. 

Oral starch tolerance test        

Fca. 2 cffomnl[n_m nb_ cgj[]n i` nb_ _rnl[]nm ih \fii^          
afo]im_ f_p_fm `iffiqcha nb_ [^gchcmnl[ncih i` [ mn[l]b        

mifoncih ni l[nm. Tb_ hilg[f ]ihnlif (NC) _rbc\cn_^ [ j_[e 

\fii^ afo]im_ f_p_f (PBGL) i` 8.67 ggif/L [h^ [h [l_[ 

oh^_l nb_ ]olp_ (AUC) i` 21 ± 1.2 ggif/L.gch ih nb_ 2 bl 

mn[l]b nif_l[h]_ ]olp_. Wcnbch nb_ 2 bl mno^s ^ol[ncih, 

nl_[ng_hn qcnb Euclea natalensis _rnl[]nm [h^ [][l\im_ f_^ 

ni [ l_^o]ncih ch PBGL [h^ AUC. A]]il^cha ni T[\f_ 1, 

[][l\im_ l_^o]_^ PBGL \s 42%, qbcf_ \inb AQE [h^ M_OH 

_rnl[]nm l_^o]_^ cn \s 19%. HEX _rnl[]nm mbiq_^ nb_     

fiq_mn PBGL ^_]l_[m_. A][l\im_ []bc_p_^ [h AUC i`          

13 ± 0.3, ]igj[l_^ ni nb_ hilg[f ]ihnlif'm AUC i`                

21 ± 1.2 ggif/L.gch, l_jl_m_hncha [ 36% l_^o]ncih, qbc]b 

_r]__^_^ nb_ [p_l[a_ `il [ff _rnl[]nm. T[\f_ 2 `olnb_l      

l_p_[fm nb[n [][l\im_ q[m `iffiq_^ \s M_OH, AQE, [h^ 

HEX _rnl[]nm, qbcf_ DCM _rnl[]nm mbiq_^ nb_ f_[mn          

l_^o]ncih ch nb_ AUC i` nb_ mn[l]b nif_l[h]_ ]olp_. Ih 

n_lgm i` fiq_lcha AUC, nb_l_ q[m hi mcahc`c][hn ^cff_l_h]_ 

(j<0.05) \_nq__h M_OH [h^ AQE _rnl[]nm, [m q_ff [m      

\_nq__h HEX [h^ DCM _rnl[]nm. 

Molecular docking analysis       

Tb_ m_[l]b `il jbsni]igjioh^m cmif[n_^ [h^ c^_hnc`c_^ 
`lig Euclea natalensis sc_f^_^ 14 ]igjioh^m, qbc]b q_l_ 

mo\d_]n_^ ni pclno[f m]l__hcha omcha Aoni^i]e 4.2.6. Tb_ 

bog[h α-[gsf[m_ (PDB: 1B2Y) ]i-]lsmn[ffct_^ qcnb        

[][l\im_ q[m l_-^i]e_^ ni p[fc^[n_ nb_ jlini]if, [h^   

[][l\im_ m_lp_^ [m nb_ jimcncp_ ]ihnlif. Di]echa [h[fsmcm 

l_p_[f_^ nb[n [][l\im_ \ch^m ni nb_ []ncp_ mcn_ i`                    

α-[gsf[m_ \s `ilgcha bs^lia_h \ih^m qcnb [gchi []c^ 

l_mc^o_m GLN63, HIS305, GLY306, ILE235, LYS200, ALA198, 

GLU233, ARG195, ASP197, [h^ TRP59, [m cffomnl[n_^ ch     

Fca. 3 ([, ]). In [fmi _ha[a_^ ch V[h ^_l W[[fm [h^ bs^li-

jbi\c] chn_l[]ncihm, l_mofncha ch [ \ch^cha _h_las i`              

-11.2 e][f/gif, [m mbiqh ch T[\f_ 1. Tb_ 14 \ci[]ncp_ ]ig-

jioh^m `lig E. natalensis chn_l[]n_^ qcnb nb_ []ncp_ mcn_ i` 

α-[gsf[m_, `ilgcha bs^lia_h \ih^m, V[h ^_l W[[fm `il]_m, 

[h^ bs^lijbi\c] `il]_m, ]ihnlc\oncha ni p[lscha \ch^cha 

[ffchcnc_m. Agiha nb_m_, nb_ \ci[]ncp_ ]igjioh^                 

20(29)-foj_h_-3β-cmi`_lof[n_ C3 _rbc\cn_^ nb_ fiq_mn \ch^-

cha _h_las i` -11.4 e][f/gif, molj[mmcha nb[n i` [][l\im_, 

nb_ ]fchc][ffs om_^ ^loa. Fca. 3 (\, ^) ^_jc]nm nb_ 3D mnlo]-

nol_ (\) [h^ 2D mnlo]nol_ i` 20(29)-foj_h_-3β-cmi`_lof[n_ 

C3 chn_l[]ncha qcnb [gchi []c^m ih nb_ []ncp_ mcn_ i`             

α-[gsf[m_ pc[ bs^lia_h \ih^cha (GLY306, LYS200, 

HIS201), V[h ^_l W[[fm, [h^ bs^lijbi\c] `il]_m. Fiffiqcha 

nbcm, Loj_if C2 _rbc\cn_^ [ \ch^cha _h_las i` -9.9 e][f/gif, 

`ilgcha ih_ bs^lia_h \ih^ qcnb [gchi []c^ l_mc^o_ 

GLU233 (Fca. 3 _, a). G[fjchih_ C7 ^_gihmnl[n_^ [ \ch^cha 

_h_las i` -9.4 e][f/gif, _ha[acha ch bs^lia_h \ih^cha 

qcnb GLN63 [h^ HIS305. B_nofch C1, [fnbioab _rbc\cncha 

bs^lia_h \ih^cha, moljlcmchafs b[^ [ bcab \ch^cha _h_las 

i` -9.3 e][f/gif. Tb_ ]igjioh^ qcnb nb_ f_[mn `[piol[\f_ 

\ch^cha _h_las q[m 7-M_nbsfdoafih_ C11, qcnb -5.6 e][f/

gif. 

Molecular dynamic simulation         

Tb_ liin g_[h mko[l_ ^_pc[ncih (RMSD) p[fo_m i` nb_  

]igjf_r 1B2Y qcnb [][l\im_ ^c^ hin _r]__^ nbim_ i` nb_ 

Fca. 1. P_l]_hn[a_ chbc\cnils _ff_]n i` Euclea natalensis f_[` _rnl[]nm ih            
α-[gsf[m_ []ncpcns.  R_mofnm [l_ jl_m_hn_^ [m g_[h (h = 3) ± mn[h^[l^ ^_pc[-
ncih (SD). B[lm qcnb nb_ m[g_ f_nn_lm ([, \, ], il ^) [l_ hin mcahc`c][hnfs           (j 
< 0.05) ^cff_l_hn, qbcf_ nbim_ qcnb ^cff_l_hn f_nn_lm [l_ mcahc`c][hnfs                (j < 
0.05) ^cff_l_hn. HEX: b_r[h_ _rnl[]n; DCM: ^c]bfilig_nb[h_-g_nb[hif (1:1) 
_rnl[]n; M_OH: 70% g_nb[hif _rnl[]n; AQE: [ko_iom (q[n_l) _rnl[]n.  

Tr_[tm_nt 
aroups 

PBGL 
(mmol/L) % Cb[na_ 

AUC   

(mmol/L.min) 
% 

Cb[na_ 

NC 9 - 21 ± 1.2 - 

A][l\im_ 5 42a 14 ± 0.3 36a 

HEX 8 6b 20 ± 1.3 8b 

DCM 7 17c 20 ± 1.4 6b 

M_OH 7 19c 19 ± 0.1 16c 

AQE 7 19c 19 ± 0.6 13c 

T[\l_ 2. Eff_]nm i` nl_[ng_hnm ih j_[e \fii^ afo]im_ f_p_f (PBGL) [h^ [l_[ 
oh^_l nb_ ]olp_ (AUC) [ft_l mn[l]b fi[^cha ch hilgiafs]_gc] l[nm.  

M_[h qcnb nb_ m[g_ f_nn_lm ([, \, ], il ^) ch [ ]ifogh [l_ hin mcahc`c][hnfs (p < 
0.05) ^cff_l_hn, qbcf_ nbim_ qcnb ^cff_l_hn f_nn_lm [l_ mcahc`c][hnfs                (p < 
0.05) ^cff_l_hn. HEX: b_r[h_ _rnl[]n; DCM: ^c]bfilig_nb[h_-g_nb[hif (1:1) 
_rnl[]n; M_OH: 70% g_nb[hif _rnl[]n; AQE: [ko_iom (q[n_l) _rnl[]n.  

Fca. 2. Eff_]nm i` Euclea natalensis f_[` _rnl[]nm ih mn[l]b nif_l[h]_ ch hilgi-
afs]_gc] l[nm. R_mofnm [l_ jl_m_hn_^ [m g_[h (h = 5). HEX: b_r[h_ _rnl[]n; 
DCM: ^c]bfilig_nb[h_-g_nb[hif (1:1) _rnl[]n; M_OH: 70% g_nb[hif _r-
nl[]n; AQE: [ko_iom (q[n_l) _rnl[]n.  
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\[]e\ih_ 1B2Y, [h^ nb_ `fo]no[ncihm mn[\cfct_^ [ft_l           

20 m_], ch^c][ncha nb[n [][l\im_ `ilg_^ [ mn[\f_ ]igjf_r 

ih nb_ []ncp_ mcn_ i` nb_ jlin_ch, [m ^_jc]n_^ ch Fca. 3[.  

Cih]_lhcha 1B2Y ch ]igjf_r qcnb C2, nb_ RMSD i` nb_ 

]igjf_r q[m f[la_l, [h^ [ft_l 50 m_], cn fimn mn[\cfcns [m  

g[dil `fo]no[ncihm ^_pc[n_^ `lig nbim_ i` nb_ jlin_ch 

\[]e\ih_, [m i\m_lp_^ ch Fca. 4]. Tb_ ]igjf_r i` 1B2Y 

qcnb C3 chcnc[ffs mbiq_^ RMSD p[fo_m [fcahcha q_ff [h^ hin 

_r]__^cha nbim_ i` nb_ \[]e\ih_. Hiq_p_l, [ft_l 43 m_], 

nb_ RMSD ^_pc[n_^ [q[s `lig nb_ \[]e\ih_, moaa_mncha 

Fca. 3. Bch^cha chn_l[]ncihm i` [][l\im_ ([, ]), 20(29)-foj_h_-3β-cmi`_lof[n_ C3 (\, ^), foj_if C2 (_, a) [h^ a[fjchih_ C7 (`, b) chn_l[]ncha qcnb bog[h                 α-
[gsf[m_ (PDB: 1B2Y). 
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nb[n nb_ ]igjioh^ q[m ^cmj_lmcha [q[s `lig nb_ []ncp_ 

mcn_, [m m__h ch Fca. 4_. Tb_ liin g_[h mko[l_ `fo]no[ncih 

(RMSF), cffomnl[ncha nb_ cgj[]n i` fca[h^ \ch^cha ih jlin_ch 

l_mc^o_m, q[m ]igjon_^ `il [ff ]igjioh^m [h^ nb_ ]ihnlif 

[][l\im_. Tb_ RMSF al[jbm ^_gihmnl[n_ nb[n nb_ `fo]no[-

ncihm ch Fca. 4 (\, ^, `) `il [][l\im_, C2, [h^ C3, l_mj_-

]ncp_fs, chn_l[]n_^ qcnb l_mc^o_m i` 1B2Y, _r]__^cha 3.0 Å. 

Analysis of drug-likeness of the compounds       

Tb_ ^loa-fce_h_mm jlij_lnc_m i` nb_ \ci[]ncp_ ]igjioh^m 

q_l_ [mm_mm_^ \[m_^ ih Lcjchmec’m lof_ i` 5, [h^ nb_ l_mofnm 

[l_ jl_m_hn_^ ch T[\f_ 3. Aff nb_ ]igjioh^m g_n Lcjchmec'm 

lof_ i` 5, ko[fc`scha [m ^loaa[\f_ ]igjioh^m, _r]_jn `il 

20(29)-foj_h_-3β-cmi`_lof[n_ C3. Tbcm mj_]c`c] \ci[]ncp_ 

]igjioh^ pcif[n_^ nb_ Lcjchmec lof_m l_f[n_^ ni gif_]of[l 

q_cabn (< 500 a/gif) [h^ fcjijbcfc]cns (LiaP < 5), nbom     

`[cfcha ni g__n nb_ ]lcn_lc[ `il ^loa-fce_h_mm []]il^cha ni 

Lcjchmec’m lof_ i` 5. 

Analysis of ADMET profiles of the compounds        

Tb_ [\miljncih, ^cmnlc\oncih, g_n[\ifcmg, _r]l_ncih, [h^ 

nirc]cns (ADMET) jlij_lnc_m q_l_ _p[fo[n_^ in silico [h^ 

[l_ jl_m_hn_^ ch Fca. 5. Ih ]igj[lcmih ni [][l\im_, [ff nb_ 

]igjioh^m _rbc\cn_^ gi^_l[n_ ni _r]_ff_hn chn_mnch[f 

[\miljncih [h^ 20% \ci[p[cf[\cfcns. Wcnb nb_ _r]_jncih i` 

C1, C2, C3, [h^ C13, gimn ]igjioh^m chn_l[]n_^ qcnb [h^ 

chbc\cn_^ nb_ P450 ]sni]blig_ CYP1A2, qbcf_ C1, C2, [h^ 

C3 q_l_ fce_fs ni \_ mo\mnl[n_m i` nb_ P450 ]sni]blig_ 

CYP2C19. R_a[l^cha _r]l_ncih, [ff nb_ ]igjioh^m ^cm-

jf[s_^ gi^_l[n_ ni aii^ ]f_[l[h]_ l[n_m [h^ b[f`-fc`_ 

ncg_m, _r]_jn `il C1, C2, C12, [h^ C13, qbc]b _rbc\cn_^ 

_rnl_g_fs bcab b[f`-fcp_m. Wbcf_ mig_ ]igjioh^m mbiq_^ 

gi^_l[n_ ni [ bcab ^_al__ i` nirc]cns, C1 ^_gihmnl[n_^ 

m[`_ns qcnb hi b_j[ninirc]cns, mech m_hmcnct[ncih, gon[-

a_hc]cns, [h^ ][l]chia_hc]cns.   

 

Fca. 4. Mif_]of[l ^sh[gc]m mcgof[ncihm l_mofnm i` ]igjf_r_m; RMSD ([) [h^ RMSF (\) i` [][l\im_, ]igjioh^ C2 (], ^) [h^ ]igjioh^ C3 (_, `).  
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Dcs]usscon  

Ih nbcm mno^s, q_ _p[fo[n_^ nb_ in vitro [hnc^c[\_nc] jin_h-

nc[f i` Euclea natalensis f_[` _rnl[]nm \[m_^ ih nb_            

chbc\cncih i` nb_ []ncpcns i` ih_ i` nb_ e_s ][l\ibs^l[n_-

^ca_mncha _htsg_m, α-[gsf[m_. Tbcm _htsg_ cm cgjfc][n_^ 

ch g[h[acha jimnjl[h^c[f bsj_lafs]_gc[ ch nsj_ 2 ^c[\_nc] 

j[nc_hnm. Tb_ mnl[n_as i` mojjl_mmcha jimnjl[h^c[f bsj_l-

afs]_gc[ nblioab nb_ chbc\cncih i` α-[gsf[m_ b[m f_^ ni 

nb_ ^cm]ip_ls i` [][l\im_, [ ]fchc][f ^loa qcnb nbcm g_]b[-

hcmg (7, 26). Tb_ mifp_hn _rnl[]nm i` E. natalensis ^_gih-

mnl[n_^ chbc\cncih i` α-[gsf[m_ []ncpcnc_m, [m ^_jc]n_^ ch 

Fca. 1. Tb_ bcab_mn chbc\cnils _ff_]n ih α-[gsf[m_ []ncpcns 

q[m i\m_lp_^ qcnb M_OH _rnl[]nm, mcahc`c][hnfs molj[mmcha 

  ID   Compoun^ n[m_ 

Lcpcnskc’s Rul_ o` 5 

  Drua-
lck_n_ss 

Mol_]ul[r 
w_cabt (a/mol) 

Lcpopbclc]cty 
(MLoaP) 

H-\on^ 
^onors 

H-\on^         
[]]_ptors 

Rul_       
vcol[tcons 

<500 <5 <5 <10 <2 

C1 B_nofch 442.72 6.0 2 2 1 Y_m 

C2 Loj_if 426.72 6.92 0 1 1 Y_m 

C3 20(29)-foj_h_-3β-cmi`_lof[n_ 602.89 6.96 1 4 2 Ni 

C4 Imi^cimjslch 374.34 0.62 2 6 0 Y_m 

C5 M[g_a[echih_ 374.34 0.62 2 6 0 Y_m 

C6 Eo]f[hih_ 390.34 0.24 3 7 0 Y_m 

C7 G[fjchih_ 560.51 0.31 3 9 1 Y_m 

C8 M_nbsfh[jbnb[t[lch 204.18 0.01 2 4 0 Y_m 

C9 N_i^cimjslch 374.34 0.62 2 6 0 Y_m 

C10 Dcimjslch 374.34 0.62 2 6 0 Y_m 

C11 7-g_nbsfdoafih_ 188.18 0.59 1 3 0 Y_m 

C12 (R)-Sbch[hifih_ 192.21 0.76 2 3 0 Y_m 

C13 O]n[bs^li_o]f_ch 382.41 0.91 4 6 0 Y_m 

C14 4-Hs^lirs-5-g_nbirs-2-h[jbnb[f^_bs^_ 202.21 1.49 1 3 0 Y_m 

T[\l_ 3. Dloa-fce_h_mm jlij_lnc_m i` Euclea natalensis jbsni]b_gc][fm.  

Fca. 5. H_[ng[j i` ADMET jlij_lnc_m i` [][l\im_ [h^ Euclea natalensis jbsni]b_gc][fm. AC: [][l\im_, C1 – C14: jbsni]igjioh^m i` E. natalensis.              0: aii^ 
[h^ 5: \[^/jiil.  
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[ff inb_l _rnl[]nm [h^ ch^c][ncha moj_lcil α-[gsf[m_ chbc\c-

nils []ncpcns. Tb_ _htsg_ α-[gsf[m_ cm `ioh^ ch m[fcp[ [h^ 

nb_ mg[ff chn_mnch_m, m_]l_n_^ \s nb_ j[h]l_[m. In bs^lifst-

_m nb_ [fjb[-1,4-afs]imc^c] \ih^m i` mn[l]b’m [gsfim_ [h^ 

[gsfij_]nch ]igjih_hnm chni ifcaim[]]b[lc^_m [h^      

^cm[]]b[lc^_m mo]b [m mo]lim_ [h^ g[fnim_ (27, 28). Ihbc\c-

ncih i` α-[gsf[m_ l_mofnm ch l_^o]_^ [p[cf[\cfcns i`           

^cm[]]b[lc^_m, f_[^cha ni ^_]l_[m_^ afo]im_ [\miljncih 

chni nb_ \fii^mnl_[g (27). Ool l_mofnm [fcah qcnb nb_ `ch^-

cham i` Nei\if_ [h^ ]iff_[ao_m (21), qbi l_jiln_^ nb[n nb_ 

[]_nih_ liin \[le _rnl[]n i` E. natalensis chbc\cn_^ nb_ _h-

tsg[nc] []ncpcns i` α-[gsf[m_. 

 Aft_l _mn[\fcmbcha nb_ in vitro chbc\cncih i`                      
α-[gsf[m_ \s nb_ _rnl[]nm, q_ mioabn ni ^_n_lgch_ qb_nb-

_l nbcm chbc\cncih [fmi i]]oll_^ ch fcp_ [hcg[fm. W_ chp_mnc-

a[n_^ nb_ _ff_]nm i` nb_ _rnl[]nm ih \fii^ afo]im_ f_p_fm ch 

hilgiafs]_gc] l[nm [^gchcmn_l_^ [ mn[l]b mifoncih, [m 

^_jc]n_^ ch Fca. 2. A^gchcmn_lcha nb_ mn[l]b mifoncih ni      

hilg[f l[nm l_mofn_^ ch [h ch]l_[m_ ch \fii^ afo]im_ f_p_fm 

[h^ [ bcab [l_[ oh^_l nb_ ]olp_ (AUC) ch nb_ 2 bl mn[l]b 

nif_l[h]_ n_mn, [m jl_m_hn_^ ch T[\f_ 2. Soljlcmchafs, nl_[n-

g_hn qcnb nb_ _rnl[]nm [h^ [][l\im_ f_^ ni [ l_^o]ncih ch 

j_[e \fii^ afo]im_ f_p_fm (PBGL) [h^ AUC ch hilgi-

afs]_gc] l[nm. Wbcf_ [][l\im_ mcahc`c][hnfs fiq_l_^ \fii^ 

afo]im_ f_p_fm gil_ nb[h [ff nb_ _rnl[]nm, nb_ M_OH [h^ 

AkE _rnl[]nm _rbc\cn_^ nb_ bcab_mn chbc\cnils _ff_]nm [giha 

[ff inb_l _rnl[]nm, qcnb hi mn[ncmnc][f ^cff_l_h]_ (j < 0.05) 

\_nq__h nb_ _ff_]nm i` M_OH [h^ AkE _rnl[]nm. Tb_        

^_]l_[m_ ch PBGL [h^ AUC moaa_mnm nb[n nb_ _rnl[]nm     

chbc\cn_^ nb_ _htsg_ α-[gsf[m_ in vivo, ]ih`clgcha nb_     in 

vitro chbc\cnils _ff_]nm. Tb_ chbc\cncih i` α-[gsf[m_    l_^o]-

_m afo]im_ l_f_[m_ [h^ [\miljncih ch nb_ mg[ff      chn_m-

nch_m, nb_l_\s mojjl_mmcha jimnjl[h^c[f afs]_gc[. W_ bs-

jinb_mct_ nb[n \ci[]ncp_ ]igjioh^m jl_pciomfs          l_-

jiln_^ (19, 29) g[s \_ l_mjihmc\f_ `il nb_ i\m_lp_^ chbc\c-

ncih i` α-[gsf[m_. Ool l_mofnm [fcah qcnb jl_pciom mno^c_m 

^_gihmnl[ncha nb_ in vivo chbc\cncih i` α-[gsf[m_ omcha nb_ 

mn[l]b nif_l[h]_ n_mn qcnb jf[hn _rnl[]nm (30–32). 

 Tb_ in vitro [h^ in vivo chbc\cnils _ff_]nm i` nb_    _r-

nl[]nm mj[le_^ [h chn_l_mn ch oh^_lmn[h^cha biq nb_ \ci[]-

ncp_ ]igjioh^m chn_l[]n qcnb [gsf[m_ [n nb_ gif_]of[l 

f_p_f. Tbcm q[m chp_mnca[n_^ omcha gif_]of[l ^i]echa, [ 

gif_]of[l gi^_ffcha n_]bhcko_ nb[n jl_^c]nm biq [        

jlin_ch chn_l[]nm qcnb [ fca[h^ [h^ ^_n_lgch_m [ mn[\f_ 

]ih`ilg[ncih (33). Mif_]of[l ^i]echa b[m \_]ig_ [ e_s 

niif ch ]igjon_l-[c^_^ ^loa ^cm]ip_ls. Ih nbcm mno^s,          

14 ]igjioh^m `lig E. natalensis q_l_ mo\d_]n_^ ni       

gif_]of[l ^i]echa [h[fsmcm. Agiha nb_g, 20(29)-foj_h_-

3β-cmi`_lof[n_ C3 _rbc\cn_^ nb_ fiq_mn \ch^cha _h_las i` -

11.4 e][f/gif, _p_h fiq_l nb[h nb[n i` [][l\im_                     

(-11.2 e][f/gif). Ih gif_]of[l ^i]echa, [ gil_ h_a[ncp_ 

\ch^cha _h_las ch^c][n_m [ gil_ mn[\f_ jlin_ch–fca[h^ 

]igjf_r (34, 35). Tb_ mn[\cfcns i` nb_ ]igjf_r cm []bc_p_^ 

nblioab bs^lia_h \ih^cha [h^ _f_]nlimn[nc] `il]_m, \inb 

i\m_lp_^ ch iol mno^s. Wbcf_ [][l\im_ `ilg_^ bs^lia_h 

\ih^m qcnb 10 [gchi []c^ l_mc^o_m ih nb_ []ncp_ mcn_ i`       

α-[gsf[m_, 20(29)-foj_h_-3β-cmi`_lof[n_ C3 b[^ bs^lia_h 

\ih^m qcnb 3 [gchi []c^m. D_mjcn_ b[pcha ihfs 3 bs^lia_h 

\ih^m, nb_ fiq_mn \ch^cha _h_las i` [gsf[m_ - C3 g[s \_ 

[nnlc\on_^ ni nb_ δ [h^ π-\ih^m `ilg_^ qcnb 8 [gchi []c^ 

l_mc^o_m. Op_l[ff, [ff ]igjioh^m chn_l[]n_^ qcnb nb_     

jlin_ch, l_mofncha ch p[lscha \ch^cha _h_lac_m [h^ nsj_m i` 

chn_l[]ncihm. Tb_ ]igjf_r_m qcnb nb_ bcab_mn ^i]echa 

m]il_m, C2 [h^ C3, q_l_ mo\d_]n_^ ni gif_]of[l ^sh[gc]m 

mcgof[ncihm. Tb_ liin g_[h mko[l_ ^_pc[ncih (RMSD)     

p[fo_m, ^_jc]ncha nb_ mn[\cfcns i` nb_ ]igjf_r ip_l nb_ 

[h[fsmcm ncg_ `l[g_ (36), l_p_[f_^ nb[n C2 [h^ C3            

]igjf_r_m q_l_ hin [m mn[\f_ [m nb_ ]igjf_r qcnb         

[][l\im_. C3 mbiq_^ `fo]no[ncihm nb[n ^cp_la_^ mcahc`c-

][hnfs `lig nb_ 1B2Y jlin_ch \[]e\ih_, ch^c][ncha nb[n C3 

fim_m mn[\cfcns [h^ ^cmj_lm_m [q[s `lig nb_ []ncp_ mcn_ i` 

nb_ jlin_ch. Afnbioab nb_ RMSD p[fo_m i` C2 ch ]igjf_r 

qcnb 1B2Y q_l_ mo\mn[hnc[f, nb_ ^cp_la_h]_ q[m hin [m  

mcahc`c][hn [m nb[n i` C3. Tb_ liin g_[h mko[l_ `fo]no[ncih 

(RMSF) q[m ]igjon_^ ni [h[fsm_ l_mc^o[f `fo]no[ncihm 

ip_l nb_ mcgof[ncih ncg_ (37). Tb_ RMSF mbiq_^ `fo]no[-

ncihm i` gil_ nb[h 3.0 Å ch [ff ]igjf_r_m, ch^c][ncha bcab_l 

`f_rc\cfcns (38). Ool l_mofnm [fcah qcnb [ mno^s \s Os_qomc 

(39) qb_l_ Wcnb[hifc^_ A `lig nb_ jf[hn Withania           

somnifera _rbc\cn_^ mnliha [h^ mn[\f_ \ch^cha _h_lac_m 

[fiha qcnb bcab `f_rc\cfcns, [m ch^c][n_^ \s RMSF. 

 Ih [^^cncih ni gif_]of[l ^i]echa, nb_ \ci[]ncp_ 

]igjioh^m q_l_ [mm_mm_^ `il nb_cl jin_hnc[f ni \_          

^_p_fij_^ chni ^loam. Tb_ _p[fo[ncih i` ^loa-fce_h_mm q[m 

\[m_^ ih Lcjchmec'm Rof_ i` Fcp_, qbc]b ]igjlcm_m `cp_ 

jlij_lnc_m ^_n_lgchcha nb_ il[f []ncpcns i` [ ]igjioh^ ch 

bog[hm (32). Aff ]igjioh^m ^_gihmnl[n_^ ^loaa[\f_ 

]b[l[]n_lcmnc]m, _r]_jn `il 20(29)-foj_h_-3β-cmi`_lof[n_ C3, 

qbc]b pcif[n_^ Lcjchmec'm lof_ l_a[l^cha gif_]of[l q_cabn 

(< 500 a/gif) [h^ nb_ fcjijbcfc]cns lof_ (LiaP < 5). Wbcf_ 

nbcm `ch^cha moaa_mnm nb_ jin_hnc[f `il nb_m_ \ci[]ncp_  

]igjioh^m ni \_ `olnb_l ^_p_fij_^ chni ^loam, cn cm ]lo]c[f 

ni hin_ nb[n nb_ ADMET jli`cf_m ch^c][n_^ jin_hnc[f nirc]cns 

`il gimn i` nb_g, qcnb nb_ lcme i` ][omcha fcp_l chdols,      

gon[ncihm, il chn_l`_l_h]_ qcnb ^loam g_n[\ifct_^ \s nb_ 

P450 _htsg_m CYP1A2 [h^ CYP2C19. In cm hin_qilnbs nb[n 

]igjioh^m `lig inb_l jf[hnm b[p_ \__h l_jiln_^ ni chn_l-

[]n qcnb α-[gsf[m_ qcnbion _rbc\cncha mcahm i` nirc]cns (40, 

41). Fil chmn[h]_, ch [ ]b_gich`ilg[nc]m [h[fsmcm `il     

^loa-fce_h_mm, Tijin_][h `lig nb_ jf[hn Leucas ciliata 

B_hnb chbc\cn_^ α-[gsf[m_ qcnb hi [jj[l_hn nirc]cns      

jin_hnc[f, m[ncm`scha Lcjchmec’m Rof_ i` Fcp_ `il ^loa ][h^c-

^[n_ gif_]of_m chn_h^_^ `il il[f [^gchcmnl[ncih (40).  

 

Con]luscon   

Tb_ jl_m_hn mno^s mo]]_mm`offs ^_gihmnl[n_^ nb_ chbc-

\cnils _ff_]nm i` Euclea natalensis f_[` _rnl[]nm ih                  

α-[gsf[m_ nblioab \inb in vitro [h^ in vivo [jjli[]b_m. 

Mif_]of[l ^i]echa [h^ ^sh[gc] mcgof[ncihm qcnb nb_ c^_h-

nc`c_^ \ci[]ncp_ ]igjioh^m l_p_[f_^ [ mnliha \ch^cha 

[ffchcns, moaa_mncha nb_cl jin_hnc[f `il ^loa ^_p_fijg_hn. 

Hiq_p_l, `olnb_l l_m_[l]b cm q[ll[hn_^ ni cmif[n_ [h^  

nbilioabfs _p[fo[n_ nb_ jb[lg[]ifiac][f p[fo_ i` nb_m_ 

\ci[]ncp_ ]igjioh^m. Hog[h mno^c_m [l_ [fmi h_]_mm[ls 

ni ^_n_lgch_ qb_nb_l mcgcf[l l_mofnm ][h \_ i\n[ch_^ ch 

bog[h mo\d_]nm.   
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A]knowl_^a_m_nts    

Tb_ [onbilm [l_ nb[he`of ni nb_ Binmq[h[ Ihn_lh[ncih[f 

Uhcp_lmcns i` S]c_h]_ [h^ T_]bhifias (BIUST) `il `oh^cha 
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