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Research subject: The use of nanoparticles, especially nano-
antibiotics, increases their efficacy. More uniform release of antibiotics
isone ofthe benefits oftheir nano size. They can be made using ointment
or banderol to be absorbed through the skin to the infection, thereby
reducing its side effects. Amoxicillin is one of the most widely used
antibiotics in the world which can prevent the use of other stronger
antibiotics, provided that its efficacy is promoted in the form of
nanoparticles. Determining the mechanism of nanoparticle formation
of this drug is an important factor for its commercial production.
Research approach: The purpose of this study was to determine
the nucleation mechanism and induction time of crystallization of
amoxicillin nanoparticles in the presence of surface active agents
‘CTAB’ and ‘SDS’. Therefore, the effect of amoxicillin concentration
and stabilizing agent concentration on the crystallization process
was investigated. In this project, a combination of inductive-reactive
crystallization was used. In this method, amoxicillin sodium was
produced with sodium hydroxide, which had a much higher solubility
in water. Then, by adding hydrochloric acid, amoxicillin was recovered
and supersaturated. SEM and DLS analyses were used to determine
the properties of amoxicillin nanoparticles. All the experiments were
repeated twice.

Main results: The results showed that particles with a mean size of
50 nm were formed and the particle stability was confirmed up to one
week after formation. The results of the experiments showed that the
nucleation mechanism was primary type with an average explanatory
factor (R?) equal to 0.9887 and adding a stabilizing agent had no effect
on the nucleation mechanism.

*To whom correspondence should be addressed:

MANTEGHI@modares.ac.ir


https://arcpe.modares.ac.ir/article-38-33964-fa.html

[ Downloaded from arcpe.modares.ac.ir on 2025-04-20 ]

150900 (K 3ol SN (ylo ) g (I jawd 4 g sl Lot
b Jlad 3150 59a> 38 odaw oS 90T

oyl 818 y0 M epr9 0 Ly

Q‘J‘l‘ 9@94 ‘W (g0 PRUSRRY ‘)'Q“:’B'f uu?vé' 9 f?l'c A?"g Gc)l.w‘ olj olKiils )

Q‘)J‘ ‘Q‘)‘Q; oy S )y oKy « SO (s cuscisle Y

=L Gl e LaSisn STel (og—asa; Lag)logil 5l esla !
O3 57 GLalie 5l (S0 Sgm 1 IS gjlsll ag oo Laf]
Sygo do |y Loyl les oo g,l0s00 adgr jloslawl L vimen .ocul
Sgie ghls 4l i Cwgy sk I L 0,5 A ez p L sl
S b oS5l (ol O] (il (25 i i g 950
D y5mpd 45 Sl Gl 5 ooliil 85 Lo STgn ST om0 )5
Lo Ssn 5T G ymas Gl 5l pls oo D39 050 4 L)
sele gylo ol D39l S [ g5l e 05T s =T ol 500 (553
sl ol )l 0 sl et

LAl ol g it g5l el (G ol ploril jl Ba s
SDS 4 CTAB _oxla s JLixb olgo ol Cyal s o g0l 13556 Sy jsly
g ad)s 8 eslaiul )50 D135 U ot a3 5lS 5l (6 )T ol (sl
ot =ysk ol s ea Sl o ble g el oS gel o Lile
Sl STy~ (S5l (S ) 5 gy ol ot
STy Lo ags b, ool 5 e o8l al cyele o S ol Bl 105 a3
S8 0 i el S ol s Sy L el S
sl VLl ek S gel A Cod OF o O] 6 Pl aS
bosh 5ot (bl el S ol el IS g 008 3958 L
A S5 4 yage Blitale] sles i ol gLl 555 Ll 5 o]
DLS 5 SEM (slagyg0;l 3l Crabomm snS g0l D3350 (slp Sng e 5l
A oslasul

g ol JoSis gl B0 o3l lawgie Ly Ol)d a S ol il mols
e 0ol S 5 ey atin SO U s (Sl 1l e 3 syl
L eyl 55 51 aliain 555l 45 ols olits Sliglej] ) ol zols
00uS jlasly ools (o933l g 03g— < /AAAY (R" O o 8 5 Sln
il oliaias g5 o st

Sy - o W (Koo 5ol
Ol oS 9o

Wl )

i g5l

ouiiS )l

1Ol Hlo suges

MANTEGHI@modares.ac.ir


https://arcpe.modares.ac.ir/article-38-33964-fa.html

[ Downloaded from arcpe.modares.ac.ir on 2025-04-20 ]

ok B yae Ll ol o 5l L goly s
S35l Gl izt 051 Joe 4y g)ls iy L
Lo g onmels Ly (3,55 oudoandigy & )90ty 05 oo
[o] st soliul Jocas imls,

4 OlySe b oty o pge Sl 5l (S0 i
IS g calid g il golo 58 5l (opoog—; g,
slagilly 5l ohde b ol ws ;o ;S50 Jlse
Sydeb Gy ol 52 [8] el o dime g, Gt
9o Lapl (@liaind o g 0l oS 9]
calie gl el )l S jedaie (i e85 18 ()
Cbale g oo Sl ges oot adsl bl o il
Al ey LAl e o caiS Il

oy Slydg b sl [V K ea g goig>
ol g, 5l ool Uy ] Jodos yo 1) Crakos ool
S g ] S Ay 0, Bl o Ses Sy Ly
a5 D505 foaals ale g e ay oyl S gal
STy 035l il sl 7 55JBE plgie 4 NaOH 4
aiudly (Al s 5 o dlgacSe oS o Jg
JESRYI SV V70U BB VERPIE STPIN FCUEY JU U VST
dmilomo |y Calen o By 00 BB LSSV, 4Ly
Olg=i an el oS5l Sl 095 G 1o Lol oS
=5k o] )8 00,8 solaiwl A wle O 90 A gl
O 5 ol 95 (STy (S pok asln Lag)]
Ay S S el 0958 Ly ot 589 55 [Y]
aw ,0 |y e S gal O3 o el S gal
S 0y Sl Bjgo a9 55U g S el
5 Silmdae i o (8] e 5 g 518
ol B 5o ) b S5l (o1 0 sjlmaie
6l 5 DV ] 5 5 pgoues assls plssil aiwsn
e LT ) ol oS sal D095 0I5
Oimed 9 3533,5 g 5 (6,05 ,b (S ) b
5 ool L aliie (g, L [NV oS en 5  Slidae
(OlgiS ol a o Ll s (S Jwp) b
o 50, oy |y CbimnnS 5ol 3550 iola,
36 a s sl olowgiS 5 s (8] ol sen
o b ol emsls Pl 5 ookl (ol S sl
De,S

o9y 9 dlge
eS8l VL e ble Ly ol v wSgal
o SS9y Al Al serD 008 (53l lo
Vb pee I3 L m ol LS oS, 5 5l (NaOH)
L olodl S e a8 i 5l Sl g 00 ol 8A |
Js—,2 Ls Cetyltrimethylammonium bromide (CTAB)
31729 51,56 eeds L o (C H, JN(CH,)Br olas
Sodlum) ULQJH J.t_wégé (02 S c@)dﬂ l..o.i‘._w J)._w

Sk GBI e 5 pliaes Wosle (s

doddio

oyl 2y 00l5l5 glmg o 5 (S ke oS e
3= gyl el il LaplsYly a s 5l
s Lo Sl oy 5 o ieke
czge g Lol il )l Sel gl () o
ok o)les sloagllfgacy el ) csilos
LS (ol o)lgmd 5 Az o 5 6,51,
ol ol Sl e S g0l 055 oo
ataglie o ol 50 Ll ea uSa s sla xS
ale Lacsgie 51 o) glsyo ;o gl ool
(S 95 el 9,995 iCo o She (B9 Sgae
slh—me slocigie (Jwg clacigie (—gesn
ookl mbadS slacisac 5 oV (5l )0l
3 S Sl el S 50l 3l e 255 o0
s5be) (S35l Sl imws 5l 8 e S gl
ale) s of 81 yo (lass anS L ol Jle
IS olr (8 sloam ;s (ol b an Mo ol 4
5 S5ty 9 Jlob (gam 031 50 (S gegiy Cigie
b S g0l Dl S oo o0lai il o3 ol Loy
ke py5 g Lo 5 Lo iSL Sl )k
g dm Shaps 5 b oS gol ol ;S5
sl 25—2rg0 ygamilpmigas § Sty o2 B i JgusS
G0 S dn e Sl O o Seed e
sloasss 5l 5 [Y] e ilas o Jg 5, S5l
Ol S 9ol 4 Ll w g Ly (b S
oS udys sLadisF o arle (gl Ng—b e pyliia
ol jop 45 050 o oolaiwl oIS S gelsS 5l jLaliSYLL
Sy e Byan (ks S 5ol L

5 Sh3eb lsl—2 slws )l 4 4z g5 L 055,
(9o gmlie L SR 6L gren L pg e
ojlal ) Sl il gy an Sl 0,8 5 L Seal s
Lo 4 99,9 50 pad gl .ol asdly il oL
Sy gy ol il Dly59 0w g ($3s eSSl
S358590 9 Ol ool L (SIS plye 4 230t
TSN Le ] e 035 (3855 3,50 0,5 ap Cwlio
Py -4| RS PPN PR RO\ -5 ) B P S W
3 Oy o=l ekl o, S g - Sen ()35
4 &l)3gb g o Cgme (55519 Dl )dg 5L o g5
Ll e 5l 4 wis oo ad (355UsS sl b,
ol L slaghy, 5l (S ale U8 5l (o0,
bl adss sl

soslil sl 1) o lsiiss o)l il 50,5 505 Ly
oals] (Oloy & j5—ods) gy 59, Jloxiwl ;a5 054
as Laplasl plw o gl cdbo sy mlan 0,
ol ladais 6,053l g 05 b0 Sliizl (5,50 520
59536 Jlaxial g il Ly Liads sl o il
il glacwslie L ablio (o lalie (lss o0

O ek - o i 505 e Giagh (ol Al (o B9 (ol aolilad


https://arcpe.modares.ac.ir/article-38-33964-fa.html

[ Downloaded from arcpe.modares.ac.ir on 2025-04-20 ]

Sk GBI olej 5 (pliaee il e

Lo ol 00) o e—bline (o0 b gy a 380 jo
e (il iiSly 99,08 &0 Sl Ll
Jgl ad> e 50 098 Blads Jylome 5 plodl (39,00 Lo
e 3 plodl oo Sk He—de o imles
9 o—b A ) D)9 (950 Ve ) S0 sl
Oley 5o B 00958l Jolowo a0, ad 0, L8 & j5 0 4y
e Voo Tpm 90 Lo Jodoe Jodoo dm sl (3953
3o Sy Dygmo g d WIS LS 0l 00
03,5 )5 d £9,-5 gimmplej sl o a8 e 0453
9o 53 D95 (6 S0l Jodome (at S ey b

CH.(CH)), SO- olwsi Jgo 8 L dodecyl sulfate (SDS
g oS &8, 1A 51, 5VL e > Ly Na
o0 ey Jlags & jgo a5 O o d ey ol
S35998 )90 9 03l e jgLaiedy and A 03935009
=95 (9959 Sos gl dsiged 5l oa JSas o)s
J9—) Scanning electron microscopy or SEM __iss
(S= 5,940 y9-iS 3l TESCAN 5, el VEGA
S old oslasl xamjei g ojlasl s gl 0l a8 T
Dynamic Light Scattering) g ;55 SaiSly 5!
&S b Slw Y7+ - Zetasizer Nano Zen Jos) (DLS

0
o}
Ha o] N (o
+NaOH  — ] Na"  + 0
> R 1 S
NH, H

2 oS 9,008 g Cpabas oS g0l J5SUge 28Ty (1) JSCS

Figure 1. Reaction of amoxicillin and NaOH
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Table 1. Results of experiments without stabilizing agent

Amount of Initial Equilibrium .

- . . . . Induction

No. initial material | concentration | concentration | Supersaturation time (s)

(8) (mg/ml) (mg/ml)

1-1-1 0.2 31.19 3.4 9.17 101
2-1-1 0.3 33.21 3.4 9.77 76
3-1-1 0.4 42.98 3.4 12.64 38
4-1-1 0.5 48.57 3.4 14.28 30
5-1-1 0.6 59.19 3.4 17.41 21
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Figure 2. Diagram of natural logarithm of induction time versus inverse squared natural logarithm
of supersaturation and also of natural logarithm of supersaturation for different concentrations of
amoxicillin without stabilizing agent
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Table 2. R? values obtained for induction time graphs at different concentrations of CTAB stabilizing agent

-, . The R2 value for The R2 value for the
Initial Stabilizer .
. the primary nuclear secondary nuclear
Concentration (mM) . .
mechanism mechanism
0.2 0.9933 0.9619
0.4 0.9989 0.9608
0.6 0.9913 0.9857
0.8 0.9836 0.9695
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Table 3. R? values obtained for induction time graphs at different concentrations of SDS stabilizing agent

. . The R2 value for The R2 value for the
Initial Stabilizer .
. the primary nuclear secondary nuclear
Concentration (mM) . .
mechanism mechanism
0.2 0.9933 0.9736
0.4 0.9759 0.9596
0.6 0.9709 0.9652
0.8 0.9934 0.9789
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Figure 3. SEM image of amoxicillin nanoparticles with a magnification of 60,000 times
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Figure 4. Particle Size Distribution in DLS Analysis
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Figure 5. Stability of nanoparticles after 7 days
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