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Problem statement and justification

* |AD reported 5,141 cases.
* 1SQ 2,105 cases reported

Implementation

and development * Public

of new Health
technologies problem
Adaptation a Chx
Resistance to Colistina
Wand et al.,2017
Alcohol Pseudomona * |ncrease
aeruginosa :
N
Romero et al.,2011 cost
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Alternative

Roopan et al. Nps Copper
oxide antifungal activity,
versus Aspergillus niger y

Aspergillus flavus
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Improved alternative

H,C

HO
Berkovich et al,. 2013 the M
leaf contains compounds
such as terpenoids, tannins,
sterols, flavonoids, \%/ <:/\ ‘cu_u-c-o-cu ~CH,

saponins, anthraquinones.
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Objetive

Evaluate the antimicrobial and cytotoxic effect in
vitro of copper and silver nanoparticles synthesized
from Moringa aqueous extracts against pathogens
involved in infections associated with medical device
and surgical site.
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Specific objectives

Determine extraction protocols by maximizing Moringa oleifera leaf
reducing compounds.

Synthesize copper and silver nanoparticles suspended in oily Moringa
extracts.

Evaluate in vitro antimicrobial activity of copper and silver
nanoparticles synthesized and suspended in Moringa leaf extract
against important strains in Health Care-Associated Infections.

Evaluate the cytotoxic and genotoxic effect of copper and silver
nanoparticles synthesized and suspended in Moringa oleifera leaf
extract on mammalian cell lines.
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Methodology

Drying in Size reduction per
convective oven at blade mill, sieve
50°Cfor 12 h 0.5-0.6 mm

Preparation of
plan material

Extraction of Exp.erimeg’ntal Centrifugation
active desingl 2 10 min
Tiempo: 24-48h 3500 rpm
compounds %s/s - 5-30
pH: 4-10
Measuremnet »
of disolved t»&
solids _Q
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Methodology

Determination Reducing cavacity Cut? = g of beginning CuS0, — g of ending CuSO0,
Of the » g b y g Of extract
reduction _ g of reducing CuSO,
capacity of the g of extract

Cu ion *2

Reducing » i[’ L@j

sugars

5
Quantification p 1
of total » Galic acid
polyphenols solution
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Methodology

Histochemical
evaluation of the
effect of extraction
processes on
moringa leaves.

- - Lugol — starch and lignocellulosic compounds

B Fucsine - protein

- - Violet - cell wall structures

Diseno de Box-Behnken

. T°: 25, 52,5; 80 o del diser
Nanoparticles » NaOH: 0,0001; esumen del diseiio
synthesis 5,10mM » Factores: 3 Réplicas: 2
. . X Corridas base: 15 Total de corridas: 30
5al:0,1;4,55; 9 mM Bloques base: 1 Total de bloques: 1

Puntos centrales: 6

Characterizacion of » UV-VIS, DLS,
the most active Nps SEM,
Potencial Z
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Métodos

CLSI » Hongos Bacterias
Microdilucion M27-A4 M27-A10

MIC

eceooe

solucion »

coloidal

500- 2500 » M
Células/ml

Minimal bactericide and fungicide concentration

< 3 ufc
CMI 10pl Agar Sabouraud .
y nutritivo CFM ;CBM /
zumotec
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Methods

Ensayo de citotoxicidad y genotoxicidad

Cell Line : 1774A.1 (ATCC TIB-67)
Vero ATCC CCL-81

cell viability

Optical
density

MTT

37°C/ 5% CO2
95%/ 48h

Electrophoresis
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Results

Término 2120
'l T
Facto Nombre
A Tiempo
8 Porcentaje
C pH

Diagram of standardized effects of aqueous extracts of
Moringa oleifera leaf for time factors (A), solid/liquid ratio
percentage (B) and pH (C), evaluated the reducing capacity

of the Cu*?2 ion ’
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Results

Interaction graph for Benedict

47 Tiempo * Percentage

> A0
& . ne
(8
L .
14
2 i) . -
'; ¥
s WM Vierro rroatige ¥ pv o
} » *
1 .
| . .
- < v -
-
i .
» «l ! ®
Time Farcentage

Graph of interaction of main variables of the pH factor levels,
time, percentage in response reducing capacity
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Results —

istychemic test ~ #m9re

C D
Graphic 1. Epidermis of fresh moringa leaf, 10X target (A). Graph|c 2. staining with gram dyes, of cuts of the
Epidermis staining of fresh moringa leaf, 100X target (B). epidermis of the moringa leaf after eEpidermis of fresh moringa
Epidermis of the dried moringa leaf, target of 10X (C). Epidermis leaf, 10X target (A). Epidermis of fresh moringa leaf, 100X target
of the dried moringa leaf, 100X target (D). (B). Epidermis of the dried moringa leaf, target of 10X (C).

Epidermis of the dried moringa leaf,xtraction by maceration, for

24 h and room temperature. Tissue after extraction at pH 10 (A

,”“*’llniversidad | ACREDITACION target 10X), B (target100X)) and pH 4 (C (target 10X), D (target
@!eﬁe{!@ﬂdﬂiﬁ’???b"g? (target 10X), B (target100X)) and pH 4 (C (target 10X), D (targ
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Results

physicochemical characterization of the extract

Physicochemical characterization of Moringa leaf extract using antioxidant
tests.

Physicochemical

characterization Result Units

Reducing sugars 7,437
g9sug mg EG/g extract

Total polyphenols 45,222
POIYP mg EAG/g extract

*EAG: equivalents of galic acid
* EG: equivalents of glucose

) Universidad :epuron zumotec
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Results

Combination of experimental design

PUNTO EXP. To [NaOH] [CuSO,] [Ag.SO.]
1 25 0,0001 4,55
16 25 0,0001 4,55
3 25 10 4,55
18 25 10 4,55
5 25 5 0,1
20 25 5 0,1
7 25 5 9
22 25 5 9
9 52,5 0,0001 0,1
24 52,5 0,0001 0,1
10 52,5 10 0,1
25 52,5 10 0,1
11 52,5 0,0001 9
26 52,5 0,0001 9
12 52,5 10 9
27 52,5 10 9
13 52,5 5 4,55
28 52,5 5 4,55
14 52,5 5 4,55
29 52,5 5 4,55
15 52,5 5 4,55
30 52,5 5 4,55
2 80 0,0001 4,55
17 80 0,0001 4,55
4 80 10 4,55
19 80 10 4,55
6 80 5 0,1
21 80 5 0,1
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Figura A: Candida albicans (ATCC®
90028 Figura B: Candida tropicalis
(ATCC® 66029), Figura C: Escherichia
coli (ATCC® 25922), Figura D:
Staphylococcus aureus (ATCC®
25923).
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Preliminary microplate results , =

zumotec
ZUMO TECNOLOGIA
N C E. coli S.aureus C.albicans C.tropicalis
ps LU *50% *90% *50% *90% *50% *90% *50% *90%
1-16 - - - - - - - -
2-17 - - - - - - - -
3-18 Inhibid - - - Inhibid - - -
4-19 Inhibié - Inhibid - - - - -
a%: ‘”;rigm” oL oot 5-20 . : ; - Inhibi6 - Inhibi6 -
microorganism 6-21 - - - Inhibio - - - -
*QQ%: inhibition of 90% 7-22 - - - - - - - -
‘ﬁ(‘)ﬁ'ﬁ)@fg;"‘n’fh of the 8-23 . Inhibi6 - Inhibi6 - Inhibi6 - Inhibio
* FlI: fluconazole (16 pg/ml) 9-24 - - - - - - - -
* Chlorine: chloranfencol 10-25 - - Inhibi6 - Inhibi6 -  Inhibi6 -
(32 pg/mi) 11-26 - Inhibid - Inhibid - - - -
*C+: positive control (4000 12-27 - - - INnhibid - - Inhibid -
yeasts/ml) (100,000
bacteria/ml) 13-28 - - - - - - - -
14-29 - - - - - - - -
15-30 - - - - - - - -
Extracto - - - - Inhibio - - -
Clx (2%) - Inhibié - - - - - -
Clor (32 pl) - Inhibid - Inhibio - - - -
FI (16 pl) Inhibi6 - Inhibid6 - - - - -
(& Universidad :cionacios C+ + + + + +
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Preliminary microplate results

C. albicans C.tropicalis S. aureus E. Coli

Nps Ag *50% *90% *50% *90% *50% *90% *50% *90%
1-16 Inhibi6  Inhibi6  Inhibi6  Inhibi6  Inhibié6  Inhibi6  Inhibi6  Inhibid

*50%: inhibition of 50% 2-17 | Inhibié  Inhibi6 Inhibi6  Inhibi6  Inhibic  Inhibié  Inhibié  Inhibio
visible growth of the

microorganism 3-18 Inhibié  Inhibi®  Inhibié  Inhibié  Inhibi®  Inhibié  Inhibié  Inhibi6
*90%: inhibition of 90%

visible growth of the 4-19 - - - - Inhibié - Inhibié -
microorganism 7-22 Inhibid  Inhibi®  Inhibid  Inhibi®  Inhibid  Inhibid  Inhibi®  Inhibid

* FI: fluconazole (16 pg/ml)

* Chlorine: chloranfencol 8-23 Inhibi6  Inhibi6  Inhibié  Inhibio Inhibio Inhibié  Inhibid Inhibi6

(32 pg/mi) 9-24 Inhibié  Inhibi6  Inhibi®  Inhibi6  Inhibi6  Inhibi6  Inhibié  Inhibio
*C+: positive control (4000
yeasts/ml) (100,000 11-26 | Inhibi® Inhibié Inhibi®  Inhibi6  Inhibié  Inhibid  Inhibié  Inhibio

bacteria/ml)
12-27 Inhibié  Inhibié  Inhibié  Inhibid Inhibid Inhibid Inhibié Inhibid

13-28 Inhibi6  Inhibi6  Inhibi6  Inhibi6  Inhibié6  Inhibi6  Inhibi6  Inhibid
14-29 Inhibié  Inhibi6  Inhibi6  Inhibi6  Inhibié6  Inhibi6  Inhibi6  Inhibid

15-30 Inhibié  Inhibi6  Inhibi6  Inhibi6  Inhibié  Inhibi6  Inhibi6  Inhibid

(E;)ggislgenrtsai.:l&l: %C,;,;ng‘,)ggg Ag,SO 4 - Inhibio - Inhibid - Inhibié  Inhibié  Inhibio
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Results

Antimicrobial activity of the Nps of Cu in fungal and bacterial strain(mg/ml).

C. albicans C. tropicalis E. coli

S. aureus
Nps Cu | MICg CFM MICoo CFM

MICa0 CBM MICoo CBM

6-21 *NI *NI *NI *NI *NI *NI 500 500
8-23 15,6 15,6 250 250 500 500 500 500
11-26 NI NI NI NI NI NI 500 500 |- Mics, fluconazole(16ug/mi)
12-27 NI NI NI NI NI NI 500 500 *Clor: Micsy choranphenicol (32 ug/ml)
Cuso4 1,1 1,1 1,1 1,1 1,1 2,2 1,1 >2.2 *Clorx: Clorhexidina (2%)
Extracto *NI *NI *NI *NI *NI *NI *NI *NI *NI: no inhibe
Clorx 7,6e5 7.6e® 1,53e* 1,53e* <3,7e® <3,7e® <3,7e% <3,7e°
*Fl 25e2 >16e?2 1,25e* >1,6e2 - - - -
*Clor - - - - 25e4 <23e? 1e3 <2,3e?
& Universidad | rcreoimacion y4 motec
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Antimicrobial activity of the Nps of Ag in fungal and bacterial strain (mg/ml).

C. albicans C.tropicalis S. aureus E. coli
Nps Ag MICoo CFM MICoo CFM MICoo CBM MICeo CBM
1-16 7,8 7,8 1,9 1,9 625 625 15,6 15,6
2-17 3,9 3,9 1,9 1,9 313 313 7,8 7,8

. 3-18 31,3 31,3 7,8 7,8 250 250 31,3 62,5
FI: Micsq fluconazole (16 pg/ml)

*Clor: Micsg cloranphenicol(32 pg/ml) 4-19 NI NI NI NI 500 500 500 500
*Clorx: Clorhexidina (2%) 7-22 1,9 1,9 012 048 39 156 1,9 7,8
*NI: no inhibe 8-23 048 048 048 048 3,9 7,8 3,9 3,9

9-24 7,8 15,6 3,9 39 61,5 125 61,5 125
11-26 048 048 0,24 048 39 7,8 0,9 15,6
12-27 1,9 1,9 048 048 7.8 15,6 1,9 15,6
13-28 125 125 31,3 31,3 250 250 250 250
14-29 250 250 31,3 31,3 250 250 250 250
15-30 250 250 31,3 31,3 250 250 250 250

== Uni : Ag2SO4 | Ge* 6e?® 5e3 5e3 6Be* 6e 13 1e3
@ Universidad ~crepimacion
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Results

Antimicrobial Cu Nps

Paretos diagram of standarized
(answer MIC. C. albicans, tropicalis, E.coli; a=0,005)

mino 2,086
= Factor Nombre
AC A []1NaOH
B [] CusSO4
= c T
A
AA
BB
CcC
AB
BC
B
0 1 2 3 2 s
Paretos diagram of standarized
(answer MIC. S. aureus; a=0,005)
ino 2,0I86
Factor Nombre
cC A [ ] NaOH
B []1Cuso4
& c T
C
BC
B
BB
AA
AC
AB

=
=
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Interaction graph plot for MIC

[1NaOH * [] CusO4

[1Cus0O4
— 01
—_ = 455

[1NaOH*T [1CusO4*T T
— 25
— — 525
-== 80

300

200 -

[1 NaOH []1CuSO4

Interaction graph plot for MIC
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graph of the best conditions; 10 Mm NaOH concentration, 80°C temperature
and 4,5 mm copper sulfate concentration, better synthesis conditions to
inhibit Candida albicans, and Candida tropicalis and E.col.
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Results

Antimicrobial Ag Nps

Paretos diagram of standarized
(answer MIC. C. albicans, tropicalis, E.coli, S, aureus; a=0,005)

2,09
Factor Nombre
A [] NaOH
B []1Ag2504
C T
2 4 6 8 10

600

200

600

400

200

0.0
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Grafica de interaccidn para la MIC C. albicans, C. tropicalis,

[1NaOH * [] Ag2504

25 50 75

[1 NaOH

E.coli, S.aureus

[1Ag2504
01
S 455
9

[1Ag2504+T T

/_,—/‘ 2

" — — 52
_— 30
4"/../
- -
2 4 3 a

[1Ag2504

Paretos and interations graph; <8 Mm NaOH concentration, 80°C
temperature and 9 mM silver sulfate concentration, better synthesis
conditions to inhibit microorgnismos
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Optima [1NaOH []Ag2s T

Optima [1NaOH []Ag2s T
' Alto 100 90 200 ' Alto 100 90 300
D=1.000° e [0,7389) [7.0718) [68,9549) D:1.000 e [0,0001] 12.0) [50,4984]
83jo 0,0001 0.10 250 Bajo 0,0001 010 250
N\ N
N\
\\ \\
\ -
\\ _ \\
MIC C. , : -
- : yd L MIC Eco / N
Obj: 0,480 - Obj: 190 S
/ ~ _—
y = 0,480 e \ y =190 _— ,/"/ T \\
d = 1,0000 - o \ d = 1,0000 C= S SR (8 S PR————
_— P N “
Optima []NaOH []Ag2s T Optima {]NaOH []Ag2s T
§ Alto 10,0 90 200 ) o 100 90 200
D:1.000 4 [0,0001) 5.6782) [64,9996] D:1.000 5 [0.0078] [8,4062] [74,1943]
83jo 0,0001 010 250 Bajo 0,0001 0,10 250
\'.
\\
\
\
\
MICC.t \ MICS. a
Obj: 0,120 ) \ Obj: 390
y =0120 / \\ y = 3.90
/ ~
d = 1,0000 \\ d = 1,0000 -
/ - AN L —
p _ N - -
/ T— _T_—-.-;J: ______ S — —F _________ K_.

Graph of the best conditions; 0,0001- 0,7 Mm NaOH concentration, 59,4 — 68,9
°C temperature and 5,6 -8,4 mm silver sulfate concentration, better synthesis

&= Universidad conditions to inhibit microorganisms
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Results

Physical quemical caracteristical

Potencial Zde Nps Cuy Ag

28,7

Nps Cu potencial Z gp

40

30

20

10

-10

-20 Nps Cu y Ag activas

.30 -24
M1:16 W 2:17 ®m 3:18 WM6:21 m7:22 m8:23 WM11:26 m12:27

z
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450 HD Y PdI Nps Cu _ 0,700
400 0,600
350 0,500
200 0,400 HD: 242 - 395
250
L 0,300 Pdl: 0,09-0,4
150 0,200 —
100 0,100 &
50 0,000
0 0,100

6-21 8-23 11-26 12-27

HD Y Pdl Nps Ag

300 0,6
=
250 05 =
— 1]
E 200 04 &
. = h=
HD: 82 - 236 2 150 0,3 Tg_

[3+]
Pdl:0,2-0,4 E 100 02 3
L L
50 i 01 2
=
0 0

1-16 2-17 3-18 7-22 3-23 11-26 12.27

HD
Nps Ag act

B DS e— P

[o]
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500
as0
400

_ 350

E 300
250

= 200
150
100

50
0

Cytotoxic activity Nps Cu and Ag

Cytotoxicity of Nps Ag

LA

—
\Q’

Sl Vero CCS0 W J7774A.1 CCS0

Results

—
o’b
(

Cytotoxicity of Nps Cu

CYTOTOXICITY AND SELECTIVITY INDEX Nps Ag

60
_ 50
E &
ao
E 3
~ 20
10
0 ) oty B
@
N N 0’ &t" Q;&o
00
MW Vero CC50 W J7774A.1 CCS50
CYTOTOXICITY AND SELECTIVITY INDEX Nps Cu
Vero J7774
CCsp LS. CC;, LS.
Nps 8 58,8 3,77 34,76 2,23

Vero J7774A.1
CCsp LS. CCsp L.S.
7 >500 4166,67 >500 1041,67
8 >500 1041,67 >500 1041,67
11 >500 2083,33 >500 2083,33
12 >500 1041,67 >500 1041,67

Results of cytotoxic concentration of active nanoparticles for
microorganisms evaluated
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Results
Characterization
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Grade 0 Gradel Grade2 Grade3 Grade4

Results
Genotoxicity in vero cells

Control (-)

n
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Conclusions zumotec

* Ideal extraction conditions 24 horas, pH 4,30% S/ S

* Better synthesis conditions de Nps de Cu y Ag.

* 53% de AgNps tenian un efecto inhibitorio < 10 mg/ml en los
microorganismos evaluados.

* 50% AgNps No cytotoxicity in the cells evaluated

e Universidad ~creoiracion
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