
https://doi.org/10.35434/rcmhnaaa.2021.142.1044

DOI

Investigation the  application of niosome as a  nanocarrier for sage (Salvia officinalis L.) 
extract  by spectroscopy and chemometrics

Artículo Original

  Seyedeh Somayeh Samaei�, Mohammadreza 
1 1khanmohammadi Khorrami , Amir Bagheri Garmarudi

Investigación de la aplicación del niosoma como nanoportador de extracto 
de salvia (Salvia officinalis L.) por espectroscopia y quimiometría

1 Facultad de Medicina Humana, 
Universidad Privada Antenor Orrego, 
Trujillo, Perú
a Bachiller de Medicina Humana
b Magister en Medicina
c Doctor en Salud Pública

FILIATION
1. Chemistry Department,Faculty Of Science, 

Imam Khomeini International University, Gazvin, 
Iran

ORCID
1. Seyedeh Somayeh Samaei
 0000-0002-9221-4174
2. Mohammadreza khanmohammadi Khorram
 0000-0003-2617-2313
3. Amir Bagheri Garmarudi
 0000-0001-5880-1845

CORRESPONDENCE
Seyedeh Somayeh Samaei 
Address: Republic Islamic of Iran

EMAIL
somayeh.samaei@yahoo.com

CONFLICTS OF INTEREST
authors declared no conflict of interest.

FINANCING
Self-financin.

PEER REVIEW
Received: 15/12/2021
Accepted: 30/04/2021

HOW TO CITE
Somayeh Samaei, S., khanmohammadi Khorrami, M., 
& Bagheri Garmarudi, aMIR. Investigación de la 
aplicación del niosoma como nanoportador de 
extracto de salvia (Salvia officinalis L.) por 
espectroscopia y quimiometría. Revista Del Cuerpo 
Médico Hospital Nacional Almanzor Aguinaga Asenjo, 
2 0 2 1 ,  1 4 ( 2 ) ,  1 5 5  -  1 6 2 . 
https://doi.org/10.35434/rcmhnaaa.2021.142.104
4

Esta obra está bajo una Licencia Creative 
Commons Atribución 4.0 Internacional.
Versión Impresa: ISSN: 2225-5109
Versión Electrónica: ISSN: 2227-4731
Cross Ref. DOI: 10.35434/rcmhnaaa
OJS: https://cmhnaaa.org.pe/ojs

Rev. Cuerpo Med. HNAAA, Vol 14 (2) - 2021

H
O
S
P
IT
A
L

N
A
C
IO
N
A
L

AL
MANZ

OR AGUINAGA

A
S
E
N
J
O

C
H
IC
L
A
Y
O

La

S
a
lu
d
d
el

Pu
eblo es Ley

S
u
p
rem

a

- CM
rev.

hnaaa

Cross Ref. DOI: 10.35434/rcmhnaaa   |  OJS https://cmhnaaa.org.pe/ojs

ISSN  |   impresa: 2225-5109; Electrónica: 2227-4731

REVISTA DEL CUERPO MÉDICO HOSPITAL NACIONAL
ALMANZOR AGUINAGA ASENJO, chiclayo, perú

Vol. 14 Nº 2  Abril - Junio 2021     Chiclayo, Perú

H
O
S
P
IT
A
L

N
A
C
IO
N
A
L

AL
MANZ

OR AGUINAGA

A
S
E
N
J
O

C
H
IC
L
A
Y
O

La

S
a
lu
d
d
el

Pu
eblo es Ley

S
u
p
rem

a

- CM
rev.

hnaaa
ISSN  |   impresa: 2225-5109; Electrónica: 2227-4731

REVISTA DEL CUERPO MÉDICO HOSPITAL NACIONAL

ALMANZOR AGUINAGA ASENJO, chiclayo, perú

ABSTRACT

Objetive: Investigation the  application of niosome as a  nanocarrier for sage (Salvia 

officinalis L.) extract  by spectroscopy and chemometrics.  In this Material and Method:
study,niosome nanoparticles containing cholesterol and without cholesterol were 
prepared by thin  film hydration method. Ethanol extract of sage was extracted by 
microwave  and  loaded inside the niosome nanoparticles. The size of the nanoparticles 
was determined by field imaging scanning electron microscopy (FE-SEM). The zeta  
potential of the niosomes was determined by Dynamic light scattering (DLS). to 
investigate the type of interactions between surfactants and cholesterol used in the 
niosome structure, Fourier transform infrared spectroscopy (FT-IR) was used. Drug release 
was investigated for 5 consecutive days in phosphate buffer salin (PBS) 0/01 M with pH=7.4 

at T=370C. The zeta potential of the niosomes with cholesterol and without Results:
cholesterol was -24/1&-15/6 mv . The loading capacity of the drug in the concentration 
range (1-3% w / w of niosum) for both types of niosome was between 61% and 93%. 

Conclusion: This results show that the release rate of  niosme with cholesterol is 
significantly more regular and lower than of niosome without cholesterol. In general, it 
can be concluded that  niosome can be a suitable nano-carrier  for delivery  of  hydrophilic 
extract of the sage.

Keywords: nanoparticles; noisome; Salvia; DLS; FT-IR; Spectrum Analysis (Source: DeCS-
BIREME).

RESUMEN

Objetivo: Investigar la aplicación del niosoma como nanoportador de extracto de salvia 

(Salvia officinalis L.) mediante espectroscopia y quimiometría. En Material y método: 
este estudio, se prepararon nanopartículas de niosoma que contienen colesterol y sin 
colesterol mediante el método de hidratación de película fina. El extracto etanólico de 
salvia se extrajo mediante microondas y se cargó dentro de las nanopartículas de niosoma. 
El tamaño de las nanopartículas se determinó mediante microscopía electrónica de 
barrido de imágenes de campo (FE-SEM). El potencial zeta de los niosomas se determinó 
mediante dispersión dinámica de luz (DLS). Para investigar el tipo de interacciones entre 
los tensioactivos y el colesterol utilizados en la estructura del niosoma, se utilizó la 
espectroscopia infrarroja por transformada de Fourier (FT-IR). Se investigó la liberación 
de fármaco durante 5 días consecutivos en tampón fosfato salina (PBS) 0/01 M con pH = 7,4 

a T = 37ºC. El potencial zeta de los niosomas con colesterol y sin colesterol Resultados: 
fue de -24 / 1 y -15 / 6 mv. La capacidad de carga del fármaco en el rango de concentración 

(1-3% p / p de niosum) para ambos tipos de niosoma estuvo entre 61% y 93%. Conclusión: 
Estos resultados muestran que la tasa de liberación de niosma con colesterol es 
significativamente más regular y más baja que la de niosoma sin colesterol. En general, se 
puede concluir que el niosoma puede ser un nanoportador adecuado para el suministro de 
extracto hidrófilo de la salvia.

Palabras Clave: nanopartículas; niosoma; salvia; DLS; FT-IR; Análisis Espectral. (Fuente: 
DeCS-BIREME).
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INTRODUCTION

Today, significant advances have been made in the field of 
treating various types of diseases by utilizing modern 
techniques in drug delivery systems, which one of the most 
important is the use of nanotechnology. The advantage of 
using nanoparticles as drug delivery carrier is due to two 
properties of these materials:

First, nanoparticles, due to their small size, can penetrate 
through the very small capillaries within the cells, resulting 
in efficient  drug  accumulation in target areas  in body. 
Another is that the use of biodegradable materials in 
nanoparticles produces a stable and uniform distribution of 
the drug at the target site for a period of several days or 
several weeks. In traditional Iran, the use  of  herbs  and 
herbs  for the treatment of various diseases has a long history. 
Due to the biological balance between the active ingredients  
in herbal medicines and other substances, these materials do 
not accumulate and do not cause side effects. Thus, they 
have a significant advantage compared to chemical drugs. 
One of the most widely used effective plants, native plant is 
sage(salvia officinalis L). Sage disposable medical history 
dates back to about 2000 years ago. The phytoestrogens in 
this plant have a significant role in the treatment of 

(1,2)menopausal complications, especially hot flashes . 

Across the globe is used to prevent menopausal symptoms, 
especially hot flushes from hormone replacement therapy 
(HRT) with estrogen alone or a combination of estrogen and 

(3,4)progesterone . Because of the possible consequences of 
estrogen therapy increased the risk of breast cancer, 
endometrial cancer, vascular disease and stroke acceptance 

(5,6)of this type of treatment is very low among women .

And only 3 to 8 percent of postmenopausal women are willing 
(7-10)to accept treatment by hormone replacement therapy . In 

recent years, the use of nanoparticles in drug  delivery 
systems has been very much considered. Because they have 
the ability to transfer medication to various parts of the body 
at regular intervals. In fact, the new features of 
nanoparticles provide the possibility of interacting with 
complex cellular structures. 

With the help of nanotechnology, targeted drug delivery can 
be achieved and controlled by the timing and place and speed 
of drug release.  Among the various carriers, the vesicular 
systems for drug delivery, especially  niosome due to their 
high capacity for drug entrapment, high storage time, drug 
release control, ease of preparation, correction of the 
target's various levels, the delivery of hydrophobic and 
hydrophilic drugs, Biodegradable and non-toxic, are 
considered as one of the best systems for studying the 
medication transfer. In studies conducted with marking of 
nanoparticles containing an anti-cancer drug using 
polyoxyethylene, the amount of trapping of niosome by the 

(11-13)spleen and  liver system can be greatly reduced . Varsha 
and colleagues developed a nano-capsule containing a 
mixture of curcumin and two anti-cancer drugs were 

(14,15)doxorubicin .  

Considering the effective role of Salvia officinalis in reducing 
hot flushes in postmenopausal women, this study 
investigated the effectiveness of  niosome nanoparticles as 

carriers of (Salvia officinalis L) extract and a review of the 
sage extract  release process. 

MATERIAL  AND METHODS

Span 60 (Merck), Tween 60 (Merck), cholesterol (Merck), 
chloroform %98, phosphoric acid %85, ethanol %96, (EDTA), 
sodium bicarbonate, sodium hydroxide %99, deionised water, 
Dialysis bag.
1) Digital scale was used with Japan's FX-60 model to weigh 

raw material.
2) Herdolph heater (D91126 Schwabach) was used to heat 

and stir the solutions continuously and uniformly 
3) Fourier transform infrared spectrometer manufactured 

by Bruker Tensor 27 models in Germany to study the 
structure of  raw materials and interaction of 
nanoparticles mid-infrared range 4000-400) cm-1).

4) The UV-Vis (Double Beam) model of the M350 
manufactured by Camspec. The device is designed for 
transparent liquid spectroscopy and is equipped with a 
tungsten halogen bulb for visible light and a Deuterium 
lamp for UV light. The device is usable in the wavelength 
range of 160-700 nm.

5) The nucleus magnetic resonance imaging (NMR) with 
Bruker model was used to ensure the matching of 
chemical structure of the sage extract from the plant and 
the standard sample prepared from Yellowbend, in the 
presence of DMSO solvent.

6) The field emission scanning electron microscope with ( 
MIRA3TESCAN-XMU) model and the accelerator voltage 
15 kv was used to investigate the morphology and size of 
synthesized niosome nanoparticles.

7) The Temperature control centrifuges device is made in 
England to isolate particles from a solution in which they 
float or to separate two liquid with different densities 
using centrifugal force.

8) Ultrasonic bath equipped with a thermostat with a 
frequency of 38 kHz, placing 110 watt (Kerry pulsatron) 
model made in England were used to reduce the size of 
nanoparticles synthesized vesicles.

9) oven with the (Wiseven- WoF-105) model, was used to 
remove the remaining chloroform solvent in niozum for 4 
hours and 60 ° C.

10) The temperature control vibrator was used with the 
Wiseclean, Korea model to provide drug release 
conditions.

11) Rotary evaporator device with the (RE-47) Tokyo Japan  
model was used to evaporate chloroform solvent

12) Mechanical stirrer: In order to smooth and reduce the size 
of synthesized nanoparticles, mechanical boost was used 
with the DAIHAN Scientific, Korea model at speeds of 
1,000,000.

Preparation of the microwave sage (salvia officinalis L) 
extract
In this method, the amount of 1 g of of Salvi leaves dried  
powder and using glass vial containing ethanol of solution %30 
v/v placed in microwave (Milestone) for 9 minutes at 80 ° C 
with power of 500 watts. After the microwave extraction 
process, the obtained extract is pale yellow and is filter with 
a wattman paper and the product is stored for the next steps 
in a glass protected with an outer aluminum coating at -18 ° 

(16-18)C . 
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Preparation of Niosome  nanoparticles
Thin film hydration method was used to prepare niosome with 

(19,20)cholesterol and without cholesterol . In this way, certain 
values of span 60, Tween 60, and if required, Cholesterol 
were weighted and dissolved in a 10 cc solvent of chloroform  
98%  in a , round-bottom flask . Then the solvent was removed 
using a rotary evaporator (50 rpm, 60 oc). At this stage, a 
milky oily thin film is formed around the flask wall. In 
niosomes with cholesterol, the oily film formed in the 
container wall is more solid and white While in niosomes 
without cholesterol  the composed oily film is more fluid and 
milky color. In this case, round-bottom flask is containing  
niosomes synthesized by micro and a multi-layered vesicles 
(MLV). To ensure Lack of chloroform solvent , samples were 
placed for 4-8 hours in the vacuum oven. Then the samples 
were hydrated with the addition of double-water. In this 
step, to reduce size of nano particles of Niosome  and convert 
the multilayered vesicles (MLV) into single-layer vesicles 
(SLV). The round-bottom  flask were placed in the ultrasonic 
bath at a specified temperature and time, and mechanically 
agitated (1000 rpm). At the end , synthesized Niosome-
nanoparticles were kept inside glass vials protected with 

(21-23)aluminum paper  to protect the light at 4 ° C .

Preparation of Niosome  Containing loaded Extract
For the synthesis of niosome  nanoparticles containing the 
sage extract, a significant amount of Span 60, Tween60, and 
cholesterol (for the preparation niosomes with cholesterol 
were weighed, and was poured into a round-bottom flask. 
Then, the sage extract 1% to 3% (w/w) ratio is added to the 
mixture of surfactants and cholesterol and is poured 10 ml of 
the chloroform  on the final mixture. To make the appropriate 
interaction between the drug and the mixture of surfactants 
and cholesterol, the container containing the final mixture 
on a magnetic stirrer for 45 minutes placed to obtain a 
homogeneous solution. Then the container containing the 
sample is placed in the hot water bath-room at 60° C and the 
chloroform  solvent is removed under vacuum conditions by a 
rotating evaporator. In this case, the  niosomes are formed in 
the form of multilayer vesicles containing the drug as a thin 
film on the flask wall. Then, the flask containing Niosome and 
the drug loaded for 4 to 8 hours were transferred to vacuum 
oven at 60 ° C to emit  additional solvent out , completely . 
For Niosoeme hydration step, 10 ml phosphate buffer pH=7/4 

(24,25)at 60° C was used . In the synthesis phase of the niosome 
nanoparticles containing the drug to reduce the particle size 
and the formation of single-layer niosomes, The sample 
container was placed in an ultrasonic bath at 60 ° C for 1 hour. 
The use of a mechanical stirrer is not necessary at this step 
and its use makes it difficult to interfere with the proper 
interactions between the drug and the mixture of surfactants 
and cholesterol in the encapsulation step. At the end , the 
niosome  solution with the loaded drug , to continue the 
study, were kept inside glass vials protected with aluminum 

(26)paper  to protect the light at 4 °C  .

Determine  entrapment efficiency  of drug in the  niosome 
nanoparticles containing the drug
To determine entrapment efficiency  sage extract loading in 
Niosome  nanoparticles, we use  Centrifuge technique. For 
this purpose, 6 samples of niosome with cholesterol and 
without cholesterol, containing loaded drug were transferred 
to the microtubules at three concentrations of drug and were 

placed under temperature control Centrifuges with a 
temperature of 4 ° C  and speed of 13000 rpm for 40 minutes. 
The supernatant solution contains niosome,  free drug  and 
does not react to the drug. By measuring the supernatant 
absorption by the (UV-VIS) spectroscopy over a wavelength of 
210 nm  and by using the absorption numbers placed in the 
calibration equation, concentration of free drug was 
calculated. By having the initial drug concentration and the 
difference between these two values, the amount of the 
entrapment drug was obtained.

Evaluation of Drug Release from Niosome  Nano carrier In 
vitro.
Dialysis  bag technique was used  to investigate process of 
release of extract from 3 Niosome with cholesterol and 3 
Niosome  without cholesterol containing  loaded extract. 
After preparing the dialysis bags and transfer the solutions 
into it Samples were placed in erlenmeyer flasks -containing 
at phosphate buffer pH = 7.4 and placed at 37° C in  incubator 
to  have solution Condition of same to the body. Gradually, 
the loaded  drug is released from  niosome nanocarrier and 
over time, the concentration of the drug increases in the 
phosphate buffer. To measure the concentration of drug in 
the phosphate buffer during release, At specified intervals, 
each time, 3 ml of phosphate buffer are sampled and  Its 
absorption is measured by (UV-VIS) spectroscopy over a 
wavelength of 210 nm. The concentration of free extract at 
the phosphate buffer  is obtained using the calibration curve 
equation. After each sampling, 3 ml of the buffer is added to 
the environment, so that the sampling conditions are 
identical in all stages. The release process was reviewed 
within 5 consecutive days of the mentioned conditions.

Statistical Method
In this study, we used a non-parametric statistical method to 
study the results of drug release from three different weights 
of sage extract. Non-parametric methods are used to check 
data that is not naturally distributed and are much simpler in 
terms of calculation. In this statistical method, the common 
criterion for data dispersion (alternative to standard 
deviation) is the intermediate quartile. Median, divides the 
measurements samples into two equal parts. If each of these 
halves is again divided into two parts, the division points are 
called upper and lower quarks. The Interquartile range is not 
widely used in analytic work, but different statistical tests 
can be performed on it. Box-and-whisker plot, Sign test, 
Wilcoxon signed rank test are among the most used tests in 
non-parametric methods.

RESULTS

Characteristics results of Salvia officinalis L. extract by 
(NMR) spectroscopy
After preparing the microwave extract  from the sage 
powder, the magnetic resonance (NMR) spectroscopy was 
used to identify the compounds in the extract and NMR 
spectra of standard ethanolic extract and ethanolic extracts 
was taken by microwave from sage powder in the presence of 
dimethyl sulfoxide solution (DMSO). As  shown Fig (1) and (2). 
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The microwave extract is not filtered, so impurities are 
visible  in Background of the spectrum. But the overall shape 
of the NMR spectra of both extracts is similar to each other. 
The appearance of this similarity indicates structural 
similarity of the compounds in both extracts. Therefore, we 
can safely use the microwave extract  to load in synthetic  
nanocarrier.

FT-IR Characteristic Results of the Raw Materials Used and 
Synthesized Niosome
In Figure (3), we compare FT-IR spectrum synthetic niosome 
with Span 60, Tween 60, and  cholesterol used in the 
synthesis. Fig (A) shows the FT-IR spectrum of the Span 60 

-surfactant. In this spectrum, the absorption bands in 1180 cm
1 refers to the stretching vibration of C-O bond. The 

-1absorption band in 1465 cm    refers to the bending  vibration 
of the C-H bonds and the two messages in the range of  2854 

-1 -1cm   and 2920 cm  are associated  with the symmetric and 
asymmetric stretching vibrations of the C-H bond of  

3available sp  carbon in the structure. The strong absorbance 
-1band in 1737 cm   is related to the vibration of the ester 

carbonyl group in the structure. The observed signal in 3392 
-1cm  indicates the presence of the O-H group at the surfactant 

structure. Figure (B) shows the FT-IR spectrum of cholesterol.  
In this spectrum, we  specifiy  two peak in the region of 2853 

-1 -1cm  and 2919 cm  refered to the symmetric and asymmetric 
3stretching  vibrations of the C-H bond of  available sp  carbon 

-1in the structure. The message in 1468 cm  refers to the 
bending vibrations of the C-H bond. The absorption band  in 

-1the range of 725  cm   indicates the vibrations of the C-H 
bonds of the aromatic rings of the structure. The specified 

-1peak in the 1122 cm    region is related to the vibrations of 
the C-O bond. In the cholesterol molecule, there is also a 

-1broadband in the 13302 cm  region, which indicates the 
vibrations associated with the O-H bond in the molecule. 
Figure (C) shows the FTIR spectrum of the Tween 60 
surfactant. In this spectrum, the absorption band  in the 1110 

-1cm   region is related to the vibrations of the C-O bond in the 
-1molecule. The absorption band in the 1735 cm    is related to 

vibration of the ester carbonyl group in the structure. In 
-1Tween 60 molecule , two vibrations in the region of 2865 cm   

-1and 2920 cm   are related to the symmetric and asymmetric 
stretching  vibrations of the C-H bond  of available sp3 carbon 

-1in the structure. The absorption band  in the 3353 cm  region 
refers to the presence of O-H vibrations in the molecule. 
Figure (D) shows the FTIR spectrum of synthesized niosome. 

-1In the niosome, a strong absorbance band  in 1104 cm   of the 
C-O bond vibrations and the absorbance band in 2927 cm-1 is 

3related to the vibrations of C-H bonds in sp  carbons. In the 
Niosome  spectrum , the absorption band of the vibrations of 

-1the ester carbonyl group shifts to 1654 cm  Which is due to 
the strong hydrogen bond that exists between the carbonyl 
groups present in Span 60 and Tween 60 with the hydroxyl 
group in cholesterol molecule. Also, the absorption peak of 

-11338 cm    is related to the stretching vibration of the O-H 
group, which is wider due to the participation of the O-H 
group in the cholesterol and water molecule added in the 
hydration step.

Results of FE-SEM Analysis of Niosome Nanoparticles With 
cholesterol and Without cholesterol
To determine the morphology of  niosome nanoparticles  with 
cholesterol and without cholesterol , from  samples, picture 
is taken  by field emission scanning electron microscope. As 
shown in Fig (4), the size of the nanoparticles  synthesized is 
within the range of  100-250 nm, and the particles are 
completely spherical. Due to the strong hydrogen bonding  
between the carbonyl groups in Span 60 and Tween 60 with 
the hydroxyl group in the cholesterol molecule, niosomes  
with Cholesterol are larger and uniform in size than niosomes 
without  cholesterol.

Figure 1
NMR Spectrum Standard (Salvia officinalis l) Extract

Figure 2
NMR Spectrum Extracted by Microwave from  (Salvia officinalis l) Powder

Figure 3
Spectrum FTIR Span 60 (A), Cholesterol (B), Tween 60 (C), Niosome (D)
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Measurement of Zeta Potential 
After determining the nano particles size with cholesterol 
and without cholesterol, the zeta potential was measured to 
evaluate its stability. This potential was achieved for niosome 
with cholesterol  and without cholesterol -24/1 mv and  
6/15- mv, Respectively. This indicates that niosome with 
cholesterol is  more stable than harmful phenomena such as 
the accumulation and absorption of surfactants and the 
loaded drug leak compared to niosome without cholesterol.

Results of DLS Analysis of Synthesis of Niosome 
Nanoparticles.
To determine the diameter of the particles containing 
niosome with cholesterol and  niosome without cholesterol 
suspensions, we use Dynamic light scattering (DLS) 
Technique. This technique responds to the smallest 
variations in particle size due to the effect of light scattering. 
As expected, the mean diameters of niosome  nanoparticles 
with cholesterol are greater than niosome without 
cholesterol. 

Investigation of The Interaction of Niosum Nanoparticles 
With Sage Extract by UV-Vis Spectroscopy.
In order to investigate the interaction of  sage extract  and 
Niosome nano particles, (Uv-Vis) spectrum of sage extract , 
Niosome  nanoparticles and nanoparticles containing loaded  
drug were prepared. As you can see in Figure (6), the sage 
extract has a maximum absorbance of 210 nm. Niosome with 
Cholesterol and without cholesterol also contain two peaks at 
205 nm and another 231 nm. As shown in fig (7), the 
absorption intensity is reduced in the niosome containing the 
sage extract. Since the  sage extract is a polar and solvent 
used for the hydration  phase coating of phosphorus buffer 
with pH =7.4 , the inner environment of niosome has become 
more polarized and the transitions π � π * are directed toward 
longer wavelengths and this displacement towards higher 
wavelengths shows that the extract with  niosome 
nanocarrier has a good interaction and transitions intensity π 
� π * increase in the nanocarrier containing the extract.

Figure 4
FE-SEM Image Niosome Nanoparticles With Cholesterol

Figure 5
FE-SEM Image Niosome Nanoparticles Without Cholesterol

Average diameter of the particles 

in the method  Pad- laplace

Average diameter of the 

particles in the method 

Cumulants

Type of niosome

43/365 38/347 With cholesterol

82/184 7/161 Without cholesterol

Table 1.Results of DLS Analysis of Synthesis of  niosome 
Nanoparticles

A
b
so

rb
a
n
ce

Figure 6
The Absorption Spectrum of the Sage Extract

Wavelenght(nm)

A
b
so

rb
a
n
ce

Wavelenght(nm)

Figure 7
Adsorption Curves (a) Niosome(b) Niosome Containing Sage Extract
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Analysing  the Chemical Interactions Between the 
Nanocarrier and the Sage Extract
As shown in Fig (8), in niosomes with cholesterol, between 
ester carbonyl groups in the Span 60 and Tween 60 with the 
hydroxyl group (OH) in cholesterol molecule, Is created  a 
strong hydrogen bond until bilayer structure of  niosome is 
formed. Since the extracted sage is polarized, it is loaded 
inside the core and outer surface of the bilayer membrane, 
which are the aqueous parts of Niosome.

Analytical Parameters, Grading Function and Plot 
Calibration Curve of  Standard Sage Extract
In order to determine the proper concentration of the drug 
that can be loaded onto the nanocarrier and the kinetics of its 
drug absorption and release  process, it is necessary to plot 
the calibration curve of the drug in different concentrations. 
For this purpose, different concentrations of sage extract 
were prepared in the range of 76 ppm to 100 ppm.  Using (Uv-
Vis) spectroscopy solution absorption was read at a maximum 
wavelength of 210 nm, and the calibration curve and its 
lineary equation were obtained.

The obtained curve equation is y = 0.0245 x + 0.1379 , where y 
is the output signal of the device and x is the sample 
concentration in ppm. The correlation coefficient was 0.99, 
which indicates a good and meaningful linear relationship 
between the various concentrations of the extract of the 
relevant absorption signals.

Determination of the Entrapment Efficiency for Sage 
Extract.
The results of determing the entrapmet efficiency sage 
extract from 6 samples of niosome nanoparticles  with.

The Effect of the Amount of Drug on the Entrapment 
Efficiency.
The results of the effect of the amount of drug on the 
entrapment efficiency of the sage extract in niosome with 
cholesterol and without  cholesterol are shown in Fig (10). As 
shown in Fig (10), with the increase in the amount of drug, 
the  entrapment efficiency of the extract in both types of 
niosomes is reduced.

Evaluation of the Drug Release Rate of Niosome 
Nanoparticles.
The results of the study of drug release from the niosome 
with cholesterol and without cholesterol in the concentration 
range of %1 -%3 w/w of the extract  in Figures (11-13) show 
that niosomes  with Cholesterol of drug release in the first 
three days with a higher order and concentration than 
niosomes  without cholesterol, and Sudden changes in the 
drug concentration due to the release of the drug  appear to 
be More ideal and minimal. Also, a 1% w/w solution of 
niosome and Contained  cholesterol has the highest drug 
release Percent  than the other solution.

Figure 8
Shows the Chemical Interactions Between Tween 60, Span 60, Cholesterol and Sage 

Extract

Figure 9
Calibration Curve of the Sage Extract

Table 2. Entrapment Efficiency for Sage Extract With 
Concentration of 1% - 3% w/w of Niosome

%3 w/w %2 w/w %1 w/w percentage of entrapment efficiency

70.40% 82.60% 93.10% Niosome with cholesterol

61.70% 74.40% 89.20% Niosome without cholesterol

Figure 10
Effect of the  Amount  of Drug on the  Entrapment  Efficiency of Drug in Niosome With 

Cholesterol (a) Niosome Without  Cholesterol (b)

Figure 11
The Curve of the Drug Release of 1% W / W from Nano carrier in Phosphate Buffer 

With pH = 7.4
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Interpretation of the Results of  Drug Release by Plotting 
Box Plot Charts.
Box plot charts for drug release for three different drug 
concentrations from sage extract have been plotted in 
niosomes with cholesterol. The height of the boxes indicates 
that the release rate of the drug from Niosomes containing 1% 
w/w of the sage extract is greater than 2% and 3%. The height 
of the boxes shows that the results of the serial A (1%) samples 
are different with the serial B (2%) and C (3%) samples. The 
median data in Figures B and C show that data scattering is 
less and data distribution is  normal than A. There are no 
outliers in any of the charts.

RESULTS

Clearly, according to the box plot, the results of the series A 
(1%) are different with those of the B series (2%) and C (3%). 
Therefore, the Wilcoxon Signed rank test (also known as 

Wilcoxon t-test) was used in two sets of samples B and C to 
evaluate the significance of the difference between the 
results of different concentrations. The two-way test was 
performed and the results were compared. The results of the 
Wilcoxon Signed rank test for the two C and B samples are 
presented in Table (2-4). For each sample, the difference 
between the marks is taken between samples B and C. The 
value of the absolute value di, the difference between each 
pair of measurements is arranged. In the case of repetitive 
observations (nodes), the average of the rank values is 
replaced that there is no recurring view here. Thereafter, 
each rank is assigned the same sign with the sign of the 
difference. If there is no real difference between the two 
pairs sample , So there is not much difference between the 

+ -sum of positive ratings (T ) and negative ratings (T ). In this 
test, we need to consider a zero assumption, and we examine 
the relationship, the effect, or the difference between the 
variables. Given a zero assumption, there was no significant 
difference between the results of B and C. If the value r = min 

+ -(T , T ) is less than or equal to the critical value obtained from 
the calculations in the table. In this work, the critical value 
for a two-way test at α =0/05 and n=12 is equal to 13.  By 

+knowing T  = 50 and T- = 28, We can  obtaine r=28. Therefore, 
zero assumption was accepted and there was no significant 
difference between the results of B and C. As a result, it can 
be said that the release of drug at different time points was 
the same for samples C (3%) and B (2%) and the concentration 
of extract did not have a significant effect on the release rate 
of the drug.

Table 3. Wilcoxon Signed  Rank Test Data  for 2 Pairs of 
Samples: 3% (C) and 2% (B)

The studies carried out in this project show that the 
percentage of drug loading in niosomes  with cholesterol is 
higher than  from  niosomes  without cholesterol. The 
existence of a cholesterol molecule in a bilayer wall of  
niosome with cholesterol and the formation of strong 
hydrogen bonds between the hydroxyl group in the 
cholesterol molecule and the carbonyl groups present in Span 
60 and Tween 60 makes the drug release  from the niosome 
more controlled more uniform and more uniform slope. The 
highest loading and release efficiency of the extract was for 
the sample with  a concentration of 1% w/w of niosome and 
with cholesterol. Therefore, the most suitable concentration 
for  loading  and release  of the  sage extract,  was 1% w/w  
of sage extract. As a result, we can say that niosome is an 
effective and efficient  nanocarrier to loading the hydrophilic 
extract of the sage.

Figure 12
The Curve of the Drug Release of 2% W / W from Nano carrier in Phosphate Buffer 

With pH = 7.4

Figure 13
The curve of the Drug Release of 3% W / W from Nano carrier in Phosphate Buffer 

With pH = 7.4

Figure 14
Box plot of Drug Release from Niosome With Cholesterol With Concentration 1% (A), 

2% (B), 3% (C) of the Drug

sample B C di sign Rank signed rank

1 06/05 68/2 38/2 + 6 6+

2 17/06 62/3 55/2 + 7 7+

3 28/07 28/04 3 + 10 10+

4 68/11 44/8 24/03 + 11 11+

5 55/15 11 55/4 + 12 12+

6 31/18 02/17 11/01 + 4 4+

7 72/22 28/23 56/0- - 2 2-

8 33/29 36/29 03/0- - 1 1-

9 02/34 96/35 76/1- - 5 5-

10 37/40 95/42 58/2- - 9 9-

11 94/45 51/48 57/2- - 8 8-

12 54/56 46/57 92/0- - 3 3-

161

Investigation the  application of niosome as a  nanocarrier for sage (Salvia officinalis L.) extract  by spectroscopy and chemometrics



Revista del Cuerpo Médico del HNAAA, Vol 14 (2) - 2021

BIBLIOGRAPHIC REFERENCES

1. Sadeghi .A.H, Bakhshi .M, Behboodi .M.Z, Goodarzi .S, Haghani. 
H,(2013)," Effect of sage extract on hot flashes in postmenopausal 
women"

2. Speroff .L, Fritz .M.A,(2005),"Clinical gynecologic endocrinology and 
infertility. 7th ed". Philadelphia  Lippincott Williams & Wilkins, 224

3. Lignieres .D.B,(2010), "Hormone replacement therapy: clinical 
benefits and side-effects", Maturitas, 23, 31-36.

4. Jahanfar .Sh, Abdul Rahim .B.A, Shah Reza .B.K, Menopausal and 
Menopausal among Malaysian women who referred to health Nor 
Azura. BT.I, Sharifah Nora BT.S.A.D, SitiAsma BT.A.R, (2006), "Age of 
clinic in Malaysia", Shiraz E Medical Journal,7(3), 1-2.

5. Kopermsub .P, Varissaporn . M, Choochart  .W, (2011), " Potential use 
of niosomes for encapsulation of nisin and EDTA and their 
antibacterial activity enhancement", Food Research International, 
44, 605–612.

6. Varsha .S, Anandhakumar .S, Sasidharan .M,(2015)," Self-Degrading 
Niosomes for EncapsulationofHydrophilicandHydrophobicDrugs: An 
Efficient Carrier for Cancer Multi-Drug Delivery "Materials Science & 
Engineering C.

7. Dragovi-Uzelac  .V,  Garofulic  .I.E,  Jukic  .M,  Penic  .M,  Dent .M, 
(2012)," The Influence   of Microwave-Assisted  Extraction  on  the 
Isolation  of  Sage (Salvia officinalis L.) Polyphenols", Faculty of Food 
Technology and Biotechnology, 50(3), 377-383.

8. Charlotte .A, Herrick, Vera Douglas & Joy H. Carlson,(1996)," 
Menopause and Hormone Replacement Therapy from Holistic and 
Medical Perspectives" Journal Issues in Mental Health Nursing,17(2), 
153-168.

9. Elizondo .E, Moreno .E, Cabrera .I, Cordoba .A, Sala .S, Veciana .J, 
Ventosa .N, (2011),  "Liposomes and Other Vesicular Systems: 
Structural Characteristics,Methods of Preparation, and Use in 
Nanomedicine", Progress in Molecular Biology and Translationa  
science,104, 1-52.

10. Aggarwal .D , Kaur .IP , (2005), "Improved  pharmacodynamics  of  
timolol  maleate from  a mucoadhesive  niosomal  ophthalmic drug 
delivery system".  International Journal of Pharmaceutics, 290, 155-
159.

11. Foley .S, Crowley .C, Smaihi .M, Bonfils .C, Erlanger .B.F, Seta .P, 
Larroque .C, (2002), " Cellular localisation of a water-soluble 
fullerene derivative",Bio chemical and Biophysical Research 
communication, 294, 116-119.

12. Allam .A , gamalSafaa .N.El , Naggar .S , Viviane .F, (2011)," 
Formulation and evaluation of Acyclovir niosomes for ophthalmic 
use", Asian J Pharm Biol Res.

13. Ebrahimabadi . H, Mazoochi .A,  JookarKashi . F, Djafari-Bidgoli .Z 
Batooli .H, (2010), "Essential oil composition and antioxidant and 
antimicrobial properties of the aerial parts of Salvia eremophila 
Boiss. from Iran", Food and Chemical Toxicology, 48, 1371-1376.

14. Bommer . S, Klein .P, Suter .A, (2011), " First time proof of sage's 
tolerability and efficacy in menopausal women with hot flushes. 
Advances in therapy, 28(6) 490-500.

15. Geng .Y,  Dalhaimer .P, Cai .S, Tsai .R, Tewari .M, Minko .T, Dennis E, 
(2007), " Shape effects of filaments versus spherical particles in flow 
and drug delivery", Nature Nanotechnology,2, 249-255

16. Arias .J , (2014), "Drug Delivery and Release from Polymeric 
Nanomateri", Nanotechnology and Drug Delivery, 1, 28-80. 

17. Latheeshjlal .L, Phanitejaswini  .P,   Soujanya  .Y, Swapna .U, Sarika 
. V ,  M o u l i k a  . G , ( 2 0 1 1 )  " T r a n s d e r m a l  D r u g 
DeliverySystems:AnOverview"  International Journal of PharmTech 
Research, 3(4), 2140-2148.

18. Baillie .A.J,  Florence . A.T, Hume . L.R , Muirhead .G.T,  Rogerson .A, 
(1986). "The preparation and properties of niosomes  non-ionic 
surfactant vesicles". Journal of Pharmacy and Pharmacology, 37, 863 – 
868.

19. Freeman .E.W, Guthrie .K.A, Caan .B, Sternfeld .B, Cohen .L.S, Joffe  
.H, (2011), "Efficacy of escitalopram for hot flashes in healthy 
menopausal women", journal of the American Medical Association, 
305(3), 267-274

20. Akhilesh .D , Kamath .J.V , (2012), "Review on span-60 based non-
ionic surfactant vesicles as novel drug delivery.  International journal 
of research in pharmaceutical and Biomedical sciences. 3, 1,  6-12.

21. Dufes .C, Gaillard .F, Ijeoma . F, Uchegbu, Andreas  .G,  Schätzlein , 
Jean-Christophe Olivier, Jean-Marc  Mulle, (2004), "Glucose-targeted 
niosomes deliver vasoactive intenstinal peptide(VIP) to the 
brain",International Journal of Pharmaceutics, 285, 77-85

22. Fumelli .C, Marconi .A, Salvioli .S, Straface .E, Malorni .W, Offidani 
.A.M, Rellicciari .R, (2000), " Carboxyfullerenes Protect Human 
Keratinocytes from Ultraviolet-B-Induced Apoptosis"Journal of 
Investigative Dermatology,115(5), 835-841.

23. Hamdy .A, Adam  .W. G, Alani and Raid . G, Alany, (2013), " Recent 
advances in non-ionic surfactant vesicles (niosomes): selfassembly, 
fabrication, characterization, drug delivery applications and 
limitations" Journal Drug Delivery, 21(2)87–100.

24. Benita .S, (2006), "Microencapsulation Methods and Industrial 
Applications (2ndedn), USA,CRC Press publishing.

25. Moghassemi .S, Hadjizadeh .A,(2014), "Nano-niosomes as nanoscale 
drug delivery systems: An illustrated review", Journal of Controlled 
Release, 185, 22-36.

26. Haghighian Roudsari .A,  Tahbaz .F, Ho ssein-Nezhad .A, Arjmandi, B,  
Larijani .B, Kimiagar .S.M, (2005), " Assessment of soy 
phytoestrogens' effects on bone turnover indicators in menopausal 
women with osteopenia in Iran: a before and after clinical trial", 
Nutrition Journal, 4-30.

27. Kannan,S.Kolhe,P,Roykova.V,Glibatec M,Kannan R.M,Lieh-Lai M, 
(2004)," Dynamics of cellular entry and drug delivery by dendritic 
polymers into human lung epithelial carcinoma cells",Journal of 
Biomaterials Science,polymer Edition,15(3), 313-330.

28. Goren .A.C, Kilic .T, Dirmenci.T, Bilsel .G, (2006), "Chemotaxonomic 
evaluation ofTurkish species of Salvia: Fatty acid compositions of 
seed oils", Biochemica Systematics and Ecology, 34,160-164.

29. Paleos .C.M , Tsiourvas .D, Sideratou .Z , Tziveleka .L , (2004), " Acid- 
and Salt-Triggered Multifunctional Poly(propylene imine) Dendrimer 
as a Prospective Drug Delivery System", Biomacromolecules,5(2), 
524-529.

30. Mokhtar .M, Omaima .A, Sammour .B, Mohammed A. Hammad .A, 
Nagia .A, (2008), "Effect of some formulation parameters on 
flurbiprofen encapsulation and  release  rates  of  niosomes prepared 
from proniosomes", International Journal of Pharmaceutics, 361, 
104-111

31. Namazi .H , Jafari Rad .S,(2004), " Synthesis of block and grafted 
copolymers containing spacer-linked chromophore based on 
cellulose and polyethylene glycol", Applied Polymer,26, 1175-1183.

32. Tsao .N, T.Y Luh, C.K Chou, T.Y Chang, J.J Wu, C.C Liu,(2002), "In vitro 
action of carboxyfullerene", Journal of Antimicrobial chemotherapy, 
49(4),  641-649.

33. Perrie .Y, Barralet .J.E, McNeil .S, Vangala .A, (2004), " Surfactant 
vesicle-mediated delivery of DNA vaccines via the subcutaneous 
route.International Journal of Pharmaceutics",284, 31-41

34. Kingsley J.D , Dou .H, Morehead .J, Rainbow .B, Gendelman .H.E, 
Destache .C.J, (2006), "Nanotechnology: A Focus on Nanoparticles as 
a Drug Delivery System",Journal of Neuroimmune Pharmacology,1, 
340-350.

35. Tavano .L, Gentile .L, Oliviero Rossi .C, Muzzalupo .R,(2013), " Novel 
gel-niosomes formulations as multicomponent systems for 
transdermal drug delivery",colloids and surfaces B:Biointerfaces, 
110, 281-288.

36. Prodan .M, Tabra .V,(2010), " Research concering the increase of herb 
of  culinary Sage through certain cultivation technologyies in the 
conditions of the didactic station  in Temisoarna ", Journal of  
AgricultruralScience,42(1).

37. Uchegbu .F, Vyas Suresh .P, (2000), "Non-ionic surfactant based 
vesicles (niosomes) in drug delivery", International Journal of 
Pharmaceutics, 172, 33-70

38.Villiers .M , Aramwit .P, Kwon .G ,(2010), "Metallic nanoparticles: 
technology & drug delivery applications in oncology", Expert Opinion 
on Drug Delivery, 7( 8) 927-942.

162

Seyedeh Somayeh Samaei, Mohammadreza khanmohammadi Khorrami, Amir Bagheri Garmarudi


	Página 45
	Página 46
	Página 47
	Página 48
	Página 49
	Página 50
	Página 51
	Página 52

