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Introduction
The majority of pharmaceuticals and nutraceuticals are encapsulated in various delivery vehicles in order to
avoid some restrictions. This is mainly due to the molecules' physicochemical instability in physiological structure
and/or their low bioavailability. Food ingredients or bioactive components can be encapsulated inside delivery
systems for protection and controlled release. Encapsulated ingredients are protected from unfavorable reactions,
such as lipid oxidation and volatile loss during production, storage, and handling.

Materials and Methods
Flaxseed oil was purchased from Barij Essence Pharmaceutical Co., Tehran, Iran. Saffron was bought from
Novin Saffron Co., Mashhad, Iran. Cholesterol, span 60 and tween 60 were from Sigma-Aldrich. Phosphate
buffered saline, sodium azide, hydrochloric acid, and other chemicals were procured from Merck (Darmstadt,
Germany). All other solvents and reagents were provided from Merck Pharmaceutical Co. (Germany) as analyticall
grade.
Crocin Extraction
The extraction of crocin from saffron was done based on crystallization method which has been explained by
Mohajeri et.al.

Flaxseed Oil Extraction
Flaxseed is one of the richest plant sources of -3 fatty acids, alpha-linolenic acid (ALA, C18:3 ®-3). A Soxhlet
extraction was carried out on flaxseed powder (20g) using n-hexane for 14 hours at 70°C. After extraction, the
sample was concentrated in a rotary evaporator at 40°C .

Niosome Preparation
A surfactant with a HLB number between 3 - 8 is suitable for the co-encapsulation of hydrophobic and
hydrophilic substances (Korani et al., 2019). Hence, span 60: tween 60 variable ratios were selected to achieve
HLB in this range. Additionally, the ratio of surfactants to Chol was considered variable. The DCP was applied at
a constant concentration to enhance noisome stability.
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Results and Discussion
Characterization of niosomes

The influence of experimental variables on the particle size, PDI and zeta potential of niosomes prepared by
heating and bubble methods was investigated. In order to choose the appropriate ratios of surfactant, the
physicochemical characteristics of niosomal particles, including particle size, zeta potential, Pdl, and EE have been
considered.

Tween 60 is a nonionic surfactant with a large hydrophilic head group and high HLB (14.9). In turn, span 60
has a large hydrophobic moiety (HLB 4.7) and low water solubility. The smaller head groups and longer alkyl
chains in surfactant structure have led to larger vesicles. This might be the reason for the larger particle size of H1-
H3 and B1-B3, containing higher amount of span 60 compared to other samples.

The PDI of the prepared samples was found in the range of 0.29 to 0.49. This value was considered to be
within the range of sufficient for attaining stable and aggregation resistant systems. However, higher span 60
content showed comparatively a lesser degree of PDI.

Zeta potential is a respectable index of the quantity of the interaction between colloidal particles. In this
work, the prepared niosomes had a zeta potential range of -31 to -48 mV, which was sufficient to maintain niosome
stability without aggregation between vesicles. Negative zeta-potential in nonionic surfactant vesicles has been
reported.

Based on the results, B12 and H12 samples with the span: tween ratio of 4.1 and surfactant; Chol ratio of 1:1
formed better niosomes based on particle size, PDI, EE, and zeta potential.

In the optimum conditions, the EE of crocin and ®-3 in heating method were 76% and 32%, and in bubble
method they were 73% and 28%, respectively.

Stability of niosomes
The stability of the optimum niosomes prepared by bubble and heating methods were evaluated at 4°+2°C, 25+£2°C,
and 37°£2°C for 90 days, by means of stability in size, PDI, and EE.

Conclusion
In conclusion, this study revealed that co-encapsulation of omega3 and crocin with niosome led to better stability,
slower and more controlled release profile, suggesting a promising drug delivery system.
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Table 2- Physicochemical properties of noisomes prepared by heating method

HLB Particle PDI EE of Crocin EE of Omega3 Zeta
Code i . : c -
5 A M P Comid Size SuST o PWss 19,0 Mo d SWig 390 Mo yd potential
w93 <i,5 050l ol Cew9)S 1! U5 Jaunndliy
1 350.1+0.3° 0.41+0.005% 20+0.322 55+0.25° -31+1.2%
2 5.2 389.6+0.3° 0.45+0.005% 18+0.33° 52+0.21° -38+1.2°
3 321.0+0.3¢ 0.44+0.005° 23+0.32° 58+0.22° -34+1.2%
4 303.1+0.3¢ 0.37+0.005° 34+0.34° 51+0.24° -37£1.2°
5 5.7 348.2+0.3° 0.33+0.005° 30+0.33° 49+0.22° -40+1.2°
6 299.9+0.3¢ 0.35+0.005° 35+0.36° 53+0.23° -42+1.2°
7 245.6+0.3° 0.33+0.005° 45+0.37° 48+0.26° -39+1.2°
8 6.2 278.0£0.3¢ 0.39+0.005° 41+0.32° 35+0.24° -44+1.2°
9 230.1+0.3° 0.35+0.005° 52+0.31¢ 44+0.22° -45+1.2°
10 118.4+0.3 0.30+0.005° 53+0.36¢ 29+0.23° -30+1.2%
11 6.7 169.7+0.39 0.39+0.005° 42+0.38° 25+0.23° -41+1.2°
12 129.1+0.3 0.20+0.005¢ 76+0.32¢ 32+0.21° -39+1.2°
13 149.8+0.3" 0.26+0.005¢ 69+0.31 29+0.26° -43£1.2°
14 7.3 159.3+0.3" 0.3+0.005¢ 64+0.37 25+0.21° -45+1.2°
15 132.2+0.3 0.33+0.005° 70+0.35' 31+0.26° -43£1.2°
16 123.5+0.3 0.3+0.005¢ 73+0.35¢ 25+0.23° -44+1.2°
17 7.7 131.3+0.3f 0.29+0.05¢ 71° 19¢ -48+1.2°
18 115.6+0.3 0.34+0.05° 77° 25¢ -46+1.2°
Sle (Rg) 41838 A (09j988 ©1) (lownioSo 58 S S g Y g
Table 3- Physicochemical properties of noisomes prepared by bubble method
Code HLB ) Particle . PDI EE of Crocin EE~ of Omega3 Zeta
P @ N gl Cons Size S8y o P91 y9,0 Mo yd W91 19,0 Mo yd potential
g ©l)3 o5l ol Cwg,S ¥ Kl U5 Jammiliy
1 352.1+0.3° 0.41+0.005% 22+0.25° 51+0.20° -35+1.2%
2 5.2 389.6+0.3° 0.45+0.005% 19+0.31° 55+0.212 -31+1.2%
3 326+0.3° 0.4+0.005° 28+0.24° 53+0.222 -32+1.2%
4 303.1+0.3¢ 0.49+0.005% 31+0.27° 50+0.22° -33+1.2%
5 5.7 345+0.3% 0.48+0.005% 30+0.30° 49+0.18° -28+1.2°
6 300+0.3¢ 0.44+0.005° 37+0.27° 52+0.18° -30+1.2°
7 245.6+0.3° 0.36+0.005° 44+0.24° 49+0.23° -39+1.2%
8 6.2 276+0.3 0.39+0.005° 41+0.24° 35+0.17¢ -41+1.2°
9 234.1+0.3° 0.41+0.005% 52+0.27¢ 46+0.20° -41+1.2°
10 118.4+0.39 0.30+0.005° 55+0.23¢ 31+0.24° -30+1.2°
11 6.7 169.7+0.3" 0.39+0.005° 42+0.27° 25+0.23¢ -41+1.2°
12 131.2+0.39 0.21+0.005¢ 73+0.24¢ 28+0.18¢ -45+1.2°
13 148.3+0.3" 0.22+0.005° 64+0.27 29+0.18¢ -43+1.2°
14 73 159.3+0.3" 0.29+0.005° 62+0.21 27+0.21¢ -44+1.2°
15 131.2+0.39 0.31+0.005° 70£0.25¢ 31+0.19° -45+1.2°
16 123+0.3¢ 0.330.005° 71+0.23¢ 25+0.18¢ -41+1.2°
17 7.7 133.3+0.39 0.30+0.005° 72+0.24° 19+0.21° -45+1.2°
18 125+0.3¢ 0.29+0.005° 73+0.23° 22+0.19¢ -46+1.2°
Wt (5093989 S1yD (lonioS 58 oS3 € 9o
Table 4- Physicochemical properties of optimal noisome
Code (span/tween): chol Producing Particle . PDI EE of Crocin EE. of Omega3 Zeta
< 4 Ol g o method size S8y e Glinggd ey SlWisye,d e, potential
Jg s’ My o9, ©l)3 81l el w9 sS ¥l U Jamiliy
Code (@:1) Heating 129.1+0.3'  0.2040.005° 76+0.32¢ 32+0.21° -39+1.2°
Code (4:1) Bubble 131.2+0.3¢ 0.21:0.005° 73+0.24¢ 28+0.18¢ -45+1.2¢
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Fig. 1. Comparison of Particle Size of Bubble and Heating method by the time



VFeF pi-0loy5 ¥ oylols VY ol ol pl (2108 Lo g pole llud gl 4y yis

YY£

S B9 2 GessS Sls 09 @b
EE(%) of crocin in heating method at 4°C

1001
Y * El 1st month
| ——
_:j 804 Bl 2nd month
2 £ Bl 3rd month
EAEES)
D Oo 604
3\ 3]
Ty o 407
Vv, w
a
13 204
O_
& Q& Q&
0(\\ 0& 0&
& 66‘ é@
N 3
Time-points
Sty o3k

EE(%) of crocin in heating method at 25°C

1001

v * Bl 1st month
1
—;;, 80 B 2nd month
2? c Bl 3rd month
D8 60
AN
%5 o
Vi, w
=
g 20
0-
< & N
& & &
> & &
~ DS 2
Time-points
Sl ot

EE(%) of crocin in heating method at 37°C

804
*x Bl 1st month
Yy B 2nd month
—:5 60 = 3rd month
c
28
2 S 40+
_'! (=]
KR
W o 204
5
0—.
& & Q&
0& 0(\\ 0(\\
& E
S 3
Time-points
Sl ot

Sl by 0 s S Slis (9,0 2L
EE(%) of crocin in bubble method at 4°C

100+ .
1
h, 80
L=
N 8 60
25
5 5
: 40
Yo
Vi 20
0‘\%\ 06& 066\
& 6«‘\‘ 5@
~ A 3
Time-points
Slej ot

EE(%) of crocin in bubble method at 25°C

80 *
| —

\_,!\

K 601

D e

~ [8]

35 ¢

® 2 40

3 B

B ]

1‘9 w

W 204

N <& <&
& "é\é o
Time-points
Slejesk

EE(%) of crocin in bubble method at 37°C

80
Kk
*
= 604
9 £
38
2 S a0
R =
_3 o
=, W
Yow
W 20
k
O_
& & &
0\ 00\ 0&
& bé‘ é&
N D )
Time-points
Shej ot

Ok Job 13yl 9 Gl g 93 53 (wweyS (Swer (59, (2, Al T JSWS

Fig. 2. Comparison of encapsulation efficiency of crocin with Bubble and Heating method by the time
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