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T h e  p ro p e rtie s  o f  su rfa c ta n ts  u sed  a re  as  fo llo w s  (W a d e  an d  W e lle r, 1994)

1. Brij® 72

C h em ica l n am e: 
M o le c u la r  fo rm u la : 
M o le c u la r  w e ig h t: 
H L B :

M e ltin g  po in t: 
S p ec if ic  g rav ity : 
S o lu b ility :

A p p e a ra n c e : 
F u n c tio n a l ca teg o ry :

C h em ica l nam e: 
M o le c u la r  fo rm u la : 
M o le c u la r  w e ig h t: 
H L B :
M e ltin g  p o in t: 
S p ec if ic  g rav ity : 
S o lu b ility :

A p p e a ra n c e : 
F u n c tio n a l ca teg o ry :

P o ly o x y e th y le n e  (2 ) s te a ry l e th e r 

C 22H 46O 3

359

4.9 

43 °c

1.09
S o lu b le  in  e th an o l. D isp e rs ib le  in  c o tto n se e d  o il 
In so lu b le  in  m in e ra l o il, p ro p y le n e  g ly co l a n d  w a te r  
W h ite  w a x y  so lid
N o n -io n ic  su rfac tan t, e m u ls ify in g  ag en t, so lu b iliz in g  a g e n t an d  

w e ttin g  a g e n t

2. Brij® 78

P o ly o x y e th y le n e  (2 0 ) s te a ry l e th e r

C58H118O21

1151.56
15.3
38 °c
1.09
S o lu b le  in  e th an o l an d  w a te r. D isp e rs ib le  in  c o tto n se e d  oil 
In so lu b le  in  m in e ra l o il, p ro p y le n e  g ly co l 
W h ite  w a x y  so lid
N o n -io n ic  su rfa c ta n t, e m u ls ify in g  ag en t, so lu b iliz in g  a g e n t and  

w e ttin g  a g e n t
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S tru c tu ra l fo rm u la :

? ' A  O  ° " " า
H < k k  น ...,-J น....k  0

I0 k. r ?-0 k. k " °-0 k. k " °-0 k- r j

3. Cetostearyl alcohol (Laurex®)

C h e m ic a l n am e: 
D e fin itio n :

H L B :
M e ltin g  p o in t:
D en sity :
S o lu b ility :

A p p e a ra n c e :

C e to s te a ry l a lc o h o l
A  m ix tu re  o f  so lid  a lip h a tic  a lco h o ls . I t c o n ta in s  n o t le ss  th an  
4 0 %  o f  s te a ry l a lco h o l (CigFBgO; M W  2 7 0 .5 )  a n d  th e  su m  o f  
th e  c o n te n ts  o f  c e ty l a lc o h o l ( C 16H 34O ; M W  2 4 2 .4 )  an d  o f  
s te a ry l a lc o h o l is  n o t le ss  th a n  9 0 .0 %
13-14 
48-53 °c 
0 .4  g /c m 3

S o lu b le  in  e th a n o l (9 5 % ), e th e r  an d  o il 
P ra c tic a lly  in so lu b le  in  w a te r
W h ite  f la k e s  o r  g ran u le s . O n  h e a tin g , it  m e lts  to  a  c lear, 
c o lo r le ss  liq u id  free  o f  su sp e n d e d  m a tte r .

F u n c tio n a l ca teg o ry : E m o llie n t, e m u ls ify in g  ag en t, v isc o s ity - in c re a s in g  ag en t
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4. Cetomacrogol 1000 (Cresmer® 1000)

C h e m ic a l n am e: P o ly o x y e th y le n e  g ly co l 1000

M o le c u la r  fo rm u la : C H 3 (C H 2) m (O C H 2C H 2) ท O H  w h e re  m  =  15-17  a n d  ท =  2 0 -2 4

M o le c u la r  w e ig h t: 1 1 2 5 -1 3 2 6

H L B : 15.8
M e ltin g  p o in t: 38 ° c

S p ec ific  g rav ity : 0 .9 4 9
R e fra c tiv e  in d ex : 1 .4 4 8 -1 .4 5 2
S o lu b ility : S o lu b le  in  w a te r , to lu e n e  an d  e th an o l u p o n  w a rm in g

A p p e a ra n c e : W h ite  w a x y  so lid  a t ro o m  te m p e ra tu re
F u n c tio n a l c a te g o ry : N o n -io n ic  su rfa c ta n t, e m u ls ify in g  ag en t, so lu b iliz in g  a g e n t an d

w e ttin g  a g e n t

5. Polysorbate 20 (Tween® 20)

C h e m ic a l n am e: P o ly o x y e th y le n e  (2 0 ) so rb ita n  m o n o la u ra te
M o le c u la r  fo rm u la : C 58H 114O 26

M o le c u la r  w e ig h t: 1128
H L B : 16.7
R e la tiv e  d en sity : 1.1
S o lu b ility : M isc ib le  w ith  e th an o l, w a te r , e th y l a c e ta te  an d  m e th a n o l

A p p e a ra n c e :
In so lu b le  in  m in e ra l o il a n d  v e g e ta b le  o il 
Y e llo w  o ily  liq u id  a t 25 c

F u n c tio n a l c a teg o ry : N o n - io n ic  su rfa c ta n t, e m u ls ify in g  a g e n t, so lu b iliz in g  ag en t,
w e ttin g  a g e n t an d  d isp e rs in g /su sp e n d in g  ag en t
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S tru c tu ra l fo rm u la :

CH2[OCH2CH2lzOCO[CH2]1oCH3
แ0[0แ20แ20]„ I

HÇH[OCH2CH2]O H

พ
[OCH2CH2]xOH 

w + x + y + z = 20

6. Polysorbate 60 (Tween® 60)

C h e m ic a l n am e : 
M o le c u la r  fo rm u la : 
M o le c u la r  W eig h t: 
H L B :
R e la tiv e  d en sity : 
S o lu b ility :

A p p e a ra n c e : 
F u n c tio n a l c a teg o ry :

P o ly o x y e th y le n e  (2 0 ) so rb ita n  m o n o s te a ra te  

C64H126O26 

1312
14.9
1.08
M isc ib le  w ith  e th a n o l, w a te r , e th y l a c e ta te  a n d  m e th an o l 
P ra c tic a lly  in so lu b le  in  fa tty  o ils  an d  in  liq u id  p a ra ffin  

Y e llo w  g e la tin o u s  m a ss  a t 25 c
N o n -io n ic  su rfa c ta n t, e m u ls ify in g  a g e n t, so lu b iliz in g  ag en t, 
w e ttin g  a g e n t an d  d isp e rs in g /su sp e n d in g  a g e n t

S tru c tu ra l fo rm u la :

H 0[C H 2CH20],
Ç'L IH2[OCH2CH2]p C O [C H 2]i6CH3

0  HCH[OCH2CH2]yOH

• Q f
[OCH2CH2]xOH

w + x + y + z = 20
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7. Polysorbate 80 (Tween® 80)

C h e m ic a l n am e: P o ly o x y e th y le n e  (20 ) so rb ita n  m o n o o le a te

M o le c u la r  fo rm u la : C 64H 124O 26

M o le c u la r  W e ig h t: 1310
H L B : 15.0

R e la tiv e  d en sity : 1.1

S o lu b ility : M isc ib le  w ith  w a te r, a lc o h o l, d e h y d ra te  a lc o h o l, e th y la c e ta te , 
an d  m e th y l a lco h o l
P ra tic a lly  in so lu b le  in  liq u id  p a ra ff in  an d  f ix e d  o ils

A p p e a ra n c e : Y e llo w ish  o r  b ro w n ish -y e llo w  o ily  liq u id  w ith  a  fa in t 

c h a ra c te r is tic  o d o r,
F u n c tio n a l c a teg o ry : N o n -io n ic  su rfac tan t, e m u ls ify in g  a g e n t, so lu b iliz in g  ag en t,

w e ttin g  a g e n t a n d  d isp e rs in g /su sp e n d in g  a g e n t
S tru c tu ra l fo rm u la

H\  J O C H 2CH 2 ] OH 
HO[CH2CH2£ ] ^ 0  h r  '

\ _ _ y  CH2[OCH2CH2]2OCO[CH2] 7 \ . H

[OCH2CH2]xOH JI
[OCH2CH2]zOCO(CH2l7/ ^ H

w + x +  y +  z = 20
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APPENDIX B
The details of microemulsion formation and appearance of nanoparticles 

and CoenzymeQio -  loaded nanoparticles.



I l l

A ll o f  fo rm u la tio n s  w ere  p re p a re d  to  th e  fin a l v o lu m e  o f  2 m L .T h e  a p p e a ra n ce  
o f  th e  sa m p le s  w a s  re c o re d  as  se e n  in  T a b le s  B 1 -B 9  an d  th e  fo llo w in g  sy m b o ls  w ere  
u sed .

' M E  =  m ic ro e m u ls io n ; c  =  c lea r; S T  =  s lig h tly  tu rb id ; T  =  tu rb id ; M  =  m ilk y ; 
p  =  p re c ip ita tio n  o r  fo rm u la tio n  u n s ta b le ; P Y  =  p a le  y e llo w  co lo r; Y Y  =  y e llo w  co lo r; 
S Y =  s tro n g  y e llo w  co lo r; N  =  m ic ro e m u ls io n  n o t fo rm e d  a t 60  ±  2 °C ; Y  =  
m ic ro e m u ls io n  fo rm e d  a t 60  ±  2 °c. * m L  =  m illil i te r  o f  100 m M  s to c k  so lu tio n  o f  100 
m M  Brij® 78  o r  10%  T w een®  80.

T a b le  B 1 T h e  a p p e a ra n ce  o f  fo rm u la tio n s  c o n s is tin g  o f  2 m g /m L  w ax  (4:1
c e to s te a ry l a lco h o l:T w een ®  20  an d  d iffe re n t c o n c e n tra tio n s  o f  Brij® 78.

Rx
Brij® 78 Water ME

formation
Appearance

mM *mL %w/w mL %w/w 10 min 24 hours 1 week

A t 0 0 0 1.996 99.8 N M M P

A2 1 0.02 1 1.976 98.8 N M M M

A3 2 0.04 2 1.956 97.8 N T M M

A4 3 0.06 3 1.936 96.8 N T T M

A5 4 0.08 4 1.916 95.8 N T T M

A6 5 0.10 5 1.896 94.8 N T T M

A7 6 0.12 6 1.876 93.8 N ST M M

A8 7 0.14 7 1.856 92.8 N ST M M

A9 8 0.16 8 1.836 91.8 N ST M P

A10 9 0.18 9 1.816 90.8 N ST P P

A l l 10 0.2 10 1.796 89.8 Y ST P P

A12 11 0.22 11 1.776 88.8 Y ST P P

A13 12 0.24 12 1.756 87.8 Y ST P P

A14 13 0.26 13 1.736 86.8 Y ST P P

A15 14 0.28 14 1.716 85.8 Y ST P P

A16 15 0.3 15 1.696 84.8 Y ST P P



T a b le  B 2 The appearance of formulations consisting of 2 mg/mL wax (4:1
cetostearyl alcohol: Tween® 60 and different concentrations of Brij® 78.

Rx
Brij® 78 Water ME

formation
Appearance

raM *mL %พ/พ mL %พ/พ 10 min 24 hours 1 week
A17 0 0 0 1.996 99.8 N M M P
A18 1 0.02 1 1.976 98.8 N T T M
A19 2 0.04 2 1.956 97.8 N T T M
A20 3 0.06 3 1.936 96.8 N ST T M
A21 4 0.08 4 1.916 95.8 N ST T M
A22 5 0.10 5 1.896 94.8 N ST T M
A23 6 0.12 6 1.876 93.8 N ST T M
A24 7 0.14 7 1.856 92.8 N ST M P
A25 8 0.16 8 1.836 91.8 N ST M P
A26 9 0.18 9 1.816 90.8 Y ST P P
A l l 10 0.20 10 1.796 89.8 Y ST P P
A28 11 0.22 11 1.776 88.8 Y ST P P
A29 12 0.24 12 1.756 87.8 Y ST P P
A30 13 0.26 13 1.736 86.8 Y ST P P
A31 14 0.28 14 1.716 85.8 Y ST P P
A32 15 0.30 15 1.696 84.8 Y ST P P
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T a b le  B 3 The appearance of formulations consisting of 2 mg/mL wax (4:1
cetostearyl alcohol: cetomacrogol) and different concentrations of Brij®
78.

Rx
Brij® 78 Water ME

formation
Appearance

mM *mL %w/w mL %พ/พ 10 min 24 hours 1 week
A3 3 0 0 0 1.996 99.8 N M M P
A34 1 0.02 1 1.976 98.8 N M M M
A3 5 2 0.04 2 1.956 97.8 N T T M
A36 3 0.06 3 1.936 96.8 N T T M
A3 7 4 0.08 4 1.916 95.8 N T T M
A3 8 5 0.10 5 1.896 94.8 N ST T M
A3 9 6 0.12 6 1.876 93.8 N ST M P
A40 7 0.14 7 1.856 92.8 N ST M P
A41 8 0.16 8 1.836 91.8 N ST M P
A42 9 0.18 9 1.816 90.8 Y ST P P
A4 3 10 0.20 10 1.796 89.8 Y ST P P
A44 11 0.22 11 1.776 88.8 Y ST P P
A4 5 12 0.24 12 1.756 87.8 Y ST P P
A46 13 0.26 13 1.736 86.8 Y ST P P
A4 7 14 0.28 14 1.716 85.8 Y ST P P
A4 8 15 0.30 15 1.696 84.8 Y ST P P
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T a b le  B 4  The appearance of formulations consisting of 2 mg/mL Brij 72®and
different concentrations of Brij® 78.

Rx
Brij® 78 Water ME

formation
Appearance

mM *mL %พ/พ mL %w/w 10 min 24 hours 1 week
A49 0 0 0 1.996 99.8 N M M P
A50 1 0.02 1 1.976 98.8 N T T M
A51 2 0.04 2 1.956 97.8 N T T M
A52 3 0.06 3 1.936 96.8 N T T M
A53 4 0.08 4 1.916 95.8 N T T M
A54 5 0.10 5 1.896 94.8 N ST T M
A55 6 0.12 6 1.876 93.8 Y ST ST P
A56 7 0.14 7 1.856 92.8 Y ST ST P
A57 8 0.16 8 1.836 91.8 Y ST ST P
A58 9 0.18 9 1.816 90.8 Y ST ST P
A59 10 0.20 10 1.796 89.8 Y ST T P
A60 11 0.22 11 1.776 88.8 Y ST T P
A61 12 0.24 12 1.756 87.8 Y ST T P
A62 13 0.26 13 1.736 86.8 Y ST P P
A63 14 0.28 14 1.716 85.8 Y ST P P
A64 15 0.30 15 1.696 84.8 Y ST P P
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T a b le  B 5  The appearance of formulations consisting of 2 mg/mL wax (4:1
cetostearyl alcohol: Tween® 20) and different concentrations of Tween® 80.

Rx
Tw en® 80 Water ME

formation
Appearance

mM *mL %w/w mL %w/w 10 min 24 hours 1 week

B1 0 0 0 1.996 99.80 N M M p

B2 2 0.052 2.62 1.944 97.18 N ST T T

B3 4 0.105 5.24 1.891 94.56 N ST ST ST

B4 6 0.157 7.86 1.839 91.94 N ST ST ST

B5 8 0.210 10.48 1.786 89.32 N ST ST ST

B6 10 0.262 13.10 1.734 86.70 N ST ST ST

B7 12 0.314 15.72 1.682 84.08 N ST ST ST

B8 14 0.367 18.34 1.629 81.46 N ST ST ST

B9 16 0.419 20.96 1.577 78.84 N ST ST ST
BIO 18 0.472 23.58 1.524 76.22 N ST ST ST
B ll 20 0.524 26.20 1.472 73.60 N ST ST ST
B12 22 0.577 28.82 1.420 70.98 N ST ST ST

B13 24 0.629 31.44 1.367 68.36 N c ST ST
B14 26 0.681 34.06 1.315 65.74 N c ST ST
B15 27 0.707 35.37 1.289 64.43 N c ST ST
B16 28 0.734 36.68 1.262 63.12 Y c ST T

B17 29 0.760 37.99 1.236 61.81 Y c T T

B18 30 0.786 39.30 1.210 60.50 Y c T T
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T a b le  B 6  The appearance of formulations consisting of 2 mg/mL wax (4:1
cetostearyl alcohol: Tween® 60) and different concentrations of Tween® 80.

Rx
T- een® 80 Water ME

formation
Appearance

mM *mL %w/w mL %พ/พ 10 min 24 hours 1 week
B19 0 0 0 1.996 99.80 N M M P
B20 2 0 0 1.996 99.80 N ST T T
B21 4 0.052 2.62 1.944 97.18 N ST ST ST
B22 6 0.105 5.24 1.891 94.56 N ST ST ST
B23 8 0.157 7.86 1.839 91.94 N ST ST ST
B24 10 0.210 10.48 1.786 89.32 N ST ST ST
B25 12 0.262 13.10 1.734 86.70 N ST ST ST
B26 14 0.314 15.72 1.682 84.08 N ST ST ST
B27 16 0.367 18.34 1.629 81.46 N ST ST ST
B28 18 0.419 20.96 1.577 78.84 N ST ST ST
B29 20 0.472 23.58 1.524 76.22 N ST ST ST
B30 22 0.524 26.20 1.472 73.60 N ST ST ST
B31 24 0.577 28.82 1.420 70.98 N c ST ST
B32 25 0.655 32.75 1.341 67.05 N c ST ST
B33 26 0.681 34.06 1.315 65.74 N C ST ST
B34 27 0.707 35.37 1.289 64.43 Y C ST ST
B35 28 0.734 36.68 1.262 63.12 Y C ST ST
B36 29 0.760 37.99 1.236 61.81 Y C ST ST
B37 30 0.786 39.30 1.210 60.50 Y C ST ST
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T a b le  B 7 The appearance of formulations consisting of 2 mg/mL wax (4:1
cetostearyl alcohol: cetomacrogol) and different concentrations of
Tween® 80.

Rx
Tween® 80 Water ME

formation
Appearance

mM *mL %w/w mL %w/w 10 min 24 hours 1 week
B38 0 0 0 1.996 99.80 N M M P

B39 2 0.052 2.62 1.944 97.18 N ST T T
B40 4 0.105 5.24 1.891 94.56 N ST ST ST
B41 6 0.157 7.86 1.839 91.94 N ST ST ST
B42 8 0.210 10.48 1.786 89.32 N ST ST ST
B43 10 0.262 13.10 1.734 86.70 N ST ST ST
B44 12 0.314 15.72 1.682 84.08 N ST ST ST
B45 14 0.367 18.34 1.629 81.46 N ST ST ST
B46 16 0.419 20.96 1.577 78.84 N ST ST ST
B47 18 0.472 23.58 1.524 76.22 N ST ST ST
B48 20 0.524 26.20 1.472 73.60 N ST ST ST
B49 22 0.577 28.82 1.420 70.98 N c ST ST
B50 23 0.603 30.13 1.393 69.67 N c ST ST
B51 24 0.629 31.44 1.367 68.36 N c ST ST
B52 25 0.655 32.75 1.341 67.05 Y c ST ST
B53 26 0.6812 34.06 1.315 65.74 Y c ST ST
B54 27 0.707 35.37 1.289 64.43 Y c ST ST
B55 28 0.734 36.68 1.262 63.12 Y c ST ST
B56 30 0.786 39.30 1.210 60.5 Y c ST T
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T a b le  B 8  The appearance of formulations consisting of 2 mg/mL Brij® 72 and
different concentrations of Tween® 80.

Rx
Tween®1 80 Water ME

formation
Appearance

mM *mL %w/w mL %w/w 10 min 24 hours 1 week
B57 0 0 0 1.996 99.80 N M M P
B58 2 0.052 2.62 1.944 97.18 N ST ST T
B59 4 0.105 5.24 1.891 94.56 N ST ST T
B60 6 0.1572 7.86 1.839 91.94 N ST ST ST
B61 8 0.210 10.48 1.786 89.32 N ST ST ST
B62 10 0.262 13.10 1.734 86.70 N ST ST ST
B63 12 0.314 15.72 1.682 84.08 N ST ST ST
B64 14 0.367 18.34 1.629 81.46 N ST ST ST
B65 16 0.419 20.96 1.577 78.84 N c ST ST
B66 17 0.445 22.27 1.551 77.53 N c ST ST
B67 18 0.472 23.58 1.524 76.22 N c ST ST
B68 19 0.498 24.89 1.498 74.91 Y c ST ST
B69 20 0.524 26.20 1.472 73.60 Y c ST ST
B70 21 0.550 27.51 1.446 72.29 Y c ST ST
B71 22 0.576 28.82 1.420 70.98 Y c ST ST
B73 24 0.629 31.44 1.367 68.36 Y c ST ST
B75 26 0.681 34.06 1.315 65.74 Y c ST ST
B77 28 0.734 36.68 1.262 63.12 Y c T T
B78 30 0.786 39.30 1.210 60.50 Y c T T
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T a b le  B 9 T h e  a p p e a ra n c e  o f  C o e n z y m e  Q io -lo ad ed  n a n o p a rtic le s  fo rm u la tio n .

Rx wax Co- Qio 20% Tween® 80 Water ME formation Appearance
(%w/w) (%พ/พ) mM % พ/พ (%พ/พ) (at 60 ± 2°C) 10 min 24 hours

C ll 0.2 0.1 20 13.10 86.60 N ST, PY ST, PY
C12 0.2 0.1 24 15.72 83.98 Y c, PY ST, PY
C13 0.2 0.1 30 19.65 80.05 Y c, PY C, PY
C14 0.2 0.1 35 22.93 76.78 Y C, PY C, PY
C15 0.2 0.1 40 26.20 73.50 Y C, PY C, PY
C16 0.2 0.1 45 29.48 70.26 Y C, PY C, PY
C17 0.2 0.1 50 32.75 66.95 Y C, PY C, PY
C18 0.2 0.1 60 39.30 60.40 Y C, PY C, PY
C21 0.2 0.2 20 13.10 86.50 N ST, PY ST, PY
C22 0.2 0.2 24 15.72 83.88 Y C, PY ST, PY
C23 0.2 0.2 30 19.65 79.95 Y ST, PY ST, PY
C24 0.2 0.2 35 22.93 76.68 Y C, PY ST, PY
C25 0.2 0.2 40 26.20 73.40 Y C, PY ST, PY
C26 0.2 0.2 45 29.48 70.13 Y C, PY C, PY
C27 0.2 0.2 50 32.75 66.85 Y C, PY C, PY
C28 0.2 0.2 60 39.30 60.30 Y C, PY C, PY
C32 0.2 0.3 24 15.72 83.78 N C, YY ST, YY
C42 0.2 0.4 24 15.72 83.68 N ST, SY ST, SY
D ll 0.4 0.1 35 22.93 76.58 N ST,PY ST,PY
D12 0.4 0.1 40 26.20 73.30 N ST,PY ST,PY
D13 0.4 0.1 45 29.48 70.03 N ST,PY ST,PY
D14 0.4 0.1 48 31.44 68.06 Y ST,PY ST,PY
D15 0.4 0.1 50 32.75 66.75 Y C,PY ST,PY
D16 0.4 0.1 55 36.03 63.48 Y C,PY ST,PY
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T a b le  B 9  (Continued)

Rx wax Co- Qio 20% Tween® 80 Water ME formation Appearance

(%w/w) (%พ/พ) lilM %พ/พ (%พ/พ) (at 60 ± 2°c ) 10 min 24 hours

D17 0.4 0.1 60 39.30 60.20 Y C,PY ST,PY

D18 0.4 0.1 70 45.85 53.65 Y C,PY ST,PY

D21 0.4 0.2 35 22.93 76.48 N ST,YY ST,YY

D22 0.4 0.2 40 26.20 73.20 N ST,YY ST,YY

D23 0.4 0.2 45 29.48 69.93 N ST,YY ST,YY

D24 0.4 0.2 48 31.44 67.96 Y ST,YY ST,YY

D25 0.4 0.2 50 32.75 66.65 Y C,YY ST,YY

D26 0.4 0.2 55 36.03 63.38 Y C,YY ST,YY

D27 0.4 0.2 60 39.30 60.10 Y C,YY ST,YY

D28 0.4 0.2 70 45.85 53.55 Y C,YY ST,YY

D34 0.4 0.3 48 31.44 67.86 Y ST, YY ST, YY

D44 0.4 0.4 48 31.44 67.76 Y ST, SY ST, SY

E ll 0.6 0.1 35 22.93 76.38 N T,PY T,PY

E12 0.6 0.1 40 26.20 73.10 N ST,PY T,PY

E13 0.6 0.1 45 29.48 69.83 N ST,PY T,PY

E14 0.6 0.1 50 32.75 66.55 N C,PY T,PY

E15 0.6 0.1 60 39.30 60.00 N C,PY T,PY

E16 0.6 0.1 72 47.16 52.14 Y C,PY ST,PY

E17 0.6 0.1 80 52.40 46.90 Y C,PY ST,PY

E18 0.6 0.1 90 58.95 40.35 Y C,PY ST,PY

E21 0.6 0.2 35 22.93 76.28 N T,YY T,YY

E22 0.6 0.2 40 26.20 73.00 N T,YY T,YY



1 2 1

T a b le  B9 (continued)

Rx wax Co- Qio 20% Tween® 80 Water ME formation Appearance
(% พ/พ) (%w/w) mNi %พ/พ (%พ/พ) at 60 ± 2 °c 10 min 24 hours

E23 0.6 0.2 45 29.48 69.73 N T,YY T,YY
E24 0.6 0.2 50 32.75 66.45 N ST,YY ST,YY
E25 0.6 0.2 60 39.30 59.90 N C,YY ST,YY
E26 0.6 0.2 72 47.16 52.04 Y C,YY ST,YY
E27 0.6 0.2 80 52.40 46.80 N C,YY ST,YY
E28 0.6 0.2 90 58.95 40.25 N C,YY ST,YY
E36 0.6 0.3 72 47.16 51.94 Y ST, YY ST, YY
E46 0.6 0.4 72 47.16 51.84 Y ST, SY ST, SY



1 2 2

APPENDIX c
The data and graph of particle size and size distribution of nanoparticles 

and CoenzymeQio -loaded nanoparticles
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T h e  d a ta  o f  n a n o p a rtic le  s izes  (a v e ra g e  d ia m e te r  o r  z -a v e ra g e )  an d  size  
d is tr ib u tio n  (P o ly d isp e rs ity  In d ex ; P I)  w e re  re p o rte d  as  m e a n  ±  S D  (ท= 3). T h e  d a ta  

a re  in  T a b le s  C 1 -C 6  an d  F ig u re  C l .

T a b le  C l  A v e ra g e  d ia m e te r  (z -av e rag e ) an d  p o ly d isp e rs ity  in d e x  (P I) o f  d ru g -free  
n a n o p a rtic le s  p re p a re d  b y  s im p le  c o o lin g  m e th o d  u s in g  Brij® 78 a s  a 
su rfa c ta n t d e te rm in e d  a t 4  h o u rs  a n d  2 4  h o u rs .

Rx Time
(hrs)

Z-average (nm) PI

1 2 3 Mean ± SD 1 2 3 Mean ± SD

A9
4 94.60 92.0 91.60 92.73 ± 1.63 0.193 0.192 0.200 0.318 ±0.004

24 861.90 341.30 454.60 552.60 ± 273.79 1 1 1 1

A ll
4 56.50 53.70 54.10 54.77 ± 1.51 0.307 0.338 0.310 0.318 ±0.020

24 1682.40 2097.10 1008.00 1595.83 ±549.69 1 1 1 1

A13
4 55.80 54.30 54.90 55.00 ± 0.75 0.387 0.350 0.304 0.347 ± 0.040

24 663.00 1622.60 835.10 1040.23 ±511.63 1 1 1 1

A24
4 106.40 102.20 102.30 103.63 ±2.40 0.255 0.227 0.237 0.240 ±0.010

24 365.20 336.70 286.80 329.57 ± 39.68 1 1 1 1

A26
4 72.40 73.60 71.10 72.37 ± 1.25 0.360 0.355 0.340 0.35 ±0.010

24 743.40 325.90 345.30 471.53 ±235.64 1 0.955 0.903 0.95 ± 0.450

A28
4 60.90 68.80 63.80 64.50 ±3.40 0.410 0.434 0.379 0.408 ± 0.028

24 837.40 605.00 409.30 617.23 ±214.31 1 1 1 1
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T a b le  Cl (Continued)

Rx
Time
(hrs)

Z-average (nm) PI

1 2 3 Mean ะt  SD 1 2 3 Mean ± SD

A40
4 93.10 91.50 91.90 92.17 ±0.83 0.168 0.175 0.158 0.167 ±0.010

24 119.20 121.10 121.80 120.70 ± 1.35 0.256 0.342 0.333 0.310 ±0.050

A42
4 60.50 59.40 58.60 59.50 ±0.95 0.307 0.240 0.228 0.258 ± 0.040

24 149.10 119.20 161.80 143.37 ±21.87 0.633 0.531 0.572 0.579 ±0.050

A44
4 51.90 52.80 50.10 51.60 ± 1.37 0.298 0.253 0.217 0.256 ±0.041

24 175.70 167.20 151.40 164.77 ± 12.33 0.663 0.589 0.754 0.669 ±0.083

A53
4 468.10 488.30 446.20 467.53 ±21.06 0.378 0.366 0.380 0.375 ± 0.008

24 592.80 578.40 595.00 588.73 ±9.016 0.471 0.501 0.486 0.486 ±0.015

A55
4 550.50 545.50 549.80 548.60 ±2.71 0.399 0.382 0.367 0.383 ±0.017

24 609.00 621.10 582.40 604.17 ± 19.80 0.522 0.554 0.469 0.515 ±0.043

A57
4 416.50 410.20 402.30 409.67 ±7.12 0.262 0.200 0.187 0.211 ±0.040

24 489.00 472.40 465.70 475.70 ± 12.0 0.356 0.363 0.352 0.357 ± 0.006
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T a b le  C 2  A v e ra g e  d ia m e te r  (z -a v e ra g e ) an d  p o ly d isp e rs ity  in d e x  (P I) o f  d ru g -free  
n a n o p a rtic le s  p re p a re d  b y  s im p le  c o o lin g  m e th o d  u s in g  T w een® 80 as a  
su rfa c ta n t d e te rm in e d  a t 4 h o u rs  an d  24  h o u rs .

R x

T im e

(h rs )

Z -a v e ra g e  (n m ) P I

1 2 3 M e a n  ±  S D 1 2 3 M e a n  ±  S D

B 1 4

4 178.60 170.40 165.10 171.37  ± 6 .8 0 0 .4 2 9 0 .4 5 7 0 .4 7 6 0 .4 5 4  ±  0 .024

24 2 0 0 .9 0 180.40 1 72 .40 184.57  ±  14.70 0 .3 6 6 0 .4 1 6 0 .4 3 7 0 .4 0 6  ±  0 .0 36

B 1 6

4 2 5 5 .6 0 2 2 3 .6 0 2 1 3 .3 0 2 3 0 .8 3  ±  2 .0 6 0 .3 8 9 0 .4 4 9 0 .4 7 9 0 .4 3 9  ±  0 .0 46

24 2 4 2 .9 0 2 3 1 .0 0 2 1 6 .4 0 2 3 0 .1 0  ±  13.27 0 .4 05 0 .4 3 0 0 .4 4 0 0 .4 2 5  ± 0 .0 1 8

B 1 8

4 9 8 8 .5 0 1067.60 9 5 7 .8 0 10 0 4 .6 0  ± 5 6 .6 5 0 .6 0 7 0 .5 6 8 0 .5 7 8 0 .5 8 4  ±  0 .0 20

2 4 1602.20 1 723.20 1 614.40 1 646.60  ± 6 6 .6 2 0 .881 1 1 0 .9 6  ±  0 .0 6 9

B 3 2

4 108.30 100.80 9 6 .9 0 102.00  ±  5 .7 9 0 .3 7 8 0 .4 4 8 0 .4 3 4 0 .4 2  ±  0 .0 37

24 109.90 9 7 .70 9 8 .1 0 101.90  ± 6 .9 3 0 .3 6 6 0 .4 1 4 0 .3 9 9 0 .3 93  ±  0 .0 26

B 3 4

4 135.60 117.30 111.90 1 21 .60  ±  12.42 0 .3 6 4 0 .4 5 7 0 .4 8 7 0 .4 3 6  ±  0 .0 64

24 135.70 122.20 115.80 124.57  ±  10.16 0 .3 6 9 0 .4 1 2 0 .4 35 0 .4 05  ±  0 .0 34

B 3 6

4 2 2 0 .6 0 195.30 184.60 2 0 0 .1 7  ±  18 .49 0 .4 1 2 0.491 0 .505 0 .4 6 9  ±  0 .0 5 0

24 2 1 3 .3 0 197.90 1 86 .40 199.20  ±  13.50 0.441 0 .4 3 7 0 .4 8 4 0 .4 2 4  ±  0 .0 26
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T a b le  C 2 (Continued)

Rx Time
Z-average (nm) PI

1 2 3 Mean ± SD 1 2 3 Mean ± SD

4 hrs 79.00 72.40 70.40 73.93 ±4.50 0.358 0.408 0.412 0.393 ± 0.030

B50
24 hrs 88.20 82.00 80.80 83.67 ± 3.97 0.357 0.393 0.386 0.362 ±0.019

48 hrs 124.00 116.30 112.80 117.70 ±5.73 0.386 0.388 0.429 0.401 ±0.020

1 wk 125.60 122.00 119.20 122.27 ±3.20 0.385 0.394 0.419 0.399 ±0.018

4 hrs 89.40 79.50 76.80 81.90 ±6.63 0.373 0.425 0.420 0.406 ± 0.029

B52
24 hrs 97.40 86.50 84.20 89.37 ±7.05 0.340 0.397 0.406 0.381 ±0.036

48 hrs 109.90 105.60 102.90 106.13 ±3.53 0.439 0.464 0.458 0.454 ±0.013

1 wk 120.40 111.90 110.50 114.27 ±5.36 0.399 0.450 0.466 0.438 ± 0.035

4 hrs 76.60 71.30 68.90 72.3 ± 3.93 0.356 0.375 0.393 0.375 ±0.019

B54
24 hrs 90.70 83.00 81.80 85.20 ±4.83 0.319 0.351 0.343 0.338 ±0.017

48 hrs 111.50 98.20 92.50 100.73 ±9.75 0.369 0.429 0.452 0.417 ±0.043

1 wk 118.00 114.10 112.70 114.93 ±2.75 0.370 0.401 0.392 0.388 ±0.016



127

Table C2 (Continued)

Rx Time
(hrs)

Z-average (nm) PI

1 2 3 Mean ± SD 1 2 3 Mean ± SD

B66
4 76.60 71.60 71.30 73.20 ± 2.98 0.335 0.365 0.347 0.349 ±0.015

24 102.00 96.60 77.80 92.10 ± 12.70 0.303 0.339 0.533 0.392 ±0.124

B68
4 79.30 69.90 67.70 72.30 ±6.16 0.400 0.409 0.425 0.411 ±0.012

24 106.80 96.30 94.30 99.10 ±6.71 0.386 0.425 0.423 0.412 ±0.022

B70
4 134.60 125.30 119.30 126.40 ±7.71 0.458 0.472 0.499 0.476 ±0.021

24 160.20 141.80 137.20 146.40 ± 12.17 0.438 0.459 0.484 0.460 ± 0.023
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T a b le  C3 Average diameter (z-average) and polydispersity index (PI) of drug-free 
nanoparticles prepared by rapid cooling method using Tween®80 as a 
surfactant.

Time
Z-average (nm) PI

Rx
1 2 3 Mean ± SD 1 2 3 Mean ± SD

4 hrs 59.40 54.40 53.50 55.77 ±3.18 0.455 0.496 0.499 0.483 ± 0.025

B50
24 hrs 77.40 73.50 72.90 74.60 ± 2.44 0.421 0.440 0.429 0.430 ±0.010

48 hrs 87.80 78.70 75.60 80.70 ±6.34 0.377 0.432 0.445 0.418 ±0.036

1 wk 98.20 90.40 86.50 91.70 ±5.96 0.356 0.399 0.418 0.391 ±0.032

4 hrs 55.10 52.00 51.60 52.90 ± 1.92 0.550 0.550 0.564 0.555 ±0.008

B52
24 hrs 93.00 92.80 91.60 92.47 ± 0.76 0.499 0.485 0.380 0.455 ± 0.065

48 hrs 102.20 95.50 94.00 97.23 ± 4.37 0.359 0.389 0.404 0.384 ±0.023

1 wk 113.20 107.20 102.80 107.73 ±5.22 0.367 0.396 0.415 0.393 ± 0.024

4 hrs 20.90 23.30 19.40 21.20 ± 1.97 0.448 0.416 0.409 0.424 ±0.021

B54
24 hrs 51.50 47.50 42.30 47.10 ±4.61 0.500 0.517 0.522 0.513 ±0.012

48 hrs 70.10 59.50 56.40 62.00 ±7.18 0.449 0.515 0.537 0.500 ± 0.046

1 wk 104.70 91.30 94.50 96.83 ± 7.00 0.446 0.502 0.419 0.456 ± 0.042



1 2 9

T a b le  C 4  Average diameter (z-average) and polydispersity index (P I) of Coenzyme 
Qio-loaded nanoparticles prepared by rapid cooling method determined at 
24 hours.

Rx
Z-average (nm) PI

1 2 3 Mean ± SD 1 2 3 Mean ± SD
C ll 73.90 71.20 67.60 70.90 ±3.16 0.460 0.490 0.495 0.482 ±0.019

C12 65.30 62.70 61.50 63.17 ± 1.94 0.491 0.506 0.507 0.501 ±0.009

C13 35.30 30.60 29.00 31.63 ±3.27 0.556 0.544 0.544 0.548 ± 0.007

C14 55.90 48.30 44.30 49.50 ±5.89 0.568 0.570 0.568 0.569 ±0.001

C15 55.10 40.30 30.90 42.10 ± 12.20 0.622 0.631 0.612 0.622 ±0.010

C16 53.50 37.70 27.60 39.60 ± 13.05 0.614 0.629 0.587 0.610 ±0.021

C17 40.40 29.40 24.60 31.47 ± 8.10 0.623 0.604 0.520 0.582 ±0.055

C18 35.50 26.60 22.40 28.17 ±6.69 0.623 0.574 0.546 0.581 ±0.039

C21 93.80 90.70 88.80 91.10 ± 2.52 0.455 0.473 0.481 0.470 ±0.013

C22 64.10 55.50 51.40 57.00 ± 6.48 0.549 0.552 0.556 0.552 ± 0.004

C23 49.40 42.90 38.90 43.73 ±5.30 0.537 0.538 0.527 0.534 ± 0.006

C24 77.10 63.50 60.50 67.03 ± 8.85 0.489 0.524 0.522 0.512 ±0.020

C25 53.70 39.10 32.50 41.77 ± 10.85 0.605 0.595 0.584 0.595 ±0.011

C26 51.00 35.50 26.10 37.53 ± 12.57 0.627 0.624 0.579 0.610 ±0.027

C27 52.70 35.20 25.60 37.83 ± 13.74 0.619 0.601 0.577 0.599 ±0.021

C28 41.10 28.40 38.10 35.87 ± 6.64 0.629 0.596 0.340 0.522 ±0.158

C32 50.80 44.80 41.10 45.57 ±4.90 0.590 0.584 0.573 0.582 ± 0.009

C42 89.00 83.50 79.70 84.07 ±4.68 0.672 0.668 0.661 0.667 ± 0.005
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Table C4 (Continued)

Rx
Z-average (nm) PI

1 2 3 Mean ± SD 1 2 3 Mean ± SD

D ll 113.20 107.50 105.00 108.57 ±4.20 0.312 0.320 0.320 0.317 ±0.005

D12 102.30 96.60 94.70 97.87 ±3.96 0.382 0.399 0.422 0.401 ±0.020

D13 112.40 98.20 92.20 100.93 ± 10.37 0.353 0.382 0.416 0.384 ±0.032

D14 94.80 88.90 86.50 90.07 ± 4.27 0.364 0.377 0.381 0.374 ± 0.009

D15 90.80 79.10 78.80 82.90 ±6.84 0.336 0.410 0.425 0.390 ± 0.048

D16 83.70 80.99 77.30 80.60 ±3.20 0.391 0.381 0.400 0.391 ±0.009

D17 68.40 60.80 57.10 62.10 ±5.76 0.479 0.516 0.542 0.512 ±0.032

D18 76.00 68.20 64.80 69.67 ± 5.74 0.543 0.557 0.563 0.554 ±0.010

D21 107.10 100.30 99.20 102.20 ±4.28 0.336 0.358 0.347 0.347 ±0.011

D22 127.30 118.70 118.70 121.57 ±4.97 0.415 0.419 0.423 0.419 ±0.004

D23 86.20 75.80 73.20 78.40 ±6.88 0.423 0.473 0.481 0.459 ±0.031

D24 91.60 85.70 83.00 86.77 ±4.40 0.460 0.471 0.474 0.469 ± 0.007

D25 85.20 75.00 71.20 77.13 ±7.24 0.424 0.470 0.478 0.457 ± 0.029

D26 73.80 67.00 64.40 68.40 ±4.85 0.533 0.559 0.557 0.550 ±0.015

D27 70.50 60.70 57.00 62.73 ± 6.98 0.488 0.541 0.555 0.528 ±0.035

D28 69.30 59.20 54.00 60.83 ± 7.78 0.604 0.602 0.596 0.601 ±0.004

D34 91.80 84.40 80.90 85.70 ±5.57 0.469 0.501 0.504 0.491 ±0.020

D44 96.80 84.40 77.80 86.33 ± 9.65 0,496 0.516 0.533 0.515 ±0.018
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Table C4 (Continued)

Rx Z-average (nm) PI
1 2 3 Mean ± SD ' 1 2 3 Mean ± SD

Ell 124.40 117.50 116.30 119.40 ±4.37 0.323 0.327 0.321 0.323 ± 0.003

E12 105.90 99.30 98.50 101.23 ±4.06 0.229 0.251 0.248 0.243 ±0.012

E13 112.90 106.00 104.80 107.90 ±4.37 0.252 0.269 0.27 0.262 ± 0.009

E14 125.10 117.70 113.40 118.73 ±5.92 0.314 0.338 0.347 0.333 ±0.017

E15 129.90 120.10 117.90 122.73 ± 6.39 0.283 0.307 0.311 0.300 ±0.015

E16 128.30 126.90 123.10 126.10 ±2.69 0.490 0.477 0.483 0.483 ± 0.006

E17 94.00 89.70 87.20 90.30 ±3.44 0.417 0.452 0.456 0.442 ±0.021

E18 104.10 91.80 86.30 94.07 ±9.11 0.491 0.515 0.523 0.510 ± 0.017

E21 116.40 110.40 107.40 111.40 ±4.58 0.274 0.275 0.282 0.277 ± 0.004

E22 121.50 112.00 109.80 114.43 ± 6.22 0.282 0.312 0.329 0.308 ± 0.024

E23 125.20 119.00 118.40 120.87 ±3.76 0.305 0.327 0.326 0.319 ± 0.013

E24 117.40 109.10 107.50 111.33 ± 5.31 0.298 0.330 0.339 0.322 ±0.021

E25 113.70 106.20 104.40 108.10 ±4.93 0.356 0.387 0.392 0.378 ±0.019

E26 95.90 89.20 85.40 90.17 ±5.32 0.462 0.474 0.501 0.479 ± 0.020

E27 95.40 88.40 85.30 89.70 ±5.17 0.450 0.469 0.477 0.465 ±0.014

E28 103.50 95.30 89.10 95.97 ±7.22 0.468 0.479 0.500 0.483 ±0.016

E36 92.40 87.60 86.30 88.77 ±3.21 0.474 0.504 0.514 0.497 ± 0.020

E46 126.5 116.00 113.70 118.73 ±6.82 0.435 0.462 0.467 0.455 ±0.017
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Table C5 The stability data of Average diameter (z-average) and polydispersity index
(PI) of Coenzyme Qio-loaded nanoparticles (rapid cooling method).

Rx Time
Z-average (nm) PI

1 2 3 Mean ± SD 1 2 3 Mean ± SD

D24

24 hrs 108.30 95.30 90.10 97.90 ± 9.37 0.388 0.411 0.429 0.409 ± 0.020

1 wk 106.40 94.90 93.40 98.23 ±7.11 0.406 0.437 0.428 0.424 ± 0.016

4 wks 102.10 98.30 95.50 98.63 ±3.31 0.431 0.423 0.438 0.431 ± 0.008

8 wks 102.80 95.80 92.70 97.10 ± 5.17 0.433 0.443 0.458 0.444 ± 0.013

D44

24 hrs 96.80 84.40 77.80 86.33 ± 9.65 0.496 0.516 0.533 0.515 ± 0.018

1 wk 103.30 89.90 82.40 91.87 ± 10.59 0.513 0.532 0.527 0.524 ± 0.010

4 wks 95.80 86.30 82.00 88.03 ± 7.06 0.517 0.523 0.524 0.522 ± 0.004

8 wks 100.00 90.10 84.20 91.43 ± 7.98 0.509 0.531 0.526 0.522 ± 0.012

Table C6 Average diameter (z-average) and polydispersity index (PI) of lfeeze-dried
Coenzyme Qio- loaded nanoparticles (Rx D24 and D44), determined after 
1-week at 25°c.

Manitol Z-average (nm) PI
Rx

(%) 1 2 3 Mean ± SD 1 2 3 Mean ± SD
1 85.2 83.2 83.9 84.10 ± 1.06 0.061 0.580 0.573 0.587 ±0.018

D24 2 87.6 84.4 85.9 85.97 ± 1.60 0.611 0.602 0.586 0.600 ±0.013
4 93.3 90.0 92.0 91.77 ± 1.66 0.527 0.516 0.483 0.508 ± 0.023
1 81.0 79.5 79.6 80.03 ± 0.84 0.552 0.551 0.565 0.556 ±0.008

D44 2 74.0 73.2 72.2 73.13 ±0.90 0.523 0.513 0.519 0.518 ±0.005
4 84.3 84.1 82.9 83.77 ±0.76 0.480 0.461 0.460 0.467 ±0.012
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Intensity

.- — ------— --------  ----

Size (nm) % Intensity j Size (nm) % Intensity I Size (nm) : % Intensity
4 3 ! 0 0 32.3 j  4.6 I 244.5 f  5 2
5.5 0 0 41 6 7.6 314.8 I 2.8
7.1 00 53.6 I 10 9 405 3 1.3
9 1 ; 0.0 ; 69.1 13.6 521 9 ! 0.6
11.8 I 02 88.9 14.9 672.0 j 0.2
15 1 04 114.5 14.1 865 4 : 0 1
19.5 j  1.1 ! 147.4 j 116 I 1114 3 I 0.0
25 1 : 24 189 8 8 3 1434 8 00

I . ..................

(a)

Intensity

Diameter (nm)

r_________

Size (nm) % Intensity Size (nm) ' % Intensity Size (nm) ; % Intensity

2.9 00 25.5 ! 4.6 1 224.2 5.2

3.8 0 0 33.4 7.6 I 294.3 ! 2.8

5.0 0 . 0 43 8 10.9 386.3 j 1.3

6.5 0 0 576 13.7 i 507.0 : 0 5

8.6 i  0 2 75.5 14.9 665.5 i  0 2
11.3 0 4 99.2 14.1 873.5 1 0.1

14 8 1.1 130 1 11.6 1146.5 0 0

194 ; 24 170.8 8.3 1504.9 ! 0 . 0

(b)

Figure C l Particle size distribution of Coenzyme Q i o -  loaded nanoparticles, a) Rx 
D24, b) Rx D44, determined at 24 hours after preparation.



























APPENDIX E
Statistical analysis data using SPSS program



147

One way ANOVA

Table E l The statistical analysis of concentration of Brij® 78 and nanoparticle size
using cetostearyl alcohol and Tween® 20 as core material.

Particle size
Sum of 
Squares df Mean Square F Sig.

Between Groups 6096274.423 5 1219254.885 11.450 .000
Within Groups 1277774.907 12 106481.242
Total 7374049.329 17

Tukey HSD

Brij 78 concentration N
Subset for alpha == .05

1 2 3
10 mM 4 hours 3 54.7667
12 mM 4 hours 3 55.0000
8 mM 4 hours 3 92.7333
8 mM 24 hours 3 552.6000 552.6000
12 mM 24 hours 3 1040.2333 1040.2333
10 mM 24 hours 3 1595.8333
Sig. .463 .484 .355

Table E2 The statistical analysis of concentration of Brij® 78 and nanoparticle size 
using cetostearyl alcohol and Tween® 60 as core material.

One way ANOVA
Particle size

Sum of 
Squares df Mean Square F Sig-

Between Groups 820351.723 5 164070.345 9.552 .001
Within Groups 206110.853 12 17175.904
Total 1026462.576 17

Tukey HSD

Brij 78 concentration N
Subset for alpha = .05

1 2
11 mM 4 hours 3 64.5000
9 mM 4 hours 3 72.3667
7 mM 4 hours 3 103.6333
7 mM 24 hours 3 329.5667 329.5667
9 mM 24 hours 3 471.5333
11 mM 24 hours 3 617.2333
Sig. .205 .149
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One way ANOVA

Table E3 The statistical analysis of concentration of Brij® 78 and nanoparticle size
using cetostearyl alcohol and cetomacrogol as core material.

Particle size
Sum of 
Squares df Mean Square F Sig.

Between Groups 31128.945 5 6225.789 58.761 .000
Within Groups 1271.420 12 105.952
Total 32400.365 17

Tukey HSD

Brij 78 concentration N
Subset for alpha = .05

1 2 3 4
11 mM 4 hours 3 51.6000
9 mM 4 hours 3 59.5000
7 mM 4 hours 3 92.1667
7 mM 24 hours 3 120.7000
9 mM 24 hours 3 143.3667 143.3667
11 mM 24 hours 3 164.7667
Sig. .928 1.000 .147 .185

Table E4 The statistical analysis of concentration of Brij® 78 and nanoparticle size 
using Brij® 72 as core material.

One way ANOVA
Particle size

Sum of 
Squares df Mean Square F Sig.

Between Groups 88217.153 5 17643.431 94.652 .000
Within Groups 2236.847 12 186.404
Total 90454.000 17

Tukey HSD

Brij 78 concentration N
Subset for alpha = .05

1 2 3 4
8 mM 4 hours 3 409.6667
4 mM 4 hours 3 467.5333
8 mM 24 hours 3 475.7000
6 mM 4 hours 3 548.6000
4 mM 24 hours 3 588.7333
6 mM 24 hours 3 604.1667
Sig. 1.000 .974 1.000 .735
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One way ANOVA

Table E5 The statistical analysis of concentration of Tween® 80 and nanoparticle
size using cetostearyl alcohol and Tween® 20 as core material.

Particle size

Sum of Squares df Mean Square F Sig.
Between Groups 5656864.558 5 1131372.912 791.891 .000
Within Groups 17144.367 12 1428.697
Total 5674008.925 17

Tukey HSD

Tween 80 concentration N
Subset for alpha == .05

1 2 3
26 mM 4 hours 3 171.3667
26 mM 24 hours 3 184.5667
28 mM 24 hours 3 230.1000
28 mM 4 hours 3 230.8333
30 mM 4 hours 3 1004.6333
30 mM 24 hours 3 1646.6000
Sig. .432 1.000 1.000

Table E6 The statistical analysis of concentration of Tween® 80 and nanoparticle 
size using cetostearyl alcohol and Tween® 60 as core material.

One way ANOVA
Particle size

Sum of 
Squares df Mean Square F Sig.

Between Groups 31746.583 5 6349.317 44.142 .000
Within Groups 1726.073 12 143.839
Total 33472.656 17

Tukey HSD

Tween 80 concentration N
Subset for alpha = .05

1 2
25 mM 24 hours 3 101.9000
25 mM 4 hours 3 102.0000
27 mM 4 hours 3 121.6000
27 mM 24 hours 3 124.5667
29 mM 24 hours 3 199.2000
29 mM 4 hours 3 200.1667
Sig. .260 1.000
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One way ANOVA

Table E7 The statistical analysis of concentration of Tween® 80 and nanoparticle
size using cetostearyl alcohol and cetostearyl alcohol as core material.

Particle size
Sum of 
Squares df Mean Square F Sig.

Between Groups 664.432 5 132.886 4.729 .013
Within Groups 337.213 12 28.101
Total 1001.645 17

Tukey HSD

Tween 80 concentration N
Subset for alpha = .05

1 2
27 mM 4 hours 3 72.2667
23 mM 4 hours 3 73.9333
25 mM 4 hours 3 81.9000 81.9000
23 mM 24 hours 3 83.6667 83.6667
27 mM 24 hours 3 85.1667 85.1667
25 mM 24 hours 3 89.3667
Sig. .093 .542

Table E8 The statistical analysis of concentration of Tween® 80 and nanoparticle 
size using Brij® 72 as core material.

One way ANOVA
Particle size

Sum of 
Squares df Mean Square F Sig.

Between Groups 13154.178 5 2630.836 34.253 .000
Within Groups 921.660 12 76.805
Total 14075.838 17

Tukey HSD

Tween 80 concentration N
Subset for alpha == .05

1 2 3
19 mM 4 hours 3 72.3000
17 mM 4 hours 3 73.1667
17 mM 24 hours 3 92.1333 92.1333
19 mM 24 hours 3 99.1333
21 mM 4 hours 3 126.4000
21 mM 24 hours 3 146.4000
Sig. .131 .916 .126
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Table E9 The statistical analysis o f cooling method and nanoparticle size (Rx B50). 
One way ANOVA

Particle size
Sum of 
Squares df Mean Square F Sig.

Between Groups 10670.372 7 1524.339 71.346 .000
Within Groups 341.847 16 21.365
Total 11012.218 23

Tukey HSD
Cooling method N

Subset for alpha = .05
1 2 3 4

rapid cooling 4 hours 3 55.7667
simple cooling 4 hours 3 73.9333
rapid cooling 24 hours 3 74.6000
rapid cooling 48 hours 3 80.7000 80.7000
simple cooling 24 hours 3 83.6667 83.6667
rapid cooling 1 week 3 91.7000
simple cooling 48 hours 3 117.7000
simple cooling 1 week 3 122.2667
Sig. 1.000 .232 .134 .917

Table E10 The statistical analysis o f cooling method and nanoparticle size (Rx B52). 
One way ANOVA

Particle size
Sum of 
Squares df Mean Square F Sig.

Between Groups 7811.860 7 1115.980 48.139 .000
Within Groups 370.920 16 23.183
Total 8182.780 23

T u k e y  H S D

C o o lin g  m e th o d
N

S u b s e t fo r  a lp h a  = .05

1 2 3 4 5

rap id  c o o lin g  4  h o u rs 3 5 2 .9 0 0 0

s im p le  co o lin g  4  h o u rs 3 8 1 .9 0 0 0

s im p le  c o o lin g  2 4  h o u rs 3 8 9 .3 6 6 7 8 9 .3 6 6 7

rap id  c o o lin g  2 4  h o u rs 3 9 2 .4 6 6 7 9 2 .4 6 6 7

rap id  c o o lin g  4 8  h o u rs 3 9 7 .2 3 3 3 9 7 .2 3 3 3

s im p le  co o lin g  4 8  h o u rs 3 1 0 6 .1 3 3 3 1 0 6 .1 3 3 3

rap id  co o lin g  1 w e e k 3 1 0 7 .7 3 3 3 1 0 7 .7 3 3 3

s im p le  co o lin g  1 w e e k 3 1 1 4 .2 6 6 7

S ig. 1 .0 00 .196 .510 .201 .471
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Table E ll The statistical analysis o f cooling method and nanoparticle size (Rx B54). 
One way ANOVA

Particle size
Sum of 
Squares df Mean Square F Sig.

Between Groups 20058.736 7 2865.534 85.7V9 .000
Within Groups 534.373 16 33.398
Total 20593.110 23

T u k e y  H S D

Cooling method N Subset for alpha = .05
1 2 3 4 5 6

rapid cooling 4 hours 3 21.2000
rapid cooling 24 hours 3 47.1000
rapid cooling 48 hours 3 62.0000 62.0000
simple cooling 4 hours 3 72.2667 72.2667
simple cooling 24 hours 3 85.1667 85.1667
rapid cooling 1 week 3 96.8333
simple cooling 48 hours 3 100.7333 100.7333
simple cooling 1 week 3 114.9333
Sig. 1.000 .087 .413 .182 .068 .114

Table E12 The statistical analysis o f Tween® 80 concentration and CoenzymeQio- 
loaded nanoparticle size (1 mg/mL o f CoenzymeQio).

One way ANOVA
Particle size

Sum of 
Squares df Mean Square F Sig.

Between Groups 5107.007 7 729.572 11.940 .000
Within Groups 977.627 16 61.102
Total 6084.633 23

Tukey HSD

Tween 80 concentration N
Subset for alpha == .05

1 2 3
60 mM 3 28.1667
50 mM 3 31.4667
30 mM 3 31.6333
45 mM 3 39.6000
40 mM 3 42.1000 42.1000
35 mM 3 49.5000 49.5000 49.5000
24 mM 3 63 1667 63.1667
20 mM 3 70.9000
Sig. .062 .067 .061
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Table E13 The statistical analysis o f Tween® 80 concentration and CoenzymeQio- 
loaded nanoparticle size (2 mg/mL o f CoenzymeQio).

One way ANOVA
Particle size

Sum of 
Squares df Mean Square F Sig.

Between Groups 7862.993 7 1123.285 13.546 .000
Within Groups 1326.760 16 82.923
Total 9189.753 23

Tukey HSD

Tween 80 concentration N
Subset for alpha == .05

1 2 3
60 mM 3 35.8667
45 mM 3 37.5333
50 mM 3 37.8333
40 mM 3 41.7667 41.7667
30 mM 3 43.7333 43.7333
24 mM 3 57.0000 57.0000
35 mM 3 67.0333 67.0333
20 mM 3 91.1000
Sig. .152 .056 .076

Table E14 The statistical analysis o f wax concentration and CoenzymeQio- 
loaded nanoparticle size prepared from 60 mM o f Tween 80 and 1 
mg/mL o f CoenzymeQio-

One way ANOVA
Particle size

Sum of 
Squares df Mean Square F Sig.

Between Groups 13739.707 2 6869.853 173.559 .000
Within Groups 237.493 6 39.582
Total 13977.200 8

Tukey HSD

wax concentration N
Subset for alpha == .05

1 2 3
2 mg/mL 3 28.1667
4 mg/mL 3 62.1000
6 mg/mL 3 122.6333
Sig. 1.000 1.000 1.000
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Table E15 The statistical analysis o f wax concentration and CoenzymeQio- 
loaded nanoparticle size prepared from 60 mM o f Tween 80 and 2 
mg/mL o f CoenzymeQio- 

One way ANOVA
Particle size

Sum of 
Squares df Mean Square F ___ ______

Between Groups 7997.607 2 3998.803 102.484 .000
Within Groups 234.113 6 39.019
Total 8231.720 8

Tukey HSD

wax concentration N
Subset for alpha == .05

1 2 3
2 mg/mL 3 35.8667
4 mg/mL 3 62.7333
6 mg/mL 3 108.1000
Sig. 1.000 1.000 1.000

Table E16 The statistical analysis o f CoenzymeQio concentration and 
CoenzymeQio- loaded nanoparticle size prepared from 24 mM of  
Tween® 80 and 2 mg/mL o f wax.

One way ANOVA
Particle size

Sum of 
Squares df Mean Square F Sig.

Between Groups 2356.756 4 589.189 27.247 .000
Within Groups 216.240 10 21.624
Total 2572.996 14

Tukey HSD

Co Q10 concentration N
Subset for alpha = .05

1 2 3
3 mg/mL 3 45.5667
2 mg/mL 3 57.0000 57.0000
no Q10 3 60.5000
1 mg/mL 3 63.1667
4 mg/mL 3 84.0667
Sig. .077 .516 1.000
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Table E17 The statistical analysis o f CoenzymeQio concentration and 
CoenzymeQio- loaded nanoparticle size prepared from 48 mM of 
Tween® 80 and 4 mg/mL o f wax.

One way ANOVA
Particle size

Sum of 
Squares df Mean Square F Sig.

Between Groups 89.129 4 22.282 .608 .666
Within Groups 366.660 10 36.666

Total 455.789 14

Tukey HSD

Co Q10 concentration N

Subset for 
alpha = 

.05

1
3 mg/mL 3 85.7000
4 mg/mL 3 86.3333
2 mg/mL 3 86.7667
1 mg/mL 3 90.0667
no Q10 3 92.0000
Sig. .712

Table E18 The statistical analysis o f CoenzymeQio concentration and 
CoenzymeQio- loaded nanoparticle size prepared from 72 mM of 
Tween® 80 and 6 mg/mL o f wax.

Particle size
Sum of 
Squares df Mean Square F Sig.

Between Groups 3376.563 4 844.141 27.419 .000
Within Groups 307.867 10 30.787
Total 3684.429 14

Tukey HSD

Co Q10 concentration N
Subset for alpha == .05

1 2 3
3 mg/mL 3 88.7667
2 mg/mL 3 90.1667
no Q10 3 109.7667
4 mg/mL 3 118.7333 1 18.7333
1 mg/mL 3 126.1000
Sig. .998 .341 .515
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Table E19 The statistical analysis o f storage time and Coenzyme Qio-loaded 
nanoparticle o f Rx D24

One way ANOVA
Particle size

Sum of 
Squares df Mean Square F Sig.

Between Groups 3.796 2 1.898 .064 .938
Within Groups 176.653 6 29.442

Total 180.449 8
Tukey HSD

Storage time N
Subset for alpha = .05

1
8 weeks 3 97.1000
o week 3 98.2333
4 weeks 3 98.6333
Sig. .937

Table E20 The statistical analysis o f storage time and Coenzyme Qio-loaded 
nanoparticle o f Rx D44

One way ANOVA
Particle size

Sum of 
Squares df Mean Square F Sig.

Between Groups 40.460 2 20.230 .294 .756
Within Groups 413.320 6 68.887

Total 453.780 8
Particle size
Tukey HSD

Storage time N
Subset for alpha = .05

1
0 week 3 86.3333

4 weeks 3 88.0333
8 weeks 3 91.4333

Sig. .743
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Table E21 The statistical analysis o f concentration o f mannitol and particle size 
(RxD24).

One way ANOVA
P a rtic le  s ize

S u m  o f 
S q u a re s d f M ea n  S q u a re F S ig .

B e tw e e n  G ro u p s 9 6 .4 9 0 3 3 2 .1 6 3 5 .0 0 6 .030

W ith in  G ro u p s 5 1 .4 0 0 8 6 .4 2 5

T o ta l 1 4 7 .8 9 0 11

T u k e y  H S D

Mannitol
concentration N

Subset for alpha = .05
1 2

1% 3 84.1000
2% 3 85.9667 85.9667
0% 3 86.7667 86.7667
4% 3 91.7667
Sig. .594 .088

Table E22 The statistical analysis o f  concentration o f mannitol and particle size 
(RxD44).

One way ANOVA

P a rtic le  s ize

S u m  o f 
S q u a re s d f M ea n  S q u a re F S ig .

B e tw e e n  G ro u p s 2 9 6 .3 5 0 3 9 8 .7 8 3 4 .1 5 3 .048

W ith in  G ro u p s 1 9 0 .2 8 7 8 2 3 .7 8 6

T o ta l 4 8 6 .6 3 7 11

T u k e y  H SD

M an ito l
co n c e n tra tio n N S u b s e t fo r  a lp h a  =  .05

1 2

2% 3 7 3 .1 3 3 3

1% 3 8 0 .0 3 3 3 8 0 .0 3 3 3

4 % 3 8 3 .7 6 6 7 8 3 .7 6 6 7

0% 3 8 6 .3 3 3 3

S ig . .106 .439
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