
CHAPTERIV

RESULTS AND DISCUSSION

1. Preparation of nanoparticles and Coenzyme Qio-loaded 
nanoparticles from microemulsion system

1.1 Preparation of nanoparticles from microemulsion system

A use o f warm microemulsion as a precursor o f nanoparticle 
production has been done and modified by different research groups (Cavalli e t a l., 
1999; Cui and Mumper, 2002 a and b; Gasco, 1997; Heydenreich e t  a l., 2003; Igartua 
e t a l., 2002; บ gazio, Cavalli and Gasco, 2002). This method was based on the natural 
and spontaneous formation o f a microemulsion and used a property o f lipid being 
solid at room temperature. In this technique, microemulsion needs to be produced at a 
temperature above the melting point o f the lipid. The lipid was melted and a mixture 
o f water and surfactant at a few higher temperatures than lipid phase (~ 5 °C) were 
then added under mild stirring to the melted lipid. A transparent, thermodynamically 
stable system represents the microemulsion formation (Müller, Mâder and Gohla, 
2000). The nanoparticles were then produced from direct cooling the warm oil in 
water (o/w) microemulsions to room temperature under mild stirring.The size o f  
nanoparticle was affected by the composition o f microemulsion system, particularly 
by the surfactants used. Oyewumi and Mumper (2002) suggested that the 
microemulsion having the amphiphatic matrix materials (oil phase) combined with 
surfactants having moderate HLB values (i.e., 14-17) promoted the formation o f very 
small and stable nanoparticles.
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In this study, an experiment was performed to verify the suitable 
microemulsion system which gave the small and stable nanoparticles, whereas a less 
amount o f surfactants was used. The microemulsion was composed o f oil (matrix 
material), the surfactant and water phases. Lawrence and Rees (2000) suggested that 
the surfactant with HLB in the range o f 8-18 was preferred to the formation o f OAV 

microemulsion. The non-ionic surfactants were widely used in the production o f  
stable microemulsion and had the advantage over ionic surfactants o f being less toxic 
and less sensitive to electrolytes and pH variation (Attwood, 2002). The oil phase 
used in this experiment was the non-ionic emulsifying wax or Brij® 72 (polyoxyl-2- 
stearyl ether; HLB = 4.9; melting point (MP) = 43 C) at the concentration o f 2 
mg/mL. The compositions o f emulsifying wax were a blend o f cetostearyl alcohol 
(HLB = 13-14; MP = 48 -  53 C) and one o f the surfactant; Tween® 20 
(Polyoxyethylene-20-sorbitan monolaurate; HLB = 16.7), Tween® 60
(polyoxyethylene-20-sorbitan monostearate; HLB = 14.9), and cetomacrogol 1000 
(polyoxyethylene glycol 1000; HLB = 15.8), at a weight ratio o f  4:1. The non-ionic 
surfactant used to stabilize oil droplet was Brij® 78 (polyoxyl-20-stearyl ether; HLB = 
15.3) or Tween® 80 (polyoxylethylene 20 sorbitan monooleate; HLB = 15) (Wade and 
Weller, 1994). All o f ingredients used in this experiment were potentially 
biocompatible. The details o f  each ingredient used in this study are summarized in 
appendix A.

The microemulsion systems, which used as nanoparticles templates, 
were achieved by varying the oil phase (emulsifying wax or Brij® 72), surfactant 
phase (100 mM Brij® 78 stock solution or 10% Tween® 80 stock solution) and water 
phase. The size and size distribution o f achieved nanoparticles were determined by 
the photon correlation spectroscopy (PCS) at 4 and 24 hours after the preparation. The 
data o f size and size distribution o f all formulation is described in Tables Cl and C2 
in appendix c.
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1.1.1 Nanoparticles containing Brij® 78 as a surfactant

The systems containing Brij® 78 as a surfactant and four types o f core 
materials, namely, 4:1 cetostearyl alcohol (CT):Tween® 20, 4:1 CT:Tween® 60, 4:1 
CT:Cetomacrogol 1000 and Brij® 72, were determined for particle size and size 
distribution (Table 4-1). It was noted that the amount o f Brij® 78 used was the 
concentration around the phase boundary o f  microemulsion formation as described in 
Tables B1-B4 in appendix B.

It was found that all o f  the formulations containing emulsifying wax as 
a core material could form the nanoparticles having diameter o f less than 1 1 0  nm after 
4 hours o f preparation. While the system consisted o f Brij® 72 and Brij® 78 formed 
the particles larger than 100 nm (approximately 400-500 nm) with slightly increased 
in size after storage for 24 hours at room temperature. The results also showed that the 
concentration o f the surfactant influenced the size and size distribution o f  
nanoparticles. An increase in Brij® 78 concentration might contribute to the reduction 
o f mean particle size and size distribution except in the system consisted o f Brij® 72 
and Brij® 78. For example, the mean sizes o f nanoparticles after 4 hours, prepared 
using cetostearyl alcohol blended with cetomacrogol as an oil phase and Brij® 78 at 
concentrations o f 7 mM, 9 mM and 11 mM, were 92.17 ± 0.83, 59.50 ± 0.95 and 
51.60 ± 1.37 nm, respectively. However, nanoparticles prepared from emulsifying 
wax and Brij® 78 could not retain their small size after storage for 24 hours at room 
temperature. The tendency o f the nanoparticles to increase in size during storage is 
possibly related to Ostwald ripening phenomena in order to reduce the overall free 
energy o f the system (Koziara e t a l., 2003; Lockman e t a l ,  2003).
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Table 4-1 Average diameter (z-average) and polydispersity index (PI) of
nanoparticles consisting of oil (wax) at 2 mg/mL and various
concentrations of Brij® 78 after 4 and 24 hours (mean ± S.D., ท=3).

Rx Brij®

78

(mM)

Wax 4 hours 24 hours

Size (nm) PI Size (nm) PI

A9 8 CT + 92.73 ± 1.63 0.32 ±0.00 552.60'±273.79 1

A l l 10 Tween® 54.77 ± 1.51 0.32 ± 0.02 1595.83* ± 549.69 1

A13 12 2 0 55.00 ±0.75 0.35 ±0.04 1040.23* ±511.63 1

A24 7 CT + 103.63 ±2.40 0.24 ±0.01 329.57* ± 39.68 1

A26 9 Tween® 72.37 ± 1.25 0.35 ±0.01 471.53* ±253.64 0.95 ± 0.05

A28 11 60 64.50 ±3.40 0.41 ±0.03 617.23* ±214.31 1

A40 7 CT + 92.17 ±0.83 0.17 ± 0.01 120.70* ± 1.35 0.31 ±0.05

A4 2 9 Cetoma 59.50 ±0.95 0.26 ± 0.04 143.37* ±21.87 0.58 ±0.05

A44 11 -crogol 51.60 ± 1.37 0.26 ± 0.04 164.77* ± 12.33 0.67 ±0.08

A53 4 467.53 ±21.06 0.38 ±0.01 588.73* ± 9.02 0.49 ±0.02

A55 6 Brij® 72 548.60 ±2.71 0.38 ±0.02 604.17* ± 19.80 0.52 ± 0.04

A57 8 409.67 ±7.12 0.21 ±0.04 475.70* ± 12.80 0.36 ±0.01

In d icate  the s iz e  o f  th e  n a n o p a r t ic le s  a fte r  2 4  h o u rs  o f  p re p a ra t io n  w as  s ig n if ic a n t ly  h ig h e r  th a n  the  

s iz e  o f  n a n o p a r t ic le s  a fte r  4  h o u rs  o f  p re p a ra t io n  (P < 0 .0 5 ) .

1.1.2 Nanoparticles containing Tween® 80 as a surfactant

The systems consisting of Tween® 80 as a surfactant and four different
oil phases (as described in 1.1.1) were studied. The amounts of surfactant that could
form microemulsion around phase boundary (Tables B5-B8 in appendix B) were used
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to prepared nanoparticles and determined for their particle size and size distribution as 
summarized in Table 4-2.

Table 4-2 Average diameter (z-average) and polydispersity index (PI) o f  
nanoparticles consisting o f oil (wax) at 2 mg/mL and various 
concentrations o f Tween® 80 (T80) after 4 and 24 hours (mean ±  S.D., 
ท=3).

Rx
T 80 4 hours 24 hours

(mM) Wax
Size (nm) PI Size (nm) PI

B14 26 CT + 171.37 ±6.80 0.45 ± 0.02 184.57 ± 14.70 0.41 ±0.04

B16 28 Tween® 230.83 ±2.06 0.44 ± 0.045 230.10 ± 13.27 0.43 ± 0.02

B18 30 2 0 1004.60 ±56.56 0.58 ± 0.02 1646.6* ±66.62 0.96 ± 0.07

B32 25 CT + 102.00 ±5.79 0.42 ± 0.04 101.90 ±6.93 0.39 ± 0.03

B34 27 Tween® 121.60 ± 12.42 0.44 ± 0.06 124.57 ± 10.16 0.41 ±0.03

B36 29 60 200.17 ± 18.49 0.47 ± 0.05 199.20 ± 13.50 0.42 ± 0.03

B50 23 CT + 73.93 ± 4.50 0.39 ±0.03 83.67 ±3.97 0.36 ±0.02

B52 25 Cetoma 81.90 ±6.63 0.41 ±0.03 89.37 ± 7.05 0.38 ± 0.04

B54 27 -crogol 72.30 ±3.93 0.38 ± 0.02 85.20 ±4.83 0.34 ±0.02

B66 17 73.20 ± 2.98 0.35 ± 0.02 92.10 ± 12.70 0.39 ± 0.02

B68 19 Brij® 72 72.30 ±6.16 0.41 ±0.01 99.10* ±6.71 0.41 ±0.02

B70 2 1 126.40 ±7.71 0.48 ± 0.02 146.40 ± 12.17 0.46 ± 0.02

* In d ica te  the s iz e  o f  th e  n a n o p a r t ic le s  a fter 2 4  h o u rs  o f  p re p a ra tio n  w a s  s ig n if ic a n t ly  h ig h e r  th an  the

s iz e  o f  n a n o p a rt ic le s  a fte r  4  h o u rs  o f  p re p a ra tio n  ( P O .O S ) .
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From the results, systems containing the blend o f  cetostearyl alcohol 
with Tween® 20 or Tween® 60 and Brij® 72 as core materials showed an increase in 
particle size upon increasing the concentration o f  Tween® 80 and the size o f most o f  
nanoparticles seemed to be slightly increased after 24 hours.

The systems which were composed o f a combination o f cetostearyl 
alcohol and cetomacrogol as an oil phase and Tween® 80 as surfactant phase could 
form the nanoparticles with the size below 100 nm (72-82 nm) and narrow size 
distribution (PI 0.3-0.4). The nanoparticles showed a slightly decrease in particle size 
upon increasing the concentration o f Tween® 80 and seemed to be stable over a 
period o f 24 hours with the mean sizes were in the range o f 83-89 nm. Consequently, 
these systems were selected to study the effect o f cooling method on the size o f  
nanoparticles and were used to incorporate Coenzyme Qio.

Compared the type o f surfactants used, the nanoparticles prepared 
using Tween® 80 were generally more stable than those using Brij® 78 even though 
Tween® 80 (HLB=15.0) and Brij® 78 (HLB=15.3) has closely HLB value. Moreover, 
the concentrations o f these two surfactants used to produce nanoparticle were either 
above the CMC (the CMC o f Tween® 80 and Brij® 78 were 0.1 and 0.75 mM, 
respectively). Attwood (2002) suggested that the non-ionic surfactants were not have 
electrical repulsive force contributing to stability but formed an adsorbed layer at the 
particle surface resulting in a steric interaction. Moreover, these polymeric materials 
might increase the viscosity o f the aqueous vehicles and thus slow the rate o f  
sedimentation o f the particles. Generally, steric forces are dependent upon length o f  
polymer chains with longer the chains, greater the stabilization (Lawrence, 2004). The 
bulkies structure o f Tween® 80 (Cô4 Hi24 c>2 6 ) and the appropriate geometric packing 
with lipid material core might be responsible to the greater stability o f the system after 
storage. However, the amount o f Tween® 80 used for stabilization o f the particles in 
nanometric range was at least 20 mM while the amount o f Brij® 78 used was about
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two times lower (about 10 mM). However, when the concentration o f Brij® 78 was 
increased to 20 mM, it could not retain the nanometric size range o f obtained particles 
even after 4 hours o f preparation. Again, when the concentration o f Tween® 80 was 
decreased to 10 mM, it could not to form microemulsion template and consequently, 
nanoparticle were not achieved.

1.1.3 Effect of cooling method

According to the studies described above, nanoparticles were obtained 
by simple cooling the warm microemulsion (60 C) down to room temperature (25 C) 
within 10 minutes under mild stirring. To investigate the effect o f cooling rate on 
nanoparticle sizes, another cooling method was studied by rapidly cooling the warm 
microemulsion (60 C) down to 5 c  on an ice-bath under gentle stirring in 10 minutes. 
The systems containing 4:1 cetostearyl alcohol to cetomacrogol and Tween® 80 (Rx 
B50, B52 and B54) were studied. The nanoparticles dispersion was kept at room 
temperature (25 C) and the sizes were measured at 4, 24, 48 hours and 1 week after 
preparation. The results are summarized in Table 4-3 and Figure 4-1.

The results showed that cooling rate could affect the size o f the cured 
nanoparticles. Al-Kassas, Gilligan and Po (1993) have studied the effect o f the rate 
and method o f  cooling on the properties o f drug matrices. They found that 
crystallization and the size o f crystals were a function o f the rate o f cooling. 
Generally, when cooling was slow, larger crystals were formed.
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Table 4-3 A v e r a g e  d i a m e t e r  ( z - a v e r a g e )  a n d  p o l y d i s p e r s i t y  i n d e x  ( P I )  o f  

n a n o p a r t i c l e s  c o n t a i n i n g  c e t o s t e a r y l  a l c o h o l  a n d  c e t o m a c r o g o l  a t  2  

m g / m L  a n d  T w e e n ®  8 0  ( T 8 0 )  p r e p a r e d  b y  2  d i f f e r e n t  c o o l i n g  m e t h o d s  

( m e a n  ±  S . D . ,  ท = 3 ) .

T80 Time Cooling method for cured nanoparticles
(mM) Simple cooling Rapid cooling

Size (nm) PI Size (nm) PI
4 hrs 73.93 ±4.50 0.39 ±0.03 55.77* ±3.18 0.48 ± 0.03

23 24 hrs 83.67 ±3.97 0.36 ± 0.02 74.60 ± 2.44 0.43 ±0.01
(B50) 48 hrs 117.70 ±5.73 0.40 ±0.02 80.70* ± 6.34 0.42 ± 0.04

1 wk 122.27 ±3.20 0.40 ±0.02 91.70* ±5.96 0.39 ±0.03
4 hrs 81.90 ±6.63 0.41 ±0.03 52.90* ± 1.92 0.56 ±0.01

25 24 hrs 89.37 ± 7.05 0.38 ± 0.04 92.47 ± 0.76 0.46 ± 0.07
(B52) 48 hrs 106.13 ±3.53 0.45 ±0.01 97.23* ±4.37 0.38 ± 0.02

1 wk 114.27 ±5.36 0.44 ± 0.04 107.73* ±5.22 0.39 ±0.02
4 hrs 72.30 ±3.93 0.38 ±0.02 21.20* ± 1.97 0.42 ± 0.02

27 24 hrs 85.20 ±4.83 0.34 ±0.02 47.10* ±4.61 0.51 ±0.01
(B54) 48 hrs 100.73 ±9.75 0.42 ± 0.04 62.00* ±7.18 0.50 ±0.05

1 wk 114.93 ±2.75 0.39 ±0.02 96.83* ± 7.00 0.46 ± 0.04

* Indicate the size of the nanoparticles prepared by rapid cooling method was significantly lower than 
the size o f nanoparticles prepared by simple cooling method (P<0.05), when compare at the same 
formulation and time after preparation.
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B 5 0  ร  B 5 0  R  B 5 2  ร  B 5 2  R  B 5 4  ร  B 5 4  R  

Formulation *

1  4  h r s  

f f i  2 4  h r s  

0  4 8  h r s  

□  1  w k

Figure 4-1 A v e r a g e  d i a m e t e r  o f  n a n o p a r t i c l e s  r e c e i v e d  f r o m  d i f f e r e n t  c o o l i n g  

m e t h o d s ,  s i m p l e  c o o l i n g  ( ร )  a n d  r a p i d  c o o l i n g  ( R )  ( m e a n  ะ ! ะ  S . D . ,  ท = 3 ) .

* Indicate the size o f the nanoparticles prepared by rapid cooling method was significantly lower than 
the size of nanoparticles prepared by simple cooling method (/,<0.05), when compare at the same 

formulation and the same time after preparation.

T h e  r a p i d  c o o l i n g  m e t h o d  r e s u l t e d  i n  s m a l l e r  s i z e s  o f  n a n o p a r t i c l e s  

t h a n  t h o s e  u s i n g  s i m p l e  c o o l i n g  m e t h o d .  A f t e r  1 - w e e k  s t o r a g e ,  t h e  o v e r a l l  s i z e s  o f  

n a n o p a r t i c l e s  f r o m  r a p i d  c o o l i n g  m e t h o d  w e r e  s t i l l  l e s s  t h a n  1 0 0  n m .  S o ,  t h e  

i m m e d i a t e  c o o l i n g  o f  w a r m  m i c r o e m u l s i o n  i n  a n  i c e - b a t h  u n d e r  m i l d  s t i r r i n g  f o r  

p r e p a r a t i o n  o f  n a n o p a r t i c l e s  w a s  u s e d  f o r  f u r t h e r  p r e p a r a t i o n  o f  n a n o p a r t i c l e s .  

H o w e v e r ,  O y e w u m i  a n d  M u m p e r  ( 2 0 0 2 )  f o u n d  t h a t  t h e  r a p i d  a n d  s i m p l e  m e t h o d s  

p r o v i d e d  t h e  n a n o p a r t i c l e s  h a v i n g  t h e  s i z e  b e l o w  1 0 0  n m .
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I n  a d d i t i o n ,  t h e  i n c r e a s i n g  t e n d e n c y  o f  t h e  n a n o p a r t i c l e s  s i z e  w e r e  

o b s e r v e d  w i t h  t h e  p r o l o n g  t i m e .  T h e  r e a s o n  m i g h t  b e  r e l a t e  t o  O s t w a l d  r i p e n i n g  

e v e n t s  d u e  t o  a  d e p o s i t i o n  o f  t h e  d i s s o l v e d  m a t e r i a l  o n  l a r g e r  s u r f a c e s ,  r e s u l t i n g  i n  t h e  

g r o w t h  o f  p a r t i c l e s .  I n  d e t a i l s ,  O s t w a l d  r i p e n i n g  d e p e n d s  o n  b o t h  t h e  g r a n u l o m e t r y  

a n d  t h e  L a p l a c e  p r e s s u r e  b e i n g  h i g h e r  f o r  l o w e r  s i z e  d r o p l e t s .  A  s p e c i e s  f l u x  o c c u r s  

f r o m  s m a l l  t o  l a r g e  d r o p l e t s  via t h e  c o n t i n u o u s  p h a s e  a n d  t h e  a v e r a g e  d i a m e t e r  

c o n s e q u e n t l y  i n c r e a s e s  ( H e u r t a u l t  et a i,  2 0 0 3 ;  K o z i a r a  et al., 2 0 0 3 ) .

1.2 Preparation of Coenzyme Qio-loaded nanoparticles from 
microemulsion system

T h e  n a n o p a r t i c l e s  f r o m  m i c r o e m u l i s o n  s y s t e m  s e l e c t e d  f o r  

i n c o r p o r a t i o n  o f  C o e n z y m e  Q i o  w e r e  a  m i x t u r e  o f  4 : 1  c e t o s t e a r y l  a l c o h o l  t o  

c e t o m a c r o g o l  a n d  T w e e n ®  8 0  d u e  t o  i t s  s m a l l  s i z e  ( b e l o w  1 0 0  n m )  a n d  u n i f o r m i t y  ( P I  

0 . 3 - 0 . 4 )  a f t e r  s t o r a g e .  T h e  p r e p a r a t i o n  p r o c e s s  o f  C o e n z y m e  Q i o - l o a d e d  n a n o p a r t i c l e  

w a s  t h e  s a m e  a s  d e s c r i b e d  p r e v i o u s l y  f o r  d r u g - f r e e  n a n o p a r t i c l e s  w i t h  a  u s e  o f  r a p i d  

c o o l i n g  m e t h o d .  S i n c e  C o e n z y m e  Q i o  i s  h y d r o p h o b i c  m o l e c u l e s  ( B u n j e s  et al., 2 0 0 1 ) ,  

i t  w a s  i n c o r p o r a t e d  i n  n a n o p a r t i c l e s  b y  t h e  a d d i t i o n  t o  t h e  o i l  p h a s e  o f  m i c r o e m u l s i o n  

t e m p l a t e .

T h e  e f f e c t  o f  s u r f a c t a n t  ( T w e e n ®  8 0 ) ,  e m u l s i f y i n g  w a x  a n d  C o e n z y m e  

Q i o  c o n c e n t r a t i o n s  o n  t h e  s i z e  o f  c u r e d  C o e n z y m e  Q i o - l o a d e d  n a n o p a r t i c l e s  w a s  

s t u d i e d .  T h e  d a t a  o f  t h e i r  a p p e a r a n c e  a r e  p r e s e n t e d  i n  T a b l e  B 9  i n  a p p e n d i x  B .  T h e  

d a t a  o f  s i z e  a n d  s i z e  d i s t r i b u t i o n  o f  C o e n z y m e  Q i o - l o a d e d  n a n o p a r t i c l e s  a r e  d e s c r i b e d  

i n  T a b l e  C 4  i n  a p p e n d i x  c .
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1.2.1 Effect of non-ionic surfactant concentration

T h e  n a n o p a r t i c l e s  w e r e  p r e p a r e d  u s i n g  2  m g / m L  o f  e m u l s i f y i n g  w a x

a n d  v a r i o u s  c o n c e n t r a t i o n s  o f  T w e e n ®  8 0  ( 2 0 - 6 0  m M ) .  T h e  c o n c e n t r a t i o n s  o f  

C o e n z y m e  Q i o  w e r e  1  a n d  2  m g / m L .

W i t h  r e s p e c t  t o  p a r t i c l e  s i z e  a n d  s i z e  d i s t r i b u t i o n  a n a l y s i s  a s  i l l u s t r a t e d  

i n  T a b l e  4 - 4 ,  t h e  d i a m e t e r s  o f  a l l  f o r m u l a t i o n s  a f t e r  2 4 - h o u r  s t o r a g e  a t  r o o m  

t e m p e r a t u r e  w e r e  b e l o w  1 0 0  n m  w i t h  a  s i z e  d i s t r i b u t i o n  ( P I )  o f  0 . 4 - 0 . 6 .

Table 4-4 A v e r a g e  d i a m e t e r  ( z - a v e r a g e )  a n d  p o l y d i s p e r s i t y  i n d e x  (PI) o f  C o e n z y m e  

Q i o - l o a d e d  n a n o p a r t i c l e s  a t  2 4  h o u r s  a f t e r  p r e p a r a t i o n  ( m e a n  ±  S . D . ,  ท = 3 ) .

Tween® 80 Coenzyme Qio 1 mg/mL Coenzyme Qio 2 mg/mL
(mM)

Rx Mean size 
(nm) PI

Rx Mean size 
(nm) PI

20 C l l 70.90 ±3.16 0.48 ± 0.02 C21 91.10 ± 2.52 0.47 ±0.01
24 C12 63.17 ± 1.94 0.50 ±0.01 C22 57.00* ±6.48 0.55 ± 0.00
30 C13 31.63* ±3.27 0.55 ±0.01 C23 43.73* ±5.30 0.53 ±0.01
35 C14 49.50 ±5.89 0.57 ±0.00 C24 67.03 ± 8.85 0.51 ±0.02
40 C15 42.10* ± 12.20 0.62 ±0.01 C25 41.77* ± 10.85 0.60 ±0.01
45 C16 39.60* ± 13.05 0.61 ±0.02 C26 37.53* ± 12.57 0.61 ±0.03
50 C17 31.47* ±8.10 0.58 ±0.06 C27 37.83* ± 13.74 0.60 ± 0.02
60 C18 28.17* ±6.69 0.58 ± 0.04 C28 35.87* ±6.64 0.52 ±0.16

* Indicate the size of Coenzyme Qio loaded-nanoparticles was significantly lower than the size 
of Coenzyme Qio loaded-nanoparticles prepared by using 20 mM Tween® 80 ( P < 0 .05) when compare 
in the same Coenzyme Qio concentration (1 and 2 mg/mL).
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I m p o r t a n t l y ,  t h e  r e s u l t s  s h o w e d  t h a t  t h e  a m o u n t s  o f  T w e e n ®  8 0  h a d  a n  

i n f l u e n c e  o n  t h e  s i z e  a n d  s i z e  d i s t r i b u t i o n  o f  C o e n z y m e  Q i o  l o a d e d - n a n o p a r t i c l e s .  T h e  

i n c r e a s e  i n  t h e  c o n c e n t r a t i o n  o f  T w e e n ®  8 0  c o n t r i b u t e d  t o  t h e  r e d u c t i o n  o f  m e a n  

p a r t i c l e  s i z e s .  I n  s o m e  f o r m u l a t i o n s ,  i t  w a s  f o u n d  t h a t  a n  i n c r e a s e  i n  C o e n z y m e  Q i o  

c o n c e n t r a t i o n  f r o m  1  t o  2  m g / m L  c a u s e d  a n  i n c r e a s e  i n  s i z e  o f  n a n o p a r t i c l e s .  M e h n e r t  

a n d  M â d e r  ( 2 0 0 1 )  e x p l a i n e d  t h a t  h i g h  c o n c e n t r a t i o n  o f  t h e  s u r f a c t a n t  r e d u c e d  t h e  

s u r f a c e  t e n s i o n  w h i c h  w a s  c o n n e c t e d  t o  t r e m e n d o u s  i n c r e a s e  i n  s u r f a c e  a r e a  a n d  

s u b s e q u e n t l y ,  v e r y  s m a l l  p a r t i c l e s  w e r e  a c h i e v e d .

1.2.2 Effect of emulsifying wax concentration

I n  t h i s  e x p e r i m e n t  t h e  c o n c e n t r a t i o n  o f  w a x  ( t h e  b l e n d  o f  4 : 1  

c e t o s t e a r y l  a l c o h o l  t o  c e t o m a c r o g o l )  u s e d  w e r e  i n c r e a s e d  f r o m  2  t o  4  a n d  6  m g / m L

a n d  t h e  a m o u n t  o f  T w e e n ®  8 0  a r o u n d  t h e  m i c r o e m u l s i o n  p h a s e  b o u n d a r y  w a s  u s e d  f o r  

a n  i n v e s t i g a t i o n .  I t  w a s  n o t e d  t h a t  t h e  c o n c e n t r a t i o n  o f  T w e e n ®  8 0  w h i c h  c o u l d  f o r m  

m i c r o e m u l s i o n  w e r e  4 8  a n d  7 2  m M  f o r  t h e  s y s t e m s  c o n t a i n i n g  w a x  4  a n d  6  m g / m L ,

r e s p e c t i v e l y .  M o r e o v e r ,  i t  w a s  o b s e r v e d  t h a t  a n  i n i t i a l  w e i g h t  r a t i o  o f  e m u l s i f y i n g  w a x  

t o  T w e e n ®  8 0  w h i c h  c o u l d  f r o m  m i c r o e m u l s i o n  w a s  a  w e i g h t  r a t i o  o f  1 : 1 5 . 7 2  w a x  t o  

T w e e n ®  8 0  ( d e r i v e d  f r o m  2  m g / m L  ( 0 . 2 % )  w a x  a n d  2 4  m M  ( 3 . 1 4 4 % )  T w e e n ®  8 0 ,  4  

m g / m L  ( 0 . 4 % )  w a x  a n d  4 8  m M  ( 6 . 2 8 8 % )  T w e e n ®  8 0  a n d  6  m g / m L  ( 0 . 6 % )  w a x  a n d  

7 2  m M  ( 9 . 4 3 2 % )  T w e e n ®  8 0 .  T h e  c o n c e n t r a t i o n s  o f  C o e n z y m e  Q i o  w e r e  a t  1  a n d  2  

m g / m L .  T h e  r e s u l t s  o f  s i z e  a n d  s i z e  d i s t r i b u t i o n  a r e  s u m m a r i z e d  i n  T a b l e  4 - 5 .

F r o m  t h e  r e s u l t ,  w h e n  t h e  w a x  c o n c e n t r a t i o n  i n c r e a s e d ,  t h e  

n a n o p a r t i c l e s  w e r e  l a r g e r  a n d  t h e  s i z e  d i s t r i b u t i o n  w a s  l e s s .  F o r  e x a m p l e ,  t h e  m e a n  

d i a m e t e r  a n d  P I  o f  n a n o p a r t i c l e s  c o n t a i n i n g  2 ,  4  a n d  6  m g / m L  w a x  a t  6 0  m M  T w e e n ®  

8 0  w e r e  2 8 . 1 7  ±  6 . 6 9 ,  6 2 . 1 0  ±  5 . 7 6  a n d  1 2 2  ±  4 . 9 0  n m  a n d  0 . 5 8 1  ±  0 . 0 3 9 ,  0 . 5 1 2  ±  

0 . 0 3 2  a n d  0 . 3 0 0  ±  0 . 0 1 5  a t  1  m g / m L  o f  C o e n z y m e  Q i o ,  r e s p e c t i v e l y .  T h i s  r e s u l t  w a s  

i n  a g r e e m e n t  w i t h  t h e  s t u d y  o f  O y e w u m i  a n d  M u m p e r  ( 2 0 0 2 )  w h o  r e p o r t e d  t h e
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p a r t i c l e  s i z e  i n c r e a s e d  i n  d o s e  d e p e n d e n t  m a n n e r  w i t h  c o n c e n t r a t i o n  o f  e m u l s i f y i n g  

w a x .  A g a i n ,  a n  i n c r e a s e  i n  t h e  T w e e n ®  8 0  c o n c e n t r a t i o n  c o n t r i b u t e d  t o  t h e  r e d u c t i o n  

o f  p a r t i c l e s  s i z e .  T h e  r e a s o n  m i g h t  b e  d u e  t o  t h e  i n c r e a s e  c o n c e n t r a t i o n  o f  c o r e  

m a t e r i a l  l e d  t o  i n c r e a s i n g  i n  o b t a i n e d  n a n o p a r t i c l e s  s i z e .

Table 4-5 A v e r a g e  d i a m e t e r  ( z - a v e r a g e )  a n d  p o l y d i s p e r s i t y  i n d e x  (PI) o f  C o e n z y m e  

Q i o - l o a d e d  n a n o p a r t i c l e s ,  c o n s i s t i n g  o f  2 ,  4  o r  6  m g / m L  o f  w a x  a t  2 4  h o u r s

a f t e r  p r e p a r a t i o n  ( m e a n  ±  S D ,  ท = 3 ) .

Tween®80 Wax
Coenzyme Q10 

1 mg/mL
Coenzyme Qio 

2 mg/mL

(mM) (mg/mL)
Rx Mean size 

(nm) PI
Rx Mean size 

(nm) PI
45 2 C16 39.60 ± 13.05 0.61 ±0.02 C26 37.53 ± 12.57 0.61 ±0.03
60 C18 28.17 ±6.69 0.58 ±0.04 C28 35.87 ±6.64 0.52 ±0.16
45 D13 100.93 ±10.33 0.38 ±0.03 D23 78.40 ± 6.88 0.46 ± 0.03
48 4 D14 90.27 ± 4.27 0.37 ±0.01 D24 86.70 ± 4.40 0.47 ±0.01
50 D15 82.90 ± 6.84 0.39 ±0.05 D25 77.13 ±7.24 0.46 ± 0.03
60 D17 62.10* ±5.76 0.51 ±0.03 D27 62.73* ± 6.98 0.53 ± 0.04
60 E15 122.73* ±6.39 0.30 ±0.02 E25 108.10* ±4.90 0.38 ± 0.02
72 6 E16 126.10 ±2.69 0.48 ±0.01 E26 90.20 ± 5.30 0.48 ± 0.02
80 E17 90.30 ±3.44 0.44 ±0.02 E27 89.70 ±5.10 0.47 ±0.01
90 E18 94.07 ±9.11 0.51 ±0.02 E28 96.00 ±7.30 0.48 ±0.02

* Indicate the size of the Coenzyme Qio loaded-nanoparticles was significantly higher than the size of 
Coenzyme Qio loaded-nanoparticles prepared by using 2 mg/mL wax (/><0.05), when compare in the 
same Tween® 80 (60 mM) and Coenzyme Q ,0 concentration (1 and 2 mg/mL).

M oreover, there w as a direct linear relationship  b etw een  lo w est
concentrations o f  Tw een®  80  and each am ount o f  w ax that cou ld  form  m icroem u lsion
as sh ow n  in F igure 4-2 .
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Figure 4-2 C o r r e l a t i o n  b e t w e e n  c o n c e n t r a t i o n s  o f  w a x  a n d  l o w e s t  c o n c e n t r a t i o n s  o f  

T w e e n ®  8 0  f o r  m i c r o e m u l s i o n  f o r m a t i o n .

1.2.3 Effect of Coenzyme Qio concentration

A s  m e n t i o n e d  b e f o r e ,  l o w e s t  c o n c e n t r a t i o n s  o f  T w e e n ®  8 0  t h a t  c o u l d  

f o r m  m i c r o e m u l s i o n  f o r  e a c h  a m o u n t  o f  w a x ,  2 4  m M  ( 3 . 1 4 4 % ) ,  4 8 m M  ( 6 . 2 8 8 % )  a n d  

7 2  m M  ( 9 . 4 3 2 % ) ,  f o r  2 ,  4  a n d  6  m g / m L  w a x ,  r e s p e c t i v e l y ,  w e r e  u s e d  t o  i n c o r p o r a t e  

t h e  v a r i o u s  a m o u n t  o f  C o e n z y m e  Qio ( 1 - 4  m g / m L )  i n  t h e  n a n o p a r t i c l e s .  T h e  s y s t e m s  

w i t h o u t  C o e n z y m e  Qio l o a d i n g  w e r e  a l s o  i n v e s t i g a t e d  f o r  t h e  s i z e  a n d  s i z e  

d i s t r i b u t i o n .  T h e  r e s u l t s  o f  s i z e  a n d  s i z e  d i s t r i b u t i o n  a r e  s h o w n  i n  T a b l e  4 - 6  a n d  

F i g u r e  4 - 3 .

F o r  t h e  n a n o p a r t i c l e s  c o n t a i n i n g  1  m g / m L  C o e n z y m e  Qio h a d  t h e  

l a r g e r  s i z e  c o m p a r e d  t o  t h e  d r u g - f r e e  n a n o p a r t i c l e s .  U p o n  i n c r e a s i n g  C o e n z y m e  Qio 
f r o m  1  t o  2  a n d  3  m g / m L ,  a  s l i g h t  d e c r e a s e  i n  n a n o p a r t i c l e  s i z e s  w a s  s e e n .  H o w e v e r ,  

t h e  p a r t i c l e  s i z e  w a s  i n c r e a s e d  a g a i n  a t  t h e  h i g h e s t  c o n c e n t r a t i o n  o f  C o e n z y m e  Q i o  ( 4  

m g / m L ) .
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Table 4-6 A v e r a g e  d i a m e t e r  ( z - a v e r a g e )  a n d  p o l y d i s p e r s i t y  i n d e x  (PI) o f  

C o e n z y m e  Q i o - l o a d e d  n a n o p a r t i c l e s  w i t h  v a r i o u s  a m o u n t  o f  C o e n z y m e  

Q i o  a t  24  h o u r s  a f t e r  p r e p a r a t i o n  ( m e a n  ะ ! ะ  S .D ., ท= 3 ).

Rx Wax
(mg/mL)

Tween® 80 
(mM)

Coenzyme Qio 
(mg/mL) Mean size (nm) PI

F2 - 60.50 ±4.00 0.40 ±0.01
C12 1 63.17 ± 1.94 0.50 ±0.01
C22 2 24 2 57.00 ±6.48 0.55 ± 0.00
C32 3 45.57* ±4.90 0.58 ±0.01
C42 4 84.07* ± 4.68 0.67 ±0.01
F4 - 92.00 ± 4.70 0.39 ± 0.02

D14 I 90.27 ± 4.27 0.37 ±0.01
D24 4 48 2 86.77 ± 4.40 0.47 ±0.01
D34 3 85.70 ±5.57 0.49 ± 0.02
D44 4 86.33 ± 9.65 0.52 ± 0.02
F6 - 109.80 ± 7.80 0.45 ± 0.02

E16 1 126.10* ±2.69 0.48 ±0.01
E26 6 72 2 90.17* ±5.32 0.48 ± 0.02
E36 3 88.77* ±3.21 0.50 ± 0.02
E46 4 118.73 ±6.82 0.46 ± 0.02

* Indicate the size of the Coenzyme Q10 loaded-nanoparticles was significantly different from 
the size of Coenzyme Q10 free nanoparticles (PO .05), when compare in the same Tween® 80 (24, 48 
and 72 mM) and wax concentration (2, 4 and 6 mg/mL).
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Figure 4-3 M e a n  p a r t i c l e  s i z e  o f  C o e n z y m e  Q i o - l o a d e d  n a n o p a r t i c l e  u s i n g  t h e  v a r i o u s  

a m o u n t  o f  C o e n z y m e  Q i o  a n d  w a x  ( m e a n  ±  S . D . ,  ท  =  3 ) .

* Indicate the size o f the Coenzyme Q ,0 loaded-nanoparticles was significantly different from the size of 
Coenzyme Q10 free nanoparticles (f<0.05). when compare in the same Tween® 80 (24, 48 and 72 mM) 
and wax concentration (2, 4 and 6 mg/mL).

T h e  s m a l l  s i z e s  o f  C o e n z y m e  Q i o - l o a d e d  n a n o p a r t i c l e s  w e r e  s e e n  a t  

t h e  s y s t e m  c o n t a i n i n g  l o w e r  a m o u n t  o f  w a x .  I m p o r t a n t l y ,  t h e  i n c o r p o r a t i o n  o f  

C o e n z y m e  Q i o  d i d  n o t  i n t e r f e r e  w i t h  t h e  n a n o p a r t i c l e s  e n g i n e e r i n g  p r o c e s s  m o s t  

l i k e l y  d u e  t o  t h e  h y d r o p h o b i c i t y  a n d  l o w  m e l t i n g  p o i n t  t h a t  w e r e  c o m p a t i b l e  w i t h  t h e  

n a n o p a r t i c l e s  m a t r i x  m a t e r i a l s  ( O y e w u m i  a n d  M u m p e r ,  2 0 0 2 ) .  F r o m  c h e m i c a l  

s t r u c t u r e  o f  C o e n z y m e  Q i o ,  i t  w a s  a s s u m e d  t o  m a i n l y  i n s e r t  i t s e l f  i n t o  t h e  l i p i d  c o r e  o f  

n a n o p a r t i c l e s  w h i l e  l e a v i n g  i t s  h y d r o p h i l i c  h e a d  o n  t h e  s u r f a c e  ( B u n j e s  et al., 2 0 0 1 ) .  

M o r e o v e r ,  i f  i t  i s  c o m p l e t e l y  i n c o r p o r a t e d  i n t o  t h e  c o r e  o f  n a n o p a r t i c l e s ,  t h e  s i z e  

w o u l d  b e  g r e a t e r  u p o n  i n c r e a s i n g  t h e  a m o u n t  o f  d r u g  c o n c e n t r a t i o n .
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2. Determination of entrapment efficiency

F r o m  t h e  H P L C  a n a l y s i s ,  t h e  m e t h o d  w a s  v a l i d a t e d  a n d  t h e  d a t a  a n a l y s i s  i s  

p r e s e n t e d  i n  A p p e n d i x  D .  T h e  r e s o l u t i o n  t i m e  o f  C o e n z y m e  Q i o  w a s  a b o u t  5 . 5  m i n  

d e t e c t e d  a t  2 7 5  n m  ( U S P  2 7 ,  2 0 0 4 ) .  T h e  a m o u n t  o f  C o e n z y m e  Q i o  e n t r a p p e d  i n  t h e  

n a n o p a r t i c l e s  w a s  c a l c u l a t e d  u s i n g  t h e  l i n e a r  e q u a t i o n  d e r i v e d  f r o m  t h e  r e g r e s s i o n  

a n a l y s i s  o f  t h e  c a l i b r a t i o n  c u r v e ,  a s  y  =  0 . 0 0 0 0 6 x  +  0 . 1 4 9 8  ( R 2  =  0 . 9 9 9 8 ) ;  w h e r e  y  

r e p r e s e n t e d  C o e n z y m e  Q i o  c o n c e n t r a t i o n s  a n d  X  w a s  t h e  p e a k  a r e a  o b t a i n e d  f r o m  t h e  

H P L C  a n a l y s i s .  T h e  H P L C  p r o f i l e  a n d  t h e  c a l i b r a t i o n  c u r v e  o f  s t a n d a r d  C o e n z y m e  

Q i o  s t o c k  s o l u t i o n  a r e  i l l u s t r a t e d  i n  F i g u r e s  4 - 4  a n d  4 - 5 ,  r e s p e c t i v e l y .

T he e ffec t o f  ingred ients u sed  in the nanoparticles w ill be evaluated  for
the entrapm ent e ff ic ie n c y  in order to ga in  the su itable form ulation w h ich  w ill be
d iscu ssed  later.
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Figure 4-4 T h e  H P L C  p r o f i l e  o f  C o e n z y m e  Q i o .
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c

P ea k  area

Figure 4 - 5  C a lib r a tio n  c u r v e  o f  th e  stan dard  C o e n z y m e  Q io.

T h e  C o e n z y m e  Q io -lo a d e d  n a n o p a r tic le s  p rep ared  u s in g  2 4  m M  T w een ®  8 0  

an d  2  m g /m L  w a x  (R x  C l 2 , C 2 2 , C 3 2  an d  C 4 2 ) , 4 8  m M  T w een ®  8 0  an d  4  m g /m L  

w a x  (R x  D 1 4 , D 2 4 , D 3 4  an d  D 4 4 )  an d  7 2  m M  T w een ®  8 0  an d  6  m g /m L  w a x  (R x  

E 1 4 , E 2 4 , E 3 4  an d  E 4 4 )  w e r e  su b je c te d  to  e v a lu a t io n  o f  en tra p m en t e f f ic ie n c y  a fter  

lo a d in g  v a r io u s  a m o u n t o f  C o e n z y m e  Q io  ( 1 -4  m g /m L ). It s h o u ld  b e  m e n tio n e d  that 

th e  c e n tr ifu g a l u ltra filtra tio n  te c h n iq u e  u se d  in  th e  e f f ic ie n c y  o f  in c o r p o r a tio n  w a s  

su ita b le  a s  th e  h ig h  p e r c e n t r e c o v e r y  w a s  o b se r v e d  (>  85 % ).

F rom  th e  r e su lts , th e  s y s te m  c o n ta in in g  le s s  a m o u n t o f  w a x  (2  m g /m L )  h ad  

le s s  e f f ic ie n c y  (<  5 0  % ) to  en trap  th e  C o e n z y m e  Q io  (T a b le  4 - 7  an d  T a b le  D 5  in  

a p p e n d ix  D ) . T h e  r e a so n  m ig h t  b e  d u e  to  a  lo w  a m o u n t o f  c o r e  m a tr ix  m ater ia l and, 

th u s , a  l im ite d  m a tr ix  v o lu m e  c o m p a red  to  th o se  c o n ta in in g  h ig h e r  c o n c e n tr a t io n  o f  

w a x . H o w e v e r , in  th e  sa m e  w e ig h t  ra tio  o f  d ru g  to  m a tr ix  m a ter ia l at 0 .5  (R x  C l 2 , 

D 2 4  an d  E 3 6 ) , it w a s  fo u n d  that th e  s y s te m  c o n ta in in g  2  m g /m L  w a x  s t i ll  had  lo w e r  

en tra p m en t e f f ic ie n c y  th a n  th e  s y s te m  c o n ta in in g  4  an d  6  m g /m L  w a x  w h ic h  m ig h t b e  

d u e  to  th e  v e r y  sm a ll s iz e  o f  p a r tic le s .
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Table 4-7 E n trap m en t e f f ic ie n c y  (% ) an d  r e c o v e r y  (% ) o f  C o e n z y m e  Q io -lo a d e d  

n a n o p a r tic le s  (m e a n  ±  S .D .,  ท = 2 ) .

Rx a
Drug/ 

material 
(wt ratio)

Amount o f CoenzymeQio (mg)
% Entrapment % Recovery

Loadedb Un
entrapped Entrapped Totalc

C12 0.5 0.94 0.59 0.23 0.82 28.33 ± 16.50 87.69 ±2.36
C22 1 1.82 0.92 0.82 1.74 47.45 ±6.17 95.64 ± 5.32
C32 1.5 2.80 1.69 1.03 2.72 37.79 ±3.22 96.98 ± 1.15
C42 2 3.61 1.78 1.73 3.51 42.13 ± 17.70 97.09 ± 77.76
D14 0.25 1.15 0.20 1.02 1.21 83.81 ±0.89 105.46 ± 19.81
D24 0.5 1.79 0.40 1.63 2.03 80.19 ± 1.07 113.77 ±22.63
D34 0.75 2.81 0.56 2.08 2.64 78.74 ±0.59 93.79 ± 1.07
D44 1 3.57 0.76 2.68 3.44 78.00 ± 1.85 96.24 ± 3.30
E16 0.17 1.03 0.20 0.75 0.95 78.95 ± 13.40 92.23 ± 0.00
E26 0.33 1.67 0.47 1.36 1.83 74.81 ±5.76 109.58 ± 18.13
E36 0.5 2.73 0.67 1.98 2.64 74.56 ±23.31 96.88 ±4.41
E46 0.67 4.11 0.41 3.38 3.78 89.29 ± 1.19 91.97 ± 1.03

a Rx: the first number after the capital letter referred to the amount (mg/mL) o f Coenzyme Q10used. 
b Loaded = the initial concentration of Coenzyme Q10 loaded. 
c Total = sum o f unentrapped and entrapped Coenzyme Qio-

T h e  C o e n z y m e  Q io  en tra p m en t o f  m o r e  th a n  7 4 %  w a s  fo u n d  in  th e  

n a n o p a r tic le s  c o n ta in in g  4  an d  6  m g /m L  o f  w a x  o r  h a v in g  th e  w e ig h t  ra tio  o f  d ru g  to  

m a tr ix  m ater ia l lo w e r  or  eq u a l to  1. S u ff ic ie n t  d ru g  lo a d in g  c a p a c ity  is  o n e  o f  th e  

p r e r e q u is ite s  for  th e  n a n o p a tic le s  a s  carr iers fo r  to p ic a l d ru g  d e liv e r y . In a d d it io n , s iz e  

o f  n a n o p a r tic le s  is  a ls o  cr it ic a l. D in g ie r  ( 1 9 9 9 )  s u g g e s te d  that th e  sm a ll s iz e s  o f  

n a n o p a r tic le s  ( < 1 0 0  n m ) w il l  b e  in  c lo s e  c o n ta c t  w ith  th e  stratu m  c o m e u m  that can  

in c r e a se  th e  a m o u n t o f  e n c a p su la te d  a g e n ts  p en e tra tin g  in to  th e  v ia b le  sk in . T h e se
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u ltra fin e  p a r t ic le s  a ls o  s h o w e d  an  o c c lu s iv e  e f fe c t  w h ic h  m ig h t  p r o m o te  th e  

p e n etra tio n  o f  a c t iv e  in g r e d ie n ts  in to  th e  u p p er  part o f  th e  e p id e r m is .

F ro m  g e n e r a l tren d  o f  r e su lt  d e r iv e d  fro m  P C S  m e a su r e m e n t a n d  in co rp o ra tio n  

s tu d ie s , th e  fo r m u la t io n  c h o s e n  fo r  th e  furth er s tu d ie s  w a s  th e  s y s te m  c o m p o s it in g  4  

m g /m L  w a x  an d  4 8  m M  T w e e n ® 8 0  d u e  to  th e  h ig h e r  a m o u n ts  o f  C o e n z y m e  Q io  (7 8 -  

83 % ) w e r e  en tra p p ed  an d  sm a lle r  n a n o p a r tic le s  s iz e  ( 8 6 - 9 0  n m ). A lth o u g h , the  

s y s te m s  w ith  h ig h e s t  w a x  c o n c e n tr a t io n  (6  m g /m L ) a ls o  p r o v id e d  h ig h  en tra p m en t  

e f f ic ie n c y  b u t th e  p a r t ic le s  s iz e s  w e r e  o c c a s io n a lly  g rea ter  th a n  1 0 0  n m  that m ig h t  

r ed u ce  th e  p ro p erty  in  p r o m o tio n  o f  p en etra tio n .

3. Characterization of Coenzyme Q10-loaded nanoparticles by 
Transmission Electron Microscopy (TEM)

T h e  C o e n z y m e  Q io -lo a d e d  n a n o p a r tic le s  p rep ared  fr o m  m ic r o e m u ls io n  

s y s te m s  c o n s is t in g  o f  4  m g /m L  w a x  an d  4 8  m M  T w een ®  8 0  an d  e ith e r  2  m g /m l (R x  

D 2 4 )  or 4  m g /m L  (R x  D 4 4 )  C o e n z y m e  Q io  w a s  d e te r m in e d  fo r  th e ir  s iz e  and  

m o r p h o lo g y  b y  T r a n sm is s io n  E le c tr o n  M ic r o s c o p y  (T E M ).

T h e  r e su lts  fro m  T E M  a n a ly s is  sh o w n  in  F ig u re  4 - 6 ,  il lu s tr a tin g  th at th e  s iz e s  

o f  n a n o p a r tic le s  w e r e  b e lo w  1 0 0  n m . T h e  f in d in g  w e r e  in  a g r e e m e n t w ith  th e  lig h t  

sc a tte r in g  (P C S )  e x p e r im e n t  in  w h ic h  th e  a v e r a g e  p a r tic le  s iz e s  fr o m  th e  P C S  resu lts  

w e r e  8 6 .7 7  ±  4 .4 0  n m  an d  8 6 .3 3  ±  9 .6 5  n m  for  s y s te m s  c o n ta in in g  2  an d  4  m g /m L  

C o e n z y m e  Q io , r e sp e c t iv e ly . T h e  C o e n z y m e  Q io -lo a d e d  n a n o p a r tic le s  w e r e  sp h er ica l  
an d  n arro w  in  s iz e  d istr ib u tio n . H o w e v e r , th ere  w e r e  s o m e  w h ite  sp o t  ap p ear in  th e  

T E M  p h o to g ra p h  that m ig h t  b e  th e  re s id u e  o f  p h o sp h o tu n g st ic  a c id  (P T A )  w h ic h  u sed  

in  s ta in in g  p r o c e ss .
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(a) (b)
Figure 4-6 P h o to g ra p h  u n d er  tr a n sm is s io n  e le c tr o n  m ic r o s c o p e  (T E M ) o f  C o e n z y m e  

Q io -lo a d e d  n a n o p a r tic le s  (a ) R x  D 2 4  and  (b )  R x  D 4 4 .

(c)

Figure 4-7 P h o to g ra p h  u n d er  tr a n sm iss io n  e le c tr o n  m ic r o sc o p e  (T E M ) o f  

C o e n z y m e  Q io -lo a d e d  n a n o p a r tic le s  c o n ta in in g  2  m g /m L  C o e n z y m e  Q io  

w ith  th e  d iffe r e n t c o n c e n tr a t io n s  o f  w a x  (a ) 2  m g /m L , (b )  4  m g /m L  and  

(c )  6  m g /m L .
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]n  a d d it io n , u p o n  in c r e a s in g  th e  c o n c e n tr a t io n  o f  w a x  at th e  co n sta n t am o u n t  

o f  C o e n z y m e  Q io  (2  m g /m L ), th e  s iz e  o f  n a n o p a r tic le s  fro m  T E M  se e m e d  to  b e  

s lig h t ly  in c r e a se d  (F ig u r e  4 -7 ) .  T h e  T E M  resu lts  w e r e  a lso  f o l lo w e d  th e  sa m e  trend as  

th e  P C S  m e a su r e m e n t in  w h ic h  th e  s iz e s  o f  C o e n z y m e  Q io -lo a d e d  n a n o p a r tic le s  w e r e  

5 7 .0 0  =b 6 .4 8 , 8 6 .7 7  ±  4 .4 0  and  9 0 .1 7  ±  5 .3 2  n m  fo r  2 , 4  an d  6  m g /m L  w a x ,  

r e s p e c t iv e ly .

4. Thermal analysis of Coenzyme QI0-loaded nanoparticles by 
Differential Scanning Calorimetry (DSC)

T h e  D iffe r e n tia l S c a n n in g  C a lo r im etr y  (D S C )  a n a ly s is  w a s  u se d  to  in v e s t ig a te  

th e  p h y s ic a l sta te  o f  th e  o b ta in e d  C o e n z y m e  Q io -lo a d e d  n a n o p a r tic le . It w a s  n o te d  

that th e  sa m p le  w a s  su b je c te d  to  fr e e z e -d r y in g  p r o c e s s  b e fo r e  th e  e x p e r im e n t . D S C  is  

a th erm a l a n a ly tic a l te c h n iq u e , w h ic h  m e a su r e s  h ea t  f lo w  a s so c ia te d  w ith  tr a n sitio n s  

in  m a te r ia ls  a s  a  fu n c t io n  o f  tem p era tu re . D S C  p r o v id e s  u s e fu l in fo r m a tio n  a b o u t th e  

p h y s ic a l and  c h e m ic a l c h a n g e s  that in v o lv e  e n d o th e r m ic  or  e x o th e r m ic  p r o c e s s  in  

h ea t c a p a c ity  in c lu d in g  m e lt in g  and  r e c r y sta lliz a tio n  b e h a v io r , th e  t im in g  o f  

p o ly m o r p h ic  tra n s it io n s  and  e n th a lp y  (C u i, H su  and  M u m p er , 2 0 0 3 ;  H eu rta u lt e t a l., 
2 0 0 3 ;  H o u  e t a l., 2 0 0 3 ;  M ü ller , M â d er  and  G o h la , 2 0 0 0 ) .

T h e  e x o th e r m ic  m e lt in g  p e a k  w e r e  p resen t fo r  C o e n z y m e  Qio a lo n e , w a x  and  a 

p h y s ic a l m ix tu re  o f  C o e n z y m e  Qio and  w a x  a s  sh o w n  in  F ig u r e s  4-8 an d  4-9. T h e  

m e lt in g  p e a k  o f  C o e n z y m e  Qio w a s  p resen t at 51°c w ith  s lig h t ly  sp lit t in g  p ea k  that 

m ig h t d u e  to  a n y  im p u r it ie s  in  sa m p le  an d  th e  m e lt in g  tem p era tu res  o f  w a x  w e r e  39 
and  52°c. M o r e o v e r , th e  D S C  p r o f ile  o f  a p h y s ic a l m ix tu re  o f  C o e n z y m e  Qio and  

w a x  s h o w e d  th e  ap p aren t e x o th e r m ic  sh ift  p e a k  at 47°c, w h ic h  m a y  b e  attr ib uted  to  

th e  fu s io n  p r o c e s s  o f  w a x  and  C o e n z y m e  Q io  a s  w e l l  a s  s o m e  in te r a c t io n s  b e tw e e n  

w a x  and  C o e n z y m e  Q io  in  th e  m ix tu re . In co n tra st, th ere  w a s  n o  a n y  m e lt in g  p ea k
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o b se r v e d  in  th e  th erm o g ra m  o f  C o e n z y m e  Q ]0- lo a d e d  n a n o p a rtic le s . T h is  f in d in g  

in d ica ted  that th e  n a n o p a r tic le s  w e r e  stru ctu ra lly  d ifferen t from  th e p h y s ic a l m ix tu re .

DSC /(ทาพ/mg)

Figure 4-8 T h e  D S C  th erm o g ra m  o f  (1 )  C o e n z y m e  Q io , (2 )  w a x , (3 )  p h y s ic a l  

m ix tu re  o f  C o e n z y m e  Q io  and w a x  at a w e ig h t  ratio  o f  1 :1 , and  (4 )  

n a n o p a r tic le s  c o n ta in in g  4  m g /m L  C o e n z y m e  Q io.

T h e  m e lt in g  p ea k  o f  th e  m a ter ia ls  to  b reak -u p  o f  th e  crysta l la tt ic e  o b se r v e d  in  

th erm o g ra m  is  n o r m a lly  referred  to  th e  c r y s ta llin ity  o f  th e  m ater ia l. W h e r e a s , in  th e  

a m o rp h o u s s ta te  o f  th e  sa m e  m a ter ia l, m o le c u le s  are n o t  p a c k e d  in  a  rep e a tin g  lo n g -  

ran g e  ord ered  fa sh io n ; h e n c e  n o  m e lt in g  p ea k  rep resen ted  th e  b rea k in g  o f  cry sta l 

la tt ic e . C o n se q u e n t ly , th e  a b se n c e  o f  m e lt in g  p e a k  in  C o e n z y m e  Q io -lo a d e d  

n a n o p a r tic le s  s u g g e s te d  that C o e n z y m e  Q io  w a s  d isp e r se d  in  m atr ix  m a ter ia l a s  an  

a m o rp h o u s sta te  an d  th e  d ru g -lo a d e d  n a n o p a r tic le s  n o t  a  s im p le  p h y s ic a l m ix tu re  o f  

th e ir  in d iv id u a l c o m p o n e n t  (B u c k to n , 2 0 0 2 ) .
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DSC / (mW/mg)
[1 3Î exo

Figure 4-9 T he D S C  therm ogram  o f  (1 ) C oen zym e Q io, (2 ) w a x , (3 ) p h ysica l 
m ixture o f  C oen zym e Q io and w ax  at a w eigh t ratio o f  1:2, and (4)  
nanoparticles contain ing 2 m g/m L  C oen zym e Qio.

The e ffec t on  the crystalline habits o f  drugs m ay be related to  the preparative  
m ethod o f  the nanoparticles. In this experim ent, the nanoparticles w ere prepared by 
rapid co o lin g  o f  the w arm  o /w  m icroem u lsion  in an ice-bath  under m ild  stirring. In 
the m icroem u lsion  state, C oen zym e Qio w as partitioned partly in  the internal o il phase  
and partly at the interphase b etw een  internal and continuous phase, depending on  their  
lipop h ilic ity . W hen nanoparticles w ere form ed by a quick  quenching o f  the  
m icroem u lsion , the p resen ce o f  the droplet structure o f  the m icro em u lsio n  did not 
a llo w  the C oen zym e-Q io  m o lecu les  to n ucleate and form  the crystal lattice, and 
con seq u en tly  the C o en zym e Qio m olecu les rem ain dispersed  in  the lipid  m atrix o f  the 
nanoparticles in an am orphous state. M oreover, the am orphous state is  m ostly  
d etected  after lyop h iliza tion  that resulting in  a h igher en ergy  state than crystalline  
form . T his behavior m ight im prove the so lu b ility  o f  C o en zym e Q io in  w ater (C avalli
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e t  a l . ,  1997; C avalli e t  a l . ,  1999). H ow ever, the sim ilar result w ill be obtained w hen  
using sim p le  c o o lin g  m ethod in preparation p rocess due to the sam e reason as in rapid 

coo lin g  m ethod.

5. In vitro release study
It n eed s to be verified  that nanoparticles w ere able to release  incorporated  

C oen zym e Qio in order to ach ieve therapeutic e ffec t o f  drug. The i n  v i t r o  release o f  
C oen zym e Qio from  nanoparticles contain ing 4 m g/m L  w ax , 48  m M  Tween® 80 and 
2 m g/m L  (R x D 2 4 ) and 4  m g/m L  (R x D 4 4 ) C oen zym e Qio, w as studied.

L ockm an e t  a l .  (2 0 0 3 ) su ggested  that drug release is dependent on the 
structure o f  the nanoparticles and type and length  o f  polym er. From  the result, the 
release p rofile  o f  C o en zym e Q io from  lipid core m aterial o f  nanoparticles exh ib ited  a 
biphasic pattern characterized by a rapidly in itial release in the first ten hours, 
fo llo w ed  by a slo w er  release up to 120 hours (Figure 4 -1 0 , Table 4 -8  and T ables D 6-  
D 7 in appendix D ).

Table 4-8 P ercentage o f  C o en zym e Qio from  nanoparticles, R x D 2 4  and D 44  
(m ean ±  S .D ., ท= 3).

T im e
(hours)

Percentage C oen zym e Qio released
R x D 2 4 R x D 4 4

2 3 4 .7 4  ±  2 .97 2 8 .5 6  ±  1.35
6 5 9 .7 0  ± 2 .1 0 48 .71  ±  1.97
10 7 1 .9 2  ±  1.40 56 .98  ±  3 .40
20 82 .88  ± 0  41 6 1 .7 9  ±  3 .12
60 90 .75  ±  1.44 6 5 .4 7  ± 3 .1 3
100 9 5 .7 5  ±  1.41 68.41 ± 3 .0 4
120 9 7 .1 8  ±  1.39 70.61 ± 2 .9 1
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120

Tim e (hours)

Figure 4-10 R elease  patterns o f  C oen zym e Qio from  nanoparticles, R x D 2 4  and 
D 4 4  (m ean ±  S .D ., ท= 3 ).

Figure 4-11 M echan ism  o f  C oen zym e Qio release from  nanoparticle m atrix. A .
in itial rapid desorbtion  process (burst release) and B . s lo w  controlled  
release p rocess (L ockm an e t  a l . ,  20 02 ).

F igure 4-11 illustrated the m echanism  o f  C oen zym e Qio release from  
nanoparticle m atrix. T h is m od el su ggested  that the in itial rapid release (burst release)  
m ight be due to the release o f  C oen zym e Qio located near the surface or lo o se ly  
adsorbed on  the surface o f  nanoparticles, thus the drug cou ld  be released  im m ediately . 
O nce the rapid com p on en t o f  release w as com p lete , there w as a slow er, m uch m ore 
controlled  release o f  C oen zym e Qio ow in g  to either nanoparticle degradation or 
d iffu sion  o f  C o en zym e Qio through nanoparticle m atrix w h ich  indicated that the w ax
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matrix cou ld  retard the d iffu sion  o f  C oen zym e Qio w h ich  m ight m ostly  d isperse in the 
w ax m atrix (L ockm an e t  a l . ,  2 0 0 2 ). For transderm al application, both burst release  
and sustained  release are o f  interest. Burst release  can be usefu l to im prove the 
penetration o f  drug, w h ile  sustained  release w ill supply the skin over a prolonged  
period o f  tim e w ith  the drug (M ei e t  a l . ,  20 03 ).

It w as noted  that, w h en  concern ing in cost e ffec tiv en ess , R x D 2 4  w ill 
g ive  the better ou tcom e than R x D 4 4  due to w ith  the sim ilar entrapm ent e ffic ien cy  
(around 80% ) R x D 2 4  lost the active  drug in low er am ount than R x D 4 4 . M oreover, 
from  the release profile , R x D 2 4  gave the h igher percentage release than R x D 4 4  
m akes the m ore attractive in  R x D 24.

6. Stability studies of Coenzyme Qio-loaded nanoparticles

6.1 Stability of Coenzyme Qio-loaded nanoparticles dispersion

The stability  o f  C oen zym e Q io-loaded  nanoparticles d ispersion  at drug 
concentrations o f  2 m g/m L  (R x D 2 4 ) and 4 m g/m L  (R x D 4 4 ) w as ob served  after 
storage in  light-protectant container at room  tem perature (25 C) and in  a refrigerator 
(4°C ) for 4 and 8 w eek s. T he sam ples w ere m easured o f  the particles s ize  by PCS and 
the am ount o f  C oen zym e Q io rem ained in the form ulation by H PLC an alysis. The 
results are sum m arized in  T able 4 -9 , T able C5 in  appendix c  for P C S results and 
Table D 8  in appendix D  for H PLC results).



85

Table 4-9 The s ize  o f  nanoparticles, R x D 2 4  and D 44  (m ean ±  S .D ., ท = 3) and 
rem aining am ount o f  C oen zym e Qio (m ean ±  S .D ., ท =  2).

Time Size (nm) % remaining
(weeks) 4°c 25°c 4°c 25°c

Rx D24 Rx D44 Rx D24 Rx D44 Rx D24 Rx D44 Rx D24 Rx D44
0 86.77 86.33 86.77 86.33 100 100 100 100

± 4 .4 0 ± 9 .6 5 ± 4 .4 0 ± 9 .6 5
4 98.63 88.03 N D N D 99.42 97.58 88.83 92.57

± 3 .3 1 ± 7 .0 6 ± 0 .1 6 ± 0 .6 2 ± 0 .4 5 ± 0 .0 4
8 97.10 91.43 N D N D 97.91 96.99 82.20 88.74

± 5 .1 7 ± 7 .9 8 ± 0 .0 0 ± 0 .0 8 ± 0 .6 3 ± 0 .2 7
N D  = n o t d e te rm in e d ; d ru g - lo a d e d  n a n o p a rt ic le s  p re c ip ita te d

T h e  s iz e s  C o e n z y m e  Q 10-lo a d e d  n a n o p a r t ic le s  a fte r  s to rag e  at 4 c  f o r  4  a n d  8 w e e k s  w e re  not 

s ig n if ic a n t  d if fe re n t  f ro m  the o r ig in a l s iz e s  fo r  B o th  R x  D 2 4  an d  D 4 4 .

C oen zym e Q io-loaded nanoparticles d ispersion  stored at 4  c  w ere  
m ore stable than those stored at 25 c  as no precip itation  occurred. It w as noticed  that 
after 1 w eek  o f  storage at room  tem perature, the C oen zym e Q io-loaded  nanoparticles 
began  to precipitate out. H eurtault e t  a l .  (2003) found that the param eter including  
tem perature had an e ffec t on  the stability  o f  a nanoparticulate system . T he induction  
o f  energy into the system  such  as input tem perature led  to the particle grow th and 
subsequent d estab ilization  o f  system . M oreover, the results m ight be due to a decrease  
in the h igh  lev e l o f  film  rigidity o f  the surfactant (a lso  nam ed m icro v isco sity ). The  
m icro v isco sity  prevents fu sion  o f  the film  layers after particle c o llis io n  and is a 
tem perature-dependent factor. W hen tem perature increases, m icro v isco sity  then  
d ecreases lead ing to the d estab ilization  o f  the system  (H eurtault e t  a l . ,  2003; Freitas 
and M üller, 1998; K oziara e t  a l . ,  2003).
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For the rem aining am ount o f  C o en zym e Qio in the form ulations, a 
decrease in am ount o f  C oen zym e Qio in d ispersion  m ight be due to chem ical 
degradation o f  drug such  as h yd ro lysis reaction. A  lo ss  o f  C oen zym e Qio appeared to 
be le ss  than 5% for the form ulation kept at 4 c. A t the h igher tem perature (23 C ), the 
quantity o f  drug lo st b ecam e greater than 10%, ind icating any instability o f  C oen zym e  
Qio against increasing tem perature.

It cou ld  be recom m ended that nanoparticles d ispersion  containing  
C oen zym e Qio should  be stored at the low er tem perature such  as in the refrigerator in 
order to m aintain the nanom etric s ize  and the lev e l o f  drug rem aining.

6.2 Stability of freeze-dried Coenzyme Qio-loaded nanoparticles

S in ce it w as p reviou sly  found that the nanoparticles d ispersion  w as  
p h ysica lly  unstable at room  tem perature together w ith  a h igh  lo ss  o f  C oen zym e Qio 
p otency. C on sequ en tly , C oen zym e Q io-loaded nanoparticles d ispersions w ere  
subjected to freeze-drying p rocess in  order to increase the ch em ica l and physical 
stability o f  C oen zym e Qio over a period o f  tim e at room  tem perature. The 
transform ation into dry product w ill prevent O stw ald  ripening, avoid  h ydrolysis  
reaction (L im  and K im , 2002; M ehnert and M âder, 2 0 0 1 )  and also  offers principle  
p o ssib ilit ies  for other รณd ies such  as thermal analysis by D S C  and provides sim ple  
incorporation o f  C oen zym e Q io-loaded nanoparticles into cream  base for topical 
application.

From  prelim inary รณdy, w ithout any cryoprotectant added, C oen zym e  
Q io-loaded  nanoparticles d ispersion  w ere unable to form  dry pow der after subjected  
to freeze-d ryin g p rocess for 48  hours and the stick  m ass product w ere seen . K onan, 
G u m y and A lle 'm a n  (2 0 0 2 )  su ggested  a use o f  cryoprotective excip ien ts such as sugar 
to prevent particle aggregation  during freeze-drying p rocess. T he cryoprotective effect
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attribute to the ab ility  o f  the additive (i.e ., m annitol) to form  a g la ssy  am orphous 
m atrix around the particles, thus preventing the particles from  stick ing together during 

the rem oval o f  water.

In this study, the cryoprotective agents n am ely , dextrose and m annitol 
solution  at a concentration o f  2, 4 and 8% พ /พ , w ere added to the particulate 
dispersion  at a vo lu m e ratio o f  1:1 cryoprotactant so lu tion  to C oen zym e Q io-loaded  
nanoparticles d isp ersions, h en ce a final concentration  o f  cryoprotectant solution  in the 
form ulation becam e to 1, 2 and 4%  พ /พ , resp ectively . The appearance o f  freeze-dried  
pow der o f  C oen zym e Q io-loaded  nanoparticles w as ob served  (T able 4 -1 0 ). The size  
o f  freeze-dried  C oen zym e Q io-loaded  nanoparticles after stored at 25 c  for 1 w eek  
w as m easured b y  reconstituted  w ith  warm  w ater to obtain sligh tly  turbid so lu tion  and 
the results are tabulated in  Table 4 -1 0  and T able C 6 in  appendix C)

Table 4-10 The appearance o f  freeze-dried  C oen zym e Q io- loaded  nanoparticles and  
the s iz e  o f  reconstituted  freeze-dried  product after storage at 25 c  for 1 
w eek  (m ean ±  S .D ., ท= 3 ).

Rx

Appearance Size after reconstitution (nm)
Dextrose 
(%พ/พ)

Mannitol
(%พ/พ) Mannitol (%พ/พ)

1 2 4 1 2 4 1 2 4
D24 ร ร ร Y,F P,F P,F 84.10 ± 1.06 85.97 ± 1.60 91.77 ± 1.66
อ 44 ร ร ร Y,F P,F P,F 80.03 ±  0.84 73.13 ± 0 .9 0 83.77 ± 0 .7 6

ร  = y e llo w , sh r in k a g e  a n d  s t ic k y  m a ss; F  = f lu f fy ,  s h e l f  s ta b le  cak e ; Y  = y e llo w  c o lo r ;  p  = P a le  y e llo w
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(a) (b) (c)

Figure 4-12 The appearance o f  freeze-dried  C oen zym e Q io-loaded  nanoparticles 
contain ing (a) 2 m g/m L  C oen zym e Qio (y e llo w  co lor), (b) 4 m g/m L  
C oen zym e Qio (y e llo w  color) and o f  (c) C o en zym e Qio pow der  
(orange color).

The freeze-dried  product usin g dextrose as a cryoprotectant w as 
undesirable as the product w as a y e llo w  shrinkage and sticky m ass. On the other hand, 
the addition o f  m annitol provided a flu ffy  y e llo w  freeze-dried  product w h ich  w as 
subsequent to further studies. A ll concentrations range o f  m annitol (1-4%  พ /พ ) used  
w ere su ffic ien t to provide the s ize  o f  reconstituted nanoparticles in nanom etric range 
sim ilar to the initial s izes o f  n on -freeze dried product, 8 6 .7 7  ±  4 .4 0  nm  and 86 .33  ±  
9.65  nm for system  contain ing C oen zym e Qio at 2 m g/m L  (R x D 2 4 ) and 4 m g/m L  
(R xD 44). H ow ever, sin ce  the freeze-dried pow ders w ere very h yg roscop ic  (as seen  
w h en  stored unprotect), the product should  be stored in co o l, dry p lace.

The appearance o f  freeze-dried  C oen zym e Q io-loaded  nanoparticles 
pow der is sh ow n  in Figure 4 -12 . The con cea lin g  o f  C oen zym e Qio co lor w as occurred  
as seen  from  the pale y e llo w  co lor o f  freeze-dried  C oen zym e Q io-loaded  
nanoparticles pow der com pared to the orange co lor o f  original C oen zym e Qio. 
D ingier e t  a l .  ( 1999) offered  that con cea lin g  o f  the color w as im portant in the case  o f  
active ingredients w h ich  can lead to a less aesthetic appearance and unacceptance by  
the custom er. S in ce C oen zym e Qio w as gradually d ecom p osed  and darkened w hen
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ex p o sed  to  lig h t, th e  f re e z e -d ry in g  p ro c e ss  m ig h t be  o f  b e n e fits  to  re ta rd  the  

u n a c c e p ta b le  ch an g e  o f  C o e n z y m e  Qio.

M o reo v e r, th e  s ta b ility  o f  fre e z e -d r ie d  C o en zy m e  Q io -lo ad ed  
n a n o p a rtic le s  u s in g  2% พ /พ  m an n ito l w as  s tu d ie d  a fte r  4 -w e e k  s to ra g e  a t 4 an d  25°c. 
T h e  s ta b ility  re su lt is e x p re sse d  in  T a b le  4-11 (see  de ta il in  T a b le  D 8 in  ap p en d ix  D ). 
T h e  re su lts  sh o w ed  th e  h ig h  p e rc e n ta g e  re m a in in g  (> 9 5 % ) o f  C o e n z y m e  Q io in  th e  
fre e z e -d r ie d  p ro d u c t c o m p a re d  to  th e  n o n -fre e ze  d rie d  n a n o p a rtic le s  (< 9 0 % ), 
e sp e c ia lly  w h en  sto red  a t 25 °c.

Table 4-11 T h e  s ta b ility  o f  C o e n z y m e  Q io in  fre e z e -d rie d  n a n o p a rtic le s , R x  D 2 4  
an d  D 4 4 , a f te r  s to rag e  fo r  4 w e e k  a t 4°c an d  25°c (m ean  ±  S .D ., ท=2).

R x
%  R em a in in g  o f  C o e n z y m e  Q io a f te r  4 -w e e k  s to rag e

A t 4°c A t 2 5 ° c
D 2 4 99.79 ± 0 .0 8 95.57 ± 0 .1 2
D 4 4 99.73 ±  0.37 98.31 ± 0 .3 0

6.3 Stability of mixed-cream containing Coenzyme Qio-loaded 
nanoparticles

T h e  fre e z e -d r ie d  C o e n z y m e  Q io -lo a d e d  n a n o p a rtic le s  (R x  D 2 4  and  
D 4 4 ) w e re  m ix e d  w ith  a  c o m m e rc ia lly  av a ila b le  c ream  b ase  fo r  in v e s tig a tio n  o f  th e  
p h y s ic a l a p p e a ra n ce  u s in g  fre e z e - th a w  e x p e rim e n t b y  s to r in g  th e  p ro d u c t a t 4°c (in  
re fr ig e ra to r)  fo r  48  h o u rs  an d  th en  a t 45°c (in  h o t a ir  o v en ) fo r  a n o th e r  48  h o u rs  and  
fo r 6 cy c le s . F o r co m p a riso n , C o e n z y m e  Q io p o w d e r  w as  su b je c te d  to  c o m b in e  w ith  
th e  co m m e rc ia l c ream  b ase . T h e  re su lts  a re  p re se n te d  in  F ig u re  4 -13  and  T ab le  4 -12 .
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(a) (b ) (c) (d )

Figure 4-13 T h e  a p p e a ra n ce  o f  (a) o /w  c re a m  b ase , m ix e d -c re am  c o n ta in in g  freeze- 
d ried  n a n o p a rtic le s  lo ad  w ith  C o en zy m e  Qio (b) 2 m g /m L  (R x  D 24), 
(c) 4 m g /m L  (R x  D 4 4 ) an d  (d) m ix e d -c re am  c o n ta in in g  C o en zy m e  

Q io p o w d er.

Table 4-12 T h e  s tab ility  o f  m ix e d  c ream  co n ta in in g  th e  fre e z e -d r ie d  C o en zy m e  Qio— 
lo ad ed  n a n o p a rtic le s  an d  C o en zy m e  Qio c ry sta l su b jec ted  to  acce le ra ted  

test.

R x A p p ea ran ce S tab ility  a t d iffe re n t fre e z e - th a w  cy c les

C y c le  1 C y cle2 C ycle3 C y cle4 C ycle5 C y c le6

D 24 H o m o g en eo u s , p a le S tab le S tab le S tab le S tab le S tab le S tab le

y e llo w  c ream

D 44 H o m o g en eo u s , p a le S tab le S tab le S tab le S tab le S tab le S tab le

y e llo w  c ream

C o  Qio N o n -h o m o g e n e o u s N D N D N D N D N D N D

cry sta l c ream
N D  = n o t d e te rm in e d ; se p a ra tio n  o f  d ru g  c ry s ta l
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F ro m  th e  re su lts , th e  m ix ed  c ream  c o n ta in in g  fre e z e -d rie d  C o en zy m e  
Q io -lo a d e d  n a n o p a rtic le s  a p p ea red  to  p o sse ss  th e  p h y s ica l s tab ility  in d ica ted  by  th e  
lack  o f  c o lo r  c h a n g e  o r  s e p a ra tio n  d u rin g  fre e z e - th a w  test. T h e  h o m o g e n o u s  
ap p e a ra n ce  o f  p ro d u c t w as  o b se rv e d  w h en  th e  fre e z e -d r ie d  C o en zy m e  Q io -loaded  
n a n o p a rtic le s  w e re  u se d  w h ile  th e  C o en zy m e  Q io p o w d e r  co u ld  n o t th o ro u g h ly  m ix  to  
fo rm  a c re a m  w ith  h o m o g e n e o u s  tex tu re . T h e  fre e z e -d r ie d  C o e n z y m e  Q io -lo a d e d  
n a n o p a rtic le  m ix e d  c re a m  a lso  le ft no  g ritty  re s id u e  a fte r  to p ic a l a p p lic a tio n  w h ich  

w o u ld  b e  c o sm e tic a lly  a ttrac tiv e .

F u rth e rm o re , th e  am o u n t o f  C o en zy m e  Q io in  th e  n a n o p a rtic le s  m ix ed - 
c ream  a fte r  b e in g  k ep t in  lig h t-re s is ta n t c o n ta in e r  fo r  4 w e e k s  at ro o m  te m p e ra tu re  
(2 5 °C ) w as  d e te rm in e d  b y  H P L C  m e th o d .

Table 4-13 T h e  s ta b ility  o f  C o e n z y m e  Q io in  fre e z e -d r ie d  C o e n z y m e  Q io -loaded  
n a n o p a rtic le s  m ix e d  c ream  a fte r  s to rag e  fo r 4  w e e k s  a t 25°c (m ean  ±  
S .D ., ท =  2).

R x %  R e m a in in g  o f  C o e n z y m e  Qio

D 2 4 9 9 .93  ±  0.01

D 4 4 9 9 .6 6  ± 0 .2 1

T h e  re su lts  sh o w ed  th a t th e  C o en zy m e  Q io still re m a in e d  in  th e  m ix e d -c re am  
o v e r  4 w e e k s  a t 25 c  (T ab le  4 -13  an d  T ab le  D IO  in  a p p e n d ix  D ). H en ce , fro m  th e  
o v e ra ll re su lts , it co u ld  be  p o ss ib le  to  fo rm u la te  th e  C o e n z y m e  Q io -loaded  
n a n o p a rtic le s  fro m  m ic ro e m u ls io n  te m p la te  w h ic h  w e re  s tab le  and  su ita b le  to  be 
e m p lo y e d  as d ru g  c a rr ie r  fo r to p ic a l d e liv e ry  o f  C o e n z y m e  Qio-
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