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CHAPTER 1V

RESULTS AND DISCUSSION

y-/er Solutions
e@sed copolymer solutions are

ws viscosity as a function of

4.1 Properties of Methacrylate-b:
4.1.1 Viscosity

The viscost

measured and summariz

copolymer concentratio copolymerselutions.

/!

‘Table 1 Viscosity of meghacy

j

Concentration Torque
(% (W/v)) (%)
10% 2.5
15% 7.1
20% 22
25% 58.7
30% 99.1
35% 99.1
10% 25 59. 233 12.7
15% o q I iﬁ ‘ 7 hJ If'! q 81.4
20% m 0 11440 99.0
25% 7294.0 ¢ 464.0 6 99.4
3 7 0 v n/a
35% /a1 n/a
4 Eudragit RLPO
10% 6.8 172 233 2.7
15% 17.6 40.5 233 8.8
20% 47.2 110.0 233 23.7
25% 259.0 464.0 179 99.8
30% 520.0 464.0 89 99.9
35%* n/a n/a n/a n/a

*The value could not be measured since the viscosity is too high.
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Viscosity (cp.)

2000
0
0% 40%
Figure 9 Viscosity ¢ fur ion ¢ = r concentration for the three types
of copolymer solutions. )

: “solution of Eudragit L100

Obviously, n# ;
exhibited much higher \Qc it RLPO and Eudragit EPO, which,
in turn, showed compara dg: values. Though the average molecular weight of Eudragit

L100 was quite howed a much higher
viscosity than tm mam? ﬁne presencei the carboxylic group
causes E :ﬁ(j‘lﬂ aﬁ?rnt carboxylic
group el lﬁ:j éﬂﬂﬁ iﬂhﬁmgﬂcﬁo s mobility of
Eudragit L 00 molecules to be more limited than the other two powders. In addition,
Eudragit RLPO showed a bit higher viscosity than Eudragit EPO, despite of having the
same molecular weights. The present of the chloride counter-ion may act as a weak

moiety linking different trimethylammonium groups between different Eudragit RLPO
molecules r, causing the viscosity to be greater than Eudragit EPO.
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4.1.2 Surface Tension
The surface tension values of methacrylate-based copolymer solutions are

determined and summarized in Table )«hile Figure 10 shows surface tension as a

function of copolymer concentrati Ws of copolymer solutions.

Table 2 Surface tension ate=base ner solutions
Concentration f
. —
L) 10% e % 30% 35%
1st - \
2497 4 . . 24.18 24.57
2nd s ‘
24.85 A Ac"f r 24.15 24.64
3rd :& A
24.82 1 2 8 24.17 24.33
Avg. i
24.88 &/ T 3.94 24.17 24.51
_..-"Z";_a.
Concentration i =
0,
(e (W) 10% 30% 35%
1st ;
25.21 . 6.0, 24.48 24.12
2nd
25.24 , 26.32 26.3 25.88 24.51 24.38
3rd AL &
] 24.53 24.55
Avg. [+
ﬂ29 24.51 24.35
L ",
AL el
Concen | LJ
0,
ol | 15% 20% 25% 30% 35%
1st
24.97 24.8 243 24.21 23.81 23.55
2nd
24.99 24.69 24.28 24.06 23.70 23.68
3rd
24.96 24.67 24.40 23.94 23.63 23.70
Avg.
24.97 24.72 24.33 24.07 23.71 23.64
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Surface tension of methacrylate-based polymer

Surfsage tension (mN/m)

—e—EPO
—&—L100
- RLP

Figure 10 Surface tension as 2 er concentration for the three

types of copolymer solutic

It was found that the su ange of 23.55 to 26.39, which
was quite identicaly <It_may be concluded that the eoncentration did not affect

appreciably the surface I’"

“”%ﬁﬁﬁmﬂ W AT D i o

measured and summanzed in Table 3.¢'
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Table 3 Conductivity of methacrylate-based copolymer solutions

25

Concentration Eudragit EP Eudragit L100 Eudragit RLPO
(% (WIV)) (Hs/ 4 (Hs/cm) (Hs/em)
10% b ke 557
15% 570
20% 652
25% i 700
30% s 620
35% W (7 560

o ,a"" =
by RN
Conductivity of based polymer
1000
190 —e—EPO
¢ o 'Y —=— 1100
ﬂ" ‘i RLPO
n ¢ o o/
: e
Wf} 10 15 5 1 a E]
Concentration (w/v)

Figure 11 Conductvity as a function of copolymer concentration for the three types of

copolymer solutions.



26

Irrespective to the type of the methacrylate-based polymers used, the
conductivity value increased initially, reached a maximum, and later decreased with
increasing polymer concentration. Among the various polymers investigated, Eudragit

RLPO showed the highest conductivi hile Eudragit EPO showed the lowest value.

The possible reason for the ob nductivity values of Eudragit RLPO

should be a result of the charges i its molecules. In case of Eudragit
A — . .

L100, the presence of mﬁe—'—COQH @r application may render the

solutions of this polymer thg.s ‘Aighest conduetivity values. Logically, Eudragit

EPO which does not hav nizable ‘moilety present on its molecules

Before the experiment wasseti ! ymers have been experimented in

order to gain both skill and knov e spinning technique. The systems
mvestlgated were, for exampi'é ,"i;b’i'a phthalate) in m-cresol, poly(ethylene

preliminary studies,

gectrospinning process was

gained, which ranged f m the preparation of a spinning

helped in getti m %:ﬁrﬂ have been shown to
affect the spinn 'F] g;: E m

1y Despxte the success in préparing a spinming solution, eleétrospinning of the

RRRAL AR T EILT Atk 1Y oty Y

the spmn:ﬂmhty of a solution. These are, for examples, some solution properties (e.g.,

ope to some precautions that

viscosity, surface tension, conductivity, etc.), applied voltages, collection distance,
solvent type, and needle size. If the viscosity of the solution is too high, the polymer
solution could simply not flow. When the solution having right properties is prepared, a
hemi-spherical drop is formed at a tip of a needle. Under an influence of a high enough

electrostatic field, the Coulombic repulsion destabilizes the drop from the hemi-spherical
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to a cone shape. A slightly higher electrostatic field causes a charged polymer jet to be
ejected from the apex of the cone. If the condition maintains, continuous stream of
charged jet thins down and simultaneous dries out to form electrospun fibrous webs on

the collection screen. However, often time

, during spinning, clogging of the spinning at
the needle tip can occur if the s ' %&ﬁly volatile. Such a problem can be
easily solved by a reductioriin tk u ﬁ i ixi

tration or by mixing a harder-to-

leads to an increase i egtrostatic ice on the hanging drop at the needle tip.
Generally, applied voltages can befvaried withir e range of 5 to 30 kV. Beyond the

applied voltages of 30 k zation to the surrounding air. In
addition, too high voltages ped as-spun fibers
3. When the viscosi tageé were solved, the needles could be
factor affecting the spinnablity of was found that smaller needles cause
=TI =
the solution to flow harder, If;"mve s were used, undesirable drops

needle of appropriate sﬁ an b ]
4. When the charged drops were ejected, the dropl€ts could result instead of the

fibers. The re ﬂﬁeﬁﬁ?[mgpiﬂ ntrations. Increased
concentration o ﬂ auses bé'more entangles, which
helps prevent the cohesive breakage of the ejected, gharged jet. In addition, the solution

s B Y1) BB DM T e ok e st

values lead to unsuccessful electrospining.

4.2.2 Effects of Polymer Concentration on As-spun Fibers

The effects of polymer concentration and applied voltage on morphological
appearance of the as-spun fibers were explained based on the results obtained for

Eudragit EPO fibers. Figure 12 shows the effect of polymer concentration on
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morphological appearance of the as-spun fibers. At 15% w/v, only discrete droplets
with large size distribution were observed. Solutions with low concentrations did not
have enough chain entanglement to withstand both of the electrostatic and Coulombic
repulsion forces acting on an ejected, hﬁed jet. Once the charged jet was broken up,

surface tension resulted in the fi iscrete droplets observed. It should be

a result of the evaporation of the

Increased the polymer€ofentration 1o 20% w/v resulted in the formation of
beaded fibers. At 20% w,
charged jet from breaki |
concentration to 25 and’30% TE ’3 mooth " ers, because of high enough

as high enough to prevent the
increase in the polymer

chain entanglement to goraplate event the b eaking up to the charged jet.
Interestingly, increasing pg 0 resulted in larger as-fibers. The
increase in the fiber diame increased viscoelastic force that

counteracts the Coulombic rep S0 fries to stretch the charged jet (which, in

systems, the as-spun i rmation of ribbon-like fibers
could be a result of the* .e. ethanol). Due to the small

e - G, Ro 1N [N 1T} o A
its inner core. EJ ichfthe jet ight to the target was
very short, the i mner core might not hdve enough time to “dry” coﬁetely. Once the jet

srot e it bt b ol

surface of'the depositing jets was already “dry,” the evaporation of the solvent from the

pid evaporation of the solvent (

Since the outer

inner core could result in the collapse of the jets, hence the flat fibers were formed.
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15%(w/v) 11.25kV 15cm  20%(w/v)l1.25kV 15cm : 'E:Ww/v) 11.25kV 15cm  30%(w/v) 11.25kV 15cm
Figure 12 SEM images of Eudra;)git EPOEr ™25 kV 15 cm
4.2.3 Effect of AppliedVoliage ol!] As-spun Fibers
The effects of applied voltage ;)mjmorphological appearance of the as-spun
Eudragit EPO fibers arg/@hown ir

with concentrations of 25

" flgms and 14 for electrospun fibers from ethanol
OfA w/v res ectxvely The collection distance was fixed
at 15 cm. Generally, the as-spun ﬁbers we‘fe"ﬂat irrespective to the applied voltage
used. Obviously, the sizes off he astpun ﬁtét’s 1mt1ally increased, reached a maximum
values, and then decreased with i mereamng aﬁpﬁed voltage. The initial increase in the

fiber sizes could be a result “of the 1ncrea§ea“mass throughput while the observed

decrease in the fibers si l’ﬂe a result of the increased

7
surface charge densnty, eausmg the ejected, charged jet to spht apart.

25%(wiv) 7.5kV'15cm

25%(w/v) 18.75kV 15cm 25%(w/v) 2.5kV 15cm
Figure 13 SEM images of Eudragit EPO at 25%w/v 15 cm
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By t &7/

WJ

30%(w/v) 4125k 1 5cm
> 9 =

30%(w/v) 22.5kV 15cm

FT :-I'IJ
Figure 14 SEM image detﬂmgif:?PO at30%w/v at 15 cm
.i:.i"- 3 i

T
o il fign
gt

Figures 15, 16, and 17 ;‘éspgctwe!y,—_s&n{' SEM images of electrospun Eudragit
EPO, Eudragit L100, and Eudrégit REPO ABES Hithanol phile Figures 18, 19, and 20
show SEM images oi;l‘-'_;;' PO/ diug; Budiagii-£400/drug, and Eudragit RLPO/drug
in a mix solvent of etl‘iégt?l and ethyl acetate (1:1) respectiyﬁy.

v it
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15%(w/v) 7.5kV 15c¢m 20%(w/v) 7.5kV 15em ZSWw/v) 7.5kV 15cm

. 25%(WA 125KV 15cm

3

Lt . e
15%(wA) 15KV 15om Q0w 15KV 1cm 2ot 1SRV 4cm

30%(w/v) 15kV 15cm

15%(w/v) 22.5kV 15cm  20%(w/v) 22.5kV 15cm  25%(w/v) 22.5kV 15c¢m 30%(w/v) 22.5kV 15cm

Figure 15 SEM images of electrospun Eudragit EPO fibers
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t

10%(w/v) 15KV 1581 IS%(WAY TSkVISem X | 2094(w/v) 15KV 15cm

10%(w/v) 22.5kV 15cm 15%(w/v) 22.5kV 15¢cm 20%(w/v) 22.5kV 15cm

Figure 16 SEM images of electrospun Eudragit L100 fibers
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30%(w/v) 15kV 15cm

25%(w/v) 15kV 15cm

W= Faeeo

15%(w/v) 2215k V 15cn 20%(w/v) 22.5kV 15¢m 25%(w/v) 22.5kV 15cm  30%(w/v) 22.5kV 15cm

Figure 17 SEM images of electrospun Eudragit RLPO fibers
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For Eudragit EPO, regardless of the applied potential used, only sickle beads
and beaded fibers were observed when the polymer concentration was 15% (W/v).
Obviously, the number of discrete sickle beads was found to decrease and beaded fibers

with the beads being more elongat was more apparent with increasing applied

potential used. Further increase i the ' ncentration to 10% (w/v), the number
of beads was found to de &91‘8 elongated. At the polym‘er
¢ were obtained. With regards to
found to generally increase with

increasing polymer concenifatioh/and potential, However, at 30% (W/v), it
hich may be a result of the

high viscosity of the sc & icenitrati .Kngly, the morphology of the

obtained fibers appeared £o & ¢ viscosity is too high, then the
polymer solution could not

For Eudragit L100, the polymer concentration in the
range of 10 to 20% (w/v) we higher concentrations, the solutions
became too viscous to smooth fibers were observed.
Generally, the fiber di creasing concentration of

the solutions as well Similar to Eudragit EPO

ncre potent
git L100 fibers appeared to be flat.

For Eudragi ‘m i ign, containing 10% (W/v) of
the polymer gagmre bea: mmm g% (W/v), beaded fibers
were formed with the beads appearéd to be moré%elongated wi creasing applied
potentiaﬂ \%M‘ﬁcﬂs{m Wr’&%ﬁh,’iﬁl th fibers were
obtained. It should be noted that the 30% (w/v) Eudragit RLPO, though appeared to be

spinnable, had some problems during spinning, due to the rapid evaporation of the

fibers, the as-spun Eud

solution at the tip of the needle. With regards to the fiber diameters, they were found to
increase with increasing polymer concentration and applied potentials. Similarly, the
fibers obtained appeared to be flat. At 35%(w/v), the polymer solution could not spin to

form the fibers since this concentration has too high viscosity.
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4.3 Drug-loaded As-spun Fibers

4.3.1 The Morphology of Drug;loa_ded As-spun Fibers

% ot BT S \

25%(w/v) EPO 22.5kV 15 cm 30%(w/v) EPO 22.5kV 15 cm
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Figure 18 SEM images of drug-loaded electrospun Eudragit EPO fibers. The fibers

were prepared from solutions of Eudragit EPO/drug in a mixed solvent system of EtOH
and EA (1:1).

i

15%(w/v) LIW WV 15 cm x 15%(w/v) L100 18.75 kV 15 cm

15%(w/v) L100 18.75 leS_cm ;I.-';-,',_JS%(W/V) L10022.5kV 15 cm

" f .
Figure 19 SEM imagéénﬂdm&loaded-electmspun—Eudﬁgﬁ 100 fibers. The fibers

were prepared from seldtions of Eudragit L100/drug in a mixed solvent system of
EtOH and EA (1:1). T

25%(w/v) RLPO 15kV 15cm  25%(w/v) RLPO 18.75 kV 15 cm 25%(w/v) RLPO 22.5kV 15 cm

Figure 20 SEM images of drug-loaded electrospun Eudragit RLPO fibers. The fibers

were prepared from solutions of Eudragit RLPO/drug in a mixed solvent system of
EtOH and EA (1:1).
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Figures 18, 19, and 20 show drug-loaded as-spun Eudragit EPO, Eudragit L100,
and Eudragit RLPO fibers. It should be noted that the spinning of these drug-loaded
fibers could only be achieved when EtOH and EA in the equivolumetric ratio were used

as the solvent system. EA was added to solution in order to deter the clogging at the

tip of the nozzle through a red C ration rate. Interestingly, only drug-
loaded 25 and 30% (W/v) so gions of 15% (w/v) solution of Eudragit

average values with the st dé \ ; 7, 18, and 19 for as-spun

Eudragit EPO, Eudragi 0. / | Etidra ] respectively, while the raw
data are summarized in Tdble \. efi v ' 1and spinning conditions on the
obtained fiber sizes were in e'5" zes the average diameter of the
selected as-spun fibers with d d, again, that EtOH and EA(1:1)

2
=%

¥

E25 7K  E25_15K E25_22K E30_11K E30_18K

E25_11K E25_18K E30_7K  E30_15K E30_22K

Figure 17 Average diameter of as-spun fibers from 25 and 30% (w/v) Eudragit
EPO solutions in EtOH as a function of applied potential.
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Fiber size of EUDRAGIT L100 (Mean +- 2 SE)
w

L10_7K iy 5 120 11K L20_18K
L1 8 11K~ ; 2 L20_15K  L20_22K

Figure 21 Average dian
L100 solutions in EtOH as a'

5.

D

‘e L g LEt
U ANININGINT
AN ILHTANYIAY
P:

The fiber s:zﬁuom;rr RLPO (Mean +- 2 SE)
iy N

(=
a

o

R20_7K  R20_15K R20_22K R25_11K R25_18K R30_7K R30_15K R30_22K
R20_11K R20_18K R25_7K R25_15K R25_22K R30_11K R30_18K

Figure 22 Average diameter of as-spun fibers from 20, 25, and 30% (w/v) Eudragit
RLPO solutions in EtOH as a function of applied potential.
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From Figures 17 to 19, the horizontal axis is the spinning conditions while the
vertical axis is the average fiber sizes obtained in each condition. The abbreviations
were used in the x-axis, the first letters are from the polymer type while the next digit
are the concentrations of the polymer soluiton, and the last digits with K are the applied

se quantitative results shown and the

ere, in general, found to increase
on. The increase in the applied
potential resulted in an incre ele e.force acting on a jet segment. The
increase in the electrostati - s onsible ‘in an increase in the mass
throughput (provided

electrostatic force), and

arge enough to counter the

it was, in turn, responsible for

i 7 = o o . . .
of a jet segment, which was. wﬁsﬁ‘% Coulombic ion force acting in the jet
segment. e—————

In some occ W ng an increase in the fiber
diameter with increasi:;applied potential, an otherwise 6 Dservation may be observed.
An example is t - ‘ﬁ °o§/ i olution in EtOH (see
Figure 17). In taeupgj s \r&‘j Eﬂt emlﬂzﬁ;e fiber diameter was
observed betweer':ill the applied potential of 15 and 18.kV. The probable reason may be
due o s prlfgmdds bt dof obrded d she g ofentid ¥ifierences applica.
At high aﬁ)]ied potentials, residuai charges within ar thinning jet may be too large that

the jet may split into smaller jets in order to reduce the surface charge density.
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Table 4. Average fiber diameters of drug-loaded as-spun Eudragit EPO, Eudragit L100,
and Eudragit RLPO fibers at selected coiditions for comparing controlled-release of

drug. ’ //
Condition ﬁze in pm | Standard Deviation
— * an)
EPO 30% at 11.25 kV MW O - 0.443
L100 15% at 11.25 kV Ny T 0.457
L100 15% at22.5kV 0.361
RLPO 25% at 18.75 k¥ (wi v R 0.595
4.3.2 Comparison -spun _Pfi )

According to thé re g-loaded as-spun fibers from
30% (w/v) Eudragit EPO , 15% (w/v) Eudragit L100 in
EtOH and EA at 11.25 kV, deagit RLPO in EtOH and EA at 18.75

solutions exhibited similar aver: —n; diametefvalues of about 1.7 pm. Drug release

-

kinetics was then carriéd out on these fit ) c ect of copolymer type and

g telease profiles from as-spun

fibers from the aforemeEoned solutic

from films being cast fromt the same solutions,were also included for comparison. By

e vy, e 9o e e a0t d ST A mount of g o

before processingh{10%wt of copolym‘er) may be dlfferent from aﬁe{})rocessmg Then,

CARTRIM TEI NP TRE

Table 5. The assay of drug-loaded samples in as-spun fibers and cast films

ing coamons Drug release profiles

As-spun Fibers Cast Film
EPO RLPO L100 EPO RLPO L100
545 % 105.0 % 21.3 % (small) | 55.2% 102.0 % 90.6 %
22.4 % (big)
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Comparison of Drug Release in As-spun Fibers

60

Percentage of Drug Release

0 5 10 15 20 25 30
Time (hr)

Figure 21 Drug release profiles of cast films of Eudragit EPO, Eudragit 1.100, and
Eudragit RLPO.



Comparison of Drug release in Eudragit EPO
100
£ 80 ——EDS
&
) —8—EDC
£ 60
-~
=
g‘, 40
=
e 20
[
0
% ﬁ \\;\
Figure 22 Drug release ‘ﬁls of Eudragit EPO

10

Percentage of Drug Release
<

RANNZN

Time (hr)

—— RDC

—&— RDS

Figure 23 Drug release profile of as-spun fibers and cast films of Eudragit RLPO

42
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Comparison of Drug Release in Eudragit L100
35
g 30
3
e 25
o x ——LDSS
5 2§
5 —=— | DSB
e 15
8
5 10 LDC
o
S
0
30
Figure 24 Drug Release profile o ast films in Eudragit L100
The drug releasing fifes wer ated into two types of processing
including electrospinning procsxg;&jbt?’. Jgetrospun fibers and cast process to form

were compared in drug

W-Vis spectroscopy. The

releasing profile betweéen 'WO pro
concentration of the dej.l in buffer was ¢
of drug and polymer were @ised.in every samplé.to ensure the accuracy of comparison.

Flrstly,ﬂvus&]a %tﬁ@lﬂ@ﬂ@q ﬂ @g in the first 10 hours

less than in EPO ‘¢ast film, but after that the electrcgun released t}E'drug more than in

o ALY AR DT} oo n 170

electrospun samples are higher than in the EPO cast film.
Secondly, RLPO cast film started to release the drug at the higher level than

ifferent time. The same weights

RLPO electrospun and then released steadily with the time increase. On the other hand,

RLPO electrospun steadily released in the first 9 hours and leveled off. It was seen that

RLPO cast film released the drug in all over the time more than RLPO electrospun.
Lastly, L100 electrospun fibers released the drug at starting point less than in

the cast films, but overall drug releaese in as-spun fibers were higher than in cast film



samples. Moreover, the profiles of drug releasing are shown that L100 can be released

continuously until 24 hr while in L100 cast films samples tended to slow down in drug
release characteristics.

However, from the result it can be concluded that the type of polymer affected

' the profiles EPO can be used for drug

n long time and released the drug

more than in the cast fil ition. L100 samples released the

drug rapidly, then it cari"be ediately actmg If these two types of
. i \\\

polymer are incorpora d sustainability drug delivery

material. \

ﬂUEJ’JVIEmTWEJ’Iﬂi
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