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CHAPTER 1

INTRODUCTION

problematic pathogen in wound infection is

The most common opportunisti
Pseudomonas aeruginosa (Todar, 2004)
wound has not yet reached samsfie 1 outcor aust the infected wounds are avascular
and are covered by biofilmproduced by 1 '—-‘ (Ghaffani et al., 2006). Thus,
effective topical preparation

Topical gels lations since they possess
attractive appearance gels show better therapeutic
efficiency as drug molec refgasedy; | a faster rate than other dosage forms such
as creams and ointments (T 48 ¢ ﬁ'l 1)
LA
Ciprofloxacin is a fluofe timicrobial which is effective against
Pseudomonas and Staphyleeé proflc inhibits, DNA gyrase resulting in
abnormality of cell —
sparingly soluble in watey and on Jj and temperature. Formation
of needle crystal is aﬂgn of physical instability of ciprofloxacin preparation when
solubility limit

lactate salts pos @ﬁﬂ ﬁrﬂﬂm p A
&ﬂlﬁ&m UBAINY AR Sl 1o

D- glucup}rmnose units. CDs are often employed to increase drug solubility by formation

1'Ir.. , 2001). Ciprofloxacin is

of inclusion complex, to protect active ingredient from photodegradation, to mask
unpleasant taste of drug and to prevent drug-drug or drug-exipient interaction (Funasaki
et al., 1999). The inclusion complex forms when whole or pant of drug molecule resides
in hydrophobic cavity of CDs (Loflsson and Masson, 2001).



2

CDs used in pharmaceutical applications are classified as natural and
semisynthetic CDs. Alpha, beta and gamma CDs are natural CDs with 6, 7 and 8
glucopyranose units, respectively. Hydroxypropylbetacyclodextrin (HP-B-CD) is an
example of the modified CDs frequently used in pharmaceutics (Loftsson and Masson,
2001).

Inclusion complexes. ¢ ot e B-CD and HP-B-CD have been
prepared but photostabilitg.and-itlcass 'ﬁlexes have never been studied
(Jianbin et al., 2002, ' \ "

evaluate gels containing™Cipig

hi study were to develop and

The objectives of this study v

1. To prepare HP-B-@D piofloxacin HCI or ciprofloxacin

lactate.

2. To charactenze and nd photostability of the inclusion

complex.

3. To formulate Cire

4, To evaluate .-V':. ol oxacin gels under stressed
'I

conditions. .1 LIJ

5. To determine in mﬁﬂpmﬂnxacm refedse of ciprofloxacin- HP-B-CD gel.
6. To smﬂ“

i lid Whintobbad ) of Bl 1.0 g

aamsl Pseudomonas aerug inbsa.

RIRINIWUNIAINYAY



CHAPTER 11

LITERATURE REVIEWS

A. Background

Skin infection easily o when the gelf-defensive barrier of skin is destroyed.

The most common pathogenie. mic

aeruginosa, a negative g

As a standard el a : oy are intravenously or orally
administered in order 10" Curgsfhic ﬂ \}fgﬁ\ \i\'” ¢ of the wound impedes drug
distribution to the infee I \?‘\w y of the standard treatment is
low (Ghaffari et al,, pical- T N seeded to deliver high drug
concentration at the infegled /g * &\\ \ ss a bactericidal effect against
Pseudomonas aeruginosa. JCiproflgxac eyedrof \\ only topical formulation in the
market, shows physical instaility.sie formation 3’4 cedle crystal upon administration.

Thus, stable topical formulation i {e s needed.

There are various Kin sed in pharmaceutical products. To

formulate the topicil=geis nsed n wonnd nfecton —Hh 3 afety of usage has to be

sa

considered.

Poloxamer 40

prsge ﬁﬁﬁiﬁﬁ )
407 is non imi
Poloxamer 407 was applied as a gellifig agent in many preparationsysuch as naproxen gel

R AT T e e e

al., 2002)7
Various grades of Carbopol polymer are well known in pharmaceutical field as

Eﬂls nonionic symmeuc copolymier of ethylene oxide and

gelling agents. Carbopol ETD 2020 is cross-linked polyacrylic acid copolymer. It is
superior 1o other conventional Carbopol because of its “easy-to-disperse” property.
Carbopol ETD 2020 is considered as non-irmitant to a very slight imitant
(safetydatasheet).



B. Ciprofloxacin

1. General data
Ciprofloxacin, 1-cyclo-propyl-6-fluoro-1, 4-dihydro-4-oxo-7-(piperazinyl)-3-
quinolinecarboxylic acid, is a member of quinolones (Figure 1). Ciprofloxacin possesses

bactericidal activity against both gram positive and gram negalive microorganisms

ointments.

Figure 1 Chemica]ﬂucuirﬂ of cipmﬂuxacin

) p...mﬂ.il.lf.l &mmmﬁn bop

2.1 Ahsurpﬂon

LA 500 BRI B v
single dode oral administration of ciprofloxacin (250 to 750 mg) gives Cuuy and Tpey Of
ciprofloxacin in ranges of 0.8-3.9 mg/L and 1 to 2 hr, respectively. The absorption is
affected by some disease or illness, for example, decrease of ciprofloxacin absorption is

observed in patients with major abdominal surgery.



1.2 Distribution
The distribution of ciprofloxacin in healthy volunteer is rapid. Ciprofloxacin

distributes throughout the body.

2.3 Metabolism

Ciprofloxacin shows low Jfifst) pasé effect (5%) which is considered to be
insignificant. About 10-20 % ofthe ¢ ymodified at the piperazine group in

the liver. Four metabgleS Have be Mi.e. desethylene ciprofloxacin,
sulfociprofloxacin, oxoct ' sxacin. All of these metabolites
have lower antibacteri et The primary metabolites are

oxociprofloxacin and s

2.4 Excretion
Renal clearance i: climination. About 25-35%

ciprofloxacin is excreted o

Ciprofloxacinds pale vellow crystalline powder 1t {an amphoteric compound
\

2i0Up and the nitrogen on the

Qa floxacin contains fluorophore

with 2 pK, values, 609 ¢

pipcrazine ring, respectiely (Ross and Riley, 1990). Cip

R AR T

C:pmﬂaxacm is practically imsoluble in water especially ai_pH close to 7. Salt
s B FDTEHI  ppBfcor
depends dh temperature and pH. At 25 °C, solubility of ciprofloxacin hydrochloride at pH
5 is 3.46 mg/ml and at pH 7 is 0.09 mg/ml (Ross and Riley, 1990). Ciprofloxacin lactate

is used in preparation of injection formulation due to its superior solubility.

pH change leads to change in solubility of ciprofloxacin. Ciprofloxacin
precipitates and forms needle shape crystal in saturated solution.



4. Stability
Numerous studies on ciprofloxacin stability indicate that ciprofloxacin undergoes

photolysis. Therefore, il is necessary to keep ciprofloxacin away from light (USP31).

Degradation scheme is shown in Figure 2. Ciprofloxacin ethylenediamine analog
(compound 1) 1s a major degradation 'y en pH of solvent is less than 5 whereas
compound 11 is a main produel 56 Man 2. (Tomiainen, Askolin and Mattinen,
1997). Numbers of degradfion prodyets are-@elected when pH is increased. The

L '.ful'- G '*?El’u- ¥ ﬂuum-l, 4-di!1}rdru-4-uxt}-3+
.If*(/-//ﬁf- \ -of photodegradation depends

AN

on pH. Ciprofloxacin i a-/ I a
Buffer effect on cifroflogacin phe dagion, was investigated at pH 5 using

acetate, citrate and phosphate Buflerss Theresul onfim ed that buffer species has no
effect on degradation proCessl (Taghsained Famr h10 and Ulvi, 1996). Temperature
has no effect on photodegradatidd $ro ict B fion (Tiefenbacher et al,, 1994).

=} o

compound 1l is idents

quinolone carboxylic

Figure2  The photodegradation scheme of ciprofloxacin (a), compound I (b) and
compound 11 (¢) (Redraw from Tomiainen, Askolin and Mattinen, 1997)



C. CYCLODEXTRINS
1. Structure and physicochemical properties of CDs (Loflsson and Masson, 2001)
Cyclodextrins (CDs) are cyclic oligosaccharide containing glucopyranose units
which are linked by -1, 4 linkages. Each glucose unit amranges itself so that secondary

alcohol at C-2 and C-3 and pnmary alcohol at C-6 face outward while hydrogen atoms at

C-3 and C-5 and glycosidic oxyg jon inside the cavity. For this reason, the

central cavity is non-polar. »g cone shape because of the chair

conformation of glucop

Natural CDs are gg

respectively (Figure 37 01 gluCost
formation ability of CIo§” Whe dngide Giamtter of'w, B and y CDs are 5.3, 8.3 and 9.5A,

\ 7 and 8 glucopyranose units,
affect on the diameter and complex

respectively.

r natural CDs, for example, good
complexing ability and low cost_Hewever, #t§ law water solubility is the limitation. The

f-CD has superior

intramolecular ]1}"{1 lll;_-’u.; ‘ l;rr& 1 groups of B-CD reduces

opportunity to form 45 lills, the solubility of B-CD is

limited. Iy 1)
o 8 A8 B ) s i s

hydroxypropyl (HP), methyl (M) and sulfonyl ethcr (SBE). Not unl}r the solubility

N KLY P (011

(RM-B-CD), sulfobuthylether B-CD (SBE-B-CD) and hydroxypropyl B-CD (HP-B-CD).



Figure 3 strucryie.alnat and their molecular dimension (Li

and Purdy, 1992) =5,
St A . J‘_

HP-B-CD is puep: i kalli/ solution and treating with
propylene oxide. The HP-B-CD has Very supenor aqueummlubiﬁtj’ (>600 mg/ml) than
the B-CD (18.5 mg/ml) af 25.°C (Brewster @id Lofisson, 2007). Thus, HP-B-CD has

been used in .ﬂ st Mnﬁsﬂﬂ’]ﬂ‘iumm and Duchene,
ARIAINT UN1ANYI1A Y

THermoanalytical profile of B-CD and its derivatives could be divided in three

part. At ambient temperature 1o 120 °C, loss of water molecule could be observed. From
120-300 °C, B-CD fuses and becomes liquid. B-CD decomposed above 300 °C. This
information is useful for detecting complex formation by applying thermal analysis such
as Differential Scanning Calorimetry (Giordano, Novak and Moyano, 2001).



2. Driving force in complex formation
During complex formation, enthalpy-rich water molecules are expelled from the
CDs cavity. Then, either whole molecule or only lipophillic structure is resided in CDs
cavity (Figure 4). Other involving forces are van der Waals, hydrogen bonding and

hydrophobic interactions. Release of structural strain and changes in surface tension may

- Eﬂi’ﬁcﬂa WEVRETTS
N i asci N REE

THere are various methods of complex preparation such as kneading, melting, co-
evaporation and freeze drying. The technique frequently employed is freeze-drying since
this technique does not involve organic solvent and heat. Thus, the obtained complex is

quite safe and less degraded.
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4. Detection of complex formation
There are several techniques which can be applied to detect complex formation
such as fluorescence, differential scanning calorimetry (DSC), fourier transform infrared
spectroscopy, X-ray crystallography and nuclear magnetic resonance. In this review,

only fluorescence and DSC will be mentioned.

i,

4.1 Fluorescence S
Changes in {luo n wavelength are monitored up
on complex formation. ust contain polarity sensitive
fluorophore. In other wer s'changed according to polanty
of its micro-environ ive and requires low sample
concentration. However omplex can not be obtained by this
method. Fluorescence teck :
ciprofloxacin (Jianbin €l al F2002, - cib: \ nd montelukast (Meras, Mansilla

and Rodniguez, 2007).

4.2 Differential Scanniug Ca!

DSC has beencd ampls
various drugs; such a5‘mie NR) f
al, 2008). The obse o A melting endotherm of drug i 4 isappeared when drug forms
complex becan éiﬁg hous state. To confirm
the result, physﬁﬁ dﬁfﬂm Eﬁ’iﬁ uuns as present in the
complex is lesle as a control. Nogmally, the melting endothermyig peak of drug still

e S NG 5 P4 | B H b} e

amount oflsample. However, there is a limitation due to its sensitivity.

formation n solid state of

d spironolactone (Rajabi et

5. Phase solubility study (Brewster and Loftsson, 2007)
The phase solubility study was described by Higuchi and Connors (1965) as the
relationship between concentration of CDs added and the dissolved amount of drug
(Figure 5). Information from the phase solubility study can be used to confirm
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complexation. Generally, excess amount of drug is added in CD solutions with various
concentrations. The slurry is stimed at a constanl temperature. Al appropriate limes,
samples are filtered and analyzed for concentration of drug dissolved in the slurry. Then,
the phase solubility was constructed by plotting concentration of dissolved drug in molar
on Y-axis against molar concentration of CDs on X-axis. Phase solubility diagram is

I \addmgls linearly increased with

olubility @tagram could be observed when

the complex contains 6nl ‘ olecule in the"CDs. However, positive and

Firstly, type A diagiai
CDs concentration, Ay

negative deviations (Asfindd® ype, respectively) ba found. Ap type diagram is
observed when CDs caytff ¢ 5t molecule; Ay type diagram is
obtained when the complg 1s - I s, ciated at high CDs concentration.

Secondly, type B difigramis” ation of complex with limited

solubility. Curve Bs indicates s
reaches it solubility. Curve Brshiows t

solubility is observedfie————————————————Cp
L7 Y |

drug is increased until the complex
ex 15 insoluble so that no increase of

J
ﬂ‘lJEl’J‘VIEWIﬁWEI']ﬂ‘i
ammnim UAIINYAY
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Conc. of dissolved drug

& ’\\\ ~"~,-'. |
Figure5  Typesofyp // ili m (redraw from Brewster and Lofisson,
2007) ‘% \ \
Association constant uf gw lex is a measure of drug affinity for CDs.
For complex with the 504 _'(m constant (K,,) can be
determined from sldp% f;j ing equation.
.i .

ﬂuﬂq%BMﬁwﬁﬂnﬁ
0 w‘f'ﬁ‘m SalBAANgAAY

Se  is intrinsic solubility of drug
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6. Advantages of complex formation
CDs are very interesting compounds in pharmaceutical research because of their
unique ability to form inclusion complex. Properties of complex are different from those

of free drug molecules and contribute great benefits.

6.1 Control of solubility

The solubility of gugst either increase or decrease upon

p@ml molecule usually is included
into the cavity of CDs ‘puler Stirface of the CDs interacts with
solvent. As a result, th€ Comf -\ solubility of the guest molecule as
descnbed by the A-ty | gram (Yusuff and York, 1991,
Lofisson et al., 1994; miandes, Vieira and Veiga, 2002,
Liu and Zhu, 2006). Ho f the guest molecule observed in
the B-type phase solubility

complexation with CDs.

n'CDs itself have limited solubility.

6.2 Improve stabi
CDs can be used to_emhance"

guest molecule is higiders

especially when reactive part of the
= several reports stated that
CDs could improve di .' et al., 1999), doxorubicin

HCI (Brewster et al., 19

) and astaxanthin '{Yuan etal,

08)

6 mﬂtu.ﬂél.ﬂlﬁlﬂl.ﬁ We ﬂ 9

Accurdmg to the assumption, @nly free drug-exhibits its tastg,thus, CDs inclusion

o} WA IPITOUIAR K BB o o i

taste supﬁ&inn of oxyphenonium bromide by CD complex (Funasaki et al., 1999).

7. Toxicological consideration (Loftsson and Duchene, 2007)
Natural B-CDs are well known for its limit solubility and cause hemolytic; thus,
they are not allowed to be used in parenteral preparation. While, modified CDs, HP-B-
CD, can be used in parenteral dosage form because it has superior solubility. Several
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marketed products containing HP-B-CD such as Sporanox® (ltraconazole), Mitozytrex®
(Mitomycin).

D. Photodegradation

functional groups in drug molecule. catls g wie_ photodegradation, such as carbonyl,

nitroaromatic, n-oxide, alkefiey. ary ' es, weak carbon-hydrogen and

1. Direct pho
Direct photodegfadaionfakes plac 1&n & dmg molecule absorbs photons and
undergoes either bond b :H’; g i ation or energy transfer giving
rise to a molecule at the gragfindState’
Once the drug molecyle ab = , it needs to reduce the energy via

fluorescence, phosphorescence, yersion or energy transfer.  These
i

At et ol

mechanisms are cut" ith” photore: gre ﬁ the drug which absorbs
photo energy may fw;'""" Xperienc ,5’;

2. Phatusensiﬂz? ‘gigradztinn

L
Photo Lﬂ W m ﬁﬂ mﬂ:?her than drug molecule,
such as impurityer addilive, absorbs the photonic energy. These molecules are called
. . q.. .
photos “ﬁu - gﬁ;ﬁl species and pass
the enea t mw d i

Adverse effects of photodegradation
Pholodegradtion not only directly affects drug substance and drug product but
affects human who ingest or contact its degradation products as well. Photodegradation

leads to changes in appearance and efficacy.
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Structure of drug molecule is changed resulting in discoloration. Drug efficacy is
likely 1o be altered according to photodegradation. Ciprofloxacin infusion solution lost
1ts antibactenial acuivity afier exposure to the light (Tiefenbacher et. al, 1994).

Patients, who consume products contaminated with photodegradation products,

may suffer from photosensitiza ity and cancer. Photosensitization is
defined as the abnormal skig 4 to sunlight. Ciprofloxacin is well
known drug causing phoigselisitizationd(Ticierbaches et al, 1994). Photodegradation

product of fenofibrate caminducelied 15 (Vargus and Canudus, 1993).

Factors affecting pl
Yer and ionic strength effects are

Many factors aflg€l ¢ y \.
: \ ® photodegradtion rate constant of

needed to be individually

doxorubicin, daunorubi ' 1"'; ased | the alkaline solution (Wood,
Irwin and Scott, 1990) wWhilg the fate Cof fant of flurosemide is decreased in alkaline
solution (Bundgaard, Nargadrd &hd-Nielson

=L TR :

Light source dnchiding sity and wadeléngth has direct effect on
photodegradation. :y": de 15tanCe between light source and

i

tested samples also affe€t extent of degradation; thus, these factors should be controlled

o T AN NSNS

Tem;:em?’ure effect on photedegradation js reported, forgxample, tetracycline

1 (AR EI ) PEM BOREAT ] v some

quinolongs were found to be temperature independent (Tiefenbacher et al., 1994).

Packaging material plays an important role in protecting drug from light. Amber
glass and aluminium container are well known as a shield for light transmission.
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Protective techniques, such as complex formation, addition of antioxidant,
addition of chelating agent, are employed to retard photodegradation. To enhance
photostability, drug complex are formed with various compounds, for example, CDs and
cetylethylmorpholinium ethosulfate (Kowarski and Ghandi, 1974).

=gradation. Autoxidation is a free radical
ocess, free radicals are generated.

Autoxidation is likely 1o oc

h’f

Prevention of autoxidationseeild. 1 Dy-ai-addition of antioxidant. In addition,

/ '// / ; tard the photodegradation of

T, 1996; Cox, Meakin and Davies,

chain reaction of drug with

chelating agent; such :
minoxidil and prometh::
1976).

ﬂ‘lJEl’JVIEWIﬁWEI']ﬂ‘i
wwmﬂimum'mmaa



CHAPTER 111

MATERIALS AND METHODS
Materials

1. 2-Hydroxypropyl-pB-cycl of substitution ~ 4 molecular weight
~ 1380 (Nutrifirst Big

2. Acetronitnle HPLE rhai

3. Carbopol ETD 20 SA’

4. Ciprofloxacin hydrgg }‘\w rceutical, Thailand)

5. Ciprofloxacin la€lagd(Suppléd by M }w\ G D., Thailand, Lot No.
CL015J06) L

6. Disodium hydrogg sphate (A “Ine ical, Australia)

7. Hydrochloric acid ;

8. Magnetic stirrer (N <s Guaunghou, China)

9. Mueller Hinton agar

10. Nylon Synnge.filtes

1.
12.
13.

d
Sros(ghep PR i a0 pyig 5753067, Us)
15. Tﬁemmm'g

14

Phosphoric .;""‘——"‘—_ “““ —I,;-‘
Poloxamer 407 -.ul'- AS , 11 ,J
Sodium chloride (Merck, Lot No.K28555404 049, Germ any)

Spec

AT A



Equipment

1. Analytical balance (Sartorius model 1615, Germany)
2. Differential scanning calorimeter (NETZCH DSC 822, Mettler Toledo,
Switzerland)
3. Fluorescence spectroscopy (Jasco FP-777, Japan)
4. Franz diffusion cell
5. High-Performance Liquid Chig 1 , ), phy (HPLC) equipped with :
N

- asolvent delivery: e (Lol imadzu Corp., Japan)
~ avariable waVeleneth U\detes 0A, Shimadzu Corp., Japan)

— adata integ

ydzu Corp., Japan)
— an autom imadzu Corp., Japan)

- acomny imadzu Corp., Japan)

/

. Lyophilizer, DugaD

. pH meter (Orion mg 2050110 : pc., USA)
. Stability chamber (E ' ks \ '

10. Turbidity meter, C:
11. UV-cabinet :
12. Viscometer ‘.:i;_:-'.‘:--'-.';;.;'-,,‘"‘—'-";;;:,;“‘.;;-.l;“ @ L Germany)
13. Water bath vr )

6
7. Moisture balance ((Mogdé
8
9

|
W

ﬂ‘IJEI’J'VIEWIﬁWEI'm‘i
Qﬁﬂﬁﬂﬂ‘imﬂﬁﬂﬂmﬁﬂ
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Methods
A. Validation of analytical procedures of drug substance and drug

product
1. Chromatographic conditions
Ciprofloxacin HCI and ciprofloxacin lactate were analyzed using HPLC method
described in USP 31.
Column 2 LuriBhghgmenex® C18 (2) 5 pm 150%4.6 mm
Guard column , n‘ curf¥istlied™ HPLC Guard Cartridge system

Flow rate
Analytical wav
Temperature
Run time
iltered through 0.45 pm nylon

40 min pror to use.

The mobile phase
membrane filter and degassed b

L et

2.1 Preparation o solution

')
About 25 mg of pmﬂuxacm HCl was accuralely veighed and dissolved in the

mobile phase “F»‘] 'ﬂ“ﬂﬁ'ﬁ EfWﬁ WEINTI

2.2 Theﬂrethital 'h:e num‘er, uiﬂnﬁi’rr and % RSD/

Q ﬁﬂ?x&ﬁ ﬁﬁUUr ’QMQ&&M based on 5

replicate ﬂ]jﬂ{:ﬂ{ms.

2.3  Resolution
Resolution is necessary in order to ensure that ciprofloxacin peak was completely
separated from ciprofloxacin ethylenediamine analog. Ciprofloxacin ethylenediamine

analog was prepared by dissolving | mg of ciprofloxacin HCl in 1 ml of 0.1 N HCI and
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diluting with ultrapure water to make an appropriate concentration. The ciprofloxacin
solution was kept in the UV- A cabinet at 30 °C, 75% RH for 6 hrs. The sample was
analyzed by HPLC.

24 Acceptance criteria

Table 1 shows the acceptance criteria for of chromatographic system of
ciprofloxacin HCL
Table 1 The acceptance a for ciprodlosacin HC1 HPLC analysis

e Requirement

Theorethical plate g " lcss than 2500
1lli ot more than 4

Tailling factor

% RSD o2 otmore than 1.5 %

Resolution ' pot less than 6

3. Linearity of HPLC
Stock solutions were p eparce by—welghing 4 mg of ciprofloxacin HCI or
ciprofloxacin lactate -apd disSolving in the ase 4o make 100 ml. The stock
solution (0.04 mg/m| "—l:‘, to make standard solutions
at concentrations of 0. respectively. Three replicates

of each concentration wcll"p analyzed Cah‘brhuon curves were constructed by plotting
::m:wmmm ’T;,I"::‘;'::'l}’:::
“‘”ﬁmmnim URIANYIAY

4. Detenninatlnn of ciprofloxacin HCl in finished products using HPLC (Q2R1)
HPLC conditions were the same as described in 1. *“Placebo™ was defined as

either the physical mixture of 0.15 g/ml HP-B-CD and 18% w/w Poloxamer 407 or the
physical mixture of 0.15 g/m]l HP-B-CD and 1% w/w Carbopol ETD 2020 in PBS pH 7.4.
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4.1 Specificity
The placeboes and the spiked placeboes containing of 0.012 mg/ml ciprofloxacin
HCI were prepared and analyzed using HPLC.

Acceptance criteria:
Under the chrumatugmphlc conditions applied, the ciprofloxacin peak must not be

4.2 Linearity

Appropriated volume 0T Crprofloxacin. H®hsiogk solution was spiked in the
placeboes. pH values of A\ \*\*“ with 0.01 N HCL. Then, the
solutions were further dusted & uh £ & \\\\x&\ oncentration range of 0.006-
0.04 mg/ml. Each concgf o \\\\\w\\
constructed by plotting pedk @: - \‘ % tions and analyzed by linear
regression. The coefTic f detenn -* “ﬂ. \, s 1
The acceptable R?is not : \

ate. Calibration curves were

sed to determine the linearity.

4.3 Accuracy
Five sets of thi iy spiking ciprofloxacin HCI
stock solution in F : 1 ;-‘ of 0.008, 0.010 and 0.02

mg/ml prior to analyze !! HPLC. LIJ

ﬁmw@%@?ﬂ&lﬂﬁﬂﬂﬂﬂ‘i

r.- of recovery shamld be w1thm 98-102 % for cach nominal

“’“""’“ﬁ’ﬁqﬁﬂﬂ‘im UANINYA Y

4.4 Precision

a) Within run precision

The within run precision was determined by analyzed three sets of three
concentrations of ciprofloxacin HC at 0.008, 0.010 and 0.02 mg/ml in the presence of
placeboes in the same day. Concentrations of ciprofloxacin were estimated from peak
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areas and the percent of coefficient of vamation (%CV) of each concentration were

determined.

b) Between run precision
The between run precision was determined by analyzed of three concentrations of
ciprofloxacin HCI at 0.008, 0.010 and 0.02 mg/ml in the presence of placeboes on three

different days. Concentrations of ci in were estimated from peak areas and the

Acceptance critW

The percent of ¢ ‘ariation (%C V) for both within run precision and

B. Determination of eg sxacin HCI and

ciprofloxacin lactatgfnd HE:-B- ] \ I ormation

HP-(-CD in PBS pH 74 aced'in 4 double vessel jacket controlling
lemperature at 37 £ 2 °C #xcess amount of ciprofloxacin HC or
ciprofloxacin lactate was added-t tion. The slurry was kept stirring by
a magnetic stirrer in he dark At & rate time. samples were taken and filtered using
0.45 pm nylon mem Sl § § with the mobile phase to make a

suitable concentration b 3' ore analyzed by HPLC. The stu Hﬁ- were done in triplicate.

C. Char:cte@]auﬁfﬁpwﬂmﬁ:w ﬂ;]!f]?ﬁcnmplex

1. Phase su:l_l]billty atuﬁf of ci r‘ﬂnnﬁ%ﬁmﬁpﬁﬂﬁnnﬂﬁhu with HP-
AN IUNNINER

The studies were performed as mentioned by Higuchi and Connors (1965).
Excess amount (20 mg) of ciprofloxacin HCI or ciprofloxacin lactate was added to 0-100
mM HP-B-CD solutions. Then, each slurry was kept continuously stirming by a magnetic
stirrer and temperature was controlled by a water bath at 37 + 2 °C for 24 hrs. The
suspensions were filtered through 0.45 pm nylon membrane filters and diluted with the
mobile phase prior to HPLC analysis. The studies were done in triplicate.
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The phase solubility diagram was constructed by plotting the concentration of
dissolved ciprofloxacin HCl or ciprofloxacin lactate in molar against the molar
concentration of HP-B-CD. Linear regression analysis was employed to determine the
relationship. The slope was obtained and used to estimate association constant (K;.)
according to the Equation 1.

was filtered through 0.45 [mylon membraatiter and was diluted to 4 meg/ml with
PBS pH 74. The solutici
emission wavelength of
mcg/ml) in PBS w:

Fluorescence intensities &

alyZéd using fluorometer at excitation and
- iprofloxacin HCI solution (4
enice  spectra were obtained.
e spectra of inclusion complex

were compared to that of (g
el
AR

o

3. Determination of gomplex fore r',;f' ‘ ,ll" erential Scanning
Calorimetry (DSC) & i

DSC thermograms __.rr- ;t: » HIP-B-CD, inclusion complex and a
physical mixture of cip i and die) obtained by using a DSC
apparatus with a heati 10 °C Sdask the physical mixture of

ciprofloxacin and HP- ﬂ[ﬁ ciprofloxa and HP43:CD at the same amount as in

the inclusion complex werg.thoroughly mixed in porcelain mortar. Nitrogen gas was

o= A J8 A S R o it

aluminum pan. t}r sealed alummgm pan was used as refcrcnce
MERPIEY N ENE]
D. Fugq:ulatlrlln of clpfr] oxacin e;;] El
1. Selection of gelling agent concentration in the preparations
The study was conducted 1o select desired gelling agent concentrations.
Recommend concentration of Poloxamer 407 is in a range of 15-50 % (Rowe, Sheskey
and Weller, 2003). Therefore, series of Poloxamer 407 gel bases were prepared in PBS
pH 7.4. Varous amount of Poloxamer 407 were added in cold water giving 15-40 %w/w
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Poloxamer 407 solution. The Poloxamer 407 solutions were kept in a refrigerator
overnight to promote the clear gels. Carbopol ETD 2020 solutions in a concentration
range of 1 1o 2 % w/w were prepared by addition of the polymer in water
Triethanolamine (TEA) was added 1o the polymer solutions 1o adjust the pH value 10 7.4.
Then, the gels were left on the bench at ambient temperature until it was fully hydrated.
Appearance and hardness of the prepared gels were evaluated.

2. Preparation of ciproflo ‘ gels
The complex soluti 3 ig 30.4 g HP-B-CD in PBS pH 7.4

— ;i i
wpiafloxacin HCI was dissolved. The

and adjusted to final vol ¥4
'i\\a

mixture was kept stirm

lyophilization were detergifngd WSihE +#PEC and presént as % recovery. % moisture
content was evaluated The experiments were

performed in tnplicate.

To prepare 30 g of gl abputss 20 iilized ciprofloxacin mclusion complex
powder was accurately weighed: “Thea. 1 der was reconstituted with about half
volume of water to i_ com - )A),

L7 ')

Gel base [Pﬁni@]?) was prepared using el mP@x&mer 407 or Carbopol ETD

2020. About 5.4 g of Polgxamer 407 was aggurately weighed and made weight to about

15 g by cold wﬂr%ﬂo@%ﬁ@%&}ﬁﬂ ‘ieﬁigmlnr for 24 hrs to

promote the cleafigel base. In the mean time, 0.3 g of Carbopol ETD 2020 was dispersed
in wat 1% '@ {Hﬂ W}ﬂf‘ ﬁtEI gel was left on
the benchq.mu it was ful dr‘ r {0 use.

Ciprofloxacin HCI-HP-3-CD gels were prepared by an addition of portion A in to

portion B. The final weight was adjusted to 30 g by addition of water. The preparations
were gently stirred to avoid air bubble until homogeneous gels were obtained.
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E. Photostability of ciprofloxacin HCI-HP-B-CD gels (ICH Q1B)

Ciprofloxacm HCI inclusion complex in Poloxamer 407 gel (cip-cpx-
Poloxamer) and ciprofloxacin HCI inclusion complex in Carbopol ETD 2020 gel (cip-
cpx-Carbopol) were prepared to contain 0.15 mg of ciprofloxacin per 1 g gel.

Ciprofloxacin HCI solution, ciprofloxacin HCI inclusion complex solution and the

two preparations were subjected tophotostaili teshng Briefly, samples were filled in

clear and well-closed glass vjals. Samples ed to UV-A with light intensity of
Bxl ﬂ_‘ watlfcmz ar kﬂpl i the gareat 3@°C é

‘-r- #hed and diluted with the mobile

A

Al appropniate i

HCI if necessary. Solutions
ze by HPLC. pH values of
samples were measured aythefbapifinipg id At the & lof experiment using a pH meter.
2 °C was determined at the

ients were done in triplicate.

phase. The sample p
were filtered through 0

Appearance was evaluatedfbyfe

beginning and at the end of expen

F. Stability studies of

Physical and “"?’:f'

ETD 2020 gel were stushed ilatton was weighed and packed in

vials. Samples were kej in the stability chamber at 40 °C"and 75% RH for 90 days. Gel

base and com -:Ejﬂ ﬂ tions as controls. The

preparations w Elﬂ Yrﬁﬂ ﬂm as negative controls.
S'.@'u'ﬂ]:;tf:fq and cn:a_]hnl we&c ﬁuperl tecleiiw ﬁ'ﬂ;]n tmﬁaﬁﬂ IMEI

WD AN AN 1A
emlca] stability was evaluated by determining drug remaining at day 0, 5, 15,

30, 45, 60 and 90. Samples were prepared by weighing 0.5 g of gels, diluting with the
mobile phase, adjusting pH to 3 with 0.01 N HCI] and adjusting volume to 5 ml

P-3-CD gels (ICH QIAR2)

@adiidr 407 and cip-cpx-Carbopol

Solutions were filtered through 0.45 pm nylon membrane prior analyzed by HPLC.
Physical stability of gels was assessed by determination of pH, color and viscosity (at 37
%+ 2 *C) on day 0, 30, 60 and 90.



26

G. In vitro release study of ciprofloxacin from gel

The release of ciprofloxacin HCl from cip-cpx-Poloxamer gel was determined
using Franz diffusion cells. The membrane applied in this study was cellulose acetate
(Spectrapor® MWCO 1,000). The membrane were rinsed by distilled water and soaked in
PBS pH 7 4 for an hour prior to use.

compartment.  Spectrapor® MWEO' \ unted on the Franz cell with the
bar. The temperature was ilating water through a double
vessel jacket surroundix c £t "‘ eiil. Al the appropriate time, samples
were withdrawn from inge and immediately replaced
with fresh PBS. The kno

in order to make analyzablg

\HC1 was spiked to the samples
AN les were diluted with the mobile
phase. Release of ciproflo solution and free ciprofloxacin
HCI solution were also p All experiments were done in
triplicate (n=3).

H. In vitro antimigs pxacig complex gel against
Pseudomonas ‘-"* ; 2

Medium was prépared by weighing thirty eight yﬂls of Mueller Hinton agar in a
two liter flask. e volume was adjusted
to 1,000 ml. Tﬁnﬁﬂ ﬁmmw The agar solution was
sterilized at 121 "C under 15 pou are ingh pressure for 45 min. Twmt}r five
s ALYV D O SN VLEPB ey e
of 90 mm dmnetf:r The agar was allowed to solidify on a flat level surface. The plates

were dnied for 20 min at room temperature.

Twenty-nine strains of Pseudomonas aeruginosa and Pseudomonas aeruginosa
ATCC 27853 were included in the study. The well-isolated colony from each strain was
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inoculated into 7 ml of normal saline (85% wi/v) to obtain the same turbidity as Mac
Farland 0.5 turbidity standard using the turbidity meter.

A sterile swab was dipped into the culture suspension; the excess volume was
removed by pressing and rotating the swab against the inside of the tube above the
suspension level. The surface of Muller Hinton agar was thoroughly swabbed. The
process was repeated three times by It g in the direction of 60° to the previous

moculation.

Sterile stainless cups I “68umm diameters were filled with cip-
cpx-Poloxamer or cip-gpa®Cubtpl, gell (abe 35 02 g). These cups were then
placed on the surface o i */ , R eps. Antibacterial efficiency
of the formulations were & l ¢aAG thatof T \ *cream (1% Silver Sulfadiazine).

All plates were i . C 330 bis. The diameters of inhibition zone
were measured.
(Iaidinid < 2

e h)A

1V ]

.,I .'"
i ¥
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CHAPTER IV
RESULTS AND DISCUSSION

A. Validation of analytical procedures of drug substance and drug

product.
1. System suitability testing of ciproflp: cin raw material
Typical chromatograms @ WA _HC| and ciprofloxacin lactate showed a
single peak with retention time-alfs i émmulﬂs respectively (Figure 6).

Theoretical plate num ution were obtained from five

replicate injections of ci ted in Table 2.

Table 2 The mean apd/staflgdrd deviation igal plate number, tailing factor,

Values

Theoretical plate nliaber 2518 £7.694
Tailling facto = s 2.12+0.007

% RSDL 7 0.17 %

Rnso]utio -ﬁ 14 £ 0.02
coms IR PRIV 6 G o 6 v 1 s

ciprofloxacin etfiylenediamine malo%whjch 15 a knnwn as photudgadaﬂun product of

ciprofl ﬂjmwm ed solution was
analyzed by oma ¢ de solution showed majr:-r peaks with

retention time of 670 and 453 min corresponding to ciprofloxacin and its
ethylenediamine analog, respectively (Figure 7). Therefore, the HPLC analytical method
was indicated to be a stability-indicating assay.
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200

|
100- ;!
i\

min

Figure 7 gragof capidiloxach | standard solution in the mobile phase

2. Linearity of HP,
The calibration ¢ giprofloxacin lactate were showed

in Figure 8. The plots of pgl loxacin HCI or ciprofloxacin lactate

concentrations showed the linea :_..._ tion i the concentration range of 0.006-0.04
mg/ml. The coefficient of a _ .5 for ciprofloxacin HC! and
ciprofloxacin lactate} TESpectively: | £d that the HPLC method was
acceptable for quantila analysis xaem amount in the range studied.

S BTN g e

3.1 Spec

TSSO ATt TR 0 e

corresponding to the ciprofloxacin peak was observed (Figure 10). The result indicated
that the HPLC peak of ciprofloxacin was not interfered by other compounds present in

the formulations.
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SISESET 1 2x + S3R63 299

0.05
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i

mm i —re

Figure 10 aﬁummmmmmm —

rruxturc solution of Pol@xamer 407 apd HP-8-CD (a) and ciprofloxacin HCI

q WA RN IPAE IGr 200

Peaks with retention time of 6.6 min represent ciprofloxacin.

3.2 Linearity

The calibration curves of ciprofloxacin HCl in the presence of placebo were
showed in Figure 11. In a concentration range of 0.006-0.04 mg/ml, peak areas were
linearly related to ciprofloxacin concentration with the coefficient of determination of
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0.999 regardless of types of polymer. Three calibration curves of ciprofloxacin with and
without other additives in formulation were superimposable. Therefore, this can be
implied that HP-B-CD, Poloxamer 407 or Carbopol ETD 2020 did not interfere with the

absorbance of ciprofloxacin.

% > o
b)

; o :f:’
M . -
FUHAY wawaﬁﬁﬁ

ARNAININUNRTINIAY

Figure 11 The calibration curves of ciprofloxacin HCI in the physical mixture of HP-
B-CD and 18% w/w Poloxamer 407 (a) and in the physical mixture of HP--
CD and 1% w/w Carbopol ETD 2020 (b)
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3.3 Accuracy

Accuracy of the analytical method is closeness of test results obtained by the
method to the true values. Accuracy is calculated as percent recovery of the assay to the
known concentration of analyte. In the presence of Poloxamer 407, the percent analytical
recovery of ciprofloxacin was in the range of 98.66-101.12 % (Table 3]L In the presence

ciprofloxacin HCl in the presence

I R% ¥ 0N
Conc. (mg/ml) I ﬁiﬁ W\ N3 Mean + SD

0.008 VL \ 98.30 98.66 + 0.81
0.010 *,r‘:-.; i 99 85 99.49 + 1.06

0.020 6aA4"2 /1 10092 10112+ 0.79

!

y Y

rl
vy Al -J!'-I > .
Table 4 The pm&gag&s of analytical recovery of cipfofloxacin HCl in the presence

98.66 + 0.81

9947

9 0008 063 9932
0.010 101.32 101.90 10039 9949+ 1.06

0.020 101.30 100.80 101.96 101.36 £ 0.58
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3.4 Precision

The within run and between run precision of ciprofloxacin HCl were verified.
Table 5 and 6 showed the data of within run precision of ciprofloxacin HCI analysis in
the presence of Poloxamer 407 and Carbopol ETD 2020, respectively. All of coefTicients
of variation values were within acceptable range 0.70-1.17 % and 0.69-0.94 %. The

ciprofloxacin HCI analysi8 r 407 and Carbopol ETD 2020,

respectively. All of co® wvithin acceptable range, 0.54-
1.39 % and 0.93-1.78 %

the satisfactory betwee

hod used in this study posse

Table 5 The withi
407 and HP-0-C

HCI in the presence Poloxamer

Conc. (mg/ml) SD %CV
0.008 00084  0.0086 - 0085 00001 1.1765
0.01 0.0001  0.9346
0.02 Eozlﬁ 0.0219 " 0.0217 aZIT 0.0002 0.7028
Table 6 Tﬂ\‘u mmm ﬁmm ﬁ the presence Carbopol
ET 2ﬂ2ﬂ and I-IP-B-CB‘hy HIPLC mﬂc}d 'Y
-
0.008 0.0084 0.0083 0.0083 00083  0.0001 0.6928
0.01 00106 00107 00105 00106 00001 09434

0.02 0.0212 0.0211 0.0214 0.0212 0.0002 07194
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Table 7 The between run precision of ciprofloxacin HCl in the presence
Poloxamer 407 and HP-B-CD by HPLC method

Conc. Quantitative analysis of ciprofloxacin HCI
Mean SD %CV

(mg/ml) Day 1 Day 2 Day 3

0.008 0.0084 0.0082 0.0083 00001 1.397

0.01 0.0106 0.0107 0.0001 0541
0.02 0.0216 0.0213 00003 1242
Table 8 elWEE ‘ ) \ \l 0 xacm HCl in the presence
. H‘h‘ﬁ.\
Conc. : 0t
...l\\\\\ Mean SD 2% CV
(mg/ml)
0.008 0.0086 0.0002 1.7831
0.01 ; --"=-'-.='f- : d. 00107 00001 0.9346
0.02 0.0211 00003 1.5259

B. Determination of-equilibrium time of ciprofloxacin HCI and

mﬂ»ﬁwaaﬂaﬂ%@wm:ﬁ%m
GRS AT Yo i

ciprofloxdcin HCI with or without HP-B-CD in PBS pH 7.4 at 37 + 2 °C. The solubility
of ciprofloxacin HCI in the absence of HP-3-CD was determined to be 0.12 mg/ml. In
the presence of HP-B-CD, the solubility of ciprofloxacin HCI was about 0.14 mg/ml at 24
hr. At the beginning, the solubility of ciprofloxacin HCl was increased as expected.
Later on, the solubility of ciprofloxacin HCI stayed almost the same over the studied

period. Figure 12 illustrated that inclusion complex was formed and reached equilibrium
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when drug solubility was constant. Therefore, the equilibrium time for ciprofloxacin HCI

complex formation was determined to be 24 hr.

020 4
= 018 4
15 0.6 4
& 04 <
Z on- \b, ’fd"j-.._.-
B o0
2 oo
'E 0.06 | ""l-“
g om
3
Figure 12 The solubility 8 ¢ ' ! ' 0. ng‘ml of HP-B3-CD (m) and

without HP-B-C _r SpHg 4 487 °C (n=3)

Ciprofloxacin lactale i at of ciprofloxacin HCI. Figure 13
(Appendix B; Table __é?""‘"""‘““"‘""“‘“"‘“’*""ﬁ;'i ity of ciprofloxacin lactate

with or without HP-B- i - 71he solubility of ciprofloxacin
u
lactate without HP-B-CDY was determined to bc 0.12 mg/ml. Ciprofloxacin lactate is well

known for its s However, salt type of
ciprofloxacin dmalmﬂmmm (p>0.05). Equilibrium
time of complex formation can be dét ©onstant solubility’ of drug. The data
oA Wb s AL 8 i

stable. Th fore, preparation time of inclusion cumplcx formation was 24 hr same as

ciprofloxacin HC1.
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020

exproflexacm lactate solubility (mg/ml)

1}

Figure 13 The solubili g/ml of HP-B-CD (w) and

without (
C. Characterization of ciprofi¢ B-CD complex

1. Phase solubility stu¢ r ciprofloxacin lactate with

HP-8-CD

Solubility of ; of agiate was linearly increased as
HP-8-CD concentratiorg iidis B; Table B.2.1 and Table
B.2.2). The observed pﬁc olut vespond@d to A, type profile defined by

Higuchi and Connors {IB.GSATI!: linear phge solubility profile between ciprofloxacin
HCl and }ﬂ’-ﬁwm mﬂoﬂﬁlﬂ?n indicating that the
stoichiometric ratio was 1: jjhawan and Agarwal, 2003). In this study, K;. of
cipruﬂq;n' Ci i ’ ﬁ%ﬁqﬂr calculated to be
e NS
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Figure 14  Phase solul -and ciprofloxacin lactate

(A)inPB

K11 of ciprofloXacigfH@! and<diP:f ‘ 1 complex formation estimated in this

b \ previously reported, i.e. 66.05 M™
d difference was due to difference in
ents. Nijhawan and Agarwal studied

study (1.01x10°M™") waS i
(Nijhawan and Agarwal, Fhe ob

. i e - .
expenmental conditions mainly piwaluc o
ciprofloxacin HCI coi Lo water whnie this stdy investigated the complex
formation at pH 7.4. :

directly proportional to'slope (Equation 1). In addition, “,;I bility of ciprofloxacin HCl in

water is superi §r 3S pk fﬁ i um the latter was smaller
than the romcla‘hﬁﬁﬁﬁﬁﬂ 0 ﬂﬁhﬁ;ﬂ
¢ o v/

AHARIASAS NIBVD I b 1000 v

9.54><1D5M" which was comparable to that of ciprofloxacin HCL.  Solubility of

airinsic solubility while K. is

ciprofloxacin lactate at pH 7.4 was statistically insignificant to that of ciprofloxacin HCI
(ANOVA, p>0.05). In addition, phase solubility diagram of ciprofloxacin HCI almost
superimpose to that of ciprofloxacin lactate meaning that slope almost the same (Figure
14). Thus, K, of both ciprofloxacin HCI and ciprofloxacin lactate complex formation
were approximately the same. This can be implied that salt types did not affect complex
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formation. In the other words, ciprofloxacin base was the moiety group used to form

complex.

Normally, K, is used to evaluate the affinity of drugs for CDs (Lofisson,

Hreinsdottir and Masson, 2005). Ctpmﬂnxacm possesses lwo ionizable groups at the

carboxylic group and the nitrogen an'the pi inyl ring with pKa values of 6.09 and
8.74, respectively (Ross and Riléy, 1990) icroenvironment inside CDs cavity
1s hydrophobic, zwillerion JQISISSa pre nm:mmplcx formation. At pH 7.4,
fraction of zwitter ionic prl | profloxacin lactate were equal,
resulting in formation rextent. Ciprofloxacin HCI is
less expensive than ci loxacin HC] was chosen for
further studies.

2. Determination of co rescence spectroscopy
In this study, the

PBS pH 7.4 was delermined 1o -"‘;;;.

] ks
Xalal

avelength of ciprofloxacin HCI in
, respectively (Figure 15) which were
tively (Jianbin et al., 2003;
CEIprOAeRatio Cl showed two absorption

different form previously reposted: 330
2004). In this study Ale ex
maxima at 273 and "Ix 0 exCited at either wavelength,

fluorescence maxima was uhlamed at 420 nm. The excit [ﬂ ion wa\relmg1h 273 nm was

chosen because m m Shift in emission

wavelength ﬁ'ﬂﬁﬁ ﬁﬁﬁg medium type.
QRANINT R AR A i o

absence afd in the presence of HP-3-CD were compared. HP-8-CD gave no fluorescence
signal al the excitation and the emission wavelengths used (Figure 16). The samples of
ciprofloxacin HCI at 0-100 mM HP-(-CD were diluted with PBS pH 7.4 1o contain 4
mcg/ml of ciprofloxacin HCl. Figure 17 shows that in the presence of HP-B-CD,
ciprofloxacin HCl fluorescence intensities were increased. Upon complex formation,

ciprofloxacin was included in the hydrophobic environment of CDs cavity resulting in an
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increase of fluorescence intensity. The observed fluorescence enhancement was
consistent with the previous observation reported by Jianbin et al., 2003 and 2004.

a)
Tovelensth Cam)
£, Ghe Intens ity 3598
r N ' ’ '
st M o

— d

=0
=0 NS

b)

e eiensth Cmnd
£, 858
B

3086

i
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Hlavelensth €
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Figure 17 111;: uorescence intensity of the same ¢ concentration c floxacin HCI1

q ﬁﬁﬁ‘ﬂ*ﬂﬁ“ﬂmﬁ%‘ﬁﬂﬁﬂﬁ“ oD

al 50 mM (b), 75 mM (c) and 100 mM (d)



3. Determination of complex formation using Differential Scanning
Calorimetry (DSC)
DSC thermograms of ciprofloxacin HCl, HP-B-CD, ciprofloxacin HCl HP-B-CD
solid complex and ciprofloxacin HCl/ HP-B-CD physical mixture are shown in Figure 18.
The thermogram of ciprofloxacin HCI sl .wed a sharp endothermic peak at 325 °C

e

-, -
o

0 qummumm EJ,L w0 s o

| T o]

L ]
2 9 g w2 2 @b 2 2 mi:]

9
Figure 18  The thermograms of ciprofloxacin HCI (a), HP-B-CD (b), physical mixture (c)
and inclusion complex (d)
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The absence of endothermic peak at 320 °C of thermogram of inclusion complex
powder could be explained by 2 possibilities, complex formation and limitation of
analytical technique. The physical mixture of ciprofloxacin HC] and HP-B-CD at the
same concentration as present in the solid complex was prepared. The endothermic peak

of ciprofloxacin HC] was not observed in the DSC thermogram of the physical mixture.

The result suggested that the cip 1C1 concentration in the mixture and in the

In this study, Ay d fluorescence enhancement of

the complex solution n while DSC was not a proper

technique in determinals

Appropriate conceniitignof ¢ liing ‘agen 8 determined based on appearance
and gel hardness. Appeira nfw vt xamer 407 gel was clear viscous but

i -J‘

o~
flowable at ambient temperature: '-" 1ile ation of Poloxamer 407 was higher than
25% wi/w, hard semisolid g

with concentration #8220 anc : '—T-—‘-—#'T-E# % w/w Poloxamer 407 gel

9). Then, the gels Poloxamer 407

ot centration of Poloxamer 407

base gave a clear and S&i :

in the preparation was thosen to be 18% w/w. Carbopol"ETD 2020 gel was prepared by

st s iIZfﬁ”V‘i B W g e
RTINS B

% moistufe content and % recovery of dred powder were determined to be 3.14 £ 0.24 %
and 80.52 = 1.57 %.

Poloxamer 407 gel containing 0.15 mg/g of ciprofloxacin HCl-inclusion complex
(cip-cpx-Poloxamer gel) was a semisolid, clear and transparent gel with no dnug
precipitation. In the same manner, Carbopol ETD 2020 gel containg 0.15 mg/g of



46

ciprofloxacin  HCI inclusion complex (cip-cpx-Carbopol gel) exhibited the same
appearance as cip-cpx-Poloxamer gel. It was less likely to compare with free

ciprofloxacin HCI gel at the same amount of drug because of its solubility.

Table 9 The preliminary study determining appropriate concentration of Poloxamer 407
% Poloxamer (wiw). l Hardness

+

++

+++
+++
4+

+++44

E. Photostability of

Solutions of free ciproflosa:

HCE and ciprofloxacin HCI inclusion complex

e stressed under UV-A at 30 °C to

evaluate the effect of ] 'm-""_?'-!: of 8x10™ watt/cm®at 30
°C . both solutions deg I"P* " S cqfér to yellow (Figure 19). In the

dark, concentration of clp}nﬂuxamn HCl in lhc solution and in the complex solution was

R T
’Q‘mﬁﬂﬂ‘im UA1ANYNAY

solution at the same gonce
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=,
Figure 19  The color prm mwtmn when exposed to UV-A

Concentration tmeProfilesof iprofloxagin HCI solution and complex solution

showed exponential af cipio g acin HC), over. imental period. First order
plots of both solutiongiWerg comEsponding o tonder kinetic (Figure 20, Appendix

B, Table B.3.1 and Tal J typically observed to follow first
order kinetic when light dntefist o r than drug concentration. ka, of free
ciprofloxacin HCI and cipid! mﬁﬁ ‘HEEielusio complex degradation were obtained

Significant d ] NlE were observed when blank
Carbopol ETD 2020 was expased to UV- h It is well

degraded by low after light exposure
(Figure 21). qm’l ﬁﬂmﬂﬂmj observed. However, pH
values al W ., Concentration of
cipm ﬁiﬁdﬁﬁ as ﬁ:ﬁ?ﬁ—rjﬁ over time. The
linear ﬁmt-urder plot indicated that loss of ciprofloxacin HCI in the preparation followed
first-order kinetic with kas0f 0.09 + 0.02 hr' (Figure 22, Appendix B; Table B.3.6).

own that Carbopol polymer is
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Figure 20 'I'he*rst order plot of freé ciprofloxacia, HCI solution (a)yand ciprofloxacin

| WP OHIN B A 0 B



49

Figure 21

Table 10 \SCosiY B Vi ies of blank Poloxamer 407 gel, blank
p T .

Carbopol ETD 2026-gei, < loxamer gel and cip-cpx-Carbopol
gel bofore andBIRFIVEAY ,n=3)
Ap‘ic_ pH i
Formulation ——5 .j.:“l = {hr:}
| Pf“uEJ"'}"r‘F ‘i‘]"’ﬂf ’m'ﬁ“ eer o
I clear 1 Egh‘rﬂ EJ 742 +£0.01 743*0(}2 NA
“EJ W"‘Fﬁ*ﬂ‘ﬂ T WQ%WE}W‘@ P e
clear  yellow 1,997 + 84 744006 742006 009002

I = blank Poloxamer 407 gel, II = blank Carbopol ETD 2020 gel, Il = cip-cpx-Poloxamer gel and
IV= cip-cpx-Carbopol gel
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Figure 22  The first gslc: / ipre L adation in cip-cpx-Carbopol gels
after UV-A gXpg g

| '.K'r:- stability under UV-A light
-‘_ changed after light exposure for 21

Poloxamer 407 “blay
Appearance, pH values an@
hrs. Cip-cpx-Poloxamer gel turits \en it was exposed to UV-light (Figure
21). The viscosity was slightly-dses f 43 + 71.73 10 2,187.36 + 95.96 cP as
light exposure timeiyas increased.  pH values were rémdained throughout the studied
period (Table 10). J"_ ‘
preparation. The lineag'first order plot indicated that ot of ciprofloxacin HCI in the

preparation fol ﬁaﬂ first©rder kinetic with Refs of 0.07 + 0,01 hr (Figure 23, Appendix

wrwens ) WE) MOV NE 1113
MR TUAMINYAE

of ciprofloxacin HCI in the
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InC

In the dark, both pepdraticns it sial and chemical stabilities. No
significant loss of ciprofloxag ,r bservediover the studied period. Moreover, there
were no change in pH value r :

S was an evidence that the preparations
should be kept in a cotaings e

ANOVA " ] “';T‘ whether ciprofloxacin
photostability was mﬂ oed by HP-B-CD. The P-valug “indicated that the kops Of free
ciprofloxacin m cip-cpx-Poloxamer
gel are slgmﬁc %Wﬁﬁmﬁ%m analysis showed that
the rate uunslmt uf’ free drug solwtion and cipcpx-Poloxamery gel is significantly
o) TR TN 4 L) v o

THe ka. of free ciprofloxacin HCl was surprisingly comparable 1o the Keys Of
clpmﬂoxacm HCl inclusion complex. CDs complex formation is shown to promote drug
photostability (Glass et al.,, 2001, Tonnesen, Masson and Lofisson, 2002, Scalia et al,
2002, Pomponio, 2004 and Voulgari, 2007). The 3D structure of ciprofloxacin inclusion
complex obtained by NMR showed that the photolabile part of the molecule; i.e. the
piperazine ring; was not protected inside the HP-B-CD’s cavity (Figure 24, Jianbin, et al.,
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2004). Moreover, the K, value also implied that most of ciprofloxacin molecules were
presented as free drug. Thus, the complex could not totally protect ciprofloxacin from
photolysis.

Figure 24 3D struct sion complex (Jianbin et al.,

2004)
F. Stability studies®f ciprofloXacin HC N D gels
Concentration of ciproffoxacif FIi€Hnglusion complex solution kept in the dark at
40 °C, 75 % RH was not al = 25). Moreover, no degradation
product peak was shown in ck bEOMBLOETAN values and color changes were not

observed. These findings implied that ciprofloxacin in clusion complex was stable in the

Color of blank Cafbepol ETD 2020 gels at 40 °C, 75% RH was not chmgcd over

s owdiy by FHELVA S I B g v e 1

Concentration u?lmpmﬂuxzcm HCl in the cip-cpx;Carbopol gel a@d40 °C, 75% RH was
) 55 66 LB I ) s
other pedk was observed except ciprofloxacin HCl peak probably due to the dilution
effect during sample preparation. In addition, syneresis was also observed. At ambient
temperature, cip-cpx-Carbopol gel also showed instabilities. Concentration time profile
of ciprofloxacin HCI in the Carbopol gel showed gradually lost of ciprofloxacin HCI
(Figure 26). Linear regression with two-sided 95% confidence interval was employed to
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determine preparation shelf life (ICH Q1AR2). The product shelf-life could not be
estimated due to the physical instability of the product.

remaining ciprofloxacin amount
(mg/ml)

B0 100}

Figure 25  Concentration prodile of eipre cumplr.x solution in PBS buffer
pH 7.4 at 40 '

Table 11 hlank Poloxamer 407 gel, Carbopol
ETD 2030 hiank el rm oloxamer eetaid ip-q}x-Ca_rhopol gel
S 4 A\
a1 40 °C, 734 RH i+ 5D, n=3)
' : viscosity (cP)
formulation day 0 : . J day 0 day 90
I &t gel | deargd | | INA| TNA 23438327559 222750% 12371
dcﬂtd syneresis 211543 £ 100.91 NA

'"a YIh m-:zﬁ TSl o

| = blank F oxamer 407 gel, 11 = blank Carbopol ETD 2020 gel, 11 = cip-cpx-Poloxamer gel andIV= cip-
cpx-Carbopol gel
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0.180
2 0.160
0.140
0.120 -
0.100
0.080 -
0.060 -

ciprofloxacin remaining amounl (mg/g)

80 100

Figure 26  Concentrai m cip-cpx-Carbopol gel at
ambient terpperafiiné %C( &) inthe dark

The viscosity, color @hd Elarinror bl dmer 407 gels at40°C, 75% RH did
not change over 90 days’ Poloxamer 407 gel was physically stable
throughout the experiment peric olymer is known to be a stable matenal

ner 407 gel showed good physical
stability. For cip-cp ' 'ﬂ a‘# s, change i colorn . ‘ , pH values and viscosity
5 ‘r',"H for 90 days (Table 11).

Concentration of ciprof} xamn HCI in the preparation v decreased over lime (Figure

27, Appendix H ﬁﬂm ﬂﬁﬁﬂp\l’ gradation product was
not observed effect during sample
preparation. At ambient temperature, the cip-cpgsPoloxamer gebwas physically and

ey ] OV A o o e o

:hanged er the study period (Table 12). Concentration time profile of ciprofloxacin

with thermoreversible prop

were not observed 3

showed a linear profile with a slope close to zero (Figure 27). The result indicated shelf-
life of the preparation was more than 3 months at ambient temperature.
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ciprofloxacin ramainmg smount (mg/g)
S c =
g3

Figure 27  Concentrawéf {4 ‘h:\*\k?‘\;'a\"
ambient g , a E “-_‘%‘.\

cip-cpx-Poloxamer 407 at
dark (n=3)

Table 12 St and piihies o cip.cpx-Poloxamer 407 gel and
y | ature at day 0 and day 90

viscosity (cP)
Formulation day 0 day 0 day 90
11 clear gel 4 2326.32£81.73  2280.63 £ 98.07

[ ; B 12141.31+54.48
v clear gel YL 11413I NA

[11 = cip-cpx-Poloxamer el-l- ','j
|

Loss of g "T 1 ™ ip-cpx-Poloxamer gels at
40 °C, ?S%R]-I%m mﬂmmm chemical instabilities
suggested that the storage conditions®and the excussion conditions%f these preparations
should Bcdfote N Ndpeibonrin ool ZA i@ &-cox- Poloxamer
gel shuwai both physical and chemical stabilities at ambient temperature over 90 days,
the product should be kept away formr heat which was consistent with the recommended

conditions suggested m USP 31, ie 25 and 15-30 °C, for storage and excursion
conditions, respectively.
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G. In vitre release study of ciprofloxacin from gel

Diffusion of free ciprofloxacin HCI through the Spectrapor® MWCO 1,000 was
investigated. The profile illustrated that %cumulative amount increased as time increased
and reached about 41.73 £ 3.10% afier 24 hr (Figure 28, Appendix B; Table B.5.3). The

low observed %cumulative amount implied that the membrane with MWCO 1,000 might

would result in diffusion o piex Pefi=Cirand free ciprofloxacin HCI through

f axacm HCI and release of free
\“\\ﬁ d by the use of membrane with

f ’\
Release profile of cif amplex solution depicted that
' ' \\\ increased with time (Figure 28,

ed 39.76 + 5.31% after 24 hr.

mplex solution showed that the amount of

the membrane. In other ¥
ciprofloxacin HCI from cg
higher MWCO number®

%cumulative amount of
Appendix B; Table B.5.2).

During the first to twentieth hr, He p
free drug in the recgive plriment W an _that of free drug solution.

Complexation is a ;-m“mm‘“' Y rol drug release. This
observation was mnsnst - - { drug from complex is lower
than that of preparation ntammg free drug

.,,..,m@JJﬂ PRIL 1P RT3 R

% cumulative amount of ciprofloxaéin HCl was 4he lowest amofig’ the three samples
Fiwe®), Rk @B Tl Mbubi Lkbh b o5+ 044%
24 hr. *hc reasons for the lowest release profile were two folds. Firstly, free
ciprofloxacin HCI had 1o be release from the complex. Secondly, the free drug diffusion
rate was retarded by viscosity of gel preparation. No lag time was observed in any
profile implying that free ciprofloxacin HCl was present in equilibium with
ciprofloxacin HC1 complex in the system at the initial time.
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Figure 28  The % O passing through a membrane

MWCO 1,980 o cip-cpx-Poloxamer 407 gel

(#), from coy \ -_ ciprofloxacin HCI solution

5 plotted against square root of time.
onstant (Figure 29).

Cumulative amount of @
Higuchi equation was -w- G

.'I # N I,,.
i ¥

ﬂuﬂmm Bl
ammnﬁ’tﬁ‘ﬁﬁmwmaﬂ

Thc release rales were determined from slopes of the plots to be 3.29 and 2.82
mgcm’ *hr'* for complex solution and gel preparation, respectively.
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¥=32928x- 1249 y=28184x-2273
R’ = 0.9858 R = 0,943

Figure 29  Higuchi piot gf'ci acingélease fic -cpx—l-"oloxamer 407 gel (A)
ion (m '

and from €0mplexSaluyion
"
'in complex gel against

NN

i

H. In vitre antimicrok

Pseudomonas aerugifosa. - -

The antimicrobial fﬁ: “of Jloxacin-complex-Polxamer 407 and
ciprofloxacin-complgx-Carbopoel ETD 2020 preparationsawere performed. One standard

and 29 clinical isolated St :L}j‘* ere included in this study.
Ul

. Al . i
The diameter of clear zggle was measured 10 indicate antibigeterial activity.

S TYTYEAEITTONG T TR0 S—

when tested with'blank gel bases (Figure 30). The Anhihitiun zones were observed when
et QUM BN A P Qs
strains. 'hile no zone or very small zone size was observed when tested with
Dermazin™ cream,

The diameter of inhibition zones were observed when tested with cip-cpx-
Poloxamer and cip-cpx-Carbopol. It was shown that both gels had antibacterial activities
against susceptible Pseudomonas aeruginosa. However, among the 29 tested strains,
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strains were determined 1o be ciprofloxacin resistant strains. [l was shown that

ciprofloxacin gels as well as Dermazin™ could not inhibit such strains.

Dermazin™ cream is 1% silver sulfadiazine. Silver sulfadiazine has an
antimicrobial activity toward both gram positive and negative microorganisms including
- gold standard treatment in topical bum

Waasberg % However, silver sulfadiazine was
reported to delay the woué odess @es the serious cytotoxic activity

on various cells (Atiyeh €l

To evaluate reparations, the diameters of

clear zone were measul . Table 13. Cip-cpx-Poloxamer gel
i the cip-cpx-Carbopol gel. This
can be implied that the cipgdfloXagi i0)i ._ \a‘~ plex Poloxamer 407 preparation’
had better efficacy against J#Pseudomonas -*;u psa.  However, statistic was not

=
included to estimate the differe ﬁ.:"'

showed larger diameter ighibf

A

Comparing th€snhibit 201} .:.1';.:.:.:.;;;;:;.:;:.‘..:;.:;.P.i Cl inclusion complex gels
showed much better s [};- widely known that different
vehicle may affect release of drug. Creams has slower re edse rate than gels (Csoka et al.,

2005). Thus, in Ty ﬁs{ inhibiionzang or very small zone.
However, it is Mhmﬁl i Hﬁ ﬁﬁflﬁe the limitation of this
study because it %impum‘ble to find éthers gels used in topical burm wound treatment.
YWIANNIUHNNRIINEIQE
Inqsht}rt, ciprofloxacin inclusion complex Poloxamer 407 gels seem 1o be an

appropriate in the treatment of bum wound. More intensive clinical studies are needed to
be evaluated before applying to human.



r}g !
Figure 30  In vitro antimi objal Activity pX- poloxamer gel (a), blank
Palﬁxmr gels %_m gel (c), blank Carbopol ETD
2020 (dhand Denr

—_— 2

J i
ﬂuﬂqwﬂwSWﬂWﬂﬁ
AMIANTUNNIINYAY
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Table 13 Inhibition zone size observed when tested against Pseudomonas aeruginosa
Diameter of inhibition zone (mm)
Strain blank Poloxamer hiank dp::::;ﬁh- ci]:l;nmll;:::jn-
gel g;nrh:g:; Poloxamer Carbopol Dermazin™
407 gel ETD 2020 gel
ATCC 25.46 9.45
Ps 2 30.96 13.11
Ps 5 27.21 915
Ps29 32.09 12.50
Psd 2 26.27 12.65
Psd 3 26.52 11.67
Psd 4 30.39 11.85
Psd 5 3130 12.29
Psd 13 29.53 nz
Psd 15 3558 12.97
Psd 16 26.82 nz
Psd 15 36.6 35.58 12.97
ﬂﬁmwﬂmwmm ue
Psd 15 3663 5 58 12.97

Ped 16 Qﬁqﬂﬂﬂ‘imﬂﬁﬂ%ﬁﬂﬁﬁﬂ &

Psd 23
Psd 24
Psd 25

Psd 26

3046 25.69 9.88
nz nz 21.08 23.20 nz
nz nz 34.93 30.98 13.32
nz nz 28.82 26.65 10.19
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Table 13 Inhibition zone size observed when tested against Pseudomonas aeruginosa
(cont)
Diameter of inhibition zone (mm)
Strain ciprofloxacin- ciprofloxacin-
blank Poloxamer complex- complex- Dermazin™
Carbopol
ETD 2020 gel
Psd 27 24 85 11.68

Psd 1* nz o
Psd 7% Nz nz
Psd 8* nz nz
Psd 10* nz nz
Psd 12* nz nz
Psd 14* nz nz
Psd 17* nz nz
Psd 28* - nz nz

-

* ciprofloxacin-resistafitst

W iF
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CHAPTER V

CONCLUSIONS

This research aimed to develop HP-B-CD inclusion complex gels as a secondary

treatment for patients with topical :41. s infection. The inclusion complex was

expected to improve photostab _\\_\ . | a J /I | and release adequate amount of
free drug in order to inhibit the'patliogen. —-"'-.,

In PBS 74, was evidences of complex
10°*M™, for HCI and lactate

aflox@ein was present as free drug.

formation. The estim

Furthermore, phase solubi ﬁr b st \ penmpnsable, thus, salt type of
ciprofloxacin showed fio @ifegt on Tomplex 40 '.\ . The observed fluorescence
enhancement of ciprofloXaci@d@ HCE. st 1h pr ende of HP-B-CD confirmed that the

cgssfully prepared using 18%
w/w Poloxamer 407 & UV A light with intensity
8x107* watt/cm?, ho rcparauuns showed chemical ‘mstability with 88% and 75%

— mﬁmﬁﬁ N
n Wﬂ@‘@ﬁ?ﬁ]ﬂ%ﬂ ﬁﬂé w&fl}:ﬂ‘:ﬂm in. cip-cpx-

Poloxamér and cip-cpx-Carbopol gels, respectively, gradually degraded. Moreover,
viscosity of the cip-cpx-Carbopol formulation was decreased due to syneresis. In dark at

CiprofloxaciasHCl inclusior complex gel “Were sucer

N
e
f

ambient temperature, ciprofloxacin HCl concentration and viscosity of cip-cpx-

Poloxamer preparation was not significantly changed over 3 months.



64

Ciprofloxacin HCI could be released from its inclusion complex solutions and
from the cip-cpx-Poloxamer preparation. The release profiles were in agreement with
Higuchi model. The release rate constants were 3.19 and 2.82 mg ecm™ hr™ for inclusion

complex solution and Poloxamer 407 gel, respectively.

Ciprofloxacin HCI inclusion complex gels were able to inhibit ciprofloxacin

sen ciprofloxacin HCI and HP-B-CD could
oreover, needle crystal of
N N

1 pH 74, Polxamer 407 possessed the

sduct development Pre-clinical

ciprofloxacin was not Touad }

appropniate properties v

and clinical studies are and efficacy of the preparation.

AULINENINYINS
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A. System suitability and validation
A.1 The calibration curve of ciprofloxacin HCI in the mobile phase

set 1 set 2 set 3
Conec. Conc. Conc.
mgm) P mgm) P (mgmpy P
0.042 3196160 3211298 0041 3183749
0.025 2002267 200 1985128  0.024 1871759
0.017 1339038 s 0. 0016 1330266
0.013 — 0012 988639
0.006 0.006 514087
A2 The calibr# onglin f Gipte -’_\ K\\\K e mobile phase
= 7/J]. 7% NN
Conc. ’ Conc
peak area
(mg/ml) rig/vil (mg/ml)
0.043 3459931 i 040 301 0.044 3488581
0.026 2022671 o dons 0026 2157130
0.017 0018 1456312
0.013 0.013 1023548
0.006 0.007 577046

ﬂ'lJEl’J‘VIEWIﬁWEI']ﬂ‘i
ammnim NN Y
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A.3 The calibration curve of ciprofloxacin HCI in the presence of HP-B-CD and

Poloxamer 407 in the mobile phase

set | sel 2 set3
Conc. Conc. Conc.
peak area peak area peak area
(mg/ml) (mg/ml) (mg/ml)
0.042 3271859 0.043 3292936 0.042 3246003
0.025 1997211 y 1954691 0.025 1976820

0.017 1287790 s 0, 0017 1239429

0.012 0.013 976701
0.006 0.006 476438
A4 The calibri (& gljcipraflo: i the presence of HP-8-CD and
Carbopol '
set 1 set3
Conc. Conc.

(mg/ml) gl N
0.042 0.043 3272377
0.025 0.026 1910969
0.017 0.017 1259071
0.013 0.013 9BRB323
0.006 0.006 523123

AULINENTNEINS
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B. Experimental data

B.1

Determination of equilibrium time of ciprofloxacin HC| and ciprofloxacin

lactate and HP-B-CD

Table B.1.1 The solubility of ciprofloxacin HC| without HP-B-CD in PBS 7.4 at

72

Solubility of mpmﬂoxacm HCI (mg/ml)

Time (hr) Mean SD

0 0.00 0.00
1 0.12 0.01
3 0.12 0.01
6 0.12 0.00
8 0.11 0.01
12 0.12 0.01
16 0.12 0.03
20 0.12 0.01
24 0.11 0.00

PBS 7.4 .';':‘
Time (hr) _—-A "4l Mean SD
Set3

0 0
1 ﬂﬂﬁlﬁl 'ﬂnﬂﬂﬁquﬂf a6
0.02
fﬂ 1 ﬂﬁﬂimuﬁqﬂﬂﬂ?ﬁ 2l oo
0.14 0.14 0.15 0.14 0.00
12 0.13 0.13 013 0.13 0.00
16 0.17 0.12 0.12 0.13 0.03
20 0.11 0.08 0.16 0.12 0.04
24 0.11 0.11 0.14 0.12 0.02

15

g presence of 0.15 g/ml HP-B8-CD in



Table B.1.3 The solubility of ciprofloxacin lactate without HP-3-CD in PBS 7.4

at37+2°C
Time (b) Solubility of ciprofloxacin lactate (mg/ml) .
Set 1 Set 2 Set3
0 0.00 0.00 0.00 0.00 0.00
I 0.11 0.11 0.11 0.11 0.00
3 0.11 0.11 0.11 0.00
6 0.11 ' 0.10 0.01
8 0.09 0.00
12 0.10 0.01
16 0.11 0.01
20 0.11 0.01
24 0.11 0.02

Solubility of ciprafla

Time (hr) - 7 Mean SD
0 ."_5' . 0.00 0.00

1 012 0.1 ! 0.12 0.00

3 10 0.01

‘ ﬂ‘HnFJ’J wcam'mmn'su 001
8 Yo 0.04
QRIRINTUNN NN Y o
0.12 0.13 0.10 0.13 0.05

20 0.16 0.15 0.13 0.13 0.02
24 0.12 0.11 0.11 0.12 0.03

76
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B.2 Phase solubility study
Table B.2.1 The solubility of ciprofloxacin HCl in PBS pH 7.4 a1 37 4 2 °C afier 24 hrin

the presence of 0-100 mM HP-3-CD
HP-B-CD Solubility of ciprofloxacin HCI (mM)

conc. (mM) Set 1 Set2 Set 3 HieR =0

0 023 022 023 023 0.00

50 036 0.37 0.04

75 043 0.42 0.01

100 0.49 0.45 0.03

Table B2.2 The solubilj Actalc in PBSpH 7.4 at 37 + 2 °C after 24 hr
in the pma ar
HP-B-CD

conc. (mM) Mean sb
0 0.26 0.04
50 033 0.03
75 _ 0.38 0.01
100 % 047 0.54 0.06

ﬂ‘lJEl’JVIEWIﬁWEI']ﬂ‘i
wwmﬂimum'mmaa
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B.3 Photostability of ciprofloxacin HCI-HP-3-CD gels
Table B.3.1 The remaining amount of free ciprofloxacin HCI solution when exposed to

light
Set 1 Set 2 Set3
Time Conc. Time Conc. Time Conc.
(hr) (mg/ml) (hr) (mg/ml) (hr) (mg/ml)
0 0.076 0 0.086
05 | 0.078
1 2 0.062
2 3 0.054
3 4.5 0.046
45 6 0.037
6 8 0.031
8 9 0.026
9 10.5 0.022
10.5 12.5 0.018
12 14 0.014
15

AULINENINYINS
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Table B3.2 The remaining amount of ciprofloxacin HCl complex solution when

exposed to light
Set 1 Set 2 Set 3

Time conc. Time conc. Time conc.
(hr) (mg/ml) (hr) (mg/ml) (hr) (mg/ml)

0 0.080 0 0.080 0 0.086

0.5 0.074 0.072 0.5 0.075

1 0.069 : 0.073

2 0.062 2 0.072

0.060

4.5 45 0.042

6 6 0.035

8 0.033

9 0.024

10.5 10.5 0.18

12

.-:_J 4

Table B3.3  The viscosity uf Ca .. —F :

E 020 blank gel afier exposed to the light

Time (br) o -fl' Mean sD

0 201345 86 15.02{'] 1845.99 148.47
8 560.3% o, 49551 505.23 476.31 115.24

2 ﬂ‘lﬁ%l’él'ﬂ&i\'ﬂﬁﬂﬂ']ﬂ‘im i

Time (hr) Setl Set2 Sei3 Mean SD

0 2156.84 1986.73 2198.67 2114.08 112.25
21 2023.43 2189.34 1989.25 2067.34 107.03
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Table B3.5 The viscosity of cip-cpx—Carbopol gel after exposed to light

Viscosity (cP)
Time (hr) Setl Set2 Set3 Mean SD
0 1963.78 2093.37 1934 .81 1997.32 8443
8 483 .88 35747 587.58 476.31 115.24
21 NA NA NA NA NA

dark

Time (hr) Mean SD
0 0.149 0.004
21 0.149 0.002
Table B3.7 cin HCI in cip-cpx-Carbopol gel

e |
Time (hr) ' /g s Mean SD
t1] ¥4  Set2 @/  Set3 -
0 6 6]l ¢ o016 0.00
Y
3 0.10 042 2013 ad11 0.02
N W) ITEE AV 2 B 61 oo
9 9 0.09 0.06 0.08 0.08 0.02
14 0.04 0.04 0.05 0.04 0.00
17 0.03 0.04 0.02 0.03 0.01

21 0.02 0.03 0.01 0.02 0.01
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Table B3.8 The viscosity of Poloxamer 407 blank gel when exposed to light

Viscosity (cP)
Time (hr) Setl Set2 Set3 Mean SD
0 2356 40 2414.52 2266.40 2345.77 74.63
8 223996 2137.33 2374.10 2250.46 118.73
21 2310.06 239769 223445 2314.06 81.69

Table B3.9  The viscosity

Time (hr) Mean SD
0 214598 126.78
21 2241.30 128.09
Table B.3.10 The viscosi¥ o fc en exposed to the light
Time (hr) Mean SD
0 2424 82 2343.13 71.73
8 2412.98 24 - 2365.18 99.05
21 21Qe22 215807 2308386/ 2187.36 95.56
Table B3.11 The rema

me ‘ 1
Y g

SD

0.15

0.16 A 0.01

ARIRINTRUVIING1HE on
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Table B.3.12 The remaining amount of ciprofloxacin HCl in cip-cpx-Poloxamer gel

when exposed to light

Ciprofloxacin HCI remaining conc.

Time (hr) (mg/g gel) Mean SD
Set 1 Set 2 Set 3

0 0.16 0.16 0.16 0.16 0.00

3 0.11 0.12 0.12 0.01

6 0.10 0.10 0.01

9 0.09 0.09 0.00

14 0.06 0.06 0.00

17 0.05, e 0.04 0.02

21 0.05 054 N\ N0 0.04 0.01

Table B.3.13 pH values off

hefore and after light exposure

Formulation 3 average  SD

ciprofloxacin solution .37 7.31 0.07

7.23 7.23 0.02

ciprofloxacin complesd < initial o 73 x 73 0.02

solution ot 725 006
.:I

imitial T7.48 747 7.48 0.02

" “""'P“‘“”Fﬁﬂl W) Elvﬂﬁwmﬁ‘i 738 oo

»<REARNTUYNININAY
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Table B.3.14 The ke, of ciprofloxacin photodegradation in various dosage forms

Formulation Keta (B Mean SD
Setl Set2 Set3
I 0.1106 0.1147 0.1256 0.1170 0.0078
1 0.098 0.0968 0.1031 0.0993 0.0033
11 0.0553 0.071 0.0733 0.0665 0.0098

IV 0.0926 0.0964 0.0202

Table B3.15 ANOVA fomt helodegradation in various dosage

forms

Source of Variation / 7 of 8 , res Wquare F p-value
Between Groups ; %\ 0001 9120  0.006
Within Groups 0.0001096

Total , / d\

.1' .f"

iz
A

.;f:' |;‘
..i

ﬂ'lJEl’JVIEWIﬁWEI’]ﬂ’i
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Table B3.17 Tukey HSD test of the k., of ciprofloxacin photodegradation in various

dosage forms

Formulation Formulation p-value
| 11 0.338
111 0.004
v 0.231
0.338
0.041
0.990
0.004
0.041
0.062
0.231
0.990
0.062

~ at the 0.05 level.
02020 gel, Il = cip-cpx-Poloxamer gel

* The m:
1= blank Poloxamer 407 ¢, J

\ v_. |;-'d

¥
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B4  Suability studies of ciprofloxacin HCI- HP-B-CD gels
Table B4.1  Viscosity of Poloxamer 407 blank gels at 40°C,75%RH

85

Viscosity (cP)
Time (hr) Setl Set2 Sed Mean s5D
0 2288.50 2313.02 2429.96 2343.83 75.59
30 2155.73 223474 235374 2248.07 99.68
60 2414.52 - 2372.03 112.86
90 2289.13 2227.50 123.71
Table B4.2 Viscosily.s 75% RH
Time (hr) Set Mean SD
0 23200 2252.20 91.55
30 2157.72 2264.48 113.92
60 2414 .5 . 233474 84.38
90 2290.38 e e e 2259.40 72.52
Table B4.3  The concentration & £ipiro] 1 in cip-cpx-Poloxamer gel at 40 °C,
75% RH
Time (days) : (mg/g ge ! Mean SD
Set] ¥4 Set2 @/ Set3
0 ﬂ%&lﬁﬁﬁ‘lﬁ%&ﬁf‘ i
l‘.} 16 0.00
QW RN TRUN BN RY oo
0.15 0.15 0.15 0.15 0.00
45 0.15 0.15 0.15 0.15 0.00
60 0.14 0.16 0.14 0.15 0.01
90 0.14 0.12 0.14 0.13 0.01




Table B4.4 Viscosity of cip-cpx-Poloxamer gel at ambient temperature.

Viscosity (cP)
Time (hr) Setl Set2 Setd Mean SD
0 2331.03 224233 2405.59 2326.32 81.73
30 231197 2276.86 2204.56 2264 .46 5477
60 2311.98 2289.13 2030.67 221059 156.24
90 2169.19 2318.95 2280.63 98.07
Table B4.5 The concentratiomefCiproflc m g’p—cpx-Pnluxanm* gel at
ambient lempera

Time (days) el \ \ Mean SD
Set 1 Se

III.E‘:"‘ ‘\ m\

0 0.1 \. x{ N\ 0.16 0.01

0.16 ' 0.16 0.00

15 0.15 Ly 0.15 0.00

30 0.15 BA5 . -+ : 0.15 0.00

45 0.16 S\ 2/ 0.16 0.01

60 AT g ys NN L. 0.15 0.00

90 045 £ os 0.00
- -

¥

Table B4.6 M‘c}%ﬂ%@uﬂ&q ﬂﬁ: 75% RH

Viscosiy (cP) a
T QA VIFRTIEI 60 0
2228.17 2033.54 2084.58 2115.43 100.91
30 1778 88 1641.68 1639.37 1686.64 79.89
60 129530 1126.46 1218.70 121349 84.54

90 NA NA NA NA NA
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Table B4.7  Viscosity of cip-cpx-Carbopol gel at 40 °C 75% RH

Viscosity (cP)
Time (hr) Setl Set2 Se3 Mean SD
0 2103.07 2228.17 2017.83 2116.36 105.79
30 1828.79 1842.16 1641.68 1770.87 112.09
60 1259.13 101591 1086.52 1120.52 125.13
90 NA NA NA
Table B48  The remaini -1_- of gi m&ﬂ in cip-cpx-Carbopol gel at

40°C, 75 %™

CI]J N AL 1. \ \'\:*\.‘.,] =
Time (days) {{% \\\ Mean SD
— Ilf ﬂ,.g, )\

0 0.15 0.15 0.00

0.15 0.15 0.00
15 0.15 0.15 0.00
30 0.14 0.14 0.00
45 0.13 0.14 0.01
60 L] 0.13 0.01
90 0.11 0.02

SD

E\ ] 54.48049

30 9 1931.34 2004.23 1895.13 1943567 5556817
60 1343.03 1430.25 1289.36 1354213 71.10765

90 NA NA NA NA NA
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Table B4.10 The remaining amount of ciprofloxacin HCl in cip-cpx-Carbopol gel at

ambient temperature

Ciprofloxacin HCl remaining amount

Time (days) (mg/ g gel) Mean sD
Set 1 Set 2 Set3
0 0.15 0.15 0.16 0.15 0.01
0.15 0.01
15 0.15 0.01
30 0.14 0.01
45 0.15 0.01
60 0.13 0.02
90 0.13 0.01
Table B4.11 pH values'™of
Formulation Mean SD
I 7.52 0.05
7.43 0.05
1l 746 0.04
7.52 0.05
111 . 747 0.07
final € & 736 7.45 7.41 0.05
v ﬂ%ﬁl’l%ﬁvﬂ'ﬂ%ﬂ EARIT 70 0w
7.38 ¢ 7.40 o 742 J.dﬂ 0.02

& Plads gel and IV = cip-
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Table B4.12 pH values of tested samples at ambient temperature

Formulation 1 2 3 Mean SD
I mitial 7.38 741 748 7.42 0.05

final 7.44 7.49 7.52 7.48 0.04

1 initial 7.54 7.47 7.56 7.52 0.05
final 7.45 755 761 7.54 0.08

11 = ciprofloxacin HCI complex in Poloxamer407 geliand 11 = ciprofloxacin HCI complex in Carbopol

ETD 2020 gel

.
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B.5 In vitro release study of ciprofloxacin from gel

Table B5.1 The release data of ciprofloxacin HCI from cip-cpx-gel

90

% Cumulative release of ciprofloxacin HC1

Time (hr) Mean SD
Set | Set2 Set 3
0 0.00 0.00 0.00 0.00 0.00
1 1.94 2.08 2.09 2.04 0.09
2 377 342 315 0.79
3 425 4.78 0.80
4 6.28 6.93 0.64
5 8.35 1.23
6 10.81 3.21
7 11.80 1.90
8 13.03 1.22
12 17.46 0.55
14 20.18 0.70
16 2073 0.30
18 27.46 1.54
20 28.94 0.78
24 32.63 0.44

AULINENINYINS
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Table B.5.2 The release data of ciprofloxacin HCI from inclusion complex solution

% Cumulative release of ciprofloxacin HCI

Time (hr) Mean SD
Set 1 Set2 Set3
0 0 0 0 0.00 0.00
| 5.31 5.71 5.05 536 0.34
2 8.11 7.69 741 7.73 0.35
3 11.65 10.94 \ | 10.73 1.03
4 12.42 ; 13.10 0.68
5 12.94 14.26 1.28
6 19.81 17.86 2.74
7 17.92 18.42 1.44
8 18.00 20.10 1.87
12 23.65 2531 292
14 26.06 28.01 2.70
16 28.13 30.25 2.80
18 28.42 31.20 3.50
20 29.59 33.70 394
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Table B.5.3 The release data of free ciprofloxacin HCI solution

% Cumulative release of ciprofloxacin HCI

Time (hr) Mean SD
Set 1 Set 2 Set3
0 0.00 0.00 0.00 0.00 0.00
1 7.53 9.25 8.12 8.30 0.88
2 13.50 14.20 13.11 13.60 0.55
3 15.28 50, 14.87 15.22 0.32
4 19.46 45 ' 19.61 0.78
5 19.61 20.34 1.90
6 27.00 26.66 1.38
7 2831 27.42 117
8 2831 28.77 1.56
12 2831 2880 152
14 33.20 34.66 127
16 3320 34.66 1.27
18 37.46 36.48 0.88
20 1746 W R 37.15 1.23
22 3746 : 3715 1.23
24 18.72) 41.73 3.10

""';‘
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