CHAPTER 11

LITERATURE REVIEW .

1. Literature revie:

Minoxidil, , 1S a strong vasodilator used

for treatment of re "has gained the attention of

dermatology becausg ichosis in most patients who

received systemic therape L or longer (Dargie, Dollery, and

Daniel, 1977). In one @ s Case' oticed that body hair became more
¥ # Ve

profuse, longer, coarser and darkét. part on the forearms (Burton and Marshall,
m

1979).
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Figure 1. Structure of minoxidil (CoH;5NsO, MW = 209.3)
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Weiss et al. (1984) reported that in 48 patients with alopecia areta treated
with 1% minoxidil topical solution, twenty-five patients had terminal hair regrowth.
In 11 of these 25 patients, it was cosmetically acceptable. Hair regrowth began
approximately 2 months after the initiation of treatment and was not uniformly well
maintained after the treatment was terminated. No systemic side effect was seen.
Also, several studies have indicated that patients with male pattern baldness using
Zy increase in the number of terminal hairs

‘ }987; Rumsfield, West, and Fiedler-

topical minoxidil solution show

Shupack et al!
or type IV male pa
concentrations of topi :
patients using 0.1%, 1% ‘topical mi 1] Solutions showed a significantly

greater difference in the mleafl inctéase of hb S hair growth in comparison with

those using 0.01% minoxidil or place “Morcover, there was a clear dose-response
correlation for the increase oti‘;!jhsmcc ‘ in the 0.1%, 1% and 2% minoxidil
treatment groups. Lﬁoweveffgf;f;ﬁ ;)a& - tree vith-1% and 2% solution were
clinically perceptiblesifi-hair growth: 7) also reported that 2%

minoxidil solution wa‘;}q' ;
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divergent diseaggs as alopecia areata and alopecia androgenetica are that it either acts
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effect on.cellula ction. " There 'was no any evidenc a Syst androgen effect
(Weiss et al., 1984). In vivo, topical minoxidil therapy was associated with changes
in the follicular epithelium, suppressed effect of lymphocyte-mediated immunologic
phenomena and reopening of previously closed lumina of perifollicular vessels

(Fiedler-Weiss, 1987)



In 1984, there was a 1% minoxidil solution used at Torbay hospital which
was prepared from Loniten® tablets in mixtures of propylene glycol, indrustrial
methylated spirit 95%, IMS and purified water. This preparation has been routinely
assayed using a reverse phase HPLC method which comprised of Spherisorb 50DS
column, a mixture of 75 : 25 acetonitrile : 0.01 M KH,PO, as solvent, adjusted to pH
3 with phosphoric acid, dectected with UV spectrophotometer at 280 nm and flow

Stability data a@gn@! m@t minoxidil did not undergo any
|

chemical degradationyh e'solution developed a slight yellow

rate was 2 ml/min.

coloration after 3 ing (Haines-Nutt, Adams, and

Bendell, 1984).

F iiasas, -,
From this study, it was found' dil preparations containing propylene glycol

metal impurities inTBropylene themselves. However, the
p |

reaction could be 1nhlb;,ted by addlng a chelatmg agent, 0.01% EDTA sodium and/or
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In man 97% of orally administered minoxidil was excreted in urine, but urinary

excretion of 1% and 5% solutions of minoxidil labeled with *Carbon following two
single applications was low, with mean values ranging from 1.6-3.9% of applied dose
(Franz, 1985)



Other studies were done in patients with alopecia areata or alopecia
androgenetica. These patients were treated with topical minoxidil 1%, 3% or 5%
once or twice daily. Serum minoxidil concentrations very rarely exceeded 5 mcg/l
and were frequently below detectable levels (Fiedler-Weiss et al., 1986; Novak et al.,
1985; Weiss et al., 1984).

level of percutaneous absorption

Animal studies have conf )
(between 5 and 36%) ed .;hatﬂ and monkeys 30 to 78% of an

administered dose

_ ter (2.2 mg/ml), but slightly
soluble in ethanol (29Mg/m])fand g A ol mg/ml), the most frequently
used solvent in toﬁic As et inece topical minoxidil solutions
ene glycol 20% and water, volatile
ethanol and water could p;(_y;&-v e, | the application site. It caused
relatively rapid composition.’ r 3 ence the thermodynamic activity of

minoxidil in the vel?ﬁle wasfd"fgﬁﬁ' thro I s ges a rystallization might occur.
\ : .

Chiang et aljl“ ) ha “this ;ﬁnomena by observing crystal

formation of minoxdil esolutlons under a mlcroscope and following the weight of

minoxidil sol %ﬁﬁ}&ﬂg&j%‘%ﬂt Er}(w)ﬂiﬁat 65% of the weight of

the solution vehicle evaporated after the first 30 minutes and about 75% evaporated
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These were accompanied to and confirmed the results from the study that

the flux of minoxidil increased systematically from 0.5 to 3% concentration and then
fell back abruptly at 5% concentration. In addition., there was no significant
difference in the flux of minoxidil when its concentration in the non-volatile

component, propylene glycol, was kept constant. This suggested that the evaporation



of the volatile ethanol and water in the vehicle played an important role in the
delivery. However, the vapor pressure of propylene glycol (0.32 mmHg at 25°C) was
sufficiently high to evaporate at an appropriate rate relative to it mass when it was

spread as a thin film (Tsai, Cappel et al., 1992).

inoxidil in propylene glycol : ethanol :

The original compositi
water (20 : 60 : 20, v/v) b '
minoxidil after ethanol
glycol further concen
and then stabilized v
Cappel et al., 1992 PreCipitation li : t of minoxidil that could be

propylene glycol to dissolve all

minoxidil preparations, o hiang et al. (1989a) demonstrated
that the flux of minoxidil thr daver skin from minoxidil suspended in
ointment attained a:iteady §‘tﬁfe’§ﬁzr d of between 6 and 8 hours
but steady delivery wasnotapparent-forthe minoxidil

Indeed, the ste?dy state for the omtment was unexpected since minoxidil was

present in 1 cle and the vehicle was
mmw RIS

compositionally stable. On the other hand, for m1nox1d11 solutlon the concentration
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change over the course of experiment.

Tsai, Flynn et al. (1993) found that minoxidil 0.02% solution was more
efficiently delivered into hairless mouse skin than 2% solution. This was postulated
that evaporation of the vehicle after application of the 2% minoxidil solution led to

composition changes so drastic that saturation was attained quickly reaching



saturation within 30 minutes. Hence, it was quite resonable to assume that minoxidil

permeation was from a saturated suspension in the case of initially 2% solution.

On the contrary, the percent saturation of minoxidil on skin surface from
0.02% solution gradually and continuously increased but never attained 50% of the

saturation level.

Considering from what s the increased efficiency of delivery

of minoxidil from the lowe ition suggested that the advantage
tivity than the 0.02% solution
ation of the drug. The driving

reflected all the minoxidil

of 2% formulation whig
disappeared substanti
force following ming

presented, and thus the nulation dropped.

ides; containing a mininum of 6

D-(+)-glycopyranos anits-attached by o-1,2 L produced by the action of the
cyclodexmn-trans-glyﬂm dase er antaining starch. Due to their

particular conformatlon‘ CDs have chara&f'enstlc of being able to include various

kinds of molﬂleu 8 {13: Wﬂﬂﬁ éw;ﬂ f?ﬂ %lusmn compounds have

completely newlpharmaceutical propertles but the most unportant one is increasing

mwaﬂﬁ"mﬂ’m‘mwnmnaﬂ
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2.1 Structure and physical properties

Three natural CDs are a-CD, B-CD and y-CD, consisting of 6,7 and 8
glucose units respectively. These glucose molecules are linked by o-1,4-bonds, as a
consequence of the C1-conformation of the a-D-glycopyranosyl residues and the lack
of free rotation around glycosidic bonds, causing the formation of torus molecules

(cone-shaped). The secondary | ydroxyl ,groups (on the C2 and C3 atoms of the

glucose unit) are situated

shown in Figure 2.
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Figure 2. The structure and numbering of the atoms of B-CD;

( —O primary and —@ secondary hydroxyl groups)
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The cavity of the torus consist only of a ring of C3-H group, C5-H group and
a ring of glucosidic oxygens. For this reason, the cavity of the torus is non-polar.
This makes CDs exterior decidedly hydrophilic where as the interior of the cavity is
rather hydrophobic. Free rotation of primary hydroxyls reduces the effective diameter
of the cavity on the side they occur, while the secondary hydroxyl groups on the
relatively rigid chains cannot rotate (Szejtli, 1982).

' ions of the CDEdlier with the number of glucose units.

Because of their different intein é@t each CD shows a different
—

capability of complex. form? rith dif ere. est molecules. Table 1 lists

the some physical propeffics®T. €I /ang som. rivatives.

soluble which results from

omplex formation is that the

1 |
guest molecule must fit, entirely, or at least pmiallym;nto the CD’s cavity. Stable

complexes wi ‘uﬁ(' 1 o |t ecause they would slip
out of the cavauﬁ:ﬂe (jﬂﬂrﬂ m:ﬂlmky molecules if certain
groups or side chains of tho ﬁje c ' ﬁ‘ avities (Szejtli,
o A IO dCH LT T aTE T8 ¢

In general, hydrophobic or non-ionized molecules have higher affinity
to CD’s cavities than hydrophilic ones or ionic species in aqueous solution (Bekers et

al., 1991)



Table 1. Physical properties of the CDs and some derivatives.

a B Y DM-g" HP-B?

Number of glucose J
residues : SN / 7 7
Cavity dimensions (A°) — | _/)i

cavity diameter : — : 6 6

height of torus : 10.0

diameter of periphery
Molecular weight : 1331 +1300
Aqueous solubility® : 57 >50
Melting point (°C) : 295-300
pKa® :
Half-life of ring
opening® (h) : 8.5
Enzymetic
hydrolysis® :

1) heptakis-2,6-di~0—m ﬂ

) e SN 11
o A L SN AN Y

1-3-CD

12
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2.3 Binding forces of the complexes

The inclusion complex formation proceeds by an energetically
favoured interaction of a relatively non-polar guest molecule with an imperfectly

solvated hydrophobic cavity. Thus; thi plexes should be stabilized by various

intermolecular forces such a

er molecules in CD’s cavity by

guest molecules, resulting in'a f: nthalpy change

d) pacromolecular ring of CD
(changing from the } onformation ¢ , CD-water complex to the lower
energy conformation ﬁt '

g "
. Q/
013 NTAIeT 30 VT S
toxicitﬂ(ﬁo Ins' were m duri i @n small intestine,
hydrolysis occuring only in the colon. It seemed that a-CD was not (or only partially)

degraded in the gastro-intestinal tract. Furthermore, «- and B-CD were poorly
absorbed in the small intestine (Irie et al., 1988; Nakanishi et al., 1989).

Following parenteral administration of high dose CDs, signs of

toxicity were observed (Szejtli, 1987). This toxicity was characterized by nephrosis
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and hemolysis. Nephrosis in the kidney was a result of tubular reabsorption of the
intact B-CD which precipitated due to its low aqueous solubilty. The hemolytic

activity was observed to be in order of B- > a- > y-CD.

2.5 Cyclodextrin derivatives

Methy. introducing e . 7l groups onto the hydroxyls of C2,
C3 or C6 prevents , | .' and interi slecular hydrogen bonds between
the hydroxyl group: : icochemical properties of the
nitial CDs, especiall O-methyl-3-CD (DIMED) was
found to be the least hylated derivatives (Bekers et al
1991).
s) : these derivatives were found to be
T, .
powerful solublthis of = ug ) erystalline complexes precipitated at
high concentratlo ----- theer=Closhnnnt i5-4988). The nephrotoxicity and

hemolytic actlvmesl f fat of natural CDs or DIMED
(Yoshida et al., 1988 Uekama and Ine 1990). Examples of this group are 2-

hyd'°"ﬂ”°‘ﬁ“‘ﬂ’8*’3%’ﬂ“wm Fro-- 0
CL 1 TR PN ITn T L

possess less hemolytic properties than the parent CD.

Cyclodextrin polymers : these polymers contain at least 2 CD units.
B-CD polymers with molecular weight of above 10,000 could only swell in water and
form insoluble gels. Polymers with high molecular weight can be used as tablet

excipients.
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3. Literature review of cyclodextrin inclusion compounds

CDs have been in the interest of pharmaceutical sciences from their ability
to form inclusion compounds with a wide variety of drug molecules to yield desirable

properties on the drugs. Some pharmaceutical applications are given as a short

outline here (Bekers et al., 1991; Sz //
b) M : .\«. of a compound.
c) Av _ \

the uncomplexed compound

d) Enhanc of stab g‘p ac mpound which could otherwise be

f) Imprgvement in bioavai b111ty because of an increase in water

sl ﬂﬂEJ’J‘VlEJWﬁWEJ’]ﬂ‘i

There are different methods to prepare inclusion complexes depending

on the properties of the guest molecules.

a) In case of a water soluble active ingredient, the guest is added to a
saturated aqueous solution of CD, and the mixture is agitated for several hours or

even days, until spontaneous precipitation of the inclusion takes place. Sometimes
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precipitation does not occur spontaneously, it is necessary to cool the medium or to

induce evaporation by freeze-drying or spray-drying.

b) When the active ingredient is insoluble, it is necessary to use an

organic solution of the active ingredient, which is poured, under agitation, into an

aqueous solution of CD.

evaporation.

c) If ingredient..is t osensitive or hydrosensitive,
kneading method is : adding to a slurry of CD and
kneaded throughly and washed with organic solvent to

remove the free activedng

d) Heating i s the new method for preparing

inclusion compounds. method 1s the preparation of CD-benzoic

)
system at 125°C fﬁlm .-r’.'-—j

PASITIRTTINeNa Y

This method is less clarifying than other methods. CD bands
often changed slightly upon complex formation, and if the fraction of guest molecules
encapsulated was less than 25%, bands which could be assigned to the included part
of the guest were easily masked by the bands of CDs (Bekers et al., 1991).
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b) X-ray diffraction

Comparison of the diffractograms is only possible if CDs
and guest are treated both under identical conditions as the assumed complex.
Preparation processes of inclusion compounds may change the crystallinity of the

pure substance and may lead to different diffraction patterns (Szejtli, 1988).

5. determine whether the guest

undergoes some cha 1 of CD. The changes may be

melting, evaporatio polymorphic transition. The

method consists of nermal analytical system (TAS),

thermo evolution anal¥sis ntial scanning calorimetry (DSC),

thermogravimetry (T it: \ 12 lysis (DTA).

Eed ‘-T: 3 A
d) 1 *J": chromatography (TLC and PC)
,:_;,- 4 -/ * ‘

e

<= o) Scanbinc-olectioniiicioroan
4

m) Wettability and dissolution tests

AWLANENINEING,.,
RININIAUNBINAY

This method consists of Ultraviolet/Visible (UV/VIS)

spectroscopy, Fluorescence spectroscopy, Circular dichroism (CD), Nuclear magnetic

resonance (NMR) spectroscopy and Electron spin resonance (ESR).
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b) pH-potentiometric titration

¢) Electrochemistry (polarography and conductivity)

d) Microcalorimetry

increasing CD concen *Complex formati rsolution is indicated (Bekers et
al., 1991) |

3.3 The complex

F s
Effects which cas
formation depend on the

d by means of CD inclusion complex

he complex. A complexation

may be defined ‘;”—.:«ﬁ of a substrate ‘S’ with
‘n’ molecules of a l&n pecie 4 : neﬁspecies ‘Smln’ as shown in
Eq. (1)
ﬂ‘lJEl’J PRININYINT
mS+nL <> Smla o (1)

ARIANN I UANAINYA Y

The equilibrium constant (complex stability constant, formation or

association constant, Ky, . , ) for the interaction may be defined as
Km:n - [Smlal (2)
[SI™[L]"

As defined in Eq. (2), K, . 1S a concentration equilibrium constant.



19

4. Literature review of phase solubility diagram

Many methodologies which have been mentioned in subheading 3.2 can be
utilized to study the changes in the properties of the system. Since this study was
directed toward use of complexation in altering solubility characteristics, subsequent

discussion will be confined to the use of solubility method (Repta, 1981).

4.1 Experiment appre wand Connors, 1965)

The cominen expe ental se series of n containers selected
and into each is placed ‘ the solvent to be used, and a

quantity of substrate quantity of solvent used. To

are then tightly closed and' equilibrated, dusually with agitation at a constant

, the solution phase in each

diagram where the total

substrate S; in the sohfﬂé — fu Ctl@ of the total added ligand L.

The Y- intercept value i 15.- o, the inhere lublhty of the substrate.

ﬂ‘LJEJ’JWEJ‘V]‘ﬁWEJ’]ﬂ‘i

e and phase diagram inte retatlon
’QW’W Mﬂ‘ﬁm YNNI Y
Several different phase diagrams may be obtained from system which
form complexes. Higuchi and Connors (1965) have divided the system into two main

classes : type A and type B diagrams.

The type A phase diagram, shown in Figure 3, is obtained when the

complex formed is soluble and does not form a precipitate regardless of the amount of
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Figure 4. Schematic representation of the B-type phase diagram
([S]y = the concentration of the total substrate in the solution

[L]y = the concentration of the total added ligand )
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ligand added. This can be subdivided according to the nature of the obtained phase
diagram. The Ay type, exhibiting a linear relationship between S; and L, is obtained
when the complexes are a first order dependence on [L];. The Ap type, showing a

posuive deviation from linearlity, is obtained when the complexes rormed containing

more than one molecule of ligand. As the ligand concentration increases, the

contribution of the higher orde increases. The remaining diagram, Ay
type, exhibits a negative dewiatior | hw&nts a decreasing dependence on
ligand added at higher ligand concentrations... This may be explained on the basis of

self association of the ligandathigh concentrations (Higuchi and Connors, 1965).

In all systeffis g Hac Aty agram, the total solubility [S];

3) the,

The mﬁim’ 1 ca emchieved for an Ap system

involving formation of a‘I 1 complex as wn in Eq. (3)

ﬂﬂﬂ’l‘l’lﬂﬂ‘ﬁ“ﬂﬁ?ﬂ‘i

Y Sk = [Slo+ K11[S]£4 (3)

ARIANN I URIINYA Y

where [L], is the initial solubility of the ligand.

When the concentration of free ligand in solution equals its inherent
solubility, further addition of ligand has no effect on [S]; since it does not dissolve,

and the solution composition become invariant.
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The B type diagram, shown in Figure 4, results when the system
develops the third phase consisting of the complex. If the complex exhibits some

solubility, the diagram shows an initial rise in [S]; and the diagram is said to be a Bg
diagram. If the complex is significantly soluble relative to the inherent solubil.:y of

the substrate, the system gives rise to the B1 diagram.

In the B-system agr@ ateau region represents solution

113 du to and precipitation of the complex.

The concentration of S_in*Solition rémains ?5 nt_due to replenishment from the
excess substrate preseq of dacreas \ llowing the plateau is due to the

disappearance of any s0lyed-substrate, \ \ ttendant decreased in [S] is due

lagram, the; \ so identifiable factors controlling
the maximum solubility #0f /3 SUbS Strate - )»» which can be realized in B-type

diagrams. These are presen —55;% Eq. (4 !,‘L _ caseof al:1 complex.

4

and of the co@'ﬁﬂg tﬂbﬁ qu th ﬂmlumhty LS SR
9 an\ﬂﬂﬁm URIANYIAY
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S. Literature review of drug stability and chemical Kkinetics

If a product is sufficiently stable to be market, it will require relatively long
storage at room temperature or actual temperature at which it will be stored prior to
ultimate use to permit observation of the rate at which the product degrades under

normal storage conditions.

Prediction o
generally satisfactory fo
determine drug stabili
remaining, a stable
its shelf life.

Kinetic princi , fance stability programs. The goal of
action mechanisms. It is important to lay the

iseussing ‘the phenomena encountered in actual
—E =

proper kinetic foundation bef g

dosage forms. , i )
In a stabilim indicating assay ethodolom it is usual to deliberately
decompose the drug infaselution and alsé desired to establish the kinetic order of

eI E MBIV SO 113
QRN RIS e i

time prSﬁle of a drug or drug products, whereas the rate constant determines its

slope. An example of a chemical reaction can be expressed as :
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k
uA + vB + wC > products (5
and if its reaction rate is
rate = k[A]"[B]"[C]" (6)
where A, B and C and k is a rate constant; u, v and w will

, respectively. If u, v and w have
values of 2, 1 and O, re it 13 said-{0.be sccond-order with respect to A, first-

order to B and zero-or ; &: he reaction is the sum of power

vy determined rate. In the above

T , \
4# 4

Graphic meghodis pisefi etern .- c'order of reaction. If a straight
. e “ i - y
line results when concentration ips plof €d against fime, it is zero-order; if log or In
f b
(concentration) versus timie yjeld a. straig €, 1t 1s first-order; if 1/(concentration)

versus time gives a stralght __W

against time prog

der. When a plot of 1/(concentration)?

tants at the same initial

xl

iy

. L.tem@e‘i.lﬁlilﬁfl ekl Z?Hﬁ.fl fdud
o Wil ks T el DAL, « sio s

between donor and receptor phase of a kind of diffusion cell. The permeation of a

concentration, the e

chemical from the donor phase to the receptor phase is followed carefully and the
permeation rate (flux) is determined either from the depletion of the concentration of
the chemical in donor phase or from the accumulating concentration of the chemical

in receptor phase.
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There have been a wide variety of diffusion cell designs for in vitro
measurement of skin permeation. The Franz diffusion cell (Figure 5) is one of the
most widely used systems for in vitro studies. A skin sample is sandwiched between
the donor and the receptor compartments. The drug permeation through skin is

followed by sampling the receptor solution via an open sampling port at a scheduled

time interval. E? M ,
J
_

SAMPLING PORT

RECEPTOR COMPARTMENT
(cell body)

WATER JACKET

—al
NG BAR

)
AU ANININYINT

Figurél5. Schematic representatlon of Franz dlffuswn cell. Top is open to

ammﬂm‘mmmaa

6.1 Membranes used in in vitro permeation studies

The stratum corneum consisting of dead, anucleate and keratinized
cells embedded in a lipid matrix is essential for controlling the percutaneous
absorption of most drugs and other chemicals. Diffusion through the stratum

corneum tends to be the rate-limiting step in percutaneous absorption.
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A molecule may use two diffusion routes to penetrate normal intact
skin : the skin appendages (sweat glands and hair follicles) and the intact skin. The
role of hair follicles and sweat glands must be considered; however, their effect is
minimized by the relatively small fractional areas occupied by these appendages. In
the very early stages of absorption, transit through the appendages may be
comparatively large, particularly for lipid-soluble molecules and those whose

latively low. Drug permeation through
the intact skin involves éither éor transcellular path in the stratum

corneum. Lipophilic W WIy into the lipoidal intercellular

phase of the stratum corpeuf vhile relative ore hydrophilic compounds transfer

permeation through the stratum e

Watanabe, and Chandrascker@ ,é% tex and ) aibach, 1987) have determined

Frandson et al. (B86) and Warren and Walka (1974) found that the skin
compositions of pig andman were rematkably similar. The pig skin is divided into

e major b e V] SIS I U et cpdermis and e

dermis. It als%lhas skin appendages like h skin. How ver, the human and

oe 1 5 9 L 14 Y B s,

density] lipid composition, metabolism etc.
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Figure 6. Microscopic vertical section of skin : (a), human skin; (b), pig

skin.
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6.2 Factor influencing the in vitro permeation studies

Some important factors must be considered in an in vitro permeation

study (Broanugh and Collier, 1990) as follows

' e of V / ical temperature since the percutaneous
absorption of a molecule is temperatur: 4‘&

Franz£1975) concluded: that freezing the skin up to 3 months did

o camnesBt Y e &%@%&lﬂq na
q 1 used g | 17912116 2

The stratum corneum can be regarded as a passive diffusion
membrane but not an inert system. The absorption isotherm is frequently linear in

dilute concentration ranges. The correlation between external and surface
concentratons is given in terms of the solvent membrane distribution coefficient K, .

The integrated form of Fick’s Law is given as
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Jss =  KuqDG, Y
h
and
K, = KaD (8)
T
where - K, is the permeabili @t, Jss is the steady state flux of
solute, Cs is the concgi if e Ofsolute across membranes, h is the

= Cm,

solvent Cs

and D is the average o ion coefficient for solute.

1 \.:.d

AP

AULINENINYINT
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