CHAPTER 11

LITERATURE REVIEW

Introduction and Definition

140 nm. Generally, microemulsion arg 7 : isting of water, oil and surfactant
(s), dispersions of Qi P ater stabilied™bysan, interfacial film of surfactant
molecules. The su gombined with other additives.
The systems contaig sed phase be composed of
droplets of either oil di€pe aten dispersed in oil (w/0) while in
systems containing cogipage 1 \ ater, equilibrium bicontinuous
structures in which th€ o erpenetrate in a more complicated

manner are formed (Fawgence i Re )0; Malmsten, 1999; Swarbrick and
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Figure 1 Oil-in water (o/w), bicontinuous, and water-in-oil (w/0) microemulsion
structures. The filled larger circles e represent the surfactant, and the

smaller empty circles wo the cosurfactant (from Swarbrick and Boyland,

1994)
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Microemulsions are distinctly different from emulsions in that the formers are
thermodynamically stable one-phase systems whereas the latter are kinetically
stabilized dispersions. Thus, microemulsions require no work for their formation and
once formed they are "infinitely" stable. Emulsions, on the other hand, require work
for their formation and display a kinetically controlled instability and size between 1-
10 pm. This fundamental difference between emulsions and microemulsions are not
always appreciated within the pharmaceutical literature (Attwood, 1994; Malmsten,
1999).

Historically, ed to explain microemulsion

formation and stabilit

mixed film theories, (II)

solubilization theowés, afd ’ kr-.;

2000; Paul and Mouli Y| W “u n'a M 994)

I. Mixed-film theg e -

ments (Lawrence and Rees,

The sponta rgplets is considered to be due
to the formation|& Y = IE‘# by the surfactant and
cosurfactant. Thlsyu ater rfacial tension to very low

values (from close
with both o n nature (i.e., showing
different pr @Hﬁl '?mﬁ ya] sﬂmﬂwo dimensional spreading
pressure. ﬁrnegatlve Hfif%jatﬂfi] rﬁu )1?1 VT Elll;i éﬁﬁ to increase the
1nte

A major drawback to Schulman's concept was the high value of the spreading

0 zero to negative). The mixed interfacial film in equilibrium

pressure necessary to give the transient negative interfacial tension. Prince ( 1977)
later postulated that the negative interfacial tension could be a result of the depression
of the oil/water interfacial tension without the film present, rather than the

unrealistically high initial pressure in the original model. The alcohol cosurfactant



partitions between the oil phase and the interface, with the fraction in the oil phase
able to significantly depress the oil/water interfacial tension without the film presents
from its normal value of approximately 50 mNm™ to a new value of around 15

mNm™.

The molecular structures of the oil, surfactant, cosurfactant and the
concentrations of each influence the type of microemulsion. Since it is generally
easier to expand the oil side of an interface (by penetration of the oil or cosurfactant

into the hydrocarbon chain @ ater side, it is easier to form w/o rather

o/w microemulsions. A sk ength cosurfactant ensures that the

film is flexible enoughsie aﬁop]ets.

For the d -’\*1 ;.x“ icroemulsion formation was
ed th \ ‘x\ al tension can be temporarily

the interface to form mixed

considered by Ger
reduced due to the
duplex film. The di . S8 ' apsient reduction of interfacial
tension to near zero or , i¢ interface expands to form fine
dispersed droplets enou side the interfacidl tension positive again, when the
second process, that of stabilizaten 5 d by the interfacial film of alcohol and
surfactant. The stabili pusidered to be controlled by the
interfacial gfz_*_";m-ﬁ;‘ is compressed by high
concentrations of cEn e : . 'i‘i;‘ are formed (Paul and
Moulik, 1997). ’
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micro&nulsions are considered as swollen micellar systems, i.e. with oil and water
solubilized in normal or reverse micelles. This stemmed from the studies of three and
four component phase diagrams on the one hand and the solubilization studies of

water and hydrocarbons by non-ionic surfactants on the other (Paul and Moulik,
1997).



III. Thermodynamic theories
The free energy of microemulsion formation can be considered to depend on

the extent to which surfactant lowers, the surface tension of oil-water interface and the

change in entropy of the system such that

AGr = YAA-T As (1)

where AGy 1is the free eneigy f i f / ¢ is the surface tension of oil-water
interface, AA is the changeés Hl‘,_ * o oemulsification, As is the change
in entropy of the systéf whickh-is effecti “dispersion entropy, and T is the

temperature. It should bg \‘\\‘\ nulsion is formed the change in
AA 1s very large, due g // be »\v ma I droplets formed. Originally

workers proposed that ) uw on to be formed a (transient)

negative value of y.#Was #q itis T v
times, it is very smallof ghe derﬁ.’ 1on ~ \

at while value of 7 is at all
, and is offset by the entropic
component. The domgina Favqurah ontribution is the very large
dispersion entropy arising#fronzthe mixi ong phase in the other in the form of
large numbers of small droplef® lQere are also expected to be favourable
entropic contrib _ ng D} esses such as surfactant
diffusion in the ;:ny_li"“"”“'“““"" .E,iif factant exchange. Thus a
negative free energy] forma : ar@reductions in surface tension
are accompanied by ‘.s1gmﬁcant favourable entropic change. In such case,

mlcroemulsﬁ lus ﬂﬁ Wﬁswmﬂ(ﬁjls thermodynamically

stable (Lawre"e an
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Pha}se Diagram

When oil, water and surfactants are mixed, microemulsions are only one of a
number of association structure (including ordinary emulsions, micellar, and
mesomorphic phases of various constructions such as lamellar, cubic and various gels

and oily dispersions) that can form, depending on the chemical nature and



concentration of each of components, as well as the prevailing temperature and
pressure. A useful approach to illustrate the complex series of interactions that occur
when different ratios of components are mixed is by the construction of a phase

diagram.

A regular tetrahedron composed of four equilateral triangles can be used to
plot the composition of four-component systems, with the pure components
represented by each corner of four-component systems, with the pure components

represented by each corner of n and the edges represented by each

comner of the tetrahedro gsenting binary mixtures. Quaternary

diagrams, however, aré d often difficult to interpret. In

nar sections of the tetrahedron by
/ /f \\ \\

otemary phase diagram) by

practice it is therefore
plotting a two-dimensig
either keeping the ¢c®mpg#iti J,em ¢

by using a constant géfio @i OMfIpOE \ ere 1

or cosolvent. Figure &repre nts Soht

and varying the other three, or
e surfactant and cosurfactant
- eudoternary phase diagram at
constant surfactant-to-gos \ emulsions can also exist in
ot

equilibrium with excess wate

Transitionbetween the ~differ and ghetween the single-phase
microemulsions Cad-be-reacdtiy
.‘r'l.

change in salinity (ig'

ratio (Lawrence and ees 2000 Swarbrick and Boylan 1994).
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Figure 2 Triangular phase diagram showing micellar, microemulsion, and liquid

crystalline regions (from Swarbrick and Boyland, 1994).
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Choice of components

Although there are no strict rules for choosing the appropriate microemulsion
components, there are a number of general guidelines base on empirical observes. A
crucial step lies in the choice of surfactant and cosurfactant for the particular oil. The

surfactant chosen must

2 very small value to aid dispersion processes

- lower interfacial tension.tQ

- have the a 1 1c-lipop haracter to provide the correct
curva I ial fe o s ed microemulsion type, o/w

or w/o

These conditio yeen-ach dIn several ways, for example, by using a
combination of an anioni fionic st ant of high HLB with a cosurfactant of
lower HLB, a single chained actant of the polyethylene glycol alkyl
e e (e . ’ d, 1994).

V. ¥
Many of the’ sl« acte garded as acceptable are food grade

1]
materials or have a }'n‘)story of use in the pharmaceutical arena for example as

parenteral e nlc surfactants can be
useful alte@ﬂﬁﬁlmjﬁﬁaﬂ and polyoxyethylene sorbitan -
acyl ester ns li Qe i imal toxicity.
Althagﬁﬁﬁ E Qﬂﬁ%atf i‘lﬁﬁ ﬁyﬁ yle E]n an monooteate

(Tween 80) and polyoxyethylene sorbitan monolaurate (Tween 20) appear acceptable

ether type at appropriate

for <_)ral or parenteral use (Kibbe, 2000). Furthermore, the insensitivity of non-ionic
microemulsions to pH and electrolyte concentration relatively to their ionic
counterparts represented an added benefit. There are consequently a large number of

formulation studies involving non-ionic surfactants as microemulsion excipients
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(Attwood, Mallon et al.,, 1992; Kale and Allen, 1989; Malcomson and Lawrence,
1993; Malcomson et. al., 1998).

Numerous triglyceride oils have been investigated in the search for stable,
non-toxic oil for use in parenteral dosage form. A wide variety of natural oils,
including cottonseed, soybean, safflower, sesame, cod liver, linseed, coconut, corn,
peanut, olive, coca butter, and butter oil have been studied. Medium chain

triglycerides (MCTs) are being used more frequently in combination with long chain

Soybean an Ly - a have continued long-term
commercial accept and can be found in several
products. The com ommercial parenteral dosage

form are summarized i

In many cases, ? Siients osurfactant causes difficulty in the
formulation of acceptable fferoemulsic because the majority of studies have

chosen to emplo m' as the cosurfactant of choice.

Unfortunately, thd V- ------------- FICant-tOXIC! 11T .‘:# ued with these materials,
which preclude thelgss . 0 até. Alternatives to medium
chain alcohols have been evaluated such as short chain amines (Wormuth and Kaler,

1987) and ﬁ 41] r these cosurfactants
behave in ﬂﬂﬂ (ﬂmgn Ein ni remains and issue.
Polyh Icohols such as sorbit8l an as additives to
il NS S-S T SV TR B



Table 1 Composition of Intravenous Fat Emulsions (in grams).

Intralipid®

Liposyn®

D ”I'!)yfnq

Soybean oil
Safflower oil
Cottonseed oil

Egg phospholipids
Soybean phosphatides
Glyercol

Glucose

Xylitol

Sorbitol

Pluronic F-68
DL-a-tocopherol
Maleic acid

Amino acid mixture

Water for injection to

100,200

12

22.5

1000

100,200

12

25

1000

Trivé
Lo 1 Lipofundin® Lipofundin S° 1000 Nutrafundin®
. 100,200 38 38
100 - : .
- - 7.5 75,15 7.0 38
ig : % : 100
- = 50 5 100 -
Nl 0.585 2 0.4 5
. - 10 -
- - 60 60
1000 1000 1000 1000

“Clintec, U.S. Note: Similar formulas are marketed by Vitrum,

*Abbott, U.S.

‘Upjohn, U.S. (withdrawn from market).

‘Astra-Hewlett, Sweden (withdrawn from market).

‘Braun, West Germany.
"Egic, France.

(table from Floyd and Jain, 1996)

qgﬂdé‘%ewﬁl%gﬂxgﬁﬂ €355 Green Cross, Japan; and Daigo, Japan.
AMAIN TR INGIAE

Cl
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The role of surfactant

The surfactants used to stabilize the single-phase microemulsion systems may
be: (I) non-ionic, (II) zwitterionic, (III) cationic, or (IV) anionic surfactants.
Combinations of these, particularly ionic and non-ionic, can be very effective at
increasing the extent of the microemulsion region. Examples of non-ionics include
polyoxyethylene surfactants such as Brij 35 (Cy,E»3) or a sugar esters such as sorbitan

monooleate (Span 80). Phospholipid notable example of zwitterionic surfactant

and exhibit excellent biocomp: ammonium alkyl salts form one of

bility
-A.___""'-.‘E'g t
the best known classes of €ationic surfa ith hexadecyltrimethyl ammonium

bromide (CTAB) and The wan-taileg surfactant didodeccyl ammonium bromide
(DDAB) amongst the ma v/ \ mostawidely studied anionic surfactant
is probably sodium big#2-¢ ; : ~ w - ; thh is twin-tailed and is a

particularly effective stg ~ o ~ awrence and Rees, 2000).

Attempts havgfbegh 1 0. id ant behavior in terms of the
hydrophile-lipophile baj@ncg' 7 2 i 2 itical packing parameter (CPP).
Both are fairly empirical Plit oait L usi widelto surfactant selection. The HLB

takes into account the relative sutionlydrophilic and hydrophobic fragments
t l W, HLB (3-6) surfactants are
¢ § urfactants with high HLB

of the surfactant olec

favoured for the f 47;;_
(8-18) are preferredE the fo

‘a
jﬂtﬁjﬁ T ts to fo articul
aggregates tﬂ\gegnjegme ge}cule itsel e CPP?:T?G calcule::d 11)151;;1:;
foll
° ﬁW’T‘aﬁﬂ'ﬁm UAIINYA Y

CPP = v/al (2)

oem jy! on systems.

where v is the partial molar volume of the hydrophobic portion of the surfactant, a is
the optimal head group area and 1 is the length of the surfactant tail. The latter
parameter is often expressed as I, that is the critical length of the hydrophobic chain,

generally assumed to be 70-80% of its fully extended length. The effect of changing
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CPP is illustrated in Figure 3 but put simply, cone-shaped surfactants will pack at
curved interfaces whereas surfactants whose geometry can be represented by
truncated cones or rectangular blocks prefer to form worm-like micelles or lamellar

structure (Attwood, 1994; Lawrence and Rees, 2000).

Of course, changes in microemulsion composition will modify the
microenvironment of the surfactant, which will lead to changes in the apparent CPP of

the surfactant. For example, increases in ionic strength would be expected to result in

a decrease in the effective head'\groupfafed of ionic surfactants as the double layer
shrinks and screening of’ loser approach. The presence of
hydrophilic molecules tol in the aqueous phase will also
influence optimal \\ ‘ility of the head group in the
aqueous phase. BéCausg 15 ¢ hydrophilic materials have
been used as to aid Micrgén foima \ alion et al., 1992).

In most cases, '_ 2ie-q a;% “ ’ e are unable to reduce the oil/water

FYeAny '\

interfacial tension suffigienily fo‘étable @ microemulsion to form. Medium chain of

alcohols which are comgy 'r"';-. cd ad%osurfactants have the effect of further
reducing the interfacial tensiomyshils g the fluidity of the interface thereby

increasing the entrgpy ofth€ system. JWMe: m,Jength alcohols also increase the

mobility of the h ;,"““'S’“?"'""“m"‘,' letration of the oil into this

region. Furthermor : 0 infltience the solubility properties
L .II

of the aqueous andoil phases due to its partitioning between these phases. But

: : ¢ - LY
medium ch mliﬂﬂﬂjﬂm ntimicroemulsion due to
their toxic mi : pr ‘ e“evap on ‘of alc6hol can destabilize the
system (Attwood, 1994; SwarbricK and ]%Oﬁlandﬂ@
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Larger, more hydrated headgroups

Smaller, less hydrated headgroups
Lower temperature (nonionics)

Higher temperature (nonionics)
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Figure 3 Efféct of molecular moxetles and solut1on condltlons on the CPP of a
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Preparation of microemulsions

15
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Since microemulsions are thermodynamically stable, they can be prepared
simply by blending oil, water, surfactant and cosurfactant with mild agitation. No

significant energy contribution is required.

The usual method of preparing microemulsion is to dissolve the surfactant in
the oil and then add the water to solution of oil and surfactant with gentle shaking.

The microemulsion rapidly becomes first translucent and then optically clear after a

few seconds. Microemulsion can bé stegliged by filtration, as the mean diameter of

the droplets is below 0.22 J:," sricks eyland, 1994).
The order of ; | ly considered not to be critical
since microemulsiofis fogf spOataucously Rosano and co-workers, (1988)

demonstrated that,#&lthquie TSN, NS aneous process, the driving
forces are small apd" the" i 3 Stéms to reach an equilibrium

& tuations in interfacial tension can
=2 \

interfacial tension can

occur during the micgden it 3 58, as the components arrange

themselves in such a way tlat the'#esiitin E al and bulk microstructures lead to
J" = . . :

“an overall minimum in the™des or g he time to establish equilibrium is

influenced by the grder ofmiixing: This" ed more slowly if the cosurfactant
is injected into thg &'“m""“m" ““““,4 . phase hinders its diffusion

into the aqueous pha:

)] U

e UHANANINAODS,.,
IR ‘iﬁu URIINYIAY

Syringeability describes the ability of emulsion to pass easily through a
hypodermic needle or transfer from the vial prior to injection. It includes
characteristics such as the ease of withdrawal, clogging and foaming tendencies, and

accuracy of dose measurements. Increasing the viscosity, density and particle size
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hinders the syringeability of emulsion. A suitable test is to ensure that the entire

emuision passes through a 25-gauge needle of internal diameter 0.3 mm.
2. Injectability

Injectability refers to the performance of emulsion during injection and
includes factors such as pressure or force required to injection, evenness of flow,

aspiration qualities, and freedom from clogging. The syringeability and injectability

_:\ 1 haracten'stics of the emulsion.
-
D

3. Clogging j ' %

may occur because ¢ partiéle or an aggregation that block the lumen of

are closely related to the viscaosi

u le administering an emulsion

the needle or beca ing; ¢ ot the partieles. It is advisable to avoid
particles greater th 49, : nal \‘ ster of the needle to prevent
clogging. Clogging, i red “a ar thi edle end, is usually caused by
restrictions to flow from j,- invelve combination of factors such as
vehicle, particle size, shaf)e anddis :::éil- 4 cosity, and flow characteristics.

4. Draina g;r———.‘- 4

I
Drainage refers ‘tﬁxe ability of the‘smulsions t break cleanly away from the
inner walls Mﬁ?ﬂlﬁ Wﬁxj KrTﬁaﬁjther characteristic of a
well-formulﬁll parenteral emulsion. " Silicone coating of containers, vials, and plugs
with_di ic cap 1 VC € : ﬁi o ed systems as
wellq ﬁﬁaﬁﬁ%w Weﬂi wﬂﬁﬂﬁﬁ
|

S. pH

The pH of the emulsion is usually adjusted to approximately 8.0 prior to
sterilization. This is preferred because the pH of the emulsion falls on autoclaving,

and also as a function of time during storage, as the result of glyceride and
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phosphatide hydrolysis liberating free fatty acids (FFA). The rate of FAA production
is minimal if the pH of the emulsion is between 6 and 7 after sterilization (Floyd and
Jain, 1996). This parameter affects to physical and chemical stability. The pH meter

is generally instrument to be used for determining the pH of preparation.

6. Particle size

Particle size of lipid globules has a direct effect on both toxicity and stability.

Particle greater than 4 to 6 -- re Itg increase the incidence of emboli and

blood changes. For intraye: x j€ iS¢ Dauticle should be less than 1 pm in

r-...,-".'.".-..s the particle should preferably

\;\\ sizes can be used for oral

diameter. For subcuta
be less than 250 p
formulations. The = T 3 -. w' e range 10-140 nm. Hence,
the microemulsion 42 : perse phase diameter, which

may impart thermod yi

7. Osmotic pres

. ‘f; d o -
Osmotic pressure 1s a '17 = ity and therefore can be related to the

relative molecular mass o his property is important because

it affects directly¥ SiE Ly ion _:‘ The osmotic property is

determined by the “erid Operties, such as freezing point,

]

i
boiling point, or pres ure vapour. Osmomat® 030-D 1§ instrument to determine the

BN 'Efﬁ“'ﬁ"ﬁ??f‘%’?‘l N9

8. VlSCOSl
QW'] AINTUNAIINYIAY

1scosxty describes the resistance to flow with applied stress for a particular
system; a more viscous system requires greater force or stress to make it flow at the
samé rate as a less viscous system. This parameter is directly used to describe the
syringeability and injectability of emulsion for parenteral administration. Many
techniques could be used to measure this parameter. Capillary viscometers and the
falling ball viscometers are simple instruments for measuring viscosity but only for

Newtonian liquids. Rotational viscometers including to coaxial cylinder sensor
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systems (cup-and-bob viscometers) and cone-and-plate sensor systems are
instruments may be used with both Newtonian and non-Newtonian liquids (Martin,
1993).

9. In vitro drug release

During the last decade there has been a considerable increase in interest in the

use of disperse systems as drug carriers. Dissolution characteristic of drugs from

bioavailability of drugs«aé 2 wons'(Banakar, 1992). Several types
of apparatus have be¢ posCd 2 . i .l'_r\ ssessing the dissolution rate of
microdisperse systeffis. - e . €1 s associated with most methods

is retention of the di 1 311- \ \ 1 88 of the dissolution chamber.

Thus, no method ig oSt
characteristics of micrg 56 \
iﬁ =

Membrane diffusioff techidgiie: mosk popular method for studying the

determining the dissolution

dissolution characteristic of nficrod: DErst >ms (Levy and Benita, 1990; Lostritto

et al., 1987; Saarinen- shington, 1990). In this approach
the carrier dispelSrPiast—CHep ottt E“':‘ of continuous phase, is
separated from a large bu s membrane which is permeable

to the drug. The sarfiple and sink are well stirred. The rug diffuses out of the carrier
and through aﬁ \-f y assayed. Thus, the
accumulatloﬁE ﬁ‘zj ﬂm ﬂ‘gt:jﬂ jutlve rate processed of
(non-sink) partltlon and diffusion of the drug aciss the membrarie’ By this method,

the zq'zt n%’raaﬂaﬂng guyw’} %M‘Q lﬁ;%led to separate

the s ple compartment and receptor compartment by dialysis membrane (Banakar,
1992, Huang, 1987).

The measurement of release profiles requires good sink condition, implying
that release must occur into a large volume of sink medium. It has been
recommended as a rule of thumb that the drug concentration in the sink phase in

dissolution experiments must be kept below 10% of saturation (Washington, 1990).
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This poses a problem since the drug must be assayed in the sink medium, and as the
sink volume is increased the concentration of drug being measured the concentration
of drug being measured decreases. Especially for insoluble drugs, a method of assay

is required which is very sensitive to less quantity of drug in solution.

Microemulsion characterization

Microemulsions havek using a wide range of different
techniques over the years)s of methods is generally required in
order to fully charactem 75 macroscopic level viscosity,

st ful information.  Viscosity
\\\\

rod like or worm-like reverse

conductivity and

measurements for e
micelles, and cond means of determining whether a
microemulsion is oi well as providing a means of
monitoring percolatio Dielectric measurements are a
powerful means of probi i tHE st .n\\‘ pamic features of microemulsion

systems.

The isotropic natut€ of microémi d, thej optical clarity make their

conventional macroyu ;I R for example has been used

extensively to measure self diffusion coefﬁc1ents of the various components and yield
information ﬁ g methods have also
been 1nvals% ﬂﬁc aﬂdﬂmmm jld methods employed
include dynamic and static light §catteri ,_smiall-a -ra ng (SAXS).
Freeﬂfﬁ q a\%ﬂn‘j@ ﬁgsj \a Ermcroemulsmn

structu%e, however extremely rapid coolmg of the sample is required in order to

maintain structure and minimize the possibility of artifacts (Lawrence and Rees, 2000;
Paul and Moulik, 1997; Swarbrick and Boyland, 1994).

Furthermore, dye solubility tests and dilution tests were used to determine the

type of microemulsion. The former method involved the addition of a water- or oil-



soluble dye to the microemulsion. Thus, intense staining of the external phase after
addition of a water-soluble dye indicated an o/w microemulsion. The addition of an
oil-soluble dye to the same microemulsion would result in the staining of the droplets
of the internal phase. The dilution test involved observation of the microemulsion
following its dilution with oil or water to see whether separation had been effected. If
water was easily dispersed in the continuous phase, the microemulsion was termed
o/w microemulsion. If oil was dispersible in the external phase, the microemulsion

was termed w/o microemulsion (Ho et al., 1996). Transmission Electron Microscopy

\\  i carricts of d
s\ s of drugs
1 ] V .-"\"i‘.n
45685199 \\}‘\\\ ce and Rees, 2000; Swarbrick
and Boyland, 1994). T SEnibtynan ¢ Stability'allows self-emulsification of the

interest over the years as

system, whose properties ; ] ) theiprocess followed; the temperature

range over which the phase does-6t sepaateean be rather wide.

Microem ‘f_:'":"""""‘ ncluding drugs that are

n : ydrophobic solvents), probably a
consequence of the presence of the surfactant and the cosurfactant.

‘a L
The %Mﬂ}ge,uﬂlmﬁﬂﬂlg(m ijwater or water in oil
microemulsion, respectively), canfbehave as afpotential reservBif o lipophilic or
AN A DR G b el b e

continaous phase, and when the system comes into contact with a semipermeable

relatively insolubl

mer}xbrane, with skin or mucous membrane, the drug can be transported through the
barriér. Drug release with pseudo-zero-order kinetic can be obtained (Gasco, Carlotti
et al., 1988), depending on the volume of the dispersed phase, the partition of the drug
among interphase and continuous and dispersed phase, and the transport rate of the

drug.
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Microemulsions can be sterilized by filtration, as mean diameter of droplets is
below 0.22 um and the microemulsions formed can be used as sustained release
formulations. The optical transparency and low viscosity of microemulsions ensure
that they are good appearance and easy to handle and pack. Moreover, the technology
required to prepare microemulsions is simple, because their thermodynamic stability

means that no significant energy contribution is required.

The use of microemulsions as delivery systems can improve the efficacy of a

drug, allowing the total dose t thus minimizing side effects.

The attraction sioMeS in their ability to incorporate

hydrophobic drugs i nhancmg their solubility. For

example, o/w micro ubilize steroidal drugs such as

prednisolone, hyd ferone and its esters and
progesterone (MalcomiSons"! wia of 4 83 Malcomson and Lawrence,
1993). Interestingly, droy OblC drugs need to have a
significant solubility in . e o/w microemulsion system to
offer a marked benefit" ovgr thessicelia; \ one (Malcomson and Lawrence,
1993). However the oil n w ost soluble do not necessarily from
microemulsions with the highes ion capacity (Malcomson et al.,

-;,—_—;
1998). { 7

T

Solubxhzatlogof antifungal drugs (clotnmaz@e ciclopirox olamine and
econazole n u ﬁﬂﬂ i ms was studied. The
solublhzatloﬁ ﬁ'x (i]r ﬂm 1nsoluble to slightly
soluble in water as well as in most of the oils used in pharmacefitical formulations.
The Q.xwm’}la ﬁlﬂ %m ﬁ*“rqgglrm \aJlQBapEj'sorbate 80/0il
systemi. The results show that it is possible solubilize 1% w/w of antifungal agent in

suitable topical microemulsions with a water content higher than 50% w/w (Garcia-
Celmar et al., 1994).

For labile drugs such as peptides, generally have little or no activity when
delivered orally and are highly susceptible to proteolysis in the gastrointestinal tract.

Parenteral drug administration especially for chronic condition is not wel] accepted by



23

patients and can lead to issues with compliance. Consequently, the oral delivery of
iabile drugs is the focus of growing attention, particularly as many of the new
therapeutic agents in development are hydrophilic drugs such as peptides or
oligonucleotides. Hydrophilic drugs of this kind can be successfully incorporated into
the dispersed aqueous phase of w/o microemulsion droplets where they are afforded
some protection from enzymatic degradation when administered orally (Sarciaux et
al., 1995). In addition, the presence of surfactant and in some cases cosurfactant, for
example medium chain diglycerides in many cases serves to increase membrane

permeability thereby increasing it Constantinides, 1995; Constantinides,

Scalart, Lancester et al., 1 7

Applications of injthe eutical field

Many studi
components have beed'e
requirement, limits the ¢ Grmpohénts pplication in the pharmaceutical

field to a limited number o

1. Oral Deliver

i

The formu 0 iSe@s self-microemulsifying drug
delivery systems (S\\g‘DDS) has been 1nvest1gated usmﬁblends of low and high HLB
surfactants, aceutical acceptable,
typically so@ﬂﬂtlﬁﬂ ?1 jﬁm sed long or medium
chain length lycende Constantifiides and Scafart, 199 ted study, an

e,

NEAL PR FarETE el

using aremophor EL® as surfactant, Transcutol® as a cosurfactant and Captex 355® as

n A prepared
the oil phase has been reported.
Bioavailability enhancements of 3.5 and 1.25 were observed relative to the

Sandimmune® and Sandimmune Neoral® formulation (Gao et al., 1998). The

formulation and performance of SMEDDS containing the anti-malarial halofantrine
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has also been reported. Six-to eight-fold improvements in bioavailability were

observed relative to tablet formulations (Khoo et al., 1998).

2. Transdermal Delivery

The transdermal delivery of the hydrophilic drug diphenhydramine
hydrochloride from a w/o microemulsion into excised human has been investigated.
The formulation was based on combination of tween 80 and span 80 with isopropyl

myristate (IPM). However two \additi formulations were tested containing

cholesterol and oleic acid; respectivel sterol increased drug penetration
whereas oleic acid had n@-neasu jablese! thesauthors clearly demonstrated that
penetration characteri , ated by, ¢ ositional selection (SchmalfuB3

et al., 1997).

An interestin iCapl _7 :: in T emulsion-based organogels (MBGs)
which exploits the pre aclantsstabiliz ductmg aqueous channels has

been their use in the 10n etict ;’- sdern , of a model hydrophilic drug.

The MBGs were prepared @isingsasvaiiefys@fpharmaceutically acceptable surfactants
and oils including tween 0' aria et al., 1999). Novel sorbitan

monostearate organogel d,from. vegetable oils and IPM.

Prepared at elevatéd=tempera iy i SU ] actant self-assembles into

inverse vesicles and- rganogels are opaque and

thermoreversible, an#*may have been suggested as noy delivery vehicles for drugs

Y “WEJ NINBINT

3. Ocular Delivery
QW']éNﬂifU UA1INYA

The development and characterization of o/w microemulsions designed for
ocular use has recently been reported (Hasse and Keipert, 1997). The microemulsions
containing pilocarpine were formulated using lecithin, propylene glycol and PEG 200
as cosurfactants, and IPM as the oil phase. The formulations were low viscosity
fluids with a refractive index lending themselves to ophthamological application. The
test microemulsions were non-irritant in rabbit eyes or hen egg membrane. A

prolonged pharmacological effect was observed in vivo compared to the drug
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administered as a simple aqueous solution. This may have been related to increased
bioavailability or enhanced retention or both. However, prolonged release was not

observed in vitro using a cellulose membrane as permeability barrier.

4. Parenteral Delivery

O/W microemulsions are used mainly as carriers of lipophilic drugs in order to

administer parenterally lipophilic substance that is not soluble in water. They can be

The preparation i -loaded o/w microemulsion in

one of few recent reporis feliverty sy S-deslg ed for parenteral use. The
\" the oil phase and tween 20 as

surfactant, but the the pharmacokinetics after

administration in rats

The y { 810N  (MCT), soybean
phosphatidylcholtine (Epiet ,? P poly (ethylene glycol) (660)-12-
hydroxystearate and ethanol. R-mnds ated that microemulsions formed over

a range of composition high oil concentration. After

administration, i;;f ------------------------ ' ' 0T o/w microemulsions on
dilution. In vitro studies s oplets were small, with mean radii

typically in the range g0-200 nm. Solubil‘iiation studies using felodipine (a calcium
antagonist) ti i g MT em is ten times better
that of boﬂ\nﬂﬁmghﬂﬁm nusﬁon. The intravenous
admipistration of the micr er‘xﬁf ormulatiéfs was_per infusion into
conﬁoﬁc‘tj)é ﬁhﬁ iiﬁpﬁﬁ m‘gﬁ;ﬁfﬂcant effect on

acid-base balance, blood gases, plasma electrolytes, arterial blood pressure or heart

ratf; (Corswant et al., 1998).

Lee et al. (1995) have been studied lipid microemulsions (LM) consisting of
soybean oil and lecithin as a parenteral drug delivery system for site-specific delivery
of non-water-soluble drugs. A major obstacle to targeting to non-reticuloendothelial

system (RES) organs or maintaining high concentrations of LM in vasculature is their
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rapid and extensive uptake by the RES in the liver and spleen. By replacing lecithin
with hydrophilic poloxamer 338, it has been possible to avoid the normal deposition of
LM in the liver and spleen (inverse targeting). Poloxamer 338-modified LM (PLM)
containing ibuprofen octyl ester was intravenously administered to rats. Ibuprofen
concentrations in the plasma and various organs were measured to elucidate the effect
of inverse targeting to RES and targeting to other tissues in terms of the incorporated
drug rather than the drug carrier. It was suggested that PLM could be exploited to
direct lipophilic drugs in LM away from RES in the liver and spleen to other targeting

Physicochemical propeg
Diazepam vilsant, anxiolytic, sedative,

muscle relaxant, a op CILES Sed in the management of severe

disability anxiety digordérsFand SHnsomn onvulsions, particularly status

epilepticus and febrile ¢ yithdrawal. It is also used as a
premedicant and sedative or : ~and2other procedures, and for the relive of
muscle spasm (Reynolds, 1996)y=Avaiablesdosage forms are tablet, syrup, emulsion,
suppository and p # eral dosage form. oral dosage for adults ranges
between 2 to 10 [ *, -------------------- mfifamuscular or intravenous
injection dosage for ' g I

I

four hours, if necessary But no more than 30 mg should be given in an 8 hr period.

g e NS MY
aﬁﬁ‘*ﬁﬁa‘ﬁﬁ 3o Ko 111k

we1ght are show in Figure 4. The appearance of diazepam is a white or yellow

t dosage repeated in three to

crystalline powder, odorless or almost odorless. It has melting point in the range 131°
to 135°C and pKa at 20°C is 3.3. Log of partition coefficient of diazepam between
octanol and buffer pH 7.4 is 2.7 (Lund, 1994).



27

Ci6H15CIN,O Mol. Wt. =284.75

Diazepam is ng/ml) and it is soluble 1 in

W
25 of ethanol, 1 in 8 o \'&\:\

Lin 60 of propylene glycol and
freely soluble in chlorof P 02) Pher degradation of diazepam in aqueous

solution by hydrolysis of#4,5 ;-.'::- e *hond \(ring opening) resulting in the
formation of an intermediate “wieh—un ocs further hydrolysis to produce 2-

methylamino-5-chlerobenzophénone: and* ilvative as shown in Figure 5.

The reaction is ’,'r’_"_‘-__“;" has maximum stability
i F 3

0 photochemical decomposition

¥

around pH 5. Its al i app
(Hanson, 1995; Lund, 994 MacDonald, 1972)

p% u EJ ’;gnrﬁj ujaﬂnﬂn’] Q’? a sterile solution of
diaze water, for injection. Fother suit ﬁsolvent s containing 10
mg 1@ \ﬁ h uulm ge 6.2 to 7.0.

Whlle iazepam injection USP has pH in the range 6.2 to 6.9 (Lund 1994)
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CH
0 |
N—

N—C\an ACID MYDROLYSIS > /@ + NH,= CHy = COOH
Ci c::—._N/ |

2-methylamino-5-cholro- + Glycine
ophenone (MACB)

Diazepam

Figure 5 Hydiolt fiMMacDonald et al., 1972).
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