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Abstract

Microemulsion systems composed of Span20/80 + Tween20i8ftanol + HO +isopropyl palmitate (IPP)/isopropyl
myristate (IPM) were investigated as model systems of drug carriers for eye drops. Effects of chloramphenicol, normal saline,
sodium hyaluronate and various oils on the phase behavior were studied. The phase transition was investigated by the elec-
trical conductivity measurements. The electrical conductivity of the microemulsion was affected by the encapsulation of the
drug into the system, and the addition of normal saline and sodium hyaluronate. The chloramphenicol is used to treat the dis-
eases such as trachoma and keratitis. However, this drug in the common eye drops hydrolyzes easily. The main product of the
hydrolysis is glycols. Here, the chloramphenicol was trapped into the oil-in-water (o/w) microemulsions and its stability was
investigated by the high performance liquid chromatography (HPLC) assays in the accelerated experiments of 3 months. Its
location in the microemulsion formulations was determined by meahid dMR spectroscopy. The results of HPLC revealed
that the contents of the glycols in the microemulsion formulations were much lower than that in the commercial eye drops at
the end of the accelerated experiments. It implied that the stability of the chloramphenicol in the microemulsion formulations
was increased remarkably. The NMR experiments confirmed that the chloramphenicol molecules should be trapped into the
hydrophilic shells of the microemulsion drops, which was composed of many oxyethylene groups. The nitro-groups of the
chloramphenicol molecules were near & CH, of the surfactant molecules and the benzene rings of the chloramphenicol
molecules were near the oxyethylene groups of the surfactant molecules. It was this reason that enabled the chloramphenicol
molecules in the microemulsions to be screened from the bulk water and its stability to be increased remarkably.
© 2005 Elsevier B.V. All rights reserved.
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microemulsions: oil-in-water (o/w), water-in-oil (w/0)
and finally, bicontinuous structures (B.C.).

Eye drops are the most used dosage form by ocu-
lar route and chloramphenicol (sEg&. 1) is the main
effective drug in the common used eye drops. However,
the eye drops have several disadvantages, such as a very
low bioavailability (1-10%) of the drugs, which must

| O be absorbed at this site and must be inserted several
CH;  CHCHOH“CH,O0CR times a dayJarvmen et al., 1995_Also, the effective
\ component, that is chloramphenicol, has very low sol-
0 ubility in water and easily hydrolyzes (s&eheme 1

The main product of the hydrolysis is glycols. If the
content of the glycols becomes higher than the autho-
(b rized amount, it would cause the content of chloram-
phenicol to be lower than the standard (the content of
chloramphenicol in the eye drops should not be less
than 0.25%). Then, the chloramphenicol eye drops turn
| into unqualified The Pharmacopoeia Committee of
CH, CHCHO(C2H4O),,"2CH20HR State, 200D
For several years, microemulsions have been inves-
tigated as new drug delivery systems and their potential
R="'CH,"'CH,(CH,)nCH; applications in ophthalmology have been studied by
© several research teamgafidamme, 2002 Formula-
tions based on microemulsions have several interesting
Fig. 1. Chemical structures of the compounds: (a) chlorampheni- characteristics such as the enhancement of the drug
col; (b) Span: Span20 with R =¢H23; Span80 with R = &7Hzs; solubility, good thermodynamic stability and ease of
(c)Tween g +y+z=20): Tween20 with R = g Hz3; Tween80 with preparation Peira et al., 2001; Trotta et al., 2003
R=CirHas. However, the points, which are needed to study, of
the drug-loaded microemulsions are where the drug
molecules are located and how the stability of the drug
molecules are increased. The methods'ldf NMR
The microemulsions are transparent, thermodynam- spectroscopy and HPLC assay have been proven to be
ically stable multi-component fluid&(cke etal., 1994; particularly useful in this fieldKreilgaard et al., 2000;
Gradzielski and Hoffmann, 199sormally composed  Soderman and Nyden, 1909
of an aqueous component, an oily component, an  As far as chloramphenicol eye drops are concerned,
amphiphile as emulsifying agent and frequently a co- itisdesirable thatthe chloramphenicol molecules could
surfactant (usually an alkanol of intermediate chain be incorporated into the oil core or palisade layer
length). Basically, there are three different types of of the o/w microemulsion drops, so the hydrolysis is

R="'CH,"'CH,(CH;)nCH;

H(OC,H4)OCH—CHO(C,;H40),H 0

o}

1. Introduction

om—@—CHOHCHCHZOH (Chloramphenicol)  + H,0
NHCOCHCI,

=" ozN—©~CHOH(‘?HCHon (Glycols) + CHCI,COOH
NH,

Scheme 1. The hydrolysis equation of chloramphenicol molecule.
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avoided and its stability could be increased. Further-
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1 platinum conductance electrode, which was coated

more, the release of the drug molecules from the drops with platinum black. Temperature was thermostated at

of the microemulsion may be delayed, thus a delayed
effect would be expectedérciaux et al., 1995In the

present work, the pseudo-ternary phase diagrams of
various microemulsion systems were constructed and
the phase transitions were investigated by the electrical

conductivity measurements. Effects of chlorampheni-
col, normal saline, sodium hyaluronate and various
oils on the phase behavior were studied. The stability
of the chloramphenicol molecules was monitored in

the accelerated experiments through HPLC assay and

the locations of the chloramphenicol molecules in the
microemulsions were determined Byt NMR spec-
troscopy.

2. Materials and methods
2.1. Materials

Span20 (sorbitan monolaurate), Span80 (sorbitan
monooleate), Tween20 (polyethylene glycol sorbitan
monolaurate), Tween80 (polyethylene glycol sorbitan
monooleate), isopropyl palmitate (IPP) and isopropyl
myristate (IPM) were purchased from Sigma Chemical
Co., USA. Chloramphenicol and sodium hyaluronate
were kindly provided by FREDA BIOCHEM Co. Ltd.,
China. All other chemicals were AR. Grade and used
without further purification. The water was double-
distilled.

2.2. Experimental techniques

2.2.1. Electrical conductivity

The electrical conductivityx«) was measured by
means of a DDS-11A conductivity meter (Rex Instru-
ments Factory, Shanghai, China) equipped with a DJS-

Table 1

25+0.1°C.

2.2.2. Accelerated experiments

The accelerated experiment was carried out at the
abnormal conditions (given below) and the stability
of the drug could be determined relatively quickly
by accelerating the process of physical and chemical
changes of the formulations (according to the phar-
macopoeia of PR China, the changes of the chloram-
phenicol molecules in the eye drops in the accelerated
experiments of 3 months are about the same as that
of the chloramphenicol molecules in the eye drops
at normal conditions of a yeaffie Pharmacopoeia
Committee of State, 200P The experiments were car-
ried out with the temperature being thermostated at
40+ 2°C and the relative humidity being controlled
at 75+ 5% (The Pharmacopoeia Committee of State,
2000. The chloramphenicol was solubilized in two
selected o/w microemulsion formulations (ME-1 and
ME-2). The compositions of the two chloramphenicol-
loaded microemulsions are shownliable 1 Then, all
the formulations (ME-1, ME-2 and the commercial eye
drops) were divided into three groups in the same com-
mercial package, respectively, and put all the samples
into the thermostat. The amounts of glycols in the for-
mulations were assayed by HPLC at the end of each
month.

2.2.3. HPLC assay

The amounts of glycols in each formulation were
measured by high-performance liquid chromatogra-
phy (HPLC) and each measurement was repeated for
three times. The HPLC system consisted of a pump
(LC10-AD), a UV-vis detector (SPD-10), a data sta-
tion (Shimadzu, Kyoto, Japan), and a 25-cm C18
column (LiChrospher, Merck, Darmstadt, Germany).

Compositions of the tested formulations in the accelerated experiments

Formulations Surfactants Oil phase Agueous phase Chloramphenicol
(Wt%) (Wt%) (Wt%) (Wt%)
ME-1 Ss0 + Tgo(1:1) +n-butanol + IPP + HO 10.65 9.35 80.00 0.27
ME-2 S0 + Tgo(1:2) +n-butanol + IPP + HO 10.65 9.35 80.00 0.27
Commercial eye drops 0.27

The surfactants refer to thg§(Span80) and g (Tween80); the oil phase refer to theébutanol and IPP.
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The mobile phase was a mixture of methanol, 0.21%  Fig. 2 shows the phase diagrams of some selected
sodium pentyl-sulfonate and glacial acetic acid at a systems. The regions mark®l (ABCD) are the
ratio of 40:50:10 (v/v/v). The flow rate was fixed at one-phase microemulsion. The other area®)(are
1.0 ml/min and the UV detector was setat 270 nm. two-phase region. At very low water content, for exam-
The injection volume was 20. ple, <8 wt%, liquid crystal phase was often generated,
which was not shown in the figures. It is clear that the
areas of microemulsion range from w/o to bicontinu-
ous and to o/w continuously over a wide water content
in all the phase diagrams.

As it is shown inFig. 1(c) (The Pharmacopoeia
Committee of State, 2000the hydrophilic group of
the chloramphenicol, such as the —p&hd —OH are at

2.2.4. 'H NMR spectroscopy

IH NMR measurements were performed at’@5
on a Bruker AMX 400 system. Chemical shifts of
all microemulsion components were determined rel-
ative to internal tetramethylsilane. The microemulsion
was prepared using theosD (Cambridge Isotope Lab-
oratoprieg, Inc., D 39.930) zfmd the agr]nount cﬁ‘ various the end of t'he molecule_, whilg th.e.hydrophobic group
components was calculated according to the pseudo-Of phenyl ring in the mldd'le is rigid, so it could n'ot'
ternary diagram. The chloramphenicol was solubilized P€ dissolved in water easily. Furthermore, when it is
in the o/w microemulsions with different concentra- S°lubilized, the two groups of —Cl at the end of the
tions. The highest concentration of chloramphenicol MPlecule would hydrolyze easily (s&xheme L In
was 0.9Wt% and the solution still remained transpar- € Presentwork, the chloramphenicol was solubilized
ent indicating that the system was microemulsion. in n-butanol with the conce'ntratlon of 5wt% and its

effect on the phase behavior of the chosen systems
was investigated. It is seen that the added drug slightly
extends the area of the microemulsion, although the
effect is not so big (the phase diagrams with chloram-
3.1. Phase behavior phenicol were almost the same k. 2(a) and (b),
so they were not presented kig. 2). It is possible

At first, the pseudo-ternary phase diagrams of since the chloramphenicol molecules are amphiphilic
the systems of Span20 + Tween2@-butanol + IPP + (the hydroxyl groups and the nitro-groups are all
water and Span80 + Tween8@-butanol + IPP + hydrophilic, while the part of phenyl is hydropho-
water were constructed. The phase diagrams are pre-bic). And it may act as cosurfactant and could insert
sented inFig. 2, in which water was one component, into the palisade layer of the microemulsion drops.
another one was-butanol (co-surfactant)+10wt%  So, it is reasonable that a small amount of chloram-
IPP or 10wt% IPM, and the third component was phenicol could extend the region of microemulsion
surfactant+10wt% IPP or 10wt% IPM. In all slightly.
phase diagrams, the surfactants were a mixture of  Other factors that affect the phase behavior of the
Span20 + Tween20 or Span80+ Tween80, in which present systems were also studied. First is the chain
the molar ratio of Span/Tween was fixed at 1:1. The length of various oils. In the phase diagram&igf. 2, it
pseudo-ternary phase diagrams were constructedis seen thatthe region of the microemulsiofrig. 2(a)
adopting a simple titration technique. The mixtures of is a little larger than that ifrig. 2(b). It can be seen
the surfactants and the oil (IPP or IPM) were prepared clearly that the area of microemulsion kig. 2(c) is
by mixing the desired amounts, and then an appropriate much larger than that ifig. 2(a). These results may
amount ofn-butanol was introduced into the system. be understood in terms of the law of chain length com-
Water was added drop by drop and during the titration, patibility. Chain length compatibility of surfactant and
samples were magnetically stirred in order to reach the oil is a very important factor regarding the formation
equilibrium quickly. The phase boundary was deter- of microemulsionslou and Shah, 1987; Garti et al.,
mined by observing the changes of the sample appear-1995. Bansal et al. showed that the maximum water
ance from turbid to transparent or from transparent solubilization by surfactants occurred whigr-Io =g
to turbid. The content of each component in solutions (I, /o, andls are the lengths of hydrocarbon chains in
was derived from precise mass measurements. alcohol, oil and surfactant, respectively). The equation

3. Results and discussions
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Cs3Ho OH+10%IPP
C4HsOH +10%IPP

T /2@ Span80 + Tween80 . OB
~ t1:1) +10%IPP 2

Span20 + Tween20
(1:1) +10%IPP

B
0.05% Sodium c Span80+Tween&0
Hyaluronate (1:1) +10%IPP

Span80 + Tweeen80
(1:1) +10%IPM

Fig. 2. The pseudo-ternary phase diagrams of various systems a€:2f) Span80+ Tween80 (1:1)#butanol+ IPP +HO;

(b) Span20+Tween20 (1:1ly+butanol+IPP +HO; (c) Span80+ Tween80 (1l:1)#butanol (5% chloramphenicol)+IPM+iD; (d)
Span80 + Tween80 (1:1)+butanol (5% chloramphenicol) + IPP + 0.05% sodium hyaluronate. All the ratios mentioned above are weight ratios
except the ratios of Span/Tween are molar ratios.

of la+1p=1s is also called BSO equation and reflects sion in Fig. 2b) is smaller than that ifrig. 2(a). It

the requirements of chain length compatibilitgarti is thought that the chain length compatibility is the

et al., 1995; Eastoe et al., 1996; Shiao et al., 1998 main factor to determine the microemulsion area in the
As far as the present systems are concerned, accordpresent work. However, the chain length compatibil-
ing to the BSO equation, whelg= 18 for the mixed ity is an experimental rule and not necessarily fit to
surfactants (se€ig. 2a and b, the fixed molar ratio  all systems. Considering the complexity of the phase
of Tween80/Span80 = 1:1) amg= 4 for n-butanol, the behavior, the theory should be testified through the
maximum solubilization of water should occur whign experiments.

is 14. So it is not surprised to find that the system con- It is well known that the sodium hyaluronate can
taining IPM (Fig. Zc) has a larger area of microemul- improve the percolation of the blood vessel and lubri-
sion than that of the system containing IFFRg( 2a). cate the human joint. It is also called natural mois-

The same reason could explain the difference betweenturizing factor, so adding a little amount of sodium
Fig. 2a) and (b). Due tds=12 for these surfactants hyaluronate into the formulations can increase the
(the fixed molar ratio of Tween20/Span20=1:1), the physiological compatibility of the eye drops and
20 systems have a shorter hydrocarbon chain than 80improve the eye drops’ performance greathc@sta
systems, thus the hydrocarbon chain length of IPP is et al., 1996; Ling and Zhang, 2000The solution of
relatively large for them, so the region of microemul- sodium hyaluronate with the concentration of 0.05 wt%
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was used to replace the pure water and its effect on the 140 ——————————————T—
phase behavior of the microemulsion was studied. In - 1
order to mimic the physiological condition and adjust 120
the osmotic pressure of the formulations, the solution
of 0.9wt% NaCl was used to replace the pure water
and its influence on the phase behavior was also inves-
tigated. Interestingly, the two solutions exhibit quite 80 -
different effects on the phase behavior. For example, i
the solution of 0.9% NaCl has little effect on the phase 60 -
diagram Fig. 2a), but the solution of 0.05% sodium i
hyaluronate induces alarge decrease of the microemul- 40
sion arealfig. 2d). Since Span and Tween are nonionic I
surfactants, they must be relatively insensitive to the
salts, and the NaCl concentration of 0.9% is too low
to cause any phase transitidPefra et al., 2001 But A .
the situation for sodium hyaluronate is different. It is 0 10 20 30 40 50 60 70 80
a kind of polymer, which is partial ionization and par- o/ % (wt)

tial hydrolysis in aqueous solutions, its hydrocarbon

chains may have certain interactions with the surfac- rig. 3. variation of the electrical conductivitx) as a function of
tant molecules. So the solution of 0.05wt% sodium water content (along line EB in the microemulsion regioRiof 2a).
hyaluronate has large effect on the phase behavior of

100

(wyg)t, 01

the systems. The electrical conductivity curve fRig. 3illustrates
excellently three microemulsion regions: a water-in-

3.2. Electrical conductivity and phase transition oil region in water content up to 45wt%, an oil-in-

of the microemulsions water region in water content larger than 62 wt%, and

a bicontinuous region in water content between 45 and
Electrical conductivity is a structure-sensitive prop- 62 wt%.

erty and there are some studies reported about the The electrical conductivity curves of the system
systems of nonionic surfactanMé¢hta and Bala, 2000;  containing the 0.9% NaCl and the 0.05% sodium
Zheng et al., 20083 In this study, the electrical con- hyaluronate are shown iig. 4, respectively. Itis inter-
ductivities of several systems of microemulsions com- esting to compare them with each other. At first, it is
posed of nonionic surfactants were measured, and theobvious that the behaviors of the curveEig. 4are dif-
resultsindicated that this method could be used for such ferent. The curve ifrig. 4(@) demonstrates a classical
systems. The electrical conductivity was measured as picture of the conductivity behavior of microemul-
a function of the composition of the system, which was sions as interpreted above. However, the experimental
changed, for example, along the line EBFig. 2a). curve inFig. 4(b) is abnormal, i.e., the electrical con-
Fig. 3shows atypical experimental result. Itis seenthat ductivity is increased continuously even in the region
the plot ofk versus water content (wt) exhibits the pro- of o/w microemulsion, although the rise in the end
file characteristic of percolative conductivityggues is somewhat mild. It is possibly because that sodium
et al., 1980; Gennes and Taupin, 1982; Grest et al., hyaluronate is a kind of polymer and the concentration
1986. At first, the conductivity remains low up to a of 0.05wt% is too low, so it contributes very little to
certain weight fraction of wateg,; however, whenthe  the system’s conductivityHig. 4a). Thus, the solution
water contentis raised aboyg the value ok increases of 0.05% sodium hyaluronate does not influence the
linearly and steeply up te, at the concentration of  shape of the conductivity curve of the microemulsion.
op, then it increases continuously but with relatively However, NaCl is an inorganic electrolyte. The con-
moderate rate up ta, at the concentration @fy,,, and centration of 0.9 wt% is not so high as to induce phase
after reaching the maximum value,decreases with  transition, but enough to influence the conductivity of
the increase of water content. the systemKig. 4b).



F-F. Lv et al. / International Journal of Pharmaceutics 301 (2005) 237-246

300 T T T T T
km 1
250 + .."00.. 4

b . [ ]

3 kb . 1

’@ 200 4 —

E 4
150 -
100 E

50 -
0 ee?® ) B
L ¥ 9 b N
0 20 40 60 80

(a) ¢ Y (wt)

6000 -
5000 -

S

%

#4000 | -

@

E ]
3000 -
2000 -
1000 |- -

o ‘ -
TR TP R NP SR R
0 10 20 30 40 50 60 70 80 90
(b) o/ % (wt)

Fig. 4. The effects of sodium hyaluronate and sodium chlo-
ride on the electrical conductivity of the microemulsion: (a)
Span20 + Tween20(1:1)*butanol(5% chloramphenicol) + IPP +
0.05% sodium hyaluronate; (b)Span20+Tween20 (1:t)+
butanol(5% chloramphenicol) + IPP + 0.9% NacCl. All the ratios are
weight ratios except the ratio of Span20/Tween20 is molar ratio.

The phase transition could be identified clearly for
Fig. 4(a): a water-in-oil region with water content up
to 42 wt%, an oil-in-water region with water content
larger than 70 wt%, and a bicontinuous region in water
content between 42 and 70 wt%.

The effect of chloramphenicol on the electrical con-
ductivity was also investigated-ig. 5. The results

243

300 —
0%
250 | . o -
* M
—_ r ° [ b
% ° L .I
zA 200 - —
~ [ |
V1 [
L n ..
s ..
150 ] E
b . L 4
100 | e = -
'Y
L . J
50 o "
o !
L o, J
o
oLe® ] ] ] ]
0 20 40 60 80
@ Yo (wt)

Fig. 5. Variation of the electrical conductivity of the microemulsion,
k, as a function of water content with and without chlorampheni-
col: (@) Span20+Tween20(1:1, molar ratioy-butanol (5wt%
chloramphenicol) + IPP +40O; (H) Span20 + Tween20 (1:1, molar
ratio) +n-butanol + IPP + HO.

show that the addition of chloramphenicol increases
the electrical conductivity of the system. It is reason-
able since chloramphenicol is a polar molecule.

3.3. Stability of chloramphenicol in the
formulations

The stability of chloramphenicol in the formula-
tions was determined by HPLC assays through the
accelerated experimentS¢derman and Nyden, 1999;
Kreilgaard et al., 2000 The results are shown kg. 6.

At the beginning of the accelerated experiments, the
amounts of glycols are similar and very low in all
formulations. With the prolongation of the monitored
time, the contents of the glycols in the formulations
all begin to increase. For example, the amounts of gly-
cols in commercial eye drops range from 1.20 wt% at
the start to 11.28 wt% at the end of the 1st month, to
20.88wt% at the end of the 2nd month and finally,
to 27.11wt% at the end of the 3rd month. It indi-
cates that the hydrolysis of the chloramphenicol in
the commercial eye drops becomes more and more
remarkable. The same changes of glycols’ contents
could be found in the formulations of ME-1 and ME-
2. However, it is worth noting that from the end of
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Fig. 6. The contents of glycols in the formulations at the end of each
month in the accelerated experiments: (a) 0 month; (b) 1 month; (c) 2
month; (d) 3 month. The temperatures are thermostated-a24@

and the relative humidity is controlled at 2%6%.

the 1st month, the contents of the glycols in the for-
mulations become different. The contents of glycols
in the microemulsions always remain lower than that
in the commercial eye drops. At the end of the 3rd
month, the contents of glycols are already 27.11 wt%
in the commercial eye drops, but only 15.99 wt% in
ME-1 and 15.87 wt% in ME-2, respectively. The con-
tents of glycols in the microemulsions are much lower
than that in the commercial eye drops. This reveals
that the microemulsion formulations could improve the
stability of the chloramphenicol remarkably. Besides,
the HPLC assaysHg. 6) also show that the con-
tents of glycols in ME-1 and ME-2 are near the same
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Table 2
1H NMR chemical shifts of Span80 and Tween80 in the microemul-
sions with various chloramphenicol concentrations

Functional group 3§ (ppm)
80 60'3 80'6 50.9

®-CHs 0.9549 0.9340 0.9553 0.9525
(CH2), 1.3882 1.3911 1.3880 1.3906
B1-CH, 1.6390 1.6357 1.6434 1.6355
al-CHy 2.2415 2.2410 2.2464 2.246
(CH2CH20), 3.9506 3.7921 3.7791 3.7889
a2-CHy 41978 4.2429 4.2494 4.2407

8%is the chemical shift of the surfactants in the microemulsion which
is free of chloramphenico$®-3is the chemical shift of the surfactants
in the microemulsion which contains 0.3 wt% chloramphenicol; so
ass®8 ands®.

lations, thelH NMR experiments are performed on
the microemulsions Soderman and Nyden, 1999;
Kreilgaard et al.,, 2000 Due to the compositions
of ME-1 is similar to ME-2, thelH NMR exper-
iment was only performed on the ME-1 in detail.
The amounts of water, surfactants, alcohol and oll
were fixed at the same in all the microemulsion
systems and only the content of chloramphenicol
was varied. The present microemulsion is consisted
of Span80 + Tween80 (1:1)x+butanol + IPP + RO, in
which the Span80 and-butanol both have hydroxyl
groups and the Tween80 have many oxyethylene
groups. So many materials and functional groups
would result in a complexingH NMR spectra of
the microemulsions. However, if the experiments are

throughout the accelerated experiments. It could be gesigned finely and studied very carefully, there is still

attributed to the similarities of the compositions of
the microemulsion formulations. ME-1 is composed of
Span80 + Tween80 (1:1)x+butanol+IPP +HO and
the ME-2 is composed of Span80 + Tween80 (1:2) +
butanol + PP + HO. Due to the similar compositions
of the two microemulsion formulations, it is assumed
that the chloramphenicol molecules are solubilized in
the microemulsions in the similar position. This results
in the similar stability of chloramphenicol molecules in
ME-1 and ME-2.

3.4. The location of chloramphenicol molecules in
the microemulsion formulations

To shed some light on the location of the chlo-
ramphenicol molecules in the microemulsion formu-

some information obtained. The main results about the
1H NMR spectra of ME-1 are summarizedTable 2
FromTable 2 it can be seen that after the addition of
chloramphenicol, the chemical shifts of the functional
groups display different changes. The chemical shifts
of protons of the oxyethylene groups, (&EH>0),,

are the most sensitive to the addition of chloram-
phenicol A§ > 0.15 ppm); secondly is the methylene
near the ether bon&2-CHy (|]As| > 0.04 ppm), and
the chemical shifts of other functional groups, such
as w-CHs, (CHy),, B1-CH, and a1-CH, all change
very small As < 0.005 ppm). Since the changes of the
chemical shifts of various groups are closely connected
with the addition of chloramphenicol, the location
of chloramphenicol molecules in the microemulsions
could be confirmed according to these changes. In the
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Table 3
Changes otH NMR chemical shifts of Span80 and Tween80 in the
chloramphenicol-loaded microemulsions

Functional group AS (ppm)

50 _ 80'3 50 _ 50'6 (SO _ 50.9
®-CHs 0.0024 —3E-4 0.0025
(CHg)» —0.0029 3E-4 —0.0024
B1-CH, 0.0033 —0.0044 0.0035
al-CHy 5E-4 —0.0049 —0.0048
(CH2CH20), 0.1585 0.1715 0.1618
a2-CH —0.0451 —0.0517 —0.0430

chloramphenicol-loaded microemulsions, the chem-
ical shift patterns ofw-CH3z, (CHy),, B1-CH, and
al-CH, are not sensitive to the addition of chlo-
ramphenicol, however, the chemical shift changes
of (CH,CH0), and a2-CH, are relatively large
(Table 3. It implies that the chloramphenicol is not
solubilized in the palisade layer or the oil kernel of the
drops of the o/w microemulsions, but in the hydrophilic
shell of the microemulsions drops, which is composed
of many oxyethylene groups (sé€g. 7). However,
there is another interesting phenomenon. With the
addition of chloramphenicol, the chemical shifts of
oxyethylene groups all move to high field and > 0;

on the contrast, the chemical shifts a2-CH, all
move to low field and\$ < 0. The different changes of
(CH>CH,0),, anda2-CH, reveal the specific location
of chloramphenicol molecules in the microemulsions
formulations. It is well known that the benzene ring
has a strong screening effect and it could enable the

Hydrophilic shell

chloramphenicol

\iTweenSO \i Spang0 Z n-butanol K

Fig. 7. Sketch of the locations of chloramphenicol molecules in the
microemulsions. (The arc area among the dotted lines represents the
hydrophilic shell of the microemulsion drops, which are composed
of many oxyethylene groups.)
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chemical shift values of other groups near itto decrease
(A8>0) (Xing and Xu, 1993 On the other hand, the
nitro-group, —NQ, is a famous group of electron with-
drawing. The chemical shift of functional groups of
other compounds near the nitro-group would move to
low field (A§<0) (Xing and Xu, 1993 Therefore,

the chloramphenicol is solubilized into the hydrophilic
shell composed of many oxyethylene groups of the sur-
factants. Its nitro-group is near the group@-CH, of

the surfactant molecules and its benzene ring near the
group of (CHCH»0), of the surfactants. It might be
this reason that enables the chloramphenicol molecules
in the microemulsion formulations to be screened from
the bulk water and its stability to be increased remark-
ably.

Of course, due to the chloramphenicols could partly
dissolve in water and there are still some glycols in the
microemulsion formulationsHig. 6). However, most
chloramphenicol molecules could be solubilized into
the hydrophilic shell of the microemulsion drops as
mentioned above, so the stability of chloramphenicol
is increased dramatically. As far as the commercial eye
drops is concerned, it is mainly a solution of choram-
phenicols dissolved in water; thus, it is not surprised
to find that the contents of glycols in the commercial
eye drops are much higher than that in the ME-1 and
ME-2.

4. Conclusions

A series of presudo-ternary phase diagrams were
constructed and the differences of the microemulsion
area were interpreted using the BSO equation. The
solution of 0.9 wt% NacCl has little effect on the phase
behavior of the systems, but the solution of 0.05wt%
sodium hyaluronate induces a sharp decrease of the
microemulsion area of the systems.

The phase transition of the chloramphenicol-
trapped microemulsions was studied by the electrical
conductivity measurement. The chloramphenicol and
the solution of 0.05% sodium hyaluronate have little
effects on the electrical conductivity of the system.
However, the solution of 0.9% NaCl could affect the
electrical conductivity of the microemulsions strongly.

The chloramphenicol-loaded microemulsions are
investigated as model drug delivery systems for eye
drops. The stability of the chloramphenicol molecules
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in the microemulsion formulations is monitored by

HPLC assays through the accelerated experiments.

The results reveal that the amounts of glycols in
the microemulsion formulations are much lower than
that in the commercial eye drops. It implies that the
microemulsions could improve the stability of the
choramphenicols remarkably.

The locations of the chloramphenicol molecules in
the microemulsions are determinedy NMR spec-
troscopy. Itis inferred from the results tl NMR that
the chloramphenicol molecules might be solubilized
in the hydrophilic shell of the microemulsion drops,
which are composed of many oxyethylene groups of
the surfactants. The chloramphenicol molecule’s nitro-
group is near the2-CH, of the surfactant molecules
and its benzene ring is near the (gEH,0), of the

E-F. Lv et al. / International Journal of Pharmaceutics 301 (2005) 237-246
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