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Background: Today, the use of cyclodextrins (CDs) is a major concern in drug formulations to improve solubility and stability of 
compounds. It has been known that CDs can reduce the antimicrobial effectiveness of preservatives by formation of inclusion complexes.
Objectives: In this study the interaction between commonly used preservatives, benzalkonium chloride (BZCl) or methyl paraben 
(MP), with synthetic CDs (HP γ-CD or SBE β-CD) in the presence or absence of ethylene diamine tetra acetic acid (EDTA), as a preservative 
potentiator, and fluorometholone was investigated.
Materials and Methods: The tests were performed during a 4 week period according to the preservative effectiveness test of USP 2010.
Results: The results showed that CDs reduce the effectiveness of BZCl and MP even in the presence of drug molecules. The only exception 
was HP γ-CD 5% solution with BZCl and EDTA which was effective against tested microorganisms both in the presence and absence of drug 
molecules.
Conclusions: The solution of HP γ-CD 5% with BZCl 0.02% and EDTA 0.1% was selected as a good carrier for dissolving fluorometholone for 
use as an eye drop.
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Implication for health policy/practice/research/medical education:
 The results of this study are useful in ophthalmic drug delivery because of offering a new formulation in which cyclodexterins simultaneously applied 
with preservatives. This can be used as a model for other insoluble ophthalmic pharmaceuticals.
Copyright ©  2013, Ahvaz Jundishapur University of Medical Sciences; Licensee Kowsar Ltd. This is an Open Access article distributed under the terms of the Creative 
Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution, and reproduction in any medium, pro-
vided the original work is properly cited.

1. Background
Cyclodextrins (CDs) are cyclic oligosaccharides with a 

hydrophilic outer surface and a somewhat hydropho-
bic central core. The most common natural occurring 
cyclodextrins are α-cyclodextrin (α-CD), β-cyclodextrin 
(β-CD) and γ-cyclodextrin (γ-CD), consisting of six (hex-
amer), seven (heptamer) and eight (octamer) (α-1, 
4)-linked α-D-glucopyranose units, respectively (1-7). 
Many CD derivatives have been synthesized by amina-
tion, esterification or etherification of primary and sec-
ondary hydroxyl groups of the natural CDs. Depending 
on the substitution group, the aqueous solubility of CD 
derivatives are usually different from the natural CDs 
(1-3, 8).

CDs are capable of interacting with a large variety of 
guest molecules to form non-covalent inclusion com-
plexes (3, 4, 8, 9) and extensive application of these ex-
cipients in pharmaceutical formulations is attributed 
to their complexation ability. In pharmaceutical prod-
ucts, CDs are used as drug carriers to improve drug 
dissolution and to enhance drug absorption. Differ-
ent studies have shown the use of CDs as additives in 

ophthalmic formulations for increasing the aqueous 
solubility, aqueous stability and bioavailability of oph-
thalmic drugs, and to decrease drug irritation (4, 10-12).

Inclusion in CDs exerts a profound effect on the physi-
cochemical properties of guest molecules as they are 
temporarily locked or caged within the host cavity but 
dissociation of drug from CD cavity may occur after 
dilution, change in ionic state and temperature and 
competitive displacement (5, 11-14). It is believed that 
the same complexation effect exists with preservatives 
which are present in pharmaceutical products (15). As 
only the free preservative molecules are effective, the 
complexation between preservatives and CDs can re-
duce their antimicrobial activity (4, 10).

2. Objectives
The aim of this study was to investigate the interac-

tion of CDs with preservatives in the absence and pres-
ence of drug molecules and to show the effect of these 
interactions on the antimicrobial activity of preserva-
tives. Obviously, the effect of CDs on antimicrobial ac-
tivity of preservatives depends on their ability to form a 
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complex with the CD molecule. It is worth to point out 
that  most studies about the effects of CDs on the anti-
microbial activity of preservatives were usually in the 
absence of drug molecules (15-18).

3. Materials and Methods
CDs including 2-hydroxypropyl γ-CD (HP γ-CD) and sul-

fobutylether β-CD sodium salt (SBE β-CD) were purchased 
from Seebio (China). Preservatives including benzalkoni-
um chloride (BZCl) and methyl paraben (MP) were from 
Merck (Germany). EDTA was obtained from Kiankaveh 
pharmaceutical chemicals complex Inc (Iran). Soybean 
casein digest agar (SCDA) medium was from Himedia 
(India). NaCl, Tween 80 and lecithin were ordered from 
Merck (Germany). Fluorometholone was obtained from 
Pursina pharmaceutical company (Iran).

Aqueous solutions containing 5%, 10% and 15% w/v CD 
were prepared. Preservatives including BZCl (0.01% w/v), 
MP (0.2%) or combination of BZCl (0.02% w/v) and EDTA 
(0.1% w/v) were added to these solutions separately ( 19 ). 
This preparation was repeated with solutions of HP γ-CD 
(5% and 10% w/v) containing EDTA (0.1% w/v) (19), BZCl 
(0.02% w/v) ( 19 ) and fluorometholone (0.1% w/v). These 
aqueous mixtures were then placed in a rotator (Labi-
nco, Netherlands) for 24 h at 20 rpm. After the equili-
bration time, solutions were filter sterilized through 
a 0.22 µm sterile filter under aseptic conditions. These 
solutions were used as samples for carrying out the pre-
servative effectiveness test (PET). PET for each solution 
was performed according to USP 2010 ( 20 ).

The microorganisms used are listed in Table 1. After 
cultivation of each microorganism on soybean casein 
digest agar (SCDA) medium (bacteria kept overnight at 
35ºC, Candida albicans at 25ºC for 2 days, Aspergillus ni-
ger at 25ºC for 1 week), their suspensions in sterile saline 
(0.9% NaCl) or saline-Tween (for A. niger ) were prepared 
(108 CFU/mL) and vortexed (10 s) to homogenize. Ali-
quots (50 µl) of these inoculates were added to each 5 
ml sample and were vortexed (10 s). The initial number 
of each microorganism added to the samples was deter-
mined by the plate count method.

The samples were incubated at 25ºC for 28 days. After 
7, 14 and 28 days of incubation, the samples were inves-
tigated for the number of viable organisms per ml. To 
do this, 1 ml of each sample was diluted (based on the 
initially calculated CFU/mL), and transferred to a single 
sterile plate while SCDA (ca 15 ml at 45ºC), containing 
lecithin (0.05% w/v) and Tween 80 (3% w/v) as inactiva-
tors, were added to each plate. After incubation for 2 
days at 35ºC ( C. albicans for 3 days at 25ºC and A. niger 
for 5 days at 25ºC) the number of viable organisms per 
ml was calculated for each sample by applying the plate 
count method. Finally, data from HP-γ CD 5% were ana-
lyzed by the SPSS software. 

4. Results
4.1. First Test

 Table 2 shows the number of microorganisms (CFU) per 
ml at the zero time point and 7, 14 and 28 days after incuba-
tion of samples in the presence of BZCl (0.01% w/v) and HP 
γ-CD (5%, 10%, or 15% w/v). The results show that, BZCl (0.01% 
w/v) could not prevent the growth of microorganisms in 
the presence of different concentrations of HP γ-CD. Con-
trol group results (BZCl 0.01% w/v without CD) showed, BZCl 
could prevent the growth of microorganisms effectively. 

Table 1. Test Strains Used to Investigate the Antimicrobial Effec-
tiveness of Preservatives 

No. Strain ATCC

1 Escherichia coli 8739

2 Pseudomonas aeruginosa 9027

3 Staphylococcus aureus 6538

4 Candida albicans 1021

5 Aspergillus niger 16404

Table 2. Number of Viable Counts in Different Formulations at 
Different Time Intervals 

BZCl + HP 
γ-CD 5%

BZCl + HP 
γ-CD 10%

BZCl + HP 
γ-CD 15%

BZCl

Day 0

E. coli 1.5 × 106 1.5 × 106 1.5 × 106 1.5 × 106

P. aerugi-
nosa

106 106 106 106

S .aureus 5 × 105 5 × 105 5 × 105 5 ×105

C. albicans 105 105 105 105

A. niger 2 × 104 2 × 104 2 × 104 2 × 104

Day 7th

E. coli 6 × 106 2 × 106 6 × 107 ≤ 9 × 102

P. aerugi-
nosa

5 × 106 2 × 106 1.5 × 107 ≤ 9 × 102

S .aureus ≤ 9 × 103 ≤ 9 × 103 4 × 104 ≤ 9 × 102

C. albicans 3 × 105 6 × 106 6 × 106 ≤ 9 × 102

A. niger 105 5 × 105 4 × 105 ≤ 9 × 102

Day 14th

E. coli 8 × 106 2 × 106 5 × 106 ≤ 9

P. aerugi-
nosa

6 × 105 4 × 106 1.5 × 107 ≤ 9

S. aureus ≤ 9 × 10 ≤ 9 × 10 3 × 103 ≤ 9

C. albicans 6 × 105 3 × 105 3 × 106 ≤ 9

A. niger 9 × 104 105 8 × 104 ≤ 9

Day 28th

E. coli 6 × 106 5 × 106 4 ×106 0

P. aerugi-
nosa

4 × 105 5 × 106 4 × 106 0

S. aureus 0 0 ≤ 9 × 10 0

C. albicans 9 × 105 1.2 ×106 4 × 106 0

A. niger 9 × 104 8 ×105 105 0
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4.2. Second Test
 Table 3 shows the number of microorganisms (CFU) 

per ml at the zero time and 7, 14 and 28 days after incu-
bation of samples in the presence of BZCl (0.01% w/v) 
and SBE β-CD (5%, 10%, or 15% w/v). The results show that, 
BZCl (0.01% w/v) could not prevent the growth of micro-
organisms in the presence of all of the concentrations of 
SBE β-CD. The control group (BZCl 0.01% w/v without CD) 
showed that BZCl could prevent the growth of microor-
ganisms effectively. 

Table 3. Number of Viable Counts in Different Formulations at 
Different Time Intervals 

BZCl + 
SBE β-CD 
5%

BZCl + 
SBE β-CD 
10%

BZCl + 
SBE β-CD 
15%

BZCl

Day 0

E. coli 107 107 107 107

P. aerugi-
nosa

1.2 × 106 1.2 × 106 1.2 × 106 1.2 × 106

S. aureus 106 106 106 106

C. albicans 1.2 × 105 1.2 × 105 1.2 × 105 1.2 × 105

A. niger 105 105 105 105

Day 7th

E. coli 8 × 107 4 × 107 2 × 104 ≤ 9 × 102

P. aerugi-
nosa

1.2 × 107 9 × 107 1.2 × 109 ≤ 9 × 102

S. aureus ≤ 9 × 102 2 × 104 ≤ 9 × 102 ≤ 9 × 102

C. albicans 3 × 105 8 × 104 8 × 105 ≤ 9 × 102

A. niger 105 106 107 ≤ 9 × 102

Day 14th

E. coli 6 × 107 2 × 107 1.4 × 108 ≤ 9

P. aerugi-
nosa

6 × 107 2 × 107 2 × 108 ≤ 9

S. aureus ≤ 9 × 10 ≤ 9 × 10 ≤ 9 × 10 ≤ 9

C. albicans 3 × 105 106 6 × 106 ≤ 9

A. niger 3 × 105 106 5 × 106 ≤ 9 × 102

Day 28th

E. coli 5 × 107 2 × 107 1.3 × 108 0

P. aerugi-
nosa

3 × 107 3 × 107 1.2 × 108 0

S. aureus 0 0 0 0

C. albicans 6 × 105 4 × 106 2 × 107 0

A. niger 5 × 105 2 × 106 6 × 106 0

4.3. Third Test
 Table 4 shows the number of microorganisms (CFU) per 

ml at the zero time point and 7, 14 and 28 days after incu-
bation of samples in the presence of MP (0.2% w/v) and HP 

γ-CD (5%, 10%, or 15% w/v). The results show that, MP (0.2%) 
could not prevent the growth of microorganisms in the 
presence of different concentrations of HP γ-CD. The con-
trol group (MP 0.2% w/v without CD) showed, MP could 
prevent the growth of microorganisms effectively. 

Table 4. Number of Viable Counts in Different Formulations at 
Different Time Intervals 

MP + HP 
γ-CD 5%

MP + HP 
γ-CD 10%

MP + HP 
γ-CD 15%

MP

Day 0

E. coli 4 × 105 4 × 105 4 × 105 4 × 105

P. aerugi-
nosa

4 × 105 4 × 105 4 × 105 4 × 105

S. aureus 7 × 105 7 × 105 7 × 105 7 × 105

C. albicans 3 × 104 3 × 104 3 × 104 3 × 104

A. niger 8 × 104 8 × 104 8 × 104 8 × 104

Day 7th

E. coli 1.2 × 108 4 × 107 6 × 107 ≤ 9 × 102

P. aerugi-
nosa

5 × 107 1.5 × 106 3 × 107 ≤ 9 × 102

S. aureus 4 × 106 4 × 105 2 × 105 ≤ 9 × 102

C. albicans 7 × 105 107 7 × 105 ≤ 9 × 102

A. niger 105 106 8 × 105 ≤ 9 × 102

Day 14th

E. coli 1.2 × 108 1.4 × 107 8 × 107 ≤ 9

P. aerugi-
nosa

108 1.3 × 106 1.5 × 107 ≤ 9

S. aureus 1.8 × 105 1.3 × 105 5 × 104 ≤ 9

C. albicans 1.4 × 106 1.2 × 106 1.2 × 106 ≤ 9

A. niger 1.5 × 105 1.3 × 106 1.8 × 106 ≤ 9

Day 28th

E. coli 3 × 107 1.6 × 107 5 × 107 0

P. aerugi-
nosa

1.2 × 108 9 × 105 1.8 × 107 0

S. aureus 5 × 104 2 × 104 4 × 104 0

C. albicans 5 × 105 4 × 105 1.2 × 106 0

A. niger 105 1.3 × 106 106 0

4.4. Forth Test
 Table 5 shows the number of microorganisms (CFU) 

per ml at the zero time point and 7, 14 and 28 days after 
incubation of samples in the presence of MP (0.2% w/v) 
and SBE β-CD (5%, 10%, or 15% w/v). The results show that, 
MP (0.2% w/v) could not prevent the growth of microor-
ganisms in the presence of different concentrations of 
SBE β-CD. The control group (MP 0.2% w/v without CD) 
showed, MP could prevent the growth of microorgan-
isms effectively. 
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Table 5. Number of Viable Counts in Different Formulations at 
Different Time Intervals 

MP + SBE 
β-CD 5%

MP + SBE 
β-CD 10%

MP + SBE 
β-CD 15%

MP

Day 0

E. coli 1.9 × 105 1.9 × 105 1.9 × 105 1.9 × 105

P. aerugi-
nosa

5 × 105 5 × 105 5 × 105 5 × 105

S .aureus 1.7 × 105 1.7 × 105 1.7 × 105 1.7 × 105

C. albicans 5 × 104 5 × 104 5 × 104 5 × 104

A. niger 105 105 105 105

Day 7th

E. coli 3 × 107 5 × 107 1.4 × 108 ≤ 9 × 102

P. aerugi-
nosa

108 4 × 107 109 ≤ 9 × 102

S .aureus 1.3 × 106 6 × 107 4 × 105 ≤ 9 × 102

C. albicans 4 × 105 3 × 106 4 × 106 ≤ 9 × 102

A. niger 3 × 105 7 × 105 4 × 105 ≤ 9 × 102

Day 14th

E. coli 3 × 107 6 × 107 108 ≤ 9

P. aerugi-
nosa

6 × 106 4 × 106 6 × 107 ≤ 9

S. aureus 9 × 104 1.6 × 105 6 × 104 ≤ 9

C. albicans 4 × 105 2 × 106 2 × 106 ≤ 9

A. niger 4 × 105 8 × 105 106 ≤ 9

Day 28th

E. coli 1.2 × 108 5 × 107 9 × 107 0

P. aerugi-
nosa

1.7 × 107 5 × 106 4 × 107 0

S. aureus 3 × 106 3 × 103 2 × 103 0

C. albicans 9 × 105 2 × 106 3 × 106 0

A. niger 7 × 105 106 1.1 × 106 0

4.5. Fifth Test
To ensure whether the preservatives-CD system in the 

presence of drug molecules can prevent the growth of 
microorganisms effectively, the tests with fluorometho-
lone (0.1% w/v) and SBE β-CD (5% or 15% w/v) complexes 
were repeated in the presence of either BZCl (0.01% w/v) 
or MP (0.1% w/v), but the preservatives did not show 
enough effectiveness against the microorganisms test-
ed (data are not shown). This test was also repeated with 
BZCl (0.02% w/v) and MP (0.2% w/v) together for both cy-
clodexterins (SBE β-CD and HP γ-CD but without drug), 
but they couldn’t inhibit the growth of the tested micro-
organisms (data are not shown). So EDTA (0.1% w/v), as 
a preservative potentiator, was replaced instead of MP 
and the test was carried out for 28 days.

Table 6. Number of Viable Counts in Different Formulations at 
Different Time Intervals 

EDTA 
+ BZCl 
+ HP 
γ-CD 
5%

EDTA 
+ BZCl 
+ HP 
γ-CD 
10%

EDTA 
+ BZCl 
+ HP 
γ-CD 
15%

EDTA 
+ BZCl 
+ SBE 
β-CD 
5%

EDTA 
+ BZCl 
+ SBE 
β-CD 
10%

DTA + 
BZCl 
+ SBE 
β-CD 
15%

Day 0

E. coli 8.3 × 
105

8.3 × 
105

8.3 × 
105

8.3 × 
105

8.3 × 
105

8.3 × 
105

P. aeru-
ginosa

8.3 × 
105

8.3 × 
105

8.3 × 
105

8.3 × 
105

8.3 × 
105

8.3 × 
105

S. au-
reus

2.5 × 
105

2.5 × 
105

2.5 × 
105

2.5 × 
105

2.5 × 
105

2.5 × 
105

C. albi-
cans

2.5 × 
104

2.5 × 
104

2.5 × 
104

2.5 × 
104

2.5 × 
104

2.5 × 
104

A. 
niger

2.8 × 
105

2.8 × 
105

2.8 × 
105

2.8 × 
105

2.8 × 
105

2.8 × 
105

Day 7th

E. coli 0 0 1.2 × 
106

1.7 × 
106

7 × 106 9 × 107

P. aeru-
ginosa

0 4 × 105 1.6 × 
107

2.7 × 
107

3 × 107 3.2 × 
106

S. au-
reus

0 0 0 5 × 107 1.2 × 
107

0

C. albi-
cans

0 0 5 × 105 2.5 × 
105

1.7 × 
105

0

A. 
niger

0 0 2.5 × 
106

2.3 × 
106

2.6 × 
106

2.6× 
105

Day 14th

E. coli 0 0 - - - -

P. aeru-
ginosa

0 105 - - - -

S. au-
reus

0 0 - - - -

C. albi-
cans

0 0 - - - -

A. 
niger

0 0 - - - -

Day 28th

E. coli 0 - - - - -

P. aeru-
ginosa

0 - - - - -

S. au-
reus

0 - - - - -

C. albi-
cans

0 - - - - -

A. 
niger

0 - - - - -
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4.6. Sixth Test

4.6.1. First Week
 Table 6 shows the number of microorganisms (CFU) 

per ml at the zero time point and 7, 14 and 28 days after 
incubation of samples in the presence of EDTA (0.1% w/v), 
BZCl (0.02% w/v) and either HP γ-CD or SBE-β (5%, 10%, or 
15% w/v). The results show that, EDTA (0.1% w/v) and BZCl 
(0.02% w/v) could not prevent the growth of microorgan-
isms in the presence of HP γ-CD 15% w/v and SBE-β (5%, 10%, 
or 15% w/v) but they could prevent the growth of micro-
organisms effectively in the presence of HP γ-CD 5% w/v. 
In the presence of HP γ-CD 10% w/v, only Pseudomonas. 
aeruginosa could grow, so the study was continued to see 
if this could be prevented. 

4.6.2. Second Week
After 14 days, the results confirmed that EDTA (0.1% w/v) 

and BZCl (0.02% w/v) could prevent the growth of micro-
organisms in the presence of HP γ-CD 5% but they could 
not prevent the growth of P. aeruginosa in the presence 
of HP γ-CD 10%. So the study was continued only with HP 
γ-CD 5% w/v.

4.6.3. Fourth Week
As shown in Table 6, in the presence of EDTA (0.1% w/v), 

BZCl (0.02% w/v) and HP γ-CD 5% w/v, the growth of all test-
ed microorganisms were fully prevented. 

Table 7. Number of Viable Counts in Different Formulations at 
Different Time Intervals 

Day 0 Day 7th Day 14th Day 28th

EDTA + BZCl + HP γ-CD 5% + drug

E. coli 1.8 × 109 0 0 0

P. aeruginosa 4.6 × 106 3.1 × 104 0 0

S. aureus 6.4 × 107 0 0 0

C. albicans 7.3 × 107 0 0 0

A. niger 2.7 × 107 0 0 0

EDTA + BZCl + HP γ-CD 10% + drug

E. coli 1.8 × 109 4.2 × 108 - -

P. aeruginosa 4.6 × 106 6 × 107 - -

S. aureus 6.4 × 107 1.1 × 106 - -

C. albicans 7.3 × 107 1.8 × 105 - -

A. niger 2.7 × 107 2 × 105 - -

4.7. Seventh Test

According to these data, HP γ-CD 5% w/v was chosen for 
dissolving fluorometholone. To ensure the effectiveness 

of these preservatives, the test was repeated in the pres-
ence of fluorometholone. The data are shown in Table 
7. Once again, the preservatives could not prevent the 
growth of P. aeroginosa in the presence of HP γ-CD 10%. So 
we focused on using the HP-γ 5% w/v and continued the 
study only with this concentration. The results show that, 
EDTA (0.1% w/v) and BZCl (0.02% w/v) could prevent the 
growth of microorganisms in the presence of HP γ-CD 5% 
w/v and fluorometholone. 

4.8. Statistical Analysis of Data
The resulting data of HP-γ CD 5% were also analyzed 

by univariate analysis of variance of the SPSS software. 
Univariate analysis of variance tests the null hypotheses 
about the effects of other variables on the means of dif-
ferent groups of a dependent variable. Moreover, it in-
vestigates the interactions between factors as well as the 
influence of individual factors. Accordingly formulation 
and strain of microorganisms have an influence on the 
logarithm of the mean number of viable counts (log) (sig 
< 0.05). Also, different formulations inoculated by vari-
ous microorganisms, different formulations from vari-
ous days, different microorganisms from various days, 
and different formulations inoculated by various micro-
organisms on each day all have an influence on the loga-
rithm of the mean number of viable counts (sig < 0.05).

As an overall F test showed significance, Post hoc tests 
were used to evaluate differences among means of viable 
counts of formulations. Thus Tukey test of Post hoc multi-
ple comparisons was used to evaluate if there is a signifi-
cant difference between various formulations. According 
to the results, a significant difference between various 
formulations was observed at the 0.05 level. These differ-
ences are remarkable enough to categorize formulations 
in contrast to the number of viable counts. Moreover, for-
mulation EDTA + BZCl + HP γ-CD 5% has the best effects on 
the microorganisms.

Tukey test was also used to determine if there are sig-
nificant differences between one microorganism and the 
others in terms of response to preservatives. The results 
show that there is a significant difference between Gram 
positive bacteria (Staphylococcus aureus), Gram negative 
bacteria (P. aeroginosa) and fungi (A. niger and C. albi-
cans) in their susceptibility to formulations and S. aureus 
is more susceptible than the others. Because of various 
structures of cell wall, these microorganisms showed 
different mechanisms against the applied preservatives. 
However it should be noted the response of A. niger is 
somewhat resemble to S. aureus.

5. Discussion
CDs can form inclusion complexes with many com-

pounds through their cavities, which enable them to take 
up whole or some parts of a molecule. This ability makes 
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CDs appropriate for encapsulation techniques as it alters 
many physicochemical properties of molecules such as 
solubility, stability against light, heat, oxidizing condi-
tions, and volatility of compounds (12, 13, 16). These proper-
ties have expanded applications of CDs in food (2, 21), phar-
maceuticals (2, 22, 23), agricultures and chromatographic 
techniques (2), and environmental technologies (24).

Since fluorometholone ophthalmic drop is in the 
form of suspension and this can lead to many prob-
lems (e.g. non homogenous dispersion of drug, ag-
gregation and increased production cost), we decided 
to prepare a solution form by using CDs. Obviously, 
aqueous solutions of cyclodextrins are in the risk of 
microbial contamination, so addition of preservatives 
is necessary (16). Many studies have previously investi-
gated the interaction of CDs and preservatives (2, 15, 17, 
18, 25). Chan et al. (15) investigated the interaction of 
β-cyclodextrin and parabens in aqueous solutions. Af-
ter preparation of solutions through various process-
es, the interactions were evaluated through dialysis 
membranes. Their study showed that the interaction 
between preservatives and CDs increased with in-
creased concentration of CDs, and this interaction was 
not influenced by the means of preparation. They also 
showed the interaction between CD and preservative 
was under the effect of size and lipophilic properties 
of preservative molecules, and the highest interaction 
was with MP due to it’s small size.

In addition, the β-CD inclusion complex with sorbic 
acid was characterized by nuclear magnetic resonance 
(NMR) spectroscopy in the study by Zhang et al. (25). The 
interactions between several commonly used preserva-
tives and 2-hydroxypropyl-β-CD were investigated by 
Loftsson et al. They showed that the antimicrobial effec-
tiveness of lipophilic preservatives were more affected 
by CDs (18). Since only free preservative molecules are 
effective against microorganisms (4, 16), choosing the 
appropriate preservative for complicated drug formu-
lations is sometimes difficult and modifications are re-
quired for certain formulations. Furthermore, the use of 
high concentrations of preservatives may have adverse 
effects for consumers (16). It appears that the effective-
ness of preservatives depends on their degree of com-
plexation (18).

The effects of CDs on the antimicrobial activity of pre-
servatives have commonly been studied in the absence 
of drug molecules ( 15 - 18 ). We assumed that the pres-
ence of drug molecules in the complex form may reduce 
the interaction of CDs and preservatives. So, this inter-
action was studied in the presence of fluorometholone 
molecules. As the results showed HP-γ and SBE-β CDs 
have reduced the effectiveness of BZCl and MP in the 
presence or absence of EDTA (Table 2 -5). This effect was 
intensified when CD concentration was increased. It 
seemed that in the presence of drug molecules, effective 
amounts of bounded preservatives was not released as 

there was no reduction in the number of P. aeruginosa 
in the HP-γ 10% w/v solution (Table 7). 

In fact, the affinity of preservative molecules to form 
complexes with CDs may be greater than that of drug 
molecules. Therefore, addition of preservatives to CDs 
results in the formation of inclusion complexes by hy-
drophobic cavity of CDs and decrease of preservative 
effectiveness. The only exception was the solution of HP-
γ-CD 5% w/v, which represented excellent results in inhi-
bition of microorganisms in the presence or absence of 
drug molecules (Table 6 and 7). The effects of different 
formulations are shown in Figure 1 -4. Obviously the 
suggested compounds (EDTA + BZCl + HP γ-CD 5%) are 
the most suitable preservatives in combination with HP 
γ-CD 5% for preparation of fluorometholone solution as 
eye drops. 

Figure 1. Means of Log of Viable Counts at Formulation 1 (BZCl + HP γ-CD 5%)

Figure 2. Means of Log of Viable Counts at Formulation 2 (MP + HP γ-CD 5%)
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Figure 3. Means of Log of Viable Counts at Formulation 3 (EDTA + BZCl + 
HP γ-CD 5%)

Figure 4. Means of Log of Viable Counts at Formulation 4 ( EDTA + BZCl + 
HP γ-CD 5% + drug)

The results also showed that preservative molecules 
(BZCl and EDTA) were effective in the presence of HP-γ-CD 
10% w/v, in the first week of experiment with the exception 
of P. aeruginosa , which did not show a 1 log reduction in 
number of bacteria according to the USP (Table 6 and 7). 
According to the results, BZCl, MP, and their combination 
are not effective in the presence of HP γ-CD or SBE β-CD, 
even in the presence of drug molecules. The only excep-
tion was at minimum concentration of HP γ-CD (5% w/v) 
which gave acceptable results according to the USP. There-
fore, these interactions should be considered in drug for-
mulation design. Overall, it seems that the best formula-
tion for preparation of fluorometholone solution among 
the applied CDs concentrations, as eye drop, is HP γ-CD 5% 
with BZCl 0.02% and EDTA 0.1% as preservatives. 
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