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Abstract Multi-use ophthalmic solutions are used many times after opening; therefore, there is a high possibility of
decreased quality during use. This study was conducted to determine the recommended use period of multi-use
ophthalmic solutions based on evaluation of the stability by comparing stability evaluation regulations of the USA,
EU and Korea We selected four types of multi-use ophthalmic solutions (Olopatadine (Olo), Fluorometholone (Flu),
Dorzolamide (Dor), Timolol (Timol)) that are frequently marketed in Korea and evaluated their stability during storage
according to the actual usage method after opening. The Olo had a decrease in assay and preservative content at 2
months after opening, while Flu showed a significant difference from day 28 after opening. For Dor, significant
differences were observed from day 14 after opening in the assay and impurity test item and Timol showed a
significant difference from day 28 after opening. Based on the results of the stability test Olo and Flu should only
be used within 28 days of opening, while Dor and Timol should be used within 14 days of opening. Therefore, we
suggest that regulations system related use periods of multi-use ophthalmic solutions designed as aseptic preparations
should be improved based on the results of stability tests after opening.
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Table 1. 2016, 3Q, IMS health data, Market share of
ophthalmic solutions.

Ophthalmic solutions Market share in 2016, 3Q

Glaucoma (21%)

2 Anti-bacterial (12%)
3 Anti-allergy (10%)
Ale diide Adgstr] 9l8iA IMS(Intercontinental

Marketing Services) health data®] 201611 3Q A&&
Farato] kGRS Al Hfr-&(Market share)s ZA}
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Table 2. Characteristic of ophthalmic solutions for
in-use stability study after opening.

Strength Cépa- Preser- Preservative
ARt (mg/mL) oty vative strength
(mL) (mg/mL)
. Benzal-
hogpa;idlr?; 222 30 | konium 0.10
veoetonde chloride
Fluoro Benzal-
1.00 5.0 konium 0.05
metholone .
chloride
Dorzolamide
hydrochloride 22.26 Benzal-
5.0 konium 0.075
Timolol 6.83 chloride
maleate

Abbreviations: API, active pharmaceutical ingredient.
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Table 3. In-use stability test design for determining

beyond-use date of study ophthalmic solutions.

With-
drawal
method

Test
time
point

Number of
opening

Container

type

Storage
temp.

Product

28°C 0D,
14D,
28D,

M, 3M

Removed
one drop
each time

Opaque
plastic
container

Olopatadine Opened

once a day

hydrochloride
RT

2-8C 0D,
14D,
28D,

2M, 3M

Removed
one drop
each time

Transpar-ent
plastic
container

Opened
four times
a day

Fluoro-

metholone
RT

Dorzolamide 0D,
14D,
28D,

M, 3M

28T Removed
one drop

each time

Opaque
plastic
container

Opened
twice a
day

hydrochloride

Timolol

RT
maleate

Abbreviations: RT, room temperature; 0D, 0 day; 14D,
28D, 28 day; 2M, 2 month; 3M, 3 month

14 day;
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Table 4. HPLC conditions for

ro pEs

in-use stability test of study products.

Product Olopatadine hydrochloride ophthalmic solution
Test item Assay/Impurity Preservative
Column C18, 4.6 * 150 mm, 5 ym / 30 C C18, 4.6 * 100 mm, 5 ym / 40 C
M.P/ Buffer : ACN  (72:28) Buffer:ACN  (7:13)
Diluent * Buffer = 0.IM KH,POy and then add 0.1% TEA | *  Buffer = 0.05M KH,PO4+0.057M
.. — pH 3.0 Sodium-hexanesulfonate— pH 2.9
Condition
W.L(nm) 299 215
Inj.vol(ul) 5 30
Flow Isocratic, 1.0 mL/min Isocratic, 1.2 mL/min
Product Fluorometholone ophthalmic suspension
Test item Assay/Impurity Preservative
Column C18, 4.6 * 250 mm, 5 um / 40 C C18, 4.6 * 100 mm, 5 /m / 40 C
. . Buffer:ACN  (7:13)
M e w6040 / * Buffer = 0.05M KH,PO,+0.057M
. Sodium-hexanesulfonate— pH 2.9
Condition
W.L(nm) 254 215
Inj.vol(ul) 5 30
Flow Isocratic, 1.2 mL/min Isocratic, 1.2 mL/min
Product Timolol maleate
(Dorzolamide hydrochloride and Timolol maleate ophthalmic solution)
Test item Assay/Impurity Preservative
Column C18, 4.6 * 250 mm, 5 ym / 40 C C18, 4.6 * 100 mm, 5 ym / 40 C
. ' Buffer:ACN  (7:13)
M e M o —> off 2.8 * Buffer = 0.0SM KH,PO;+0.057M
. : 2P 7 pHL & Sodium-hexanesulfonate— pH 2.9
Condition
W.L(nm) 295 215
Inj.vol(ul) 5 30
Flow Isocratic, 1.0 mL/min Isocratic, 1.2 mL/min
Product Dorzolamide hydrochloride
(Dorzolamide hydrochloride and Timolol maleate ophthalmic solution)
Test item Assay/Impurity Preservative
Column C18, 4.6 * 250 mm, 5 ym / 30 C C18, 4.6 * 100 mm, 5 ym / 40 C
M.P/ A: ACN Buffer:ACN  (7:13)
Diluent B: 0.2% Phosphoric acid *  Buffer = 0.05M KH,PO4+0.057M
ACN : 0.2% Phosphoric acid (5:95) Sodium-hexanesulfonate— pH 2.9
W.L(nm) 253 215
Inj.vol(ul) 5 30
Gradient, 1.2 mL/min
Condition Time MP-A MP-B
(min)
0 5 95
Flow 15.0 5 95 Isocratic, 1.2 mL/min
15.1 95 5
20.0 95 5
20.1 5 95
30.0 5 95
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Table 5. In-use stability result of ophthalmic solutions at
storage temperature 2~8C.

(;;r:;) Olo Flu Dor Timol
White,
0 Clear sus- Clear
pension
Appear- 0.5 NC NC/* NC/*
ance 1 NC NC/* NC/*
2 NC NC/* NC/*
3 NC NC/* NC/*
* white crystal at container tip
0 6.76 7.10 5.59
0.5 6.88 7.13 5.62
pH 1 6.91 7.09 5.58
2 6.96 7.17 5.67
3 6.94 7.23 5.67
0 98.3 100.6 101.0 100.5
0.5 99.3 101.9 95.9 96.6
A(ijgy 1 98.8 101.8 97.8 94.1
2 93.9 98.2 96.8 94.6
3 95.4 95.7 97.9 93.8
0 Accep Accep Accep Accep
-table -table -table -table
05 Accep Accep Unsui Accep
-table -table -table -table
iy | 1| A | [ Ul | Ao
2 Accep Accep Unsui Accep
-table -table -table -table
3 Accep Accep Unsui Accep
-table -table -table -table
0 100.2 103.8 95.1
0.5 96.6 96.3 96.7
Preser- 1 98.4 855 943
2 99.5 923 94.6
3 88.0 88.7 93.8
0 Sterile Sterile Sterile
0.5 NP NP NP
Sterility 1 Sterile Sterile Sterile
NP NP NP
Sterile Sterile Sterile
Abbreviations: Olo, olopatadine hydrochloride ophthalmic solution;

Flu, fluorometholone ophthalmic solution; Dor, Timolol, dorzolamide
hydrochloride and timolol maleate ophthalmic solution; N.C, Not
changed; N.P, Not performanced.
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Table 6. In-use stability result of ophthalmic solutions at
storage temperature RT(room temperature).

Time Olo Flu Dor | Timol
(month)
‘White,
0 Clear sus- Clear Clear
pension
Appear- 0.5 NC NC/* NC/* NC/*
ance 1 NC NC/* NC/* NC/*
2 NC NC/* NC/* NC/*
3 NC NC/* NC/* NC/*
* white crystal at container tip

0 6.76 7.10 5.59

0.5 6.90 7.13 5.62

pH 1 6.92 7.09 5.58

2 6.97 7.17 5.67

3 6.99 7.23 5.67
0 98.3 100.6 101.0 100.5
0.5 99.5 96.6 95.6 97.4
A(f;;y 1 99.4 945 949 973
2 97.1 93.7 92.5 95.0
3 99.3 93.1 92.2 94.1
0 Accep Accep Accep Accep
-table -table -table -table
05 Accep Accep Unsui Accep
-table -table -table -table
. Acce Acce Unsui Acce]
fmpurity | 1 Cable | uble | table | -table
5 Accep Accep Unsui Accep
-table -table -table -table
3 Accep Accep Unsui Accep
-table -table -table -table

0 100.2 103.8 95.1

0.5 98.7 95.0 94.9

lir;;z; 1 992 80.1 95.1

2 100.1 92.3 92.1

3 95.6 88.4 94.0

0 Sterile Sterile Sterile

0.5 NP NP NP

Sterility 1 Sterile Sterile Sterile

2 NP NP NP

3 Sterile Sterile Sterile

Abbreviations: Olo, olopatadine hydrochloride ophthalmic solution;
Flu, fluorometholone ophthalmic solution; Dor, Timolol, dorzolamide
hydrochloride and timolol maleate ophthalmic solution; N.C, Not
changed; N.P, Not performanced.
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