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Optimization of Benzalkonium Chloride Concentration in 0.0015% Tafluprost Ophthalmic
Solution from the Points of Ocular Surface Safety and Preservative Efficacy
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Optimization of benzalkonium chloride (alkyl dimethylbenzylammonium chloride: BAK) concentration as preser-
vative in 0.0015 % tafluprost ophthalmic solution (Tapros® 0.0015% ophthalmic solution), an anti-glaucoma medicine,
was examined from the points of ocular surface safety and preservative efficacy. BAKC,,, which is dodecyl dimethylben-
zylammonium chloride, and BAKmix, which is the mixture of dodecyl, tetradecyl and hexadecyl dimethylbenzylammo-
nium chloride were used in this study. The effects of BAKC,, concentrations and the BAK types, BAKC,, and BAKmix,
in tafluprost ophthalmic solution on ocular surface safety were evaluated using the in vitro SV 40-immobilized human
corneal epithelium cell line (HCE-T). Following treatments of Tafluprost ophthalmic solutions with BAKC;,, its con-
centration dependency was observed on cell viability of HCE-T. The cell viability of HCE-T after treatment of these so-
lutions with 0.0012% to 0.003% BAKC,, for 5 minutes were the same level as that after treatment of the solution without
BAK. Tafluprost ophthalmic solution with 0.01% BAKC,, was safer for the ocular surface than the same solution with
0.01% BAKmix. Preservatives-effectiveness tests of tafluprost ophthalmic solutions with various concentrations of
BAKC,, were performed according to the Japanese Pharmacopoeia (JP), and solutions with more than 0.0005%
BAKC,, conformed to JP criteria. It was concluded that 0.0005% to 0.003% of BAKC,, in tafluprost ophthalmic solu-
tion was optimal, namely, well-balanced from the points of ocular surface safety and preservative efficacy.

Key words——ocular surface safety; preservative efficacy; benzalkonium chloride; preservative; tafluprost; anti-glauco-
ma medicine
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1. RERROAK 70 XCHIRHK 0.0015%
W, AR THSHY 770X RDIEMNIHRI Y
IAR—h 80, UM I/KFEFNITLA, T5F N
F hU LK, W7 YR >, pH FEHIKO
FEKES A, BiEHE L TBAK ZE &L TW
%, AWETIE, FELRFEEOFEOS DIREHT
N E 75 %5 BAKCy, & BAKmix (Fig. 1) Z H W,
BAK DIt DL BRI 4 7' 0 XA AR 0.0015 % & [A]
BERELUEARKRZHAWE. £/7, BEL MAE
M EERBR TIE, BAKAEY 7))L 70X bk
MR, 0.001%, 0.002%, 0.003%, 0.005%, 0.01%
BAKC, id &% 7 )L 7' 0 Z b fIR#R & O 0.01 %
BAKmix 2 &4 7 )V 7 0 X b RIRBE%E W, {ﬂ?
#h iR T, 0.0003%, 0.0005%, 0.001%, 0.002
%,0.003% BAKC, Bl 5% 7 )V 70X b SRk % H
Wz,

2. EEE MARERMBEESERAR  SV40
AL Al R fifE (HCE-T, RCB No. 2280 :
HULHEZERT L Dt 5) 1%, BEER [15% 7> 1m
1% (FBS), 5ug/ml Insulin, 10 ng/ml human EGF,
40 ug/ml Gentamicin % & ¢ DMEM/F-12] 2 TH;
&, MRMERF 2T, MaEERBRICH W,

HCE-T %, 75cm?> 7 5 XA aWNIZHEREL, Y73
PINIYRMCETEELE, ZOMEE 0.05%
N7 > -EDTA ICTHEEL, 10% FBS-DMEM
/F12 BT R U 7=, [BIXL 7=/l Z 96 /X7 L —
kD% well 12 100 ul (1.0X 104/well) #&fEL, 37°
C, 5% COy 1 >F 2 N—%—NT 24 FfiilE & L 72,
BAK A& 7)L 70X b AiR#E, 0.001%, 0.002%,
0.003%, 0.005%, 0.01% ® BAKC,, il &% 7). 70
Ak EIE# K& O 0.01% BAKmix il &4 7)1 7' 0 A

N AHRWE 100 wl ICEHL L, 37°C, 5% CO, 1 > F o
N—F—NT15, 30H25WLS5 pRiEL .
ZF D, %R % 100 ul DMEM/F12 55112 &t
L, MTS###+ v &+ (Promega) DHE'E 20 ul %0
A, 37°C, 5% COy, 1 >F 2 RX—%—NT 2 KfEfE
Had, 12707 —hFL—4—i2T490nm O
WHEZHET D LK DMEEERE (BER
R L 7=, 7adB, EFERIT, RIBRENE DAL
BRI 3BT 2 WO il 2 BRI AT BV % 0k
HEMEIZR S TRLUEROBEZRETEL 2.
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Fig. 1. Chemical Structure of Benzalkonium Chloride
BAKC),; (n=12), BAKmix; (mixture of n=12, 14, 16).

Table 1. Interpretation Criteria (Product Category IA) of
Preservatives-effectiveness Tests in the 15th Edition of
Japanese Pharmacopoeia

Interpretation criteria

Microorganisms

After 14 days After 28 days

0.1% of inoculum | Same or less than

Bacteria count or less level after 14 days

Same or less than | Same or less than

Yeasts/Moulds . p
inoculum count inoculum count

3. REWHHEER HAER BT hdiE)
TRIFRN TR BRIEICHE WY, 0.0003%, 0.0005%, 0.001
%, 0.002%, 0.003% BAKC,, il &4 7). 70X k&
B DO RGEDN N2 FE L, [RIBRICESENS
HFTU—T1A DHEHE (Table 1) 1ZHE> THEAH L
7=. MiE & U T, Escherichia coli (& fk ATCC
8739), Pseudomonas aeruginosa (Fkk ATCC 9027),
Staphylococcus aureus (FRk ATCC 6538), EH &
L T, Candida albicans (B #k ATCC 10231), Asper-
gillus niger (Ekk ATCC 16404) ZiXBRICFH W=,

] R

1. EMAELERMERCREIHBEROZE

Figure 2 IZB5JE#I & L T 0-0.01% BAKC, KT}
0.01% BAKmix Zil &3 5 5/ 77O SR
DONEIZ L D HCE-T OAGERIZ KT T HEERT.
BAK ~A&4 7)) 70A bﬁﬂﬁ(&ﬁﬁﬁif %, A&
REEITHRE U TR TAEGFEROBEAD DR 5 N5HD
D, SHEOUNETEFEAAESLIZ BN 2.
0.001-0.003% BAKCy, il &% 7). 7’0 A b siR#K
WERIZBNT, WTFNOWNERRBTHEERIE
BAK A& 4 7)L 70 Z b mIBALERE & 13T R 2
ETH-o7-. £/=, 0.005%, 0.01% BAKC, ii 5%
7)) 7O A kSRR KO 0.01 % BAKmix Bl &4 7
V702 b AIREALERETIE, WE 1 5% S 0-
0.003% BAKC, Bid &% 7))L 7 0 A b s Rk AL R
ICHL T, AFERIIEMEZRL, BAKC), ORBEX
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Fig. 2. Cell Viability of SV40-Immortalized Human Corneal
Epithelial Cell Using MTS Assay on the Treatment with
Tafluprost Ophthalmic Solutions with Various Concentra-

tions of BAK

Each value shows the mean+S.E. of triplicate. O; BAK free, @; 0.001
% BAKC]z, A; 0.002% BAKC]z, A; 0.003% BAKC]z, D; 0.005% BAKCIZ,
H; 0.01% BAKC,,, ©; 0.01% BAKmix, containing tafluprost ophthalmic

solutions.

IR#=0.003% BAKC, il 5% 7)L 70 A + KR
>0.005% BAKC, E2 &5 % 7 )L 7' 0 X b iR >
0.01% BAKC,, id &% 7))L 70 2 b fHlRi#>0.01%
BAKmix it &4 7))L 7' 0 Z b mRE.

2. REMHHAEBR  Table l THARFSH (G
THWIE) RENTRBIEONITIU —TA O]
EHUE (HFHYE) 2/Rr9. L7z, Table 2 {Z 0.0003
—0.003% BAKC, il 5% 7). 70 X b IR DR 1T
TR BR DS R &R

& 7) 70X bR IR S 72K 105-10°
HOEEIZ, WIFTNOEDEEHEITHDL,
BAKC), DBEKGFSRE NIRRT,
0.0003% BAK il &4 7))LV 70X kiEW TI3, E.
coli IZx 9 RN RN H R UE 2 i 72 S 7 /n o 7203,
0.0005% L @ BAKC, it &4 7 )L 7 8 A b fR#K
TIEWTNOEICH L TH o mnED sh,

MEMEEM- L. X512, 0.000 %L, ED
BAKC), ZEA L7277V 702 hERKRICHBNT
13, EEEE 14 HROR AT, MiEsmiiang,
BEICEL T BEEEED SY U TOLEREKETH >

% £

NI azZw LAY (BAK) O SRS O
Bl EEE, 0.005% X113 0.01% THAEINTWVDS

Table 2. Results of Anti-microorganism Preservatives-effectiveness Tests of 0.0015% Tafluprost Ophthalmic Solutions with Various
Concentrations of BAKC,,

0.0015% Tafluprost ophthalmic solutions

0.0003 % 0.0005% 0.001% 0.002% 0.003%
BAKC,, BAKC, BAKC, BAKC,, BAKC,,
Type of microorganism Period % of viable microorganism count to inoculum count
after 14 days 1.1% 0.0% 0.0% 0.0% 0.0%
Escherichia coli
after 28 days 0.1% 0.0% 0.0% 0.0% 0.0%
after 14 days 0.0% 0.0% 0.0% 0.0% 0.0%
Pseudomonas aeruginosa
after 28 days 0.0% 0.0% 0.0% 0.0% 0.0%
after 14 days 0.1% 0.0% 0.0% 0.0% 0.0%
Staphylococcus aureus
after 28 days 0.0% 0.0% 0.0% 0.0% 0.0%
after 14 days 20.7% 9.5% 0.5% 0.0% 0.0%
Candida albicans
after 28 days 0.0% 0.1% 0.0% 0.0% 0.0%
after 14 days 28.2% 41.8% 4.1% 0.1% 0.0%
Aspergillus niger
after 28 days 22.3% 31.8% 3.9% 0.0% 0.0%
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N L, BENMFHERZEL T 0.02%
BETHD. —Hmic, sSIREOBEAIRE, @
AEBNTH 25813, REDHTHABROKRICD
EONWTREZREIND Z ENEN,

BAK MIRZ M U CHifpEEEO etk 2 F
95 Z &3 in vitro I OSBRI S 2 W
iBRIC X D < MBI N TN BN, 29 EEOH
REEMA ETIX, BAKICERT 2 EHMEINLEE
BEWERT AN, ULrLans, EEHoSREKE
EHB#EG L ERNEREEFICBWTIE, 2
B, IR, RIA07A1, WIR HOBHREDIER
, BRI, Fif, sUREFEMEIES WS LREM
BT DA IRMEOFRARITE <, 5 ABRRD
a5 dinE, BAKBBZEAZEKWH TSI LITX
D, INSIREETOIEBEFHBRIMEET 2 Z &M
ITEREINTNDS. 4 2N G IRERE TOREMRT
FENBIREO D> T 7147 D AICOEELELSZ &
MOBEKZMEEEZSNS.

T I T, AFETIE, PiRkNERIBKTH Y 7
V70 RHR R D B 6 F I O B i & H i) &
U, falR E e o B2 %I 9 BAKC), B
@% & BAK OEEEMAL, S S5ITREDN

IZKIE 9 BAKC, IBEOREEZKRH L=, Invitro
AR IR kg B REEMS, i BRS TH
HINTWDN, HIESIN/= BAK 3@ 5 71T

FIFIREHENSHET D ENS, Y AFFT
X, AR bR R IR 2 R D BAKC), 5 Wi
0.01% BAKmix ZF & L7z 7)) 70 R b KR
Z 1455, 345, 5 rMLER O AR LD A F
REFELZ. £k, REDNICOVWTIE, HAE
ARG TR BE DI D E, BAKC,, D

NN

INLEERIE Z AT L T2,
T DGR, AR LR EE IS LTI
BAKC, IR FEAKFMEAVHERE S 41, 0.003 % U\?OD

BAKC,, ZE A L4 770X N EIRETIE, A
fiE bR MR RS B RE I A S NS T2 E iz,
0.01% BAKC, Bt &% 7))L 7' 0 Z b fMIHR#EIZ 0.01
% BAKmix it &4 7))L 7' 0 2 ~ SIRRIC TR
EENDIELS, BRICHEIN TSR E KL
7.9

REN T DNWTH, BAKC,, EEKEIED TR
=1, 0.0005% LA D BAKC, ZEAT 5 &IT&
0 HAER A RGEN IR BE O EEZ 23 2 &
HEAL 7=,

T35 il R A e e MR 17 2D 1A Bk D A SR
5, ¥7)70A NKIBKOD BAKC,, I E LT
1%, 0.0005-0.003% O#HF TR ET DI EMEEL
WZ EnRBgENZ (Fig. 3).

kN PR R LT 1980 FAREAEFEO—ILT LA
CEEBEBD ET D BIEMENERTDH > 2D,
1990 4E#& - DIRRIE, FA A 7= X L OHRE TR A
RENFETZINTNS.? ZOF THIRE FREIEH
MIEFITHENT O T T 2D FERICBWTIE
B oSN THD, 70 RACHIR#K 0.0015
%BIZDNTIE, HAANCZZWIERIRERNEEIZ )
RE2ET DI ENHERICEHI NS00 2 %)
B, BIE T Ok N FEIE R O EIR OIERN -
TWa, ZOXDBIRMOHFT, BiERIONIE,
b BEIERI DL e EBZMED “well balance”
ZEE LU THIRICELWRIBKRZHET TS5 &3, X
D FkNBEIREEOBIRDIEZIAT 2 2 &2z, O
T4 7 2 AME, & 511 Quality of Vision

Low «—

0% 0.0005% 0.001% 0.002% 0.003% 0.005% 0.01%  0.02%

BAKC,, concentration - High

—— -

Preservative efficacy : (i) (j:) (b C:) :

Cyto-toxicity

Fig. 3.

Optimization of BAKC;, Concentration from the Point of Cyto-toxicity and Preservative Efficacy

QO; Conformed to criteria of preservatives-effectiveness tests of Japanese Pharmacopoeia (JP) in preservative efficacy column and not influenced on cell viabili-
ty for 5 minutes treatment in cyto-toxicity column, @; Not conformed to JP criteria of preservatives-effectiveness tests in preservative efficacy column and influenced

on cell viability for 5 minutes treatment in cyto-toxicity column, ] _
ty and preservative efficacy.

]; BAK concentration range within the dotted line box is optimum from the point of cyto-toxici-
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