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Two formulations of 0.5% vancomycin hydrochloride (VM) eye drops (VM-B and VM-C eye drops) were pre-
pared by dissolving commercial VM powder for injection with preserved water B (PWB) containing phosphate buffer
and preserved water C (PWC) containing only antimicrobial preservative, respectively. The VM-B eye drops have neu-
tral pH (about 6.3), and the VM-C eye drops acidic pH of about 3.5. The pharmaceutical examination of these eye
drops was performed regarding its clinical application to MRSA eye infection. In an irritability test using a rabbit’s eye,
the average number of winks after instillation of one drop of VM-B eye drops was 0.8 times/min and significantly
smaller than that of VM-C eye drops (2.0 times/min) . In dark storage at 4°C, no change of VM concentration in both
eye drops was observed for 25 weeks after preparation and the mean residual concentrations as determined by the
HPLC-UV (240 nm) method were constant over 90% for 8 weeks, of the initial concentration. However, the residual
VM concentration of VM-B eye drops under a room condition declined to 58 % after 4 weeks and 20% after 8 weeks, and
VM in light storage at 40°C was not detectable after 8 weeks. The drug concentration of VM-C eye drops declined to 83
% after 4 weeks and 74% after 8 weeks under a room condition, and to 46% after 4 weeks and 20% after 8 weeks under
light storage at 40°C. Under these storage conditions, the precipitation of VM related crystals was observed in both the
eye drops when the residual percentage of VM was lower than 80% . Judging from HPLC chromatograms of a solution
of the precipitated crystals, it was suggested that this crystal was degradation products of VM. The VM-B eye drops was
applied to a patient with MRSA eye infection, because other medication was not effective. After continuous instillation
of a drop per times every hour to both eyes, MRSA in corneal culture turned out negative after one week, and the clinical
condition was remarkably improved. On the basis of the result of eye-irritability, VM-B eye drops with neutral pH was
suggested to be superior to acidic VM-C eye drops from a safety point of view. It was also indicated that VM-B eye drops
can be effectively used for 8 weeks under dark storage at 4°C for MRSA eye infection, which is a useful piece information
for the proper usage of the VM eye drops.
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0.5% VM KRRz L T, A ED) /s MRSA
IREEAYE D BEFICHIE L TWa, SRR
HEHHAO VM RKZEHT 50, VM Kz B af

VAR L 7218 @ pH 13K < (pH 3—4),9 pH
KRFAEDOWMEDEEMED VM EIBKEFH L2858
OFIFHER, R, EAMERBABEROFREMN
HEINTND2D, 3 YT > EERE K
&8 pH 6.5 O SR AR B (PWB) T
fRl, SSICERMAE L THEIET MU DA ZRMN
LTH-ELTWS (pH6.3). LL, ZTO VM &
IR, WITREFICB W T HFRBITH ST
H52ENDHB. Fiz, RIBREINREFICRETS
ZEEERBLELS, Ph<Eb1IHANLEOEE
TEDREMRNLETHZH, VM SRR O L EMEICD
WT ORI AR 0.

DT EMNS, AWFZETIE, VM IR O 75
% REHERCERMMERITSZE2HME
LT, VM KRR DIEMRIR E LT PWB K R 1%
D72 WIEE SRR C (PWC) 2 W THK
U7z 2 f5ED 0.5% VM RLIRW D A=) Is it &
fro/z. 517, MRSA [RERYUESRFZIC VM HIE
W72 I U T2 E B D W THE T 5.

] &

1. RE  HEHEBNCOA D OURIT AT
0.5g (374 /FHl# Lot.No. VM18261), Z5E{L#l
DL F MU T LIHAER AW E R W, BiEA
DINTFF I HREBEFBAFIENTAF L RZEER
7av)l, BEAEL TOEKY D IkEF Y
LAV (NaH2PO4) &,ﬂéﬂ( 1 \/M7K$ﬂ— NURAN
(Na,HPO,) Fik SR 2 W e, R il e
ORI AR AR (RE-EE) 20z, &I
WHD VM OFERICHWZEAKY > ZIKFEHY
LA, TERZRUIL, ROZOMOEMT, K
Rl & ffFH U 7.

2. 0.5% VM gfRZRDORARAZE VM HIEK
DIEBEIZH W= PWC (preserved water C) 1%, ¥
BKICN G FF P REHMHK AT IV % 0.026% (w/
V), NIFFIZEEFHRTOE I % 0.014% DIRE
IZIRfR L, PWB (preserved water B) 12, PWCIZ
ISR CBTAKFEF NI T LR 0.56%, M
KU ZRIKFEF B U T LE 0.284% DIREL MKT
FAEL 7. MVEMRIR & BICHEIERSHEE (115°C,

30min) Z{TWHER(L L /2. S IEMIRIC S0 & A
WEEN> AL R0S5g ZIBML, HiR{LFl &
LT, PWCoOHEIFHEMFT MY T L 0.8g, PWB
TIE0.5g ZiRMNML 7218, SIEMRIKC2E 100ml &
Uiz, Tl TH—IT LRk ZE LI 0.45
um, EFE25mm OB O—-XA-A TS5 7T
AINFZ— (AL A®: HRIURY Ltd.) TA
WL (EMEAE), SmlRY SOE L >8R E T

FEAERARIISm ODO0EL, PWCZEZHWE
HIRWKZ VM-C 5 iR#, PWB ZH WG %
VM-B filE# & U7z, mIRE D pH &EFEIT & %
pH A —% — (H#E&EHK, HM20E) &i&i%EFEGH
(Advanced Instruments, Model 3900) 7% FH W\ CiHlE
L7z,

3. VM RERZRDIRFIH MO (REBRERIG
ABR) SRR O IR RIS DWW THR (T,
RKEHK 3kg) ZHW TR ZTo 2. BRI
VM-C RR#R & VM-B SRk, MHREL THEEA
Wi a Y, MIREZ1E1HET, FROFRICA
RO 1 OB HERZRIE L 2. ilBaiic AR
BEHRZE GIE L TBREEEDY 0 33 1 B THROIREE
MEEEEADSRBRNWZ 2R LR, EHAER

DEENERITHEF L7 15 min BICHRBIKR 2 &
IBL7=. BRI 1 H1[ET, n=4&0L7 B,
RIBR: OB HIZFR W72,

4. VM 2 REDREMHRER & VM AIEK
Z, HRE 75% T, 4°C BT, =EHOE T RO
40°C #IEHT F D 3 L& FTRIFL, %% 25 @
X TRIEFMICABKOMERZRNRBRITSEED
2, MR pH, BHE (RIEAHKZEZZOHEZ TH
EFELTHOMNUDMELARBOEEEZZL 5V
ﬁ)&Uﬁmﬁ¢@VM%V%M%Lt 23,
RIBEHICHEEITH L 2858121, 20 BEF o
VM%E%@%Lt.E%@N% VBT E KR
(METTLER, TOLEDO AB204) %#, VM OE&IT
\& HPLC-UV iz /e, slkBHEuI n=5 & L /=,

5. VM RlR&ZHD VM DOE £’ itk VM
EEOFERIL, Hosotsubo 5D HEWERE L=
FETiro 72, VM SR 1 ml IR RIK 4 ml 20 2
THFRL, 2D 20ul 2 HPLC 75 AITIEAL .
F7m, HIRWEPICHE L2 SR, L 045 um @
M) O —2Z8-A > TS5 > T7 4V — (HAIY
A7 Ltd.) RITAEL, KK S ml THEE L Z1E,



No. 6

435

0.IN Mgl 3 ml ICVEf#E L 7=V & HPLC IZVEA L
7z.

HPLC % & 3 SE & #HRA 7 0x b5 7 LC-
9A, MRIHAITEE I E ST SPD-6A i L
2. oL, ATV AZAF—IVE (250X 4
mm¢) 2 Nucleosil 5C3 ZFE L THWZ, Bk
£ 240 nm, &1L 0.64 a.u.f.c, 15 AR 30
‘C &L 7. ##&AMHIZ 0.05M KH,PO,/NaOH (pH
5.0) : CH;CN=9 : 1 OjE#Z A\, ¥iEiX 1 ml/
min [ZF%E L7z, BEANRE O & VM i5#k  (0.625,
1.25, 2.5, Smg/ml) @ 1 ml 2R RIERITRE Rk
4ml ZMATHRL /z¥E#l e HPLC IZTIEAL, &
J7OR BT IALAEIZH/ESNE VM OE—7 @3 X
DIERR L -4 i B L 0 alBldh 0 VM 25k
Wiz, 3B, MEHAOIERICHNWZ VM IE, AR
OB W S FEH 05g VM K& U
Lot ZfifiL, HIEHEICH LW VM K THRERZ
TERE L 72,

6. MRSA [REPFEEE(CKHT S 0.5% VM miR
AOBA R AE AR B IR RN AR
@ MRSA [REYE B FIZ, VM-B SRz M L
To. BEZTIRBME, HERBEEAMKESTSM
RiE5 T, AENSEEICOZVIEEL TWizw,
WY EEE, AEERR 2REE LR, VI L0
AR &7 T AGHEREIBRIN S N2, A7 0FS
DB EOHIEAONPRIERA ARSI N, 51
PUEYE OFFIRN R R DR 50T b =0, thE
FIFEAERD NN, ZDE, BERNS
MRSA 23 I N7z/20, ZOBEFIIA T +—
LR a2 bEEEE, VM-B AIREDIFIT 1
e e D fR Y, B L TS EE 2R N TS
Nz, sh, BEOHENIFEAERVEZDF—A
ko TRIBE Nz, BRDFIL, EIR, AR
Fr OB R OEWER OB IR EN S, HYEAMHE
BHINTHE L /2.

] R

1. 05% VM flRZDFAR  VM-C KU VM-
B SRR & B ICEMABEH /W T, pHIZ VM-C R
W 3.5, VM-B IRk 6.3 ThH o7z, BiE
JEIZEHI2280+5mOsm TH D, 1FFEH AR
EHERTH .

2. 0.5% VM RIR&ZDIRRIEAEDOKRET (REB

BRGERER) (Fig. 1) VM-B iR OB H [E15
1% 0.75+0.50 [A] (n=4) T, saline ® 0.25+0.50
[\ & ERTHEZZ RN . VM-C SR 2.0
+1.17 [B] T, saline }xTf VM-B SIEKRICHRTHEE
R S o 7=,

3. BREMRRERL, pH RUEEOEL 4
CHEFT R CUE, iR & & ICRE% 25 MM E T
ZIZRD 5N o 7273, ERECE T Tld VM-B
MBS 48 E1C, VM-C AIE#%Z 8 @[ H
KU RIBHRFPICHAKEIRD 5N I 51T 40
CHFRETIE, MARKE HIZ2EME LD
VBRI Nz, IS OfEEITREFANC R &2 128
MU THEASR OB S JEICAE L (Fig. 2), AR
REEHMUSIRED LTHEMLIsh o 7=,

VM-B fRKR D pH IZFAEER D 6.3 705, VM-
CHRIZ 3.5 s, EORBERHBITBNTS, 25
HRETIEEAERIZEBD SNAN > 2. RIRIK
DEELEHIAS NN .

4. VM RERZHD VM REDEEHZE(L (Fig.
3(a) (b)) B4 FITRTE L 72 VM-B SR+
D VM OFfFER FHRERDO VM REITHT % %)
DRERFH AL % Fig. 3(a) 12, VM-C SHIRRICHB T
%2 L % Fig. 3(b) IZ/R L7z, VM-B mRi&
TlE, 4°CHEFRTED 4 HETIRIFE A ERERD

4.
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Fig. 1. Number of Winks for a Minute after Dropping Saline
or 0.5% Vancomycin HC1 (VM) Eye Drop Solutions (VM-B
and VM-C Eye Drops) to an Eye of Male Rabbit

Each bar and vertical line present the mean +S.D. of 4 experiments. *:
significant difference, NS: not significant difference (p <0.05), as assessed by

Student’s ¢-test.
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Table 1. Degradation Rate and Time Declined to 50% (Half Life: #,5) and 90
% (Shelf life: #y4) Residual Percentage in 0.5% Vancomycin Hydrochloride

(VM) Eye Drops

. Degradation rate los fo.9
Eye drops Storage condition _—
(week™1) (week)
Darkness at 4°C 0.0052 58.2 8.8
VM-B Room condition 0.0815 3.7 0.56
Lightness at 40°C 0.5114 0.59 0.09
Darkness at 4°C — — —
VM-C Room condition 0.0200 15.0 2.3
Lightness at 40°C 0.0793 3.8 0.58

Fig. 2. Photograph of 0.5% Vancomycin HCl Eye Drop
(VM-B Eye Drop) Precipitated Crystal at 4 Weeks after
Preparation under Light Storage at 40°C

KT 5N nho7=n, S8BT 89+ET%,
25 JEH TIZ 75£5% S EANCH > 7=, HilR#
HRTIE, 4 EMETS8+3%1Z, 40°C BFffREE T
1, 1ERBTSIE2% IR L=, 4@%%’
FRRALU T Loz, VM-C SRR O EREFERD
4mi4T%ﬁﬁﬁfi%uﬁ;%mf%&&h
EBARIEIRMN o T3, BEBOL T & 40°C BT R 77
TIX S B TR A 14+4%,203% THD, VM-
B RURHE & R DRGEROE TR0 5Nz, Lp
L5, pH O VM-C AE#K D 4558 VM-B
RIBR KX O ZEENE N ENGh-o k.
ﬁmmm¢®VM®EfW®Hﬁﬂ7Dyh#
5, VM OBRFRIZAESM EBITIFT 1 KEE TH
/J\?“é EMBD LN, %@ﬁf%aﬁ/}\ E 3
WX DRD, WAIRRO &SI 5 ¥ E
(tos) E90% DEEFERERTHME (o) ZKDZ
(Table 1). ZD#EHE, VM-B IR D tyo 12 WG
RAETSSEMTH Y, VM-B HIBEDFHELZD 8

(a) VM-B eye drop
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Fig. 3. Time Courses of Residual Percentage of Vancomycin
HCI (VM) in 0.5% VM Eye Drops ((a) VM-B and (¢c) VM-
C Eye Drop) under Three Storage Conditions

@: darkness at 4°C, l: room condition, A: lightness at 40°C.

Each bar and vertical line present the mean £S.D. of 4 experiments.
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(a)Just after preparation (b)supernatant

(c)solution of crystal
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Fig. 4.

Chromatograms of 0.5% Vancomycin HCl (VM) Eye Drops (VM-B Eye Drop)

(a) Immediately after preparation, (b) Supernatant and (c) Solution of crystal at 2 weeks after preparation under light storage at 40°C.

NI ETH 2 Z EDNDM o7,

KIT, MR ATt U 7= & & O R R %
HPLC IiZ k> TH &L, 240nm THHEL .
Figure 4 1213, 40°C BAFT &7 D 4 H[E % D VM-B
RO 70 s 5 L%RLUTJ. Fig. 4(b) D Lk
BWOr7OX N7 T A I3 ARFRER 10 min @ VM
DE—IMNEDREVWE—2Th-o /=4, Fig. 4
() DFEE DB D 7 O~ b7 5 A EIZIE VM @
E— 7 E R EHERICRE Mo — 27 itk
SNz, Tl KEEATH L2 R TORE
WBWTHERTH > .

5. MRSA [RERPFEEE(CKHT S 0.5% VM miR
BOEH  Figure S ICEFOMRMEE, BEERER
T O R 3R 2 AR oR U 7. B TR G 2 SR R
LT DMARERET, AFENEEICOZVEBL, K
TR E IR, RiBENR, ABRENFAEL, 7
T LIGYEERE &7 T AGPERRE DRI S N2 720,
FroFY T HRE EOFUEYE OIS IR
O 1 FEEO SR, MECEBRAF 7~ I8A
70 VIBRE O SR, X 5ICHiEYE OBEIRIN &
OGN THONTz. FiEER S ABRTREOSET

RO BN, ABEDOREICIEE A EEITRL,
#%H (1 H19H), 1 H13 HOEEN S MRSA
MR ENT=7=, VM-B R D 1 Ko R
NI Nz, EXREEZ 1AM 1 H25H) T
A IR ISR E DL 75 & OFEIR ITEE D A
53, MRSA ZRMtER -7z Fh, BEENSIZ
72 & DI A2 1378 o 7=, Figure 6 121, VM-
B fRE AR OIROREZRL 2. #EMARIC
W, ABICODTMTBENR SN DM, BEOHE
MRH SN,

% £

VM AR OF &L, PRE 15 B O I 2
MBI EEZHMEL T, VM-C fHlE# & VM-B
RIBK O A E kit 217 - 72, RIRWRZFHEL
7= VM KiZ, BERAMERTIEH 20, EHANS
FIRAINOFEAE TH 5 72D i E A R W
LEZ D, HIEBHD VM BT 0.5—5% D#HiF T
MESINTNDN, HBEEOMKN0.5% ZHAL
7. VM Z pH VAR T, & TRMENME T
I B 0.5% OIRE TIHAEMRIEICIERER N> /2.
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Disease:corneal ulcer, Age:73 years, Sex:male
January
R G(+)coccus, G(+)bacillus
Bacterial
culture MRSA(+)
Comeal opacity I —
ini Adherence o oeiance N ——..
Clinical waxy substance
condition Hypopyon I
Comeal edemna | —
ofloxacin eye drop
cefnoxime HCI eye drop
Medication tobramycin eye dro;f
0.5% Vancomycin HCI eye drop (VM-B ————
oxytetracycline HCl +
polymyxin B sulfaie erythromycin lactobionate +
eye oimtment colistin Na If
cefozopran HCl i.v. eye ointment
albekasin sulfate i.v.
cefaclor capsule
kanamycin sulfate capsule

Fig. 5.
and the Regression of Clinical Condition

(a)before treatment

Medication Protocol Using 0.5% Vancomycin HCI Eye Drop (VM-B Eye Drop) to Eyes with MRSA Infection of a Patient

(b)after treatment

Fig. 6.
Eye Drop (VM-B Eye Drop)

BMAMHITDONTI, HIEA O SR TH 50,
VM OHIEARY BIVIENTZ0, —RENICHWS
NTVWL2BHEONIAF I REBFHRIATINES
L PWC & & 51T UIRFEMKZ T PWB &2 Hn
o, KRz AWz IBRE R TlE, pH D0
VM-C fR# (pH3.5) O A A, VM-B R
(pH6.3) KD EWHIFEEZRLZ (Fig. 1). Zh
13 VM-C SR D pH DN Z EIZiERT 5 & E
HbNb. VM-C fiRKICREE TR0z, RIRE
IR DRBEEIERIC K > TESBICHHICHEIN S
Y, HIECER, HREES, NFAMRBABRKORE

Photographs of an Eye with MRSA Infection of a Patient (a) before and (c) after Treatment with 0.5% Vancomycin HCI

MHEINTND 20, 19 225, pH
MHEIZE W VM-B SRR Z#H L2 HDN R W T
EDNREINTZ.

VM R ORI AIRBIZR T, miRiRR E ®
4°C BEFTRTE TIRBALD 7 o 7278, |IEHOE T &
X 40°C BT T3S I #s b 23R s 1 7=,
i s AR R T VM-B SR O S N RIBEOE R T
f T ORI R & Zh > 72 (Fig. 2).
FHELZRERE VM THOIRES T2 LAEMRT S
OTHERANTEETH D LRESINTNDN, D A
RCTIEBLULIBED LTHDBEMLIRM >0, 1T
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H U Z#5EE VM TR WITRE N RIZ S 17z,
IR RO T, AR & H12 4°C i
Pt LAGE DARTE SR TR TR R ANFIE — K
ETETL, INSOEETIIRENRETHSD Z
EURE Nz (Fig. 3). MmO iz Tld VM-
C FIRR DB NEARE DK T EEILES, BEMIC
IpH NG5 ZEARBEINE. IN6Dl &
K0, ZEVEDED S SRR & MR C
VM-C sl 3852 6 71 Afd, VM-B sUR#KIZ 2
HAMERTE 2 EE 25N SRR L
A DIRMRIRD 7 O N7 T L5, I VM
TR M TH 2 LRI NS (Fig. 4. VM
Do & LTI, MK EYTH 2 PEEEZ B
7=75y CDP-1 (Crystalline degradation product-I)
BRENREINTVS, 5717 FERNHTH U7z SR
WD EED VM OFF R AR & H 1T 80% LA
TTHBZELD, VM O@MAETL T, MR
FHONMRBENESE SRR, THLEZbDES
ABND. ZDZENS, VM HIEHK O RE I
BT L 72381218, VM OBERIZ 80% LU T
ThO, BRERHITBRTLIREEEZO5NS.
VM-B silR ¥ % & 23 M%) T b > 7= AIFEIE S T
MRSA [R Rk GE O B ¥ OWMIRIC 1Al 13 1 Ky a5
DRIR 2T o kER, FEHIZETEE 1 E R T AR5 S
Fr® MRSA 23atE & 720, SERITEINICS®ES N
7. ZOF, fMoPFEEOSEKREL TZa—F/
O RPEEOF 7 OFH 2 2 SRR E 7 2/ bl
EPUAEMED N T I~ A > 2 BIRERAPER T TN
S, Z3UE VM-B FHIRHE A0 H S 2 i © fif
AEINTHD, ALY ROaXA1 2 ETURATF
DE A O IR E X MRSA 125 2 H1E 713K W
=%, ZOBRFIIBTS, ERO%KEIZFEIC VM-B
HEB®ICE 2D EHER NS (Fig. 5, Fig. 6).
UEDZEMB, 0.5% VM sIRIKRIEZ, VM-C 5
R OB NN @M o 720, IR 25 ET
5EpHNEXODHHETH S VM-B RRIE D 03%
MO TENTHY, WRFITRT T2 8 JHH
WBHEHTRETH 2 ZENnholz. REBEEANDE
M REHETH D EE A 5NN, KRS
HMUZSEE, EHBMNTH> THFERZzP IR
RNETH5D. VM IR IE MRSA HRIEYEICH 2D
TH5HZENERINN, ELHICKSMHEEOFE

Btz ZE L T, MRSA OB H O & i
HINEH THIGEEORITHEHIRETHDEEZ
2.
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