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Abstract

Flurbiprofen is water-soluble and is capable of marked inhibition of prostaglandin synthesis in
addition to stabilization of cell membranes. Irrigation solutions containing flurbiprofen are expected
to have the capability of preventing the occurrence of blood-ocular barrier disruptions, retinal edema
and post-operative inflammation after vitrectomy. In a previous study by the authors, it was
determined that a toxic intravitreal dose of flurbiprofen in rabbits was estimated to be a concentra-
tion of 210xg/ml or more. Based on this experiment, Japanese monkeys underwent vitrectomy in
order to evaluate the optimum concentration of flurbiprofen in the irrigation solution, as well as the
retinal toxicity of flurbiprofen. The twelve eyes of six Japanese monkeys underwent vitrectomy
using BSS (Balanced salt solution) containing concentrations of flurbiprofen from 4pg/ml to 800ug/
ml or BSS without flurbiprofen. ERG findings were studied on the second and fifth days after
surgery, then on the fifth day the eyes were enucleated for histological examinations of the retina and
choroid. In this study, it was proved that BSS containing between 4 and 40 yxg/ml of flurbiprofen
prevented post-operative occurrence of retinal edema and dilatation of choroidal vessels in the
macula, and prevented a reduction of the b-wave apmlitude of the ERG. This is thought to be due to
the pharmacological action of flurbiprofen. On the other hand, retinal degeneration was observed
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and b-wave amplitude was remarkably diminished in eyes that had been vitrectomized using BSS
containing 400xg/ml of flurbiprofen. A flurbiprofen concentration of 800,g/ml not only had retinal
toxicity but also caused severe inflammation resulting in impaired retinal and choroidal circulation,
and a reduction of the b-wave to zero. These effects are thought to be due to the adverse or toxic
effects of flurbiprofen, which in high concentrations increases the release of acid-phosphatase from
the lysosome. Based on the above results, it was concluded that the optimum concentration of
flurbiprofen to be contained in the irrigation solution is 4 to 40ug/ml. (Acta Soc Ophthalmol Jpn 91 :
647—656, 1987)
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BSS HAR TR TR A 1T 5 &, AN~ Cl
2H, 5H: LI ERGb i oiRIBOM FAEL T
2%, 5 Bicikafrh olElfiZEm LA, LasLl, BSS
24 BB\ E40ug/ml © FP &0z 7854, BSS il
DB LHENTDOENR RN B Z LdibhsTl,
L LEEES FP M2 oB4A, 400ug/ml TiLb
FREECEE R, 800ug/ml Tk b EXIZEHEE
LT (Fig. 18).

2. BBEH, HWABRES L UTRESMNAR (Tablel)

BSS I TEMEAT -~ TcB &, 5 H HCHE
o A I E 2 e e (Fig. 1) 4%, FEEEHLLA
OB CRIFELE b Tlad - 7z,

BSS iz FP #dug/ml (Fig. 2), 40ug/ml (Fig. 3),
100pg/ml (Fig. 4) in&c5E, HEHHEED
A EECIREEOE LR BSS B0 HE X Y
R L Tt

BSS iz FP #200ug/ml &ML THHF2H, 5 HE
b BRSMCREICEE 2R D eh -7 (Fig. 5143,
i 5 B ofiiEo EEEMETHE). MREFECIE, ¥
BER o BT Y BSS BB E X VB L Tuwi
75, WREEIE ClLm R Ao MAA A~ & Bbh b
rR%x:R» 7 (Fig. 6).
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Mg EEfRoERLEbh 2 ALED
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SR, EREo MRS, Sk, 63 LR
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ERAIBREL, BMOFREHEAL, ToMcEED
SiEM M B E A SR e (Fig. 8), Ml RIELE T
vk, ARMRM O LA, MEIOHS, B3 LRk
DA ARG T EE % Lieh -7 (Fig.
9.

800ug/ml @ FP #H45 &, i 2 H B XA+
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Table 1
FP (ug/ml) ] 4 40 [ 100 | 200 | 400 | 800
Retinal Edema ‘ = = ax -
Delatation of - e PR e 2N s

Choroidal Vessels

Retinal
Degeneration

Disturbance
of Retinal &
Choroidal
Circulation

HEEH E BRI TSCERTE o1, W5 H
BT EER R b @ Loy, ABE6af
L, BhReLE < BEMIAL L, #BEHICE cherry red
spot, PRBATHICEEHOM/4FLEEOOE FFE
faxBic (Fig. 1062, 75 B offH B oK (AUaBES
EE), ¥REEE T, CoBE L FERFEEC—
LT, WEIESKE (Fig, 1), #Hhc@¥% (Fig.
12) FHHEOHMABEELEL T &b, Z0FE
i B L RAG IR IR I & 0 TR & ol L & i
Lfc, REZOVICIE, HBIMME o &M s L
(Fig. 13), EAMBME BT SRR AR RRIZ I & b BAZE,
HEL T (Fig. 14), MEMEHARE, 96 < 2 E Ll
WL X W BASE LT\ 72 (Fig. 15). HRSE T1/44
FROEFE FFERFREE LTED SRR R
T, WRIGEAMBIIR OMAE A E U T b (Fig. 16), *
TP M EREL 70 200 72 I A FT ~ BfE LT us
7eH (Fig, 17 HD, BMMEROEEE SRl -
7o, Zofof@E T, BiKiciE-aR B LR
ez, HermTHizr@Zsbhn (Fig 17A),
TRRRIRETRED b AL ERO AR LR ER
FEHC—BT B EELLR,
BoidERFEEOMIIE, Silaoi s ek
HRAMRAEE M LA, PIEDEAL T v B 6 (Fig.
17B) $ @ bh, ZoZMHid Fig 9 off R & 8L
5z &b FP ofBlaErkic X 04 Urcii gl & L
fo. ELT, IOk MEBEERORIC, X LIk
IEEEREE A4 U Fig. 170 A © X 5 e/ B2
REhtcbo+Ez T,

Iv £

1 PGs Flizix, ik o 40 S Mg REP o FEED 5
B iR OfEY FHYT AHELH D EVHEDL
hTuwd, %7, A7eA{ FHERLD, BYFEDOH
HEoldEANHB IS Z LA, Licdis T,
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i PGs Rl &R immM L TRV RE, Wi —E0R
EClRAESBCERET A LA TEX DT, PGsHID
Lo hbOMREXROEDCHKEI DL LATE
ABREETHBEELZTWD,

K, HA3ERRR2HAGEHFRIZL - T, BSS

iZdpg/ml © FP ZfFEmLTHVS &, BSS Hios
& X b % ERG @ Q,, O,TH 58RI E % A B4
L, BEEEL B X2, BT E+ D PGE,,
PGF.a, EEEZHETAZ BN E LAY, &
*®, HEYOEAE ViR In Vitro DERE
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Bk i, FP O50%PGs & B E#E 120.64M
(0.16pg/ml), 90%PGs &RFHEFEE3#10¢M (2.5
pg/mD) THBH, LihioT, EHEEIZ4ug/ml © FP
2N U CRVhE, BEREIT90%LL E PGs D&/
REEETHC Lo, AR swTh, HHREF
iR 3, 2, 1, 0.58RERNZ0.1%FP SHEA 1T 5 &, &
FBh FP B 13 #0dug/ml BBES IR B EE 2 bR, i
BORENERT B L2V TW 5,

&E|DEETH, BSS I FP Zdug/ml #inL TH
VB & B oD R 1 B R R s R 1M A o BR 2 e BRI
L, bEEES LS HRichs Z bhate, Fis, 40
pg/mOFPE#EMLTHVWSLEBLITHEHTSHS
ZEbSEELMAER s (Fig 19),

Ak, FAHEHE, EATF A FEMEERORLE
FiE IS X CEHEoRE(LIFHCH D, Zo
PEEIZ X - THML lysosome e L, M/ g
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HAIHELY, PGsEEREMFITHObDLE 2 T
WA, ELT, ZOI AT e A FEHSEFOBELE
{ErE ARz b 5 BAE e+ 2 B oLEk
BELLEIDDTHA I EMEVZRTWS, In
Vitro DEB T FP 13 5 v | T lysosome 72 5 @ acid
phosphatase @ ## 10uM (2.54g/ml)T#6%, 100
#M (25ug/mD) THIL626HNEI L7z & R, HHsmE
LTW3Y, Zofie2nwT, SEoHK«DERIE, In
Vivo THH 7 » b LEOMEE, T & BERGHE L o
BoEb+HcEB LR hERbiw, SE0O%E
Bk B2 BSS il bn U 7240ug/ml @ FP 73 ug/ml
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HER&RE

D FP &b LB, REELY L 0 EELsRicfon s
#RTXD, Zofod, 40ug/ml @ FP s dug/ml
L0 b B o fRRE T I <0 s M I A o 1 R A R
L, bFEIREE X ffotfcoTiRisud b #E 5,

FP i, RES~OBFREALY RS2 L2455
NTHEDL?, Licti-TFP oMESEEcRLME L
B0 KBICHRED FP 2 Ao B 402 H
ThHEEZBRB, In Vitro DFEBETIZ, 100M(25
ug/ml) @ FP 1 lysosome #> 5 ¢ acid phosphatase
DR 16%HH L7245, 1000«M (250ug/ml) Tl
W HI28% (R L7z L DBRE 2B B

LictioC, BEED FPILMIZIBAOSEL RE
THLOIME Z Ll h, Br OFRRBOMTEK
WWFP#HEALAERTE, WF&E0FPEEN210
pg/ml TiX50%, 320ug/ml TR100%IZHEA T HHIC
BT TIBBEEESE U T, E < 12320ug/ml L
b, FPEALIBE L YWTFHPIcEROKIERE
MlaBEZRD T &b, BiEED FP ARA
DRIEFET SR bDEE 2 12D,

LB OEE TR, ER®IZ400ug/ml L o FP in
ZTBE, MEEESEL b L SECEE S,
ZOFRD12E LT, MRCHTEOBREDKEY
Tz Einb, BEED FP A5 iR © 5 5E & (7
ETHIOC@ R ELZBRD, EH1IZ800ug/
ml DT, Ml F LR RGE £ 5o
REHMBOBELREDTE D, X bICEGRASE
12X b L ARAE B O E R E A VE U e b o LHER T
&5, LaL, 1EEMENRCEIEREGYRDIA
Bl sEE MO BB <, ot BRLUEOR
FEBAIEIIR b GO AL bRD bhishot, L
Do T, HRE D FP B #5 8RGO MBIk 2

4~ 40/ ml

1) inhibition of the PGs synthesis
2) stabilization of the cell membrane

suppresion
retinal edema
o dilatation of choroidal vessels

EP

=400pg/ml

increase the release of acid- phosphatase etc.

1) primary toxicity : retinal degeneration
2) secondary toxicity :

. choroidal circulation
disturbance<]

retinal circulation

Fig. 19
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BRAEXES LSS ELLbRS, 0L
SICEEED FP @RS > o), EREK
CFP #@EmLTBV5BECE, 40ug/ml AL
LTHWARETHS EbhbhilE LT3,

B, BAV Y AFBARBICAELS 7 4 7Y VAT
SR AENMBE L T s TW 5, bhbiu, fifaio
FP AR HtA LT FP Hnigii 2 A v dud, T4
GBS 0 2t & K SLAEF T EE O FEAHE H ol h oo FElE T
B, R SEOMH I b B TH L EE L THY, B
£ FP {RINERK O UILY, Bk, A~z
DT EBFAET-> T 5,

Ma#rsicBRL, FP R, FPKERORELY I
HTRERA ST #HEL R TS,

Legend for the Figures and Table

FAG: fluorescein angiography

FP: Aflurbiprofen

BSS: balanced salt solution

RPE: retinal pigmented epithelium

Th: toluidin blue stain

Table 1 These are the results of histopathological
findings of an examination of the retina. Retinal
edema and dilatation of choroidal vessels are less
in the eye vitrectomized using BSS containing
from 4 to 100k g/ml than for BSS alone.

Fig. 1 This photo shows the macula five days
after vitrectomy using BSS without flurbiprofen.
There are retinal edema and dilatation of chor-
oidal vessels. (Tbh. X50)

Fig. 2-4 These photos show the macula five days
after vitrectomy with 4gg/ml (Fig. 2), 40gg/ml
(Fig. 3) and 100xg/ml (Fig. 4) of flurbiprofen.
Retinal edema is less in the eye vitrectomized
with 4, 40 and 100 gxg/ml of flurbiprofen than that
with BSS alone. (Th. X50)

Fig. 5 A fundus of an enucleated eye five days
after vitrectomy with 200gg/ml of flurbiprofen.
There are no abnormal findings in the fundus.

Fig. 6 In the macula of this eye (the same as in
Fig. 5), retinal edema is less than that for BSS
alone. Otherwise, dilatation of choroidal vessels
and exudation in the choroidal stroma can be seen
in the choroid. (Tbh. X50)

Fig. 7 A fundus of an enucleated eye five days
after vitrectomy with 400 zg/ml of flurbiprofen.
Arteriolar narrowing and a cherry-red spot-like
macular lesion are observed, and atrophied RPE
cells are seen to be clustered in the mid-peripheral
fundus.

Fig. 8 In the macula of this eye (the same as in

Fig. 7), degeneration and disappearance of retinal
cells are seen and choriocapillaris have disappear-
ed due to the infiltration of inflammatory cells.
(Th. x50)

Fig. 9 In the mid-peripheral resion of this eye (the
same as in Fig. 7), degeneration and di-
sappearance of outer retinal layers are seen,
otherwise choriocapillaris has not disappeared in
the choroid. (Tbh. x100)

Fig. 10 A fundus of an enucleated eye five days
after vitrectomy with 800 gg/ml of flurbiprofen.
An atrophic disc, retinal arterioles narrowing and
a cherry-red macular spot are observed and yel-
low atrophic lesions of one-fourth disc diameter
are seen to be clustered in the mid-peripheral
fundus.

Fig. 11, 12 Fig. 11: An early stage of the FAG.
Fig. 12: A late stage of the FAG. In the FAG,
feeding delay of fluorescein is seen to correspond
to yellow atrophic lesions (Fig. 10). Therefore,
yellow atrophic lesions are thought to be due to
the disturbance of choroidal circulation.

Fig. 13 In the macula of this eye (the same as in
Fig. 10), severe degeneration and disappearance
of retinal cells are seen. (Th. *x50)

Fig. 14 In the macula of this eye (the same as in
Fig. 10), choriocapillaris has disappeared due to
the infiltration of inflammatory cells. (Tb. X250)

Fig. 15 This shows the retinal arteriolar contrac-
tion of this eye (the same as in Fig. 10). The
lumen of the arteriole is occuluded by red blood
cells. (Th. X 250)

Fig. 16 This shows the mid-peripheral resion of
this eye (the same as in Fig. 10). In the choroid,
contraction of choroidal arterioles is observed,
otherwise disappearance of choriocapillaris is not
observed. (Th. x250)

Fig. 17 This shows the mid-peripheral resion of
this eye (the same as in Fig. 10). In the choroid,
dilatation of veins and choriocapillaris are obser-
ved, otherwise red blood cells are not observed in
the lumen of some of these blood vessels (%).
Photoreceptor cells and RPE cells have
disappeared in the lesion indicated by the letter A.
Quter and inner photoreceptor segments have
disappeared in the lesion indicated by the letter B.
Yellow atrophic lesions of one-fourth disc diame-
ter in the mid-peripheral fundus due to the distur-
bance of choroidal circulation are found to corre-
spond to spotted atrophic lesions, indicated by the
letter A. (Thx100)

Fig. 18 This shows the effects of flurbiprofen on
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the amplitude of the b-wave on the ERG which is
studied after the vitrectomy, The amplitude of
the b-wave in the eye before vitrectomies is
shown as a control. It is found that BSS contain-
ing flurbiprofen of 4 to 40ug/ml prevented a
reduction of the b-wave amplitude.

Fig. 19 BSS containing flurbiprofen of 4 to 40ug/
ml prevented post-operative occurrence of retinal
edema and dilatation of choroidal vessels and
prevented a reduction of the b-wave amplitude.
On the other hand. BSS containing 400xg/ml or
more of flurbiprofen resulted in adverse or toxic
effects on the retina and choroid.
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