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7% %~ (Lphenylalanine mustard, LPAM) OHIKIZE JIZTHE 4 BKEER (electroretinogram, ERG) 3 X U##&FERY
PRI » THREF L7, HHRERG T3 2HORBEF LM ICEE S WIS GEIE, IRERDS X UBRIRY» 55s) 7
bW F G L. HIRR BB P CORE L LPAM RINEBERER P COWBE KB L. 7 FOMBIRMERG i
BV TLPAM 10 g/ ml HMNB & V40 pg / mlBINTIE, alk, bikd L UHEBIEEAROIRIES & CHABR I FELE
fbidabhzd o7z, LPAMS0 pg./ ml iIITIE, ajks & CHEBNEORIFEABICE(LL b o 2% bIKRIBIZAE
CIETF L7z, bIRIEOZ LIS BEHR O BER F ICEE LB CTh o7z, allf, biks X CEBBUVNE O T AIERIZEH
WIZE b L e o7z, & P OFEHERMFERG 12 B W T LPAM 10 g/ ml 8138 £ U740 g/ ml @INTIE, all, biks LU

BNEOIRIES L UTHABRICEF R B A L N e d o .

7 FWTARNEA TELPAM %A L7 IR 5EERHR,

MR % 3 RIRE L CERG 2 EAMMTHEL L7z, LPAM 10 pg i TARPHEA T2 all, biK, cifd & UHEIENEDRIES &
CIEHABRFICIARLEEAONT, BEEMSES L UETHEME TOHEARRIIREIAG 2272, LPAM 20
pERTFRPEATIEal, blEd L CREIBNEDRIBIEEAZ IR EUBICHE L GEBIIIERICEE L. alk, bEs

FUBRBRNEOTERERICIIHL P R EEA DN RD o7,
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L-PAM 90 pgfFAENEATIEEA%RSHBIZIZERG ZHEDOIRIGITFL <HEFEIMHEL, EAKLBIZREO—EER
WCERGIZIEE L7, SFHEMES & OB FHEMER R CHBEABIEE L (BT, BRERENS I OB
FEAEECT 5 &, RERRBLARETHEE STV 5 BINWIRENRIEAE L X 2 LPAM AR (10mg/m* (KFERFE))
BIURTAEMNEAEICLALPAMIEAR (4~8ug) BTN IMBEICIATENZBEL A2V EERSNDS.

Key words melphalan, retinoblastoma, chemothermotherapy electroretinogram, toxicity

HEESEM AR E & L CAA R ORI 55 E T A IRPEE
EHCTHH, RETIPEARBEEEEEOPTRLE L, £
TARERHEYO LI TOREHEEDGRETHD. €0
S A4 1 1345 16,000 ~ 20,000 A\OHAEIZD E T ADEIEY Th
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Abbreviations | ERG, electroretinogram; LFLX, lomefloxacin hydrochloride; L-PAM, L—phenylalanine mustard;
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SHEITH T B RV ERSEEO WY Dk, RO R D
SHENPOMN B HRIETH S, Lo LIEHRAREBH T
2BDEBFRTH D ®, 10FLHEEL EOKRE LEEDH L W ITH
TFRIERE R SO L ESOBBIIREETH Y, KRR
FlCIIEBEE, MRS C OB A0E, IR - IREORER
£hH EPOREEOMEDLH 5. JEERLEE X ORI
i & RS LB O EE R BT L CHEE % BN
WICHETE LR ELET LD, FOREMERTIZ4LEZL
FOEBOERIREETSH L . GER I EE ARG
R T BERH B VI FRE OO R B E LA ORE
B o THERE A 2 EFN T E N5, Lo L4~55H
BEZZLDEB T RHBERRTHERE S TS I LIIRETS
), E5IIARESRE OB AIIESIIIRTSE L 2RI = 5
xR L TIRBIIELLR T 220 TEELXETSLY. 1L
Sl 3 AT IRAERE &£ LTHW ST, HUaeE, &
R, SR RRRE, WEHRE T 2 BREE L T,
BENREERERNICEDY), ETHOEBTHENTER S
hBZeddb. L LILHAREICI/AMERD, BHERED
BIfERDSET A 2 &AL 2 5.

22T, WEEMBIECET A IS OREMEORRE W
BT 2EHBTET Y ZIRERBSLSEBELER L. 20K
ERT7TVFMERIRTEERI OO EDTHEALT 7T ¥ (L
phenylalanine mustard, L-PAM) (1) % EREMRIZERAIZIE
AT BPEIHTERPNZEALTH S, IRERMREE™ TR
KA IR T A2HETH L. LPAM 1&, 7VFVHIO S BT
{frayeryery—FHIZEL, BEMRANORE LY —
ERUSLTT A ENMEEZRI LEBAREHETAZLICLD
JEE AR 2 b 2T whb i, K TREKIZIE
ERUEBMEORBRICERIN TS, $-BETIIL RN
BRIEORBOII IR, BB, By oo &
PR 2 Sl B LEmEE & LT, hofiEgsiR 1 >~ ¥
—7zuriRElELIIHEGEENTVEY %,

T 5" 7 T LPAM % ff H § 2 HRERIR B AL F 98 & KBS
I E AR IE D SEFNIZ T L. ZOmBEBEIIBVWTE, L
PAM |2 & 2 JEEEHH LA o0 TEH BRALER (BRICM) oEE
FEFMHEL 25, KRBV, Z0oHYEALPAM
®OEH L2 IRERR L g o B RIS B T A AR RF A L L
T, L-PAM O 2B 212§ 828 % #EEKX
(electroretinogram, ERG) & & UHLERZEMHT R X - THES
L7-.
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Fig.1. Chemical structure of L-phenylalanine mustard (L-
PAM) . L-PAM is an alkylating agent of the nitrogen mustard
type used for the treatment of several malignant disorders,
including multiple myeloma, malignant melanoma and ovarian
carcinoma.
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7 FHEREE RM-3 IMERS, T8 KTFLolE
ML EFF L RE2 ~ Skg DAY F2IL3RB LUHEY
ISR & N LA ORENEREIC L ) ot
T EZWizo 2 3ER (T0R%, 634%, 5448 3HRA AV, &
b0 3 IR CIOREALARSE A IR AR O IRER IR IR &
NWhirotz, DHFCRNERECRE KRB S o7

2. HRARPESBL)TIE

EEZHEIL D I 24 B L L OBFNEIG % B L 7o 1R IS
FAXTIC T FOFIEIC N - THRARZ /R L 72, Ry ¥ 2
Y (&5 —-® =4k BE) 25mg/kg DAL 1A
Lo THE:L, 04%ERET X7 Tah 4y (R FV—1LO,
BREIE, KK) 2 &2 SIRMRES K U05%EMRY Fu 1 >
(Fvmh4r® BEREIE KE) 2k 2REMRER IR
4 & MIEEEIC IR > TERL, DWW TR Z WL, 3K
% # Lmm OERAL TR & GIIT L Tl R AR 2 1 R ERk % 48
WL7-. # L2 IR % 100 %MK 72 1.0 1 /43D %46 Tl
L7zx BRI 4 1 (LREEED) 1 ANURERIRE S TEI R
L, HRERIZERD &A% Mrds L CHEME, MRAEIES K OFOAE &
DEAIRMEER L. & MROBAIIEFME I CHREREL
HICHE B IZ AR L 2585 e 0 DSBS 1%
L, #§i L7-BREkE 100 %BEEEH 2 1.0 1 /5 0EETHERL
RRER A | RIS ANRIRSRRES TR L, v PR &
WHRE, BRAMERES X ORIE L D A BRIFE TR L 72,

3. RIEWAAERS L PBRKERE

BEREAERI2EOENTE I AFy F WER (FER
100ml) A5 3 (M2). &EmOMTLEIZIEHRICHAL
(BEE7mm) #FT 5RO » 7RV FIFohTE Y,
COMILEECI I CHERICL - TIRHEEZIISAT. FHO
T AE OB S ORERORMEN CHINT, ZOHME
2P arsn"—o#EK (B8 13mm) 2iE3AIAK. iR
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Fig.2. Recording configuration for the in-vitro
electroretinogram (ERG) in the excised eye-cup. The
posterior portion of the hemisected eyeball was mounted
between two chambers. Perfusing solutions (Nagayama'’s
control solution or a L-PAM-containing solution) were
continuously oxygenated with 100% O, , and maintained at pH
8.0~ 8.2 . The ERGs were led off through a pair of Ag-AgCl
non-polarizable electrodes in each chamber. The ERGs were
recorded before and 15min after the perfusate was changed
from the control solution to a L-PAM-containing solution.
Finally the ERGs were recorded 15 min after a L-PAM-
containing solution was washed out by the control solution.
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BRI E D 5 50emD%EET b > CHbE=—LVED
Fa—7 (NR3mm) Z#H, 7+—<3 7L JUEHEH,
WE) #EHMTAZ 128 T3£1CITMRS Rz Eic, B
ERAROES I YA L7, B £ARMNIZ 100ml Ll 1
Whl e SABMICHIIHER S, BRIBERET EERNI
25ml/ 4> O FE TR L 2270 SR A ORIEHIZ 100 %R E
HA%101 /5508 EGTHA L CEEBEOpH % 8.0 ~ 82124
L™, BiEWo pHIEICIEpH A — % —Type F-7 (SR8
YT, BUER) M L7

4. ERG T8 B & 3L )iiE

HISEFE B & L CEEE R (LE Xenon Arc 45 (EX v 7 A,
WD) CTHIT LS/ v - T— 7474 %0 &5 ERGH
el dEEE (ZREERT, W) Tl BEEIERET 1
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FEETEOLNZERENEED LERKR (v vy =N
90 % FTICET LR BXUOTHRER (Pyvy—72°
0% L2 ETICET AKM) &, HENREH5653 (RCA,
Ny, KE) ILEIBHMETHTNS 18I B TH- 7.
PHBTISE (ST ERRE 3.3 X 10° L 7 A, HHgHER 200 3 ) &
DB CE D ERENzal, biEB L CRBIEE
(oscillatory potentials) Z ik L7, RFEIIS T 2 HORE
HAEBNICEE S hz— 0 - EeRER (R OERM
MM IR EE NS-type, AAEE, HH) CCERGZEML, H
ISR RM-5 (BACRE) CHIEL, FMF—¥ b a—¥—
NFR-3515 (v =—, HE) Citkk Lok, EMEFHER
KMQ%O(HK%%)LTEEﬁ%T%tPﬁ‘Nyb:—

F—WX4401 (T 7 4w 7, BH) THH L, BRI
DB umm%h%ﬁ*k3‘0b®&mﬁh%M%nM
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FPRIBBEROERPICALEIEOLIZ L 5 ERG AL,
ailt, biks L OEE/NEOIRIGS & OTHAR L% W IR
B EHRME L. RO THIBBEEIZLPAME X (¥
g, vy b AR, KE) 2FENL7H (LPAM EINRE )
OWREFBHL, FOISHHRICHECERG 2 EH L. LPAM
AR E RO MR B 15 ~ 1802 ERG Z 3ok L 72 B3
ERG i B0 s & b IZ B4 5 W 4 & UM EEH H 0 L-PAM I
PRI L > TR EEARNO N HEERAEREN DD
THNMAZB LI LIlHE. HIESRBERO BT A
L, 20155 %IZERG * sk L7z,

ERG 125\ T L1 & ORISR 2 5 T-A@ o
PetE % BT 5. aikiBiEe L THEE»Sali0EE TOERE
BEEEZEY, bIIBIEE LThEOTEAL S alEDE T TOHE
EHEEZ R 72, BIBOEO RS S aliB L O b EDOTES
ZEIBETORRBEENEFNallB LU bEDHEMERE LT
FEIL 7. BB NEIRIBO SHINE KA & OFHINEIZHE U .
Thbh bEEBRNEO LINE B X UTFHE& RN ZHSEED
GBI #2020, 0, 0:BL U0, Ny, Ny NyBLUN,
LIHRT A L, ORI altEN S O I2E % ERGIE & 2
EDNBREEN,ZRAERITCONTEELNEREIZBS Lt?fv‘?&
FOBSTHEREN, OJRBREN &N HEAER T TO,DTES
JVBEXBALEBSORSTRENL. FHIC ORIFE

m

NN EHSERETONHEML DV BEEIZEA LIHIOE
ETREN, OARIGEIEN, & N, 2 H REME TODEM L Y &
HIZBALBOORSTREN:, BEBRNEORES LT
01, 0., Oy, O, DIRIBOMHMZEHAL 72, 72 L O AW
AV IIEIHNEORIEEL LTO,, 0, O,DIRIEDOHEM %
vz, HEERNEOTESERLE LTO, 0, 0, 0,DJHA
PEEEOBH AL 7. 7272 L Oy AR DB & 1 I3 BB RN
WOTEEEEEE LTO, 0, O.0TESBEOKHM % Hyv 7

FFICBWTIE, WEREEEE LTEIL™ S5 GREMR
mM : NaCl 119.50, KCl 3.60, CaCl, 1.15, MgSO0, 1.06, 7 F
™ #% 26.00, NaHCO, 25.10 35 & U*NaH,PO, 3.00) % 7=,
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FEHNEH oW T, WREEEER P TOME 100%E L
TLPAMRIIRERERP TOMEEAIETEL, Z0OTHY
fEZWE L7z, * RIS E AT v & L-PAM RN i s 5 v
DHREHOTHEOFEEAMEICIE HEOH 5 t Ed v
T, [ERESBDTEHFEL L
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1. FEBRENW B & UE AEHILRE

YA F R E AR RM-3 (BRHEEM) TP Lo AR L
ﬁﬁbt%ﬁ2\ﬂkg@H@ﬁ%#ﬂm&%&mbf.$k%
T FEMNIEAR ORERE I TRIEICRE 2O Sty
G B LW TEREATTO ERGREICTAEALEYNWH S i
T (bIEIRBIZT20% 5257 cHuhdhoi

W ERIEACE L, LPAMBECKZIRMEERM 4+ -
FOMA, TR, AR THEMLTELER 01mld 7 10
203;@%ygmLMM%@ﬁﬁ%Wmﬁkm¥%%W&L
7o, B A LPAM O AIZR$ B B IL 2,410 ng/ml TH
5. LPAM A3 1.7ml O ™7 % F ORY-FRPUZ ST 5 &
REL:EE, MTERREEEZZFLEN 59, 12 BLU53
ng/ml k5,

TR A

04%F X7 70H4r (R2FL—LC R O
MR RREE % 56 L 727202, LPAM ORS T-HRMNEAC L BRI L5 %
BEG B EIT, $UBER LX) FESAE S CEE L
ISR L ) ImIUH RS B IR L 2227 Y — Vit e 2 D 1
Z BN 10 TR 4mm BT EPIZFLA L, 0.1ml DRTH K 21K
BIHERR LAz, RIS LA 2 s s Cg L £ 20
IREEC, 1ml VRS8R L 7227 4 — VS0 b 112 KA
L2 T T £ BB B8 0 & 1 U5 2mm TR T e YL F Tl
AL, #E #BEICIEA LY. BRIROR-AMNIZIE LPAM
VAL 7o AHEEAD 0.1ml %, fHR CoHIRER) (i A4 XA -
FOMA (THME) 0.1mlDAEIEAL. HBEAOM T
RNTE A B 31 ) ERG Zok O T IR ISR & 170, IS
WIS B VISR EE 2 S A A L B RRIES AL T
BBZ EEHRLL.

L IAT, EYE—ROMTHRPICER LIRS S8
W& NBEYH MR % A L CHIIRNBITT 5 TS ZE A 6N
B, BIES® L5 BT A 7%t (lomefloxacin
hydrochloride, LFLX) % 4<% — §F ®MA (T-#:588) IIH
gL, #002ml (200 ng) ZEEYFFO—ROMTAEANIL
5L, HE5%OLFIXHESRS X UEESR (BR) 12600
2 &IRMEEMN B XL LB LFLX g R ME Lz 25, —]
OWTFRA IS S N B BIROMREEIC BT 286
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5. L7290 THEAI D@D H2%, KB BTN
EARETIIRIKOERGIZY- 2 5 }%ﬁ%‘?f“cifﬁlm&)ot LLTY
Hmbf& WD EHEREENS, [N el B I R (R AN
RAZHEY & 7EA LT MR é:L f*@m/bmal» AL 7
M%NMMthﬁ%wmm_b;iT%%*kuLL
3. BRI
05% raEH I FE05%EH7==L 7)) (I FY)
YO®P, BEEM) OmIRIZ XY Ho A R A Sz, 304
HMOWNIEEFr>7:. 25mg/kgPE#r v 3> (59 9—
WO ) 1 7mg/kgn LIV o HEMIE (97 8-
WO, NI, LN—=s—=F L, FAY) REBOHANE
SHI TRy o F 2 BB L7, 1 SEESEmNT-614U (114K
W) A AMAKE W L 10ml FEEEORICES, EY
gEma s EMAR KR LYV Ty Fa—T7 (N
35mm) THHEL7. S5 FERICERLRERIIZO
S arFa—TEERL, Fa—T7OEMCEAMETELA
RELTR5. ’Ewt.$w%Mthﬁﬁ@£ﬁ%&ML,ﬂ~
Ltimw&ﬁumﬁhuﬁwt (X3). Zhenifijiis L
VLT % AN TREPAR

ERG MI#I e B AT - 412 Coh -7z, WEotiar » X

Test Control

Amplifier Amplifier

Ph

salt

4~ solution

Ag-AgCl electrode

Cotton

L-PAM + Vehicle
0.1 ml

Vehicle only
0.1 mi

Fig.3. Recording configuration for the in-vivo ERG of the
rabbits. L-PAM dissolved in a 0.Iml-vehicle was injected into
unilateral eyes. The fellow eyes received the same quantity of
the vehicle, serving as a control. The ERGs were led off
through Ag-AgCl electrodes in the cylinder with silicone
tube, filled a physiological salt solution. The cotton tips,
inserted into the silicone tube, were placed on the corneal
limbus and the head. The ERGs were recorded 3 hr, 3, 7, 14
and 28 days after a single-shot intravitreal injection of L-PAM.
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BUOWTWRERGOELIzMT a2 EMoO el et s, £
ZCH FERGD ad B & U b IR BV CTHE—Ro F A%
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CETYA LT FIEMBICTEE L., S @By &E
WUCEEEY S > - T yEBICTRE L, EATET-IEMEE
WTHEHZE L.
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1. FHHEERFERG IC & 2185

1. wHFRIZB T 2HRE

412 L-PAM 10 pg./ ml iR EERMERIC X 2 ERGELE
RY. H4DOFEFOEF T LPAMBME O BEREE 7T,
“HHOEIE LPAM M ERERTOREErRYT. =F
BOWEBIELPAMZHENML T2 WEBEROEFICEVREL
715G %OERERY. EFOBRBEEREIEIC TGS
7aliBLUbEERT. AHOEBIIHEES I UHORE
BRI CEAR S N EEBMR N A RS, LPAM 10 pg /ml i
mE (Afm2iR, A65E) Tk, alk, bikds L OBBIREN
WORIES & CTHAERHICEAFRLEEA SN 2 0dz (F
5).

X 612 L-PAM 40 pg.” ml iR EEERIC L 2 ERGEILE
Y. LPAM 40 pg/ml 0% (A 18R, HF&2MR) T3,
ailf, biks L UEBA/NEOIRIES & UTEHEBRICIIEEL
ElizAa s N o (7).

812 L-PAM 50 pg / ml DR MR\~ X 2 ERGE1L%
Y. LPAM 50 pg ./ ml 8 (B 1R, AER2K) T4,
aiidB L OBRBRNEOIRIBIIERICEL Lo 7225, bik
RIBIIAZBICET LA (p<0.05). bikRIEOEILIIITRIED

Inttial -

L-PAM -

'.\:,/\

Recovery  ~* 15"
15

——— e

- F 200 4V —

200 msec §0 msac

Fig. 4. Effects of 10 zg/ml L-PAM on the ERGs from the in-
vitro eye-cup of a rabbit. The left column shows the a- and the
b-waves. The right column shows the oscillatory potentials.
The responses in the right and left column were obtained from
the same eye-cup. The a-wave, the b-wave and the oscillatory
potentials were not deteriorated by 10 zg/ml L-PAM. The
uppermost traces show responses during an initial perfusion
with Nagayama’s control solution. The second traces show
responses during a perfusion with a 10 zg/ml L-PAM-
containing solution. The bottom traces show responses after
the L-PAM-containing solution was washed out by the control
solution. Numerals at the right indicate the time (minutes)
after onset of perfusion with the control solution or the L-PAM-
containing solution. The stimulus intensity was 3.3 X 10° lux
at the retina of the eye-cup. The stimulus duration was 200
msec. Direct-coupled amplification was used in the left
column. The amplifier time constant was 3 msec in the right
column. Rectangular waveforms at the bottom indicate the
onset (upward deflection) and termination (downward
deflection) of stimulus light in this figure and all other figures
showing the ERG.
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Fig.5. Changes of the latency (A) and amplitude (B) of the a-
wave ((]), the b-wave (O) and the oscillatory potentials (@)
induced by perfusion of 10 zg/ml L-PAM in the in-vitro eye-
cup of the rabbits. The percentages of the latencies and
amplitudes are plotted against those during the initial
perfusion with Nagayama’s control solution in all graphs to
illustrate ERG data throughout the present paper. The shaded
area indicates a period during which a L-PAM-containing
solution was perfused after and before perfusion of the control
solution in this figure and Figs. 7, 9, 11 and 13. Each value
indicate X £+ SD (n=7).
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Fig.6. Effects of 40 xg/ml L-PAM on the ERGs from the in-
vitro eye-cup of a rabbits. The a-wave, the b-wave and the
oscillatory potentials were not deteriorated by 40 .g/ml L-
PAM. For other recording parameters see the legend for Fig.4.
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Fig.7. Changes of the latency (A) and amplitude (B) of the a-
wave (), the b-wave (O) and the oscillatory potentials (@)
induced by perfusion of 40 xg/ml L-PAM in the in-vitro eye-
cup of the rabbits.Each value indicate x = SD (n=3). Other
recording conditions were the same as in Fig.5.
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Fig. 8. Effects of 50 pg/ml L-PAM on the ERGs from the in-
vitro eye-cup of a rabbits. The a-wave and the oscillatory
potentials were not deteriorated, while the b-wave was
reversibly diminished by 50 xg/ml L-PAM. The latency of the
b-wave was unchanged. For other recording parameters see
the legend for Fig.4.
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Fig.9. Changes of the latency (A) and amplitude (B) of the a-
wave ((J), the b-wave (O) and the oscillatory potentials (@)
induced by perfusion of 50 ;g/mi L-PAM in the in-vitro eye-
cup of the rabbits. Each value indicate x = SD (n=3). *p<
0.05 vs the initial control perfusion. Other recording conditions
were the same as in Fig.5.
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Fig. 10. Effects of 10 xg/ml L-PAM on the ERGs from the in-
vitro eye-cup of the human. The a-wave, the b-wave and the
oscillatory potentials were not deteriorated by 10 pg/ml L-
PAM. For other recording parameters see the legend for
Fig4.
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Fig. 11. Changes of the latency (A) and amplitude (B) of the a-

wave ([]), the b-wave (O) and the oscillatory potentials (@)

induced by perfusion of 10 ;g/ml L-PAM in the in-vitro eye-
cup of the human. Each value indicate X = SD (n=3 ). Other

recording conditions were the same as in Fig.5.
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Fig. 12. Effects of 40 zg/ml L-.PAM on the ERGs from the in-
vitro eye-cup of the human. The a-wave, the b-wave and the
oscillatory potentials were not deteriorated by 40 xg/ml L-
PAM. For other recording parameters see the legend for
Fig.4.
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Fig. 13. Changes of the latency (A) and amplitude (B) of the a-
wave (), the b-wave (O) and the oscillatory potentials (@)
induced by perfusion of 40 xg/ml L-PAM in the in-vitro eye-
cup of the human. Each value indicate X &= SD (n=3). Other
recording conditions were the same as in Fig.5.
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Fig. 14. Effects of an intravitreal injection of 10 xg L-PAM on

" the ERGs of a rabbit. The a- and b-waves were not deteriorated
throughout the follow-up period up to 4 weeks. The right and
left columns show the responses from the L-PAM-injected eye
and the control fellow eye, respectively. Direct-coupled
amplification. A single rectangular stimulus light was used.
Stimulus intensity was 5% 10° lux at the cornea. Stimulus
duration was 500 msec. Upward deflection indicates positively
of the corneal electrode in this figure and Figs.15, 16, 21, 22,
23,28, 29 and 30.
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Fig. 15. Effects of an intravitreal injection of 10 g L-PAM on

the ERGs of a rabbit. The b- and c-waves were not deteriorated
throughout the follow-up period up to 4 weeks. Direct-coupled
amplification. A single rectangular stimulus light was used.
Stimulus intensity was 5 lux at the cornea. Stimulus duration
was b sec.
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Fig. 16. Effects of an intravitreal injection of 10 xg I-PAM on

Relative percentage (o)

the oscillatory potentials of a rabbit. The oscillatory potentials
were not deteriorated throughout the follow-up period up to 4
weeks. Each trace shows the avaraged waveform of 10
responses. Amplifier time constant, 3 msec. Stimulus intensity
was 5% 10° lux at the cornea. Stimulus frequency and
duration were 1/3 Hz and 500 msec, respectively.
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Fig. 17. Changes of the latency and amplitude of the a-wave (A)

and the b-wave (B) induced by an intravitreal injection of 10
g LPAM in 3 rabbits. The percentages of the latencies and
amplitudes in the tested eye to those in the control fellow
eye, (tested eye / control fellow eye) X 100(%), are plotted
against time before and after injection in this figure and
Figs.18, 24, 25, 31 and 32. Zero on the abscissa indicates the
time of 1hr before injection. Data from each rabbit were
illustrated by different symbols (@,4 H). Stimulus intensity
was 5 X 10* lux at the cornea. The same symbols indicate the
same rabbits in this figure and Fig.18.
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Fig. 18. Changes of the latency and amplitude of the oscillatory
potentials (A) and changes of the amplitude of the c-wave (B)
induced by an intravitreal injection of 10 xg L-PAM in 3
rabbits. Stimulus intensity was 5X 10* lux at the cornea in A
and 5 lux at the cornea in B. The same symbols indicate the
same rabbits in this figure and Fig.17. Other conditions were
the same as in Fig.17.

Fig. 19. Light micrograph of the retina of a rabbit 4 weeks after
an intravitreal injection of 10 #g L.PAM. No abnormal
changes were observed in the retinal structure. Toluidine blue
stain. Magnification, X 250. ON, outer nuclear layer; IS, inner
segment; OS, outer segment; PE, retinal pigment epithelium.
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Fig. 20. Electron micrograph of the retina of a rabbit 4 weeks
after an intravitreal injection of 10 xg L-PAM. Uranyl acetate
and lead citrate stain. No abnormal changes were observed in
the retinal structure. Magnification, X 6600. IS, inner segment;
0S, outer segment; PE, retinal pigment epithelium.
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Fig. 21. Effects of an intravitreal injection of 20 xg L-PAM on
the ERGs of a rabbit. The amplitudes of the a- and b-waves
were decreased 3 days after injection. For other recording
parameters see the legend for Fig.14.
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Fig. 22, Effects of an intravitreal injection of 20 g L-PAM on
the ERGs of a rabbit. The amplitude of the c-wave slightly
diminished in 7 days after injection and recovered thereafter.
For other recording parameters see the legend for Fig.15.

Control L-PAM
Before M//"\.-f\,\/ TN

injection
3hr NN ST
TN
3 days —N—
1 week — TN
2 I e D e e U
D A N7 N e~
4 ———J
100 uV
. |

Time after injection

30 msec

Fig. 23. Effects of an intravitreal injection of 20 g I-PAM on
the oscillatory potentials of a rabbit. The amplitude of the
oscillatory potentials was significantly decreased 3 days after
injection. For other recording parameters see the legend for
Fig.16.
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Fig. 24. Changes of the latency and amplitude of the a-wave (A)
and the b-wave (B) induced by an intravitreal injection of 20
18 L.PAM in 4 rabbits. Data from each rabbit were illustrated
by different symbols (@,4 8, X). The same symbols indicate
the same rabbits in this figure and Fig.25. Other conditions
were the same as in Fig.17.
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Fig. 25. Changes of the latency and amplitude of the oscillatory
potentials (A) and changes of the amplitude of the c-wave (B)
induced by an intravitreal injection of 20 g L-PAM in 4
rabbits. The same symbols indicate the same rabbits in this
figure and Fig.24. Other conditions were the same as in
Figs.17 and 18.

Fig. 27. Electron micrograph of the retina of a rabbit 4 weeks
after an intravitreal injection of 20 g L-PAM. Dense
material(*) was observed in degenerated outer segments.
Magnification, X 9600. Other conditions were the same as in

Fig.20.
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Fig. 26. Light micrograph of the retina of a rabbit 4 weeks after — — s0mseo

an intravitreal injection of 20 g L-PAM. Mild degeneration

and irregularity were observed in the outer segments. ON, Fig. 28. Effects of an intravitreal injection of 90 xg L-PAM on

outer nuclear layer; IS, inner segment; OS, outer segment. the ERGs of a rabbit. The a- and b-waves were irreversibly
Magnification, X 200. Other conditions were the same as in abolished. For other recording parameters see the legend for
Fig.19. Fig 14.
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Fig. 29. Effects of an intravitreal injection of 90 g L-PAM on
the ERGs of a rabbit. The c-wave was irreversibly abolished.
For other recording parameters see the legend for Fig.15.
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Fig. 30. Effects of an intravitreal injection of 90 »g I-PAM on
the oscillatory potentials of a rabbit. The oscillatory potentials

were irreversibly abolished. For other recording parameters
see the legend for Fig.16.
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Fig. 31. Changes of the amplitude of the a-wave (A) and the b-
wave (B) induced by an intravitreal injection of 90 ng L-.PAM
in 3 rabbits. Data from each rabbit were illustrated by different
symbols (@,4 ,H). The same symbols indicate the same
rabbits in this figure and Fig.32. Other conditions were the
same as in Fig.17.
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Fig. 32. Changes of the amplitude of the oscillatory potentials
(A) and the c-wave (B) induced by an intravitreal injection of
90 xg L-PAM in 3 rabbits. The same symbols indicate the
same rabbits in this figure and Fig.31. Other conditions were
the same as in Figs.17 and 18.

Fig.33. Light micrograph of the retina of a rabbit 4 weeks after
an intravitreal injection of 90 g L-PAM. Prominent
destruction was observed in the retinal structure.
Magnification, X 250. Other conditions were the same as in
Fig.19.

Fig. 34. Electron micrograph of the retina of a rabhit 4 weeks
after an intravitreal injection of 90 g L-PAM. Miiller cell
invaded into the choroid through Bruch’s membrane (arrow).
Magnification, X 8500. B, Bruch’s membrane. Other
conditions were the same as in Fig.20.
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BUERCBVWTOEESERIEVWEERZ NS,

L-PAM OHEIEIZ 3 SIS a 8B LT, LPAM 20
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LRI E o TERSWTRETHECEUYHE &£ L TREE
TIEMEND, 55ICLPAM 90 ngWTFHNEATONLS
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EBETEEOEMWEIZRBEL -EMEREL LIt T —
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THIEEX OEBEZERICEL TUTO L) 12n 22 08HkEN
H5. Peyman 5™ ZHE Y F2ER L CHIESH 2Tk
PIZEAL, RO EMER B L ERGHT R TR L
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PSR A & 172 LPAM 55 TR IC B S i s B 2 54l
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Abstract

The effects of melphalan (L-PAM) on the electroretinogram (ERG) and on the retinal structure were studied to establish
the non-toxic dose of L-PAM for chemothermotherapy against retinoblastoma. The in-vitro ERGs were led off from an eye-
cup mounted between two chambers containing a perfusing solution, and were recorded before and 15 min after the perfusate
was changed from a control solution to a L-PAM-containing solution. Finally the ERGs were recorded 15 min after a L-PAM-
containing solution was washed out by the control solution. Perfusion with 10 and 40 xg/ml L-PAM caused no significant
changes in the a-wave, the b-wave and the oscillatory potentials in the rabbits. Perfusion with 50 xg/ml L-PAM (ransiently
diminished the b-wave, leaving the a-wave and the oscillatory potentials unchanged. In the human in-vitro ERGs, 10 and 40
rg/ml L-PAM caused no significant changes in the a-wave, the b-wave and the oscillatory potentials. In the study of the
chronic effects of L-PAM on the retina , L-PAM dissolved in a 0.1ml-vehicle was injected into the vitreous body of unilateral
eyes of the rabbits. The fellow eyes, injected with the same quantity of the vehicle, served as a control. The ERGs were
recorded 3 hrs, 3,7, 14 and 28 days after a single-shot intravitreal injection of L-PAM. The ERGs from the L-PAM-injected
eyes were compared with the control ERGs from the fellow eyes. The a-wave, the b-wave, the c-wave and the oscillatory
potentials did not deteriorate throughout the follow-up period up to 4 weeks after an intravitreal injection of 10 x g L-PAM.
The retinal structure remained unchanged. An intravitreal injection of 20 x g L-PAM significantly decteased the amplitude of
the a-wave, the b-wave and the oscillatory potentials 3 days after an intravitreal injection, but caused no changes in their
latencies. The amplitude of the c-wave slightly and reversibly diminished 7 days after an intravitreal injection of 20 ug L-
PAM. An intravitreal injection of 20 xg L-PAM caused mild degeneration and irregularity in the photoreceptor cell layer on
light micrographs and the dense material in the outer segments on electron micrographs. After an intravitreal injection of
90 xg L-PAM, the a-wave, the b-wave, the c-wave and the oscillatory potentials were irreversibly abolished 3 days after
injection and the retinal structures were substantially destroyed. On the basis of the present results by electroretinographical
and histological examinations, the dose of L-PAM of 10 mg/m’ for a selective ophthalmic artery injection and 4 to 8 xg for
an intravitreal injection would be non-toxic to the retina, and thus be recommended for chemothermotherapy as a conservative
treatment of retinoblastoma.




