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TABLE 1
COMPOSITION OF O/W EMULSION AND ISOELECTRIC POINT OF

PROTEIN MATERIALS

o/w Emulsion Protein materials
Water phase 6 ml 1. Bovin Serum Albumin (BSA)
Protein 60 mg M.W. 69000 pH1 4.9
Distilled water gq.s. 2. Casein
0il phase 1.5 ml M.W. 375000 pHy 4.6
Oleic acid 1.5 ml 3. Gelatin
Total volume 7.5 ml M.W. 100000-250000

pHr 4.5-5.0
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1 Effect of pH on the Relationship between Height of
Drainage Phase and Standing Time for BSA-Stabilized

Emulsions
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Effect of pH on the Relationship between Height of

Drainage Phase and Standing time for Gelatin-

Stabilized Emulsions

Symbols; as in Fig. 1.
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Fig. 3 Effect of pH on the Relationship between Height of
Drainage Phase and Standing Time for Casein-
Stabilized Emulsions
(A) pH 6.5, (O) pa 7, (@) pH 8, (O) pH 9
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Fig. 4 Effect of pH on the Number of Droplets for
Protein~Stabilized Emulsions
(©) Bsa, @) Gelatin, (A) Casein
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Fig. 5 Effect of pH on the Size of Droplets
for Protein-Stabilized Emulsions
(O) Bsa, (O) Gelatin, (A) Casein
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Effect of pH on the Apparent Viscosity of
Continuous Phase alone and Emulsions
(©) BsSA, @) Gelatin, (A) Casein,

0.5 F (O) BSA-stabilized emulsion
() Gelatin-stabilized emulsion
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Apparent viscosity (cp)
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Fig. 8 Rheograms of BSA-Stabilized Emulsion Prepared at
Different pH Values
@) Oleic acid, (A) pH 3, (O) pH 7, (O) pH 9.
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Fig. 9 Rheograms of Gelatin-Stabilized Emulsion Prepared
at Different pH Values
(® ) Oleic acid, (A) pH 3, (O0) pEH 5, (O) pH 7
(®) pH 9
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Fig. 10 Rheograms of Casein-Stabilized Emulsion Prepared at
Different pH Values
(@) Oleic acid, (A) pH 6.5, (@) pH 8, (O) pH 9
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Fig. 11 Effect of pH on the Adsorption of Protein at Oil-
Water Interface
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0.67 M Feso4-7H20 150 ml coiling

1.00 M Fez(S04)3-xH,0 100 ml adjusting pH at 5.5
(w%th 1 N HCL)

mixiég and shaking

waghing (with exess water)
250 g/1 NaOH 128 ml

decantation
neutralization (keeping at 35°C) | (10 times)
filtration
adjusting pH at 11-12
(with 250 g/1 NaOH) drying for precipitate
shaking for 20 min [ Magnetic Powder}

15 % Sodium Oleate 60 ml

I O0leic Acid or Ethyl Oleate

shaking for 30 min at 80°C J.Shimoiizaka et al.

Nippon Kagaku Kaishi
1976, 6-9.

Magnetic Fluid

Chart 1. Schematic Diagram of Preparation

of Magnetic Fluid

FAREOWBEAChart 1 I1ICRT, HHIC, RBRE—HEMRE_SGOBRTEM, &
Pegg, KL bV U AARMAT, HII~12L72 53X 5 IKFAH LIz, 22kt v VB
FrRYTLERMLT= 7 29 4 PRFAORERIGZTV. S DICELRICT DRIGH
H#ITT 5L HICKIGEE A CL LicHE L7z, Bk, EBA BT L ColE 6 — 4K
FTho, REOREKEMA CEERMTH 2EMERE. BRELI, £R LI
44 (BB ER) BFBLAR, BEZRIN, BREL VA VBB B WNEA VA
VBIFNVCAEEIET. TNFhoER 257,

T2E WHETTILa DR

Table MICABATR > _BREOME I VY a YOWEART, & VA4 VBRN—
ADWHTI VY a VEF LA VBBZFUR—RADRM I VY 2 VEDIGDERIE
BHEFDO=7 254 PRBREICHD, BROMEBROEERDORVEELBRL T2
FANEBERE LI, 2OMORBRE 1 BDF LA VBT vy a YO & ER
E LT, B8, AR SBNISEDBEONI L €4 Y E2H/LBE LTRY, KiE
DOplid 8 iICE/bE THB L 7,



Table II Composition of Magnetic Emulsion Formulations

Oleic acid-based magnetic emulsion

Water phase 6.0 ml
Casein 60 mg
Distilled water g.s.

0il phase (Oleic acid-based magnetic fluid) 1.5 ml
Magnetite 472 mg
Oleic acid g.s.

Total volume 7.5 ml

Ethyl oleate-based magnetic emulsion

Water phase 6.0 ml
Casein 60 mg
Distilled water g.s.

0il phase (Ethyl oleate-based magnetic fluid) 1.5 ml

Magnetite 347 mg
Ethyl oleate g.s.
Total volume 7.5 ml

W<y vORIKREFig 12KERKE LTRYT, TwN0Ya YVORBETH A
P A LA VBT b ) U A TBRE LE® 10— 150A0</ %54 kao
A FDBFTVAVBELEA VA VBIFNVCEBLELLDTHE, BE, Ty g v
B=7 %284 P ISHEICEENADICBIEIRANPLCEBEEEZEL TVEMN, = /%4
A POBHICL > TBEEIMDICET S, —BICRBEDY /%4 4 FMEEBESHN
LFEZONTVS, INHLRVTINOHMKUCBRIGL., BERAE S LTEHT 5,

Fig. Bz~ vy a VOBEBBEEEARLIZbDTH b, _HOT< VY3 VD
REAMIE 1 —202m OFEEAICHD ., FERTFERA VA VBRT 6.4pum . 4 L4
VBT FUVRTIR 5.0um OHBRERTH - 710



Fig. 12 Model of Magnetic Emulsion

(A) Oleic Acid or Ethyl Oleate
(B) Magnetite

(C) Aqueous Phase

(D) Sodium Oleate

Fig. 13 Microphotographs of Magnetic Emulsions

(A) Oleic Acid-based Magnetic Emulsions
(B) Ethyl Oleate-based Magnetic Emulsions
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e L EMZFHE L7 (Fig.14),

F=V0/Vt ......... (Eq. 1 )

BIHITHBEEINADERFE 1 o Pl ED DML L, CORTFHRERTIBFIH—D
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Sedimentation volume (F)
o
o

5 10 24 48 72
Standing time (h)
Fig. 14 Plot of Sedimentation Volume versus Standing Time for

Magnetic Emulsions
(@) Oleic acid, (O) Ethyl oleate
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Apparent viscosity (cp)
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Apparent viscosity (cp)
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Table III

Summary for Physical Properties of Magnetic Emulsions

Emulsion A B
Carrier liquid Oleic acid Ethyl oleate
Sedimentation volume F_ 14.2 26.3

(%)

Number of droplets (x10%) 40 140

Density of magnetic fluids 1.047 1.036
(g/cm®)
Viscosity (cp) 1.70 1.44




RiMEA T O B I BEER 5 & CEM SR IC BV TR D OBIRE 676 LT 5,
REETTR, BHFEOLHFTHEHEAD S BHICHEENRREL 7 = 714 M ERFHIOBHRKE
BRDSED S, BAEE - LSRR EDEEERTEFENBIFTH 2 LMD
nTwa,) Fi, Blkikod Cniomett & RS ic B 0 3 REENRESRB O REE
D—D2THHMET VRV E vz VIBBIKRERD~ A 7 ol 7w vO/NREL LR
REERM ARG 20 bEN 0, SWEFIR LcRBEETR A VE = VA REN
BIREICHFE L, BE L MEBLICATHESRTETS G S LT, KRBES LT
T SIVREOBERBEICSHRE S Lo BRI RoN 3, Rk, Btk <r
a VbHEADRERBO TAXRERCHOAIREMEAMO T b, £I T, RERICBL
T, ZOT=y s VORETH ZHSEIGHEIC DO THRE T 5,



0280 MEEL LY 3 v DRI EE

BOFEREICB VW TIHENE T 5 EEIAICEIEET U b EMICHER A %4
BCEWEETH L, RUHIHEOER BB OEGNIGLENT S LTERATHD.
F RS HEPREMAEZEET I EICE - THNE LB MICBEEEE Y5
EMEREE S B, BIZIZ, R+ %=V 7HIELTHERICHODONATOA T T VN
tRi3E RSEYIBATH D L BRI EIC & - RO Ic M BIEL T % T L hiT
220 Vgt VRV —LRIoLY s VIZENETHIEENS B VIIGRRICERET 3
Ex. Y VASRBESES S CEMHEShTVS, T —ikic, BEERENRET S
L, TORNFRICKRELTAHTHEPHON, ¥I3F V<A 70T wPTNT
I VINRIEOR TERAE A B T ETHBE L LI3ficfPicHEs 28 A b0
NTV5BS ® UL LEKS, T LA EERROBIBICRET S L CABREL.
EYOFEBIRELE VWO G 6, MOBMBMPEBRICORENTH L EPYICEE N
TETW5,

Widder 57 v 7 3 YNRIRICH 7 = 7 4 M AEE SECHBKUCRIGT A1t 7 v 7
I VNRIEAEBIL ., BOAER LcRH e 2 A v FICBEIRD S5 Lt/ NR D 3T
—65% A REMAIC RIS EI C EAME Uiz, £/, MESESEY = 74 + L4158
HThHAvA =AY /CREGR LICHME~A 7 0h 7 va BB L, ZREBEKN DR
WWERPXE 2 SRR LI Eic, A, B O EEREEZR-ET VT 3 VNRIE
OFBUTHIA L. EHT F AL & L GRIR Lo BB X O/ Nkik A Eh s &, &
WO ORIEIC L 2HHPERTH S C E2TH LI ™

Ty e VEIENL Y vocigmE ik, SRR O RIEA O BRI RO ML &g %
ThbERESN T BMT BRI EICE 337 OEHHIICE L TR S SZLHEY
SNY, MERRSGICEE 2 v PEHAE VBTN

Z LT, il etz e vy g vEERAL, T OBHEZHOOICT B1cH, K
B OBIREBAAND == vy 3 YO RELERA, EEEEAOENIHERISIC X
S THITT 3 C & EBE LT,



H1E BEITLY 3 OEEMESS S OB

BADBRICK > TEABSECEOBEERE- v VvY 2 YERETZ 20 RBEEEY
OEMTMICBY 207459 — VOREB LU ZOROEBRHRLFHIT 2 LTEEI
HELBERICESEEZONS, £C T, EERTORKRFEERERICERIID, 77 RE
AROTIER Lizin vitro MEEF NV TOMIFEEERAT- 7o, in vitro B
ARESEGEOB X ET CNIEEEIE in vive B 3BELOEBEIILALEEL
o Blcd, TNy s YORSFEERAZRENTHEHBI T~ 7 24 4+ LiBEOWS
B B REEOED O FMICHRE L™

# 1 5 BTy arOMTBEE

Fig. 188 X UFig. Qd TN Tha VA VBN -2 BLUA VA VBT F v < — XD
Hrxezrya VO—EEBLZABIE, Thivr—LiRBL, =) o301 8O
74 A7 PRRAREA. 9300047 2 (G) @K, £nei 0. 100 30, 60MikicB
HEGEEREER LT, WABMAR (0®) ., H—cidB L iz vy s VIdRAE
FICE > TELEITICXRD, THPPIKEARAEICESE » T DPBEE SN,
Hxenya VEZTOLEBLEEBEEZEL TV A LVICEELO AT TIRHETLicd v
D, READT =y a VZ6OWBRICHHMARLICEED, Z0EOzv VY 3 YO
LB LAEROCHER P/, COXD I, Rz <vy s viIZHSICE S BIG L.
BT L > THEINE &0 S ENHEIEEEZRT T ERD St

i, HEMCEA VA VBB F VRO IR Y » — VHOBESHAERIC LD KX
WAL, CoTEpod A vBRIDEA VA VIR F VRO PRSI E OB
W EMHERE T,



Fig. 18 Time Sequence Photographs of Olieic Acid-Based
Magnetic Emulsions after Application of a Disc

Magnet

Fig. 19 Time Sequence Photographs of Ethyl Oleate-Based
Magnetic Emulsions after Application of a Disc

Magnet
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Emulsion Containing l4c-Palmitic Acid though
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Injection of Oleic Acid-Based Magnetic Emulsion
Containing l4cpalmitic Acid through the Tail Vein
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Fig. 27

Photomicrographs of the Lung
(Fe stain) at 10 min after
Intravenous Injection of

Magnetic Emulsions

(a) Control
(b) Non-Magnet
(c) Magnet
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Fig. 28

Photomicrographs of the Liver
(Fe stain) at 10 min after
Intravenous Injecﬁion of
Magnetic Emulsions

(a) Control
(b) Non-Magnet
(c) Magnet
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Table IV Structure and Solubility of Methyl-CCNU and ACNU

water acetone benzene chloroform
No 0.05
CHs NHCONCH,CH,C1 (pH 6.8) 50 50 667
(M.W. 247.7)
NHyp No 0.75
CHoNHCONCHyCH,C 1 (PH 6.8) | o 1, 0.005 0.053
N 44.6 : : :
J\ . (pH 3.3)
Gz N (M.W. 309.2)

(mg/ml, room temperature)
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Fig; 30 Decomposition of Me-CCNU in Aqueous
Solution at 37° C

(A) pH 4, (O) pH 6, (0) pPH 7, (@) pH 8.
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Fig. 31 Decomposition of Me-CCNU in Aqueous Solution
at 50° C
Symbols; as in Fig. 30.
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Fig. 32 Decomposition of ACNU in Agqueous Solution
at 37° C
(OD) pH 4, (&) pH 6, (0) pH 7, (®) pH 8.
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Fig. 33 Decomposition of ACNU in Aqueous Solution
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Fig. 34 Decomposition of ACNU and Me-CCNU
in Plasma at 37° C

(®) ACNU; (0) Me-CCNU

TABLE V Decomposition of ACNU and Me-CCNU
in Ethyl Oleate at 37° C

Time Percent of Unchanged Substance

(d) ACNU Me-CCNU
6] 100.0 100.0
1 94.1 + 0.2 74.8 £ 3.9%*
7 71.7 £ 10.1 64.1 + 17.5

*
Results are expressed as mean + S.E.
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vitro BT BB HEBFH Avisking Fa— TEHVWIERETHBRL /-, EERICH
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Table VI Composition of Magnetic Emulsion

O/W Emulsion

Water phase 4.0 ml
Casein 40 mg
Buffer solution (pH 8.0) g.s.

0il phase 1.0 ml
(Anticancer agent) 30 mg
Magnetites 209 mg
Ethyl oleate g.s.

Total volume 5.0 ml
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Table VIII Methyl-CCNU Levels in the Lungs at 10 min following
Administration of a Single Dose of 1.5 mg in Magnetic

Emulsion Form

Magnetic flux density Methyl~-CCNU levels (Pg/g)
in gauss (G)

0 (control) 2.4 £ 0.4
2000 5.2 + 1.1
6000 15.1 £ 2.2

*
The magnet with a magnetic flux density of 6000 G
was placed at lungs and retained in position for 10 min.

ACNUIE a1 & EIRHCKIAE B L. T OISR BIRNEN 05T 5, Fig.37
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DB T ORENEYBIMEBT, 20OREAENT 2Ly 5 viiCHA S W Thfilc
ERLAOTRIEOWOEEEL S,
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ERWED SNfc, L L, 600%ICIIMMDIEEhOEE S F5H LT, CREmE
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BEGAZTOEVERE LAY RoNLC ED S, BEREHOZMENEAS
T5=h oYy LT ERERAIC—EREBE S &, RO TlED» Sogiitick - T
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10 min

55:::::}“4 [::] Agqueous solution
3 Magnetic emulsion
* % (no magnet)

_ Magnetic emulsion
(with magnet)

L ) . , , ,

0 1 2 3 4 5

pg/g tissue

Amount of ACNU in Various Organ after Intravenous

Injection of Magnetic Emulsions at a Dosage of 10

mg/kg Bodv Weight with and without the Application
of an FElectromagnet

a) * . * %
ug/ml; Not detected; Trace level.
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Fig. 38

60 min

,._
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b

0 i 2 3 4 5
Pg/g tissue

Amount of ACNU in Various Organ after Intravenous
Injection of Magnetic Emulsions at a Dosage of 10
mg/kg Body Weight with and without the Application
of an Electromagnet

Columns and Captions; as in Fig. 37.
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Fig. 39
Photqéraphs of AH 7974 Ascites
Carcinoma (A), and AH 7974 Lung

‘Carcinoma (B).
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40 Effect of Magnetic Emulsions containing Me-CCNU on

the Survival of Rats Intravenous Inoculated with

AH 7974 Cells

; magnetic emulsion (with magnet)

: control,

drug suspension

; magnetic emulsion (no magnet)

Table VITITI Effect of Treatment with Various Formulations of Methyl-CCNU

on Survival Time of Rats Bearing AH 7974 Lung Carcinoma

Formulations Number of rats Mean survival T/C%a)
time + S.E.
{days)
Control b} 16 17.6 + 2.6 100
Methyl-CCNU-Suspension ©) 8 17.3 + 2.3 98
Methyl-CCNU-Magnetic 8 19.9 £ 2.2 113
emulsion (no magnet)
Methyl~CCNU-Magnetic 8 22.5 * 1.2 128
emulsion (with magnet)
a) The ratio of the mean survival time of the treated group (T) to

that of the control group (C).

b)

Control group had no chemotherapy.

c)

Intraperitoneal injection.
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Fig. 41 Effect of Magnetic Emulsions Containing ACNU on the Survival
of Rats Intravenous Inoculated with AH 7974 Cells

; control, —— —-—; free drug
---------- ; magnetic emulsion (no magnet)

; magnetic emulsion (with magnet)

Table IX Effect of Treatment with Various Formulations of ACNU

on Survival Time of Rats Bearing AH 7974 Lung Carcinoma

Formulation Number of rats Mean survival T/C% a)
time + S.E.

(days)
Control 16 17.6 = 2.6 100
ACNU-Aqueous solution 8 18.0 * 1.2 102
. . b)

Magnetic emulsion 5 17.2 + 1.3 98
(with magnet)

ACNU-Magnetic emulsion 8 22,1 + 1.4 126
(no magnet)

ACNU-Magnetic emulsion 10 23.1 * 0.3 131

(with magnet)

2) gee Table VIII.

b) This formulation was not contained chemotherapeutic agents.
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Fig. 42 A Constant-Flow Apparatus used to Measure the Magnetic

Responsiveness of the Emulsions

(A) Phosphate buffer; (B) Flow pump; (C) Syringe; (D) Introduction
chamber; (E) Glass tube; (F) Electromagnet; (G) Container.
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Table X Composition of Liguid Scintillator

for In Vitro Experiments

Triton X-100 500 ml
Toluene 1000 ml
POPOP 0.25 g
PPO 8.25 g
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Table XI

for In Vivo Experiments

Composition of Ligquid Scintillator

Trap for 14co,

Monoethanolamine 600 ml
Methanol 400 ml
l4C02—Scintillator

Methanol 450 ml
Toluene 550 ml
PPO 6.0 g
POPOP 0.3 g

OB

FEO XS ICAIE L BB A Table XI ICR T,

Table XIT Retention of Magnetic Emulsion Flowing Isotonic Phosphate
Buffer as a Function of a Magnetic Flux Density
Magnetite
500 G 1000 G 2000 G 4000 G 6000 G
Oleic Acid 2.8 + 1.1 3.2 £+ 1.4 9.2 &£ 2.7 16.1 + 10.3 33.8 + 10.3
Ethyl Oleate 6.5+ 2.7 12.4 £ 3.9 20.0 & 4.0 33.6 + 7.5 33.0 + 4.5
14C-—Palmitic Acid
500 G 1000 G 2000 G 4000 G 6000 G
Oleic Acid 4.1 £ 1.4 15.2 + 6.1 18.9 + 7.4 19.9 + 6.8 21.2 + 4.6
Ethyl Oleate 1.7 £ 0.2 8.0 + 1. 13.4 + 2.0 23.9 + 1.1 30.8 %

Results are expressed as the mean + $.E. of 3-4

experiments.

(

% of initial value )
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Sy bERYPANVEY —wF YT L (60 mpkg 10 )THEEL. BHA(F v+ v 7
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Fig. 43 Apparatus for Guiding Magnetic Emulsions

to Target Site
(A) electromagnet; (B) gauss meter;

(C) power supply.
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Blood Tissue

Protosocl-ethanol (1:2) 1 ml

—— Protosol 1 ml

incubate (55°C, 2 h)
L 30% H202 0.1 ml
incubate (55°C, 0.5 h)

— Aquasol 2 10 ml

Liguid Scintillation Counting

Chart 2 Determination of 1‘;’C---Radioactivi‘t:y

in Blocd and Tissues

D LB oERE23 0. £ 0100 gl 7 e bV~ v (New England Nuclear)
1% MATHRAE L, 55°C. 2BfA v+~ F L, i, MBIKOVTET
by —n—xy - wBHE(L2)EMATREBICA Y F2— 1+ LT,

2) XiC, 30%BBBIAKFEARDO. 1 EIA, BEDPLDTHFA Y F a2~ (55
°C. 3043FE ) Lz,

3) B, 77T/ —2 (New England Nuclear )& 10mlhlA. 2 ~ 3 EBIRE L Th
5 —BREEFTICINGE L 7,

4) BEEEREEYVYFL-Ya YAy —~TERIL T,

e
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Table XIII Tissue Distribution of l4C-labeled Oleic acid-based

Magnetic Emulsions at 10 and 60 min after Intravenous

Injection

0 (control) 2000 G

10 min 60 min 10 min 60 min
Kidney 0.9 . .7 * 0.2 0.2
Spleen 1.4 + 0.3 1.7 £ 0.1 + 0.2 1.1 t O.
Lung 3.0 + 0. 3.6 + 0. + 1.8 + 1.0
Liver 6.1 + 0.9 7.1 .7 + 0.3 .6 + 2
Heart 0.9 £ 0. .1 + 0. 1.1 + 0.4 .0 £ 0.

4000 G 6000 G

10 min 60 min 10 min 60 min
Kidney 1.2 + 0.1 1.4 £ 0.2 0.8 + 1.1+
Spleen 1.2 + 0.5 1.5+ 0.1 1.2 + 0. 1.3 %
Lung 11.9 + 1.3 8.4 + 4.9 11.4 + 2. +
Liver 5,1+ 1.9 5.5 £+ 0.3 3.9 % 0.1 5.1 £ 0.3
Heart 1.8 £ 0.2 1.1 £ 0.1 1.6 % O. 1.3 &

Results are expressed as the mean + S.E. of 3-4
experiments.

( Radiocactivity; % of dose/g tissue )



Table XIV  Tissue Distribution of l4C-labeled Ethyl Oleate-based

Magnetic Emulsions at 10 and 60 min after Intravenous Injection

0 (control) 2000 G

10 min 60 min 10 min 60 min
Kidney 1.5 £ 0.4 1.2 + 0.2 1.8 £ 0.4 1.0 £ 0.2
Spleen 2.2 + 0.3 1.6 + 0.3 1.3 £ 0.1
Lung 16.8 + 1.7 + 28.9 + 5.5 10.7 £ 1.0
Liver 5.2 £ 0.8 + 0.6 4.3 +.0.4 3.6 + 0.3
Heart 1.1 + 0.1 + 2.0 + 0.4 1.2 + 0.1

4000 G 6000 G

10 min 60 min 10 min 60 min
Kidney 2.0 + 0.3 1.4 + 0.3 2.0 + 0.3 1.4 + 0.2
Spleen 1.5 + 0.3 1.7 £ 0.2 1.5 ¢ 0.3 1.8 + 0.2
Lung 32.5 + 3.7 9.6 £+ 1.1 32.7 + 3.7 10.8 + 1.3
Liver 3.1+ 0.5 4.9 + 1.1 4.0 + 0.3 4,2 + 0.2
Heart 1.9 + 0.5 1.7 + 0.2 1.2 + 0.2 1.8 + 0.5

Results are expressed as the mean + S.E. of 6-7 experiments.

( Radioactivity; % of dose/g tissue )

Table XV Tissue Distribution of radiocactivity
10 and 60 min after Injection of
. o 4 .
o/w Emulsion Containing 1 C-Palmitic

Acid through the Tail Vein

10 min 60 min
Kidney 0.9 £ 0.2 0.8 + 0.1
Spleen 0.5 + 0.1 0.6 %+
Lung 2.6 + 0. 2.6
Liver 5.6 £ 0.3 3.3 £ 0.
Heart 1.0 £ 0.1 0.6 + 0.1

( % of dose/g tissue )
Results are expressed as the mean %+ S.E.

of 3 experiments.
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Organ Staining

Xylol 10 min
Xylol-alecohol(1l:1)
99% alcohol

Fixation
5
5

90% alcohol 2 min
2
2
2

c s s s min
10% formalin in isotonic

phosphate buffer (pH 7.2)

min

Dehydration

90% alcohol 15 min
90% alcohol 15 min
95% alcohol 10 min

80% alcohol min

70% alcohol min

50% alcohol min

i

99% alcohol 10 min L Distilled water 2 min ’
99% alcohol 10 min ——— 2% KyFe(CN)g~-1%HC1(1:1) 15-30min
——— . Distilled water 2 min
Clearing | 3.3% safranin in 50% alcohol
Xylol-alcohol (1:1) 15 min Distilled water
Xylol 30 min
Infiltrating F——50% alcochol 2-3 sec
Xylol-paraffin 20 min 70% alcohol 2-3 sec
paraffin 60 min —— 80% alcohol 2-3 sec
Embedding —— 90% alcohol 2-3 sec
——- 99% alcohol 5 min
Sectioning xylol 5 min
Mounting

Canada balsam

Chart 3 Specimen Preparation Procedure for

Photomicroscopy
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B3 EBROER
(1) =Z=bBEVILTOREMDIE

1 = K

Me—CCNU, 1-(2-chloroethyl )~3-( 4-methyl —cyclohexyl)-1-nitrosourea |33k
B 5. ACNU 1-(4-amino—2-methyl ~5—primidinyl )~ methyl —3— (2—chloroethyl) -
-3-nitrosourea «HCY (I = BN SHE XN/ BIFAEFH L7z,

Q2 £ B B (KkEk)

ACNU (37KBRILF b Y o AR A VT~ — 2 CEBHEER ) 23358 L/, ACNUB &
U Me-CCNU BH 56 LDy / — VB E T LI, tHa ~8 OEREHKD S
RFERAB (pH2 ) HIC ACNU 51013 Me—CONU ZMA T, 4 ¥+ a2~ b L7,
3T CH AW\ 350 CICHRE U 7o, BRRERICKIAK 2 e 28I L TEE L7,

3 £ B ¥® (M &)

WA FRME (/N4 457 2 M) 20iciFE L, 37TCTA YFa— 1+ L,
RIS | AL T ook A dnbERE Lo 2000rpm TR L 7o
%, ARE3IEED ., KIE L CTEREZE L, BREICHREGK (pH4.0) 2ne%0
Z.BBECA YT I v 7 40— (BE. ¢=0.2 24m)TFBLTER LT,

4 £ B #F (Fv4vBzFn)

Y AEA VA VBT FURICERL, 2~ 478 /EEOREICHR L, 50 L
DEEE FEMICIHIL TS mD A/ — v 5B LR, €D 0.2n0% 2 D
BERRE @ (PHE. 0 EBE Lice AV T 53V 7 48 —TlFAK. SR 2uEERL
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b & & &

Standard solution
(2.0 ml)

Sulfanilamide reagent
(1 ml1)

Water bath at 50° C
for 45 min

l

Tce bath

Tsuda reagent
(0.2 ml)

at room temperature
for 10 min

Absorbance at 544 nm

Chart 4 Determination of ACNU
‘ or Methyl-CCNU
£ B & R
UTiclIEERE RS,

ACNU 3 #4#5244 nm, Me —CCNU 3
230mmiIC Z N NIRRT EE &>
e, BEKBKEZDORETAET
x5

LD LIEAS, TOFBERENE
WicH, BREDOEEICIEI Lo LD
BEBEAM W, Chart 4 [CERSE
D78B—=F % — FERT,

T9., BYEESATTKER 2 mbic 2
W73 =77 I FRE( S5mg /ml)
1 m%EINA T, 50°CT4553 M4 v+ 2
N b Lo KGR, ERHEHEEE0.2 me
ML, FRITIOAEME L%,
SYEREERTC BAL, 100603 ) ©544
D KR A JIE L 7



Table XVI Stability of Methyl-CCNU: First Order Rate and Half-Life Periods

pH Medium Conc. (pg/ml) Temp. (°C)  Kx10° min™ t1f,min
2.0 0.01N HC1 4.78 37 3.27 212
2.0 8.19 50 8.67 80
4.0 CgHgO; and NapHPO4 4.64 37 3,21 216
4.0 8.57 50 9.06 77
5.0 CgHgO7 and NayHPO, 4.60 37 3.47 200
5.0 8.29 50 10.70 69
6.0 CgHgO7 and Na2HPO, 4.66 37 4.43 156
6.0 7.73 50 14.51 48"
7.0 KHpPO, and NaHCOj3 5.00 37 10.70 69%
7.0 8.25 37 18.40 38
7.0 5.84 50 51.10 14
8.0 KHpPO4 and NaHPOy 4,93 37 20.00 29%
8.0 7.53 37 43.80 16
8.0 3.60 50 118.00 6

*
Direct spectrophotometric measurement of absorbance

at 230 nm.

Table XVII Stability of ACNU: First-Order Rate and Half-Life Periods

pH Medium Conc. (pg/ml)  Temp.(°C)  Kx10°min’ tifs min
2.0 0.01N HC1 10.71 37 1.20 578
2,0 8.44 50 3.87 179
4.0  CgHgOy and NayHPO4 10.37 37 1.01 686
4.0 8.72 50 2.48 279
5.0  CgHgO7 and Na,HPO, 10.04 37 2.34 296
5.0 8.84 50 7.04 98
6.0 CgHgO7 and Na2HPOy4 10.31 37 7.23 96
6.0 8.84 50 9.67 72
7.0 KH2PO4 and NaHCO3 6.92 37 222,34 3
7.0 6.42 50 238.80 3
8.0  KHyPO4 and NagHPO4 7.53 37 291,34 2
8.0 6.71 50 292,20 2
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(1) EMEEUHET < vy s YOS

ACNUDH B0 d Me—CCNU 24 U A VERT F 0" — X DRPERICERE £ 7 3B s
T, BENME med Lizb0ASEHEE LT, 8B UREBROBIV) 02D HiiciE-
THREL I,

(2) Rtk x =g v D OEYBCHERE RE &

Witz = vy a Vi o Y RE IEENTEE (36,732, Visking Co., Ltd. )AE 7
SEREBTEIC K » THRE L 2, EBREER Fig.dd oRd, BEMEEE LRtz <
woa VIZHARBRT AOICETEO NI At (R ) .

37°C water
Cellulose Visking Tubing

Magnetic Emulsion (1 ml)
PpH 4.0 buffer (14 ml)

T

Incubator

Fig. 44 Apparatus used to Study the Release of Nitrosoure

from Magnetic Emulsions

BEoAMICEES = o vy LT ORERDBVIEE TH 5 NifE &R (pH4.0) %
MAT (A ) o WRBXUAREBIKEEEAITCEL, AV Fa -5 — (JBHH
FH 1B—100 B ) ic X - THRE (100 Strokes . Y | #z,

FRE L m A A D S BEBFNICERITL . BEE —EICRDIIDICERT | e A1,
F B EAOEY O RS IEE L,

B & 7 &%
A OEDEEDOEE (1) OB)OHBEIHE - TITHE » 12 (Chart 4 B ),



(I} Me-CCNU DR REBIFE %

(1) Me-CONUSHRMH <L v a2 v D FHE
AfED o()IRICEER Lo

(2) £ B

Bl g ¥ ICAEEEEKIEMATHEY 2~ (1300rpm . 543 ) L, 2D
2mlicZ oo kA Sl EMA TRE L /2, ,

%, RO (3000rpm . 5430 ) 24TV, EEER T, EHE 3 nt A REX
LCEREERSE LS, T4/ - 0.2m08 K OEFBREE R ( pH4, A NFICA 72
BiCA VYT 77408 —TFBLI, FR2EEHEE L TEYOEREITIL - 1,

3 & & &
AHR(1) OOHEDHEZEML 12,

(V) ACNU DO&EHFRIREBIE R

(1) ACNUSERMz =Y 3 vOFHR
AHR(1) o(1)IHICEEHE L 7o

2) £ B &

AE 140~ 150 g DM Donryu 7 . b CTACNU 10mg kg (ICHHMT B BAEKIAK
HHOEHHT v vy g vE LTERRL DRSS Lo, MABENESEE L TEMAE
BEREEE6000G TI0 @A L, #5105, 605, 6 Kefdl & & G240 R ic ik
OB BE. BRAR. AR, AR R K COBEA BRI 1o,

(3) M H © DACNUD il Hi =
Chart 5 ICHitHEA R T, S0me DA ELEICIK | me, NEBEREER, ISTD( 2 —
phenylbenzimidazole 04mg 50mé in 0.00IN HCL . Aldrich) 0.5m¢B LU Y 7 o
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Ftg, Vev b =7 N—R54¥-O® (GHEE) #HCEER, SRR TTA
HARRGHESEI, BEE-10CTHERE LS
17—
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&k (W, 244mm,AUFS 0.04 ) TERL. ZOEEMRAIIMN50ngg (ml) TH- 7,

wic, EEABO I o< b 75 L% Fig.45 ITRT,



BLOOD 1 ml

1. ISTD soln.
2. DCM 1

3. shake 2 min
at 2500 rpm

0.5 ml
5.0 ml

, centrifuge 5 min

DCM phase

1. dried over Na,S0,
2. evap. N, gas

Residure

| Specimen {

Ag. phase

aspirated(discard)

Chart 5 Procedure for the Extraction of ACNU

from Blood

TISSUE = 1 g

1. 5 ml of
2. shake

saline

3. decant the saline phase

1. blot on filter paper
2. weigh

4. 0.25 ml of ISTD soln.
5. homogenize, 5 min

6. 20 ml of DCM

discard

3. 2 ml of phosphate buffer(pH 7.4)

7. centrifuge 5 min at 2500 rpm

DCM phase

Residure

1

Ag. phase

1. dried over Na,SO4
2. evap. N, gas

Chart 6

aspirated(discard)

Procedure for the extraction of

BCNU from tissue



Fig. 45. High-Performance Liquid Chromatograms of (A) Tissue (Spleen),
(B) Blood and (C) Standard solution.

1. injection 2. ACNU 3. ISTD

() (B) (c)

(Wit & &%
HAERR DACNUEE RO SEH L /2,

C:R/m ......(eq.z)

where, R = peak height ratio (ACNU/Internal standard)
m = slope of the calibration curve obtained by
the least square method
C = concentration of ACNU in specimen, Pg/g or Pg/ml.
£ B & R

EEREER 1T Table XV iZR T,



Table XVIII

Amount of ACNU in Various Organ after Intravenous

Injection of Magnetic Emulsions *

B Agueous Solution  Magnetic Emulsion Magnetic Emulsion
( no magnet ) ( with magnet )

Kidney 1.96 & 0.23** 0.28 + 0.24 0.16 + 0.04
Spleen 1.68 + 0.65 0.06 + 0.03 N.D.

Lung 0.65 + 0.05 2.03 + 1.58 3.39 £ 0.29
Liver 0.23 + 0.18 0.06 £ 0.02 N.D.

Heart 0.90 + 0.28 trace trace

Blood 1.38 + 0.08%** 0.80 + 0.75 trace

10 min
Aqueous Solution  Magnetic Emulsion Magnetic Emulsion
( no magnet ) ( with magnet )

Kidney 0.27 £+ 0.23 0.16 + 0.13 0.20 + 0.16
Spleen trace trace 0.14 £ 0.11

Lung trace 1.69 + 1.40 4.40 £+ 3.48
Liver N.D. 0.06 £ 0.02 0.17 £ 0.11
Heart N.D. trace 0.12 + 0.10
Blood N.D. trace trace

* Results are expressed as the mean t S.E.
of 3-4 experiments.
*% Pg/g *k Kk Pg/ml

(V) HBESHRAEE
1 % B 8 9

EERENY) TR Donryu 7 o b, AE 140~ 150g Db DAEH L fzo AHTIT4HEIK
B (EAATEFRL RS SN0 ) OBEIZER LS OI10E 0SS 1
0.2 sbDIEXRAE T BEICHEE L THERL 2.

(2) AHTOT4EFEMTHE 7 » b DVERREE

TN L R EE 5 o b O REIRD O AHTOTANE KL 3 X 10/ % &1k A 1S
L /C{/EE’E L/ 7L:.o



3) Wi =Y 2 vORKEFHEEE

AHTOTAME KA B S RN R 5% 24B5R0iC. 5 v PE Y b SVESY — L F k)
& (60mgkg 1.p ) THREREL . BREGORICHIN < 5 XS ITHEIE Uiz, Wwic, EYE
BTz vy s v 02005 BHIRNE S Lo 5 BIZACNUB £ U Me—CCNU T10
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