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A fundamental chemicophysical and radiographic study of the Barium Sulfate contrast
media for G.I. examination
1) A chemicophysical evaluation of the conventionally available Barium Sulfates

2) An attempt to incorporate improved contrast media

By
Nobuyasu Karasawa
Department of Radiology, Nippon Medical School, Tokyo
(Director: Prof. Tatuo Saito)
Department of Radiology, Nippon Medical School, Tokyo

The exact demonstration of the fine morbid changes of the gastric mucosa is one of the utmost im-
portant factors for early detection of cancers radiographically. However, certain limitations are encoun-
tered in the barium sulfates currently available in view of the high viscosity in the hyperacidic gastric
juice, while they are low viscid in water. We have made a critical evaluation of the physical properties
of the barium sulfates in this study.

The study censisted of electron microscopic observation, measurement of electro-kinetic potential
and investigation of interrelation of sizes of particles and dispersion.

The electron micrographs of various coumpound will be demonstrated.

The surface electro-kinetic potential of the barium particles is disclosed to be —23 mV. Additive
agents of better quality are organic acid compounds and polyphosphates. Further it is disclosed that
the strong acidic cation exchange resins are usable as additive agents in extremely hyperacidic state.

It is revealed that the aforementioned organic compounds, polyphosphates are obviously inhibited
to dissociate in very hyperacidic stomach, while no alteration of the physical properties are encountered
in the cation exchange resins in any pH conditions of stomach.
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Fig. 2 Product A Product A. Sizes of the
particles measure 0.3x to 2.0u at pH 2.0.
The particles are rather uniformly disper-
sed in this condition, x%12,000
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Fig. 3 Product B: The sizes of the particles ig. 5 Product D. Electron micrograph of

measure 0.3 to 1.0u in diameter. They [)Ellth](’S Sizes measure 1.0 to 4.0¢ at pH
5.0. The surface of each particle is covered

%12,000 with thin finely granular nodularities, me-
’ asuring up to 0.03 to 0.07x x9,000

1

..’ a _. i | ﬁ‘t j:u, ‘!

y My
. ’! i
LY BF ® Loy

' 45 &

tend to confluent each other at pH 2.0.

Fig. 4 Product C. The sizes of the particles Fig. 6 Product E. Electron micrograph of
measure 0.2 to 0.5¢ in diameter at pH 2.0. particles. Sizes measure 0.3to 1.0n at pH
The particles are well dispersed in pH 2.0. 1.0. The particles are rather well disper-
% 12,000 sed.  x12,000

Table 1. Comparison of sizes of conventionally used barium sulfate
products as studied with electron micron microscope

F'roperty Sizes of | Di'[‘:pi?ll‘:n Uniformity Goatin | Weak acidic |Acid-resistant
Product | Particles [Nacidic fmm of sizes } ng additives additives
~J.B. "]BEi'um‘ 0.3— ] . rather . N

sulfate 3 O_E___ poo: B | niform _ e i ] o
Product A 0 3— 2.0 ‘ 1alhor poor not uniform — - | —
PlOdU(.[ B ‘ 0 ‘3— 1.0 | rather poor | not uniform ! — —- ‘ —
S - - — | aniform —- —— |- - -
potues O | 02— 05 | e por | B e = * | =
| not uniform .
Product D 1.0— 4.0 | good forms large -+ -+ | —
B [ I N | particles ) | s o
Product E 0.3— 1.0 | good | not uniform | — + -4
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Fig. 7 Particles of barium sulfate on cat ga-
stric mucosa at pH 2.5 %400 HE-stain La-
ne’s method

@Zgﬁwea gastricae

Fig. 8 Illustration of attaching pattern of ba-
rium sulfate to gastric mucosa Note aather
poor penetration of bariur sulfate particles
into fovea gastricae

2} 75}

UME)

D KFokEd: —jgc1 uFokhkEs
T, ®XBE—Ho M TFThBHMN, BT
(3.0~ 4.01) ODBF O LD HD. K
T OB AR L LB T3,

2) MERTFOREEN : —cH 1 ~ 2 Dk
FTHRMEREL, #4822 (Fig. 38R).
AT DL, K& VR T2 E o BT
TiE VYT 5.

JRITHREE Y ¥ ARHEBE R A DT e
ST, BRI AR TH .

3) =2—=F 4 vy DEGRO X5 EECER
Hxd o €Hl®, 0.03~0.07¢ D T {HV
E=—2tr) F v (Polyvinyl pyrrolidone)
(P.V.P) L Bbh29E) *EHC2—5 4 v
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Fig. 10 Differential thermal analyzer

ZLTwhbhobRbhs. (Fig. 58M1R)

4 Whipolzs : BRGS0 X 5 e B
MBSO By ok, MRS X0t BiER
PO H I LB RE I REBE (FlE= v ¥
2 A F RiEES B U7 4 Sodium  Chondoroitin
Sulfate) 23N Th 5.

b) BERCKT DA o E T B B

B

HEH T o< g (Foveolae gastsicae) =
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Table 2. Measurement of purity of barium sulfate
(Weight ratio and types of organic additives)
Decreased B B Evaporating
Total Weightn | weight (mg) | Pure barium e temp. of
Product (mg) Organic sulafte (2) Additives organic
- Additives ~additives
~J.P.Barium | Evaporalion 100°C
sulfate 45?]' of water only 100 0 | Cwater)
Product A 4721 2 99.6 1 300°C
. i D 330°C °
Product B 4452 8 98.2 2 D 4200
@ 300°C
Prodcut C 4981 7 98.6 3 @ 430°C
@ 530°C

Fig. 11 Schematic presention of electrical
doubled layer of particle

Air
pressure

Pore- .
/ plated platinum
electrode 1

o ° 0 Electro-
i potentiometer

* Pore-plated
platinum electrode 2

Fig. 12 Device for measuring flow potential
with septum

BHER- Y v A DR TFRADTIAT, BEEOE
T IEfo i < f135 LT Bk, BRMEIR
RS,
Tihbb, HEEL OBAWEIITES TR\,

¢) Wigo 2 v v 2 BHoBERNF oflE CR
B PTEEEC X D)

D

ARG L AR 1 ~ 38T, ERL

(=]

5% gelatin solution Toyo Roshi No.50 Filter paper

Fig. 13 Barium sulfate is weighte
In the first place, a filter paper is dipped

in 59 gelatin solution and dried. Then
the mid-portion of the dipped filter paper

b

Ainn
AN

o

as follows.

is cutting out and quantitative measurement
has been achieved.

B 1~2BICIEDTES.

JRHHER 1) ¥ A% 100°CTKE D FEKFERR
WA, o B ) v ABH o RN,
300°C~ 530°CTHIET 5.

d) HEE- Y v A ORI OZEM EAREDS
WHE A JE R X 5 L) ¥ o ORCF
(2 DRHEAL (—23mV) TADOHEEHT
5.

N

WY v AOKREBMIL, ACHELTVS
fodh, Wb ARHEL TV 4 (Blxid, C
MC, 7AFVEEF Y YA OMERE Zn
2, WTFoOWESMHERCI D, SxEEdsy
B¢ X e dREThsb. RLHEE Y 7 a0
T4 VRN & SR TSR AL R S\ B
L3 <{ith.

e) {358 & PR

(€75 v LIk X %),
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Table 3. Interaction of affinity and pH Product pH
— . - .
1 3 5 7
Plcdll‘ t — — ———— — - - —— — ————
Product A 0.035 0.038 | 0.041 0.045
P'rocluct B 0.035 0.068 0.070 0.072
Product C 0.030 0.038 | 0 038 0.040
I failed to check failed to che: k| N B
Product D because of because of | 0.042 0.045
o coagulated state | coagulated state | B .

Table 4 Changes of viscosity at various pH

in three types of contrast media (BaSO, 1

g. in 100ml)
* Studied with B-type rotary viscosimeter
VISCOSITY
(CPS) .
5000 - j P. Barium sulfate
~—
\
1,500 18
HEY
1000+ l‘. Sample A
100 \ !
A\
Sample B N,
151
5 L L 1 1 1 1 | 1
1 2 3 4 5 6 17 pH
NGB

#3 0 ML FF o KEWClE (1.0~ 4.0
1) <, MBI < RIS 5. ik
PRV LTV R IT D A>T\ 5 DR
1~ 3 THUE L THRAENETSH S
—RCHER TR AL, WErh TSR
BEB. SR BRI a-F 4 v
7 e DS,

£) HEREEZL (BREIERENC X 5).

CME
) BHEEE-Y v A M 2~ 1 TEEBMY

Studied with filter papers which are coated with gelatin soluilon

Je\REEEA T
2) WR OB Y v A EFE 3 ~ 1 Dff
TR LR TR
H2E HEFAORMRELCONT
(A) g Ferrite 3585
a) (it R EYHIE e oAl (BiFerrite

‘(:{)L‘—-C)?)S)ISHE)
G

B LR ER T, AEREL D 1,500 A0
[Tt Ferrite 35 A% HAHEH BT LY
% & LRI,

MRARES TS - Lk b, B o8
Ferrite [XRfE& KV, FAioZbl, FERAOHE
X b, EOGREE Y v AMEEHNC ST B2
ThE, L) -7 EEH

b) $7 =« 54 + ©FBRTHT BB

B

HIEROERRICE 7 = 74 + OfLF43,

¥ T
Ferrite (BRMEERRD
M O - Fe2 O3
Loffio e migit s
Fe FeO-Fez03=Fe304
Mn MnOFez Os
Zn Zn0 - Fez O3
Mg.. Mg O - Fez Os
Spinel R EEFDHE
Bl magneto —plumbidedtz  garnet 72

Fig. 14 Chemical formula of ferrite and
chemical constituents
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MAGNETIC HYSTERESIS CURVE
B Megnetic flux density

Soft magnetic material—
T Intensily of
magnehc force

Pard magnetic malerial
,ﬂ¢4

———

"
|
Fig. 15 Differences of magnetization between o &
permanent magnets and soft magnetic ma- '\ }J"'
terials &

4/ ’3 5
“‘i @
)/" 1r~l 1@]&
/fi‘ . ] g
Ilg. 18 Photograph shows afﬁmty of ferrite
to cat gastric wall

p

with external control of 1,500 gauss magne- Fig. 17 Visualization of dog stomach mucosa
tic field

Fig. 16 \/1sul1xat10n of cat stomach mucosa

with ferrite

Table 5, No change of viscosity is observed in pH 1-3 when chondroitin sulfate is
added to ferrite. In this circumstance, good qualified contrast having low visco-

sity and easy fludity are observed.

Changes of viscosity at various pH

300F 3
High molecular sodium
phosphate is added to ferrite
g 200
3]
= )
R Y Sodium citraie s added to ferrite
(=]
8 100 £ Barium salfate
= t
%hondromn sulfate is added to
errite
Barium salfate
| 1

pH1  pH3  pHb pH—
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Table 6. Optimum dosage of additives
in ferrite
A

High molecular | pll
sodium phosphate |

(2) | 1 | 3 ‘ 5
o 03 | 30| 220 | 139
e UG—_ _“‘ m]iﬁ a ];
-1‘5 ‘._1_62 255 149 ‘
For;r;;la: Fcn;;; 30 g:-l:ns _
water 39 ral

Additive X gms

# Studies with rotary viscosimeter (cps)
B

Sodium citrate

pH
o — .{_“ém"! -
e 0.3 | ems | 143.0 ‘ 137.0
" 06 | 211.0| 138.5| 135.0
1.5 197.5 | 135.0 | 129.0
c
[ Ehenarmitn : mlm [
sulfate N ‘
| (g) 1 | s | s
s 03 wnwigﬂ %ﬂ}
06 109.5| 116.0| 102.5 |
15 1740

| 128 5 174.0 184 D 1

Thus it is concluded that addition of
25 additives is most effective

MefHELTw5

T, #7 =54 FAGEKROHEE Y v A
LT, BEEOFEMICHMMEI K E VLS
THREAEFISITFEH LT 5.

) #Ev = T4 PO L O, o 2k
JEZEAL

d) o - HopR (Hz C.P.S.)
%1 %OmMBRLEHTHS.

G

{c) $x0d) AT HMEK7 =71 PIC

Table 7. A
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2y FaAF VHEEF Y YAl BN 85T
R (7 v 7 A8 1 ZEIine & bR
BT, BEZE{LE Lo i K o @i Hl
e, (E6EM)

FT—OBOD Z & < WD o> Z ¥ 5% Sk L
FodER av Ve FUiiEr VA VT
LM 2= vy — X LA LIRS HET

Fig. 19 Comparison of ray absorption of ba

rium sulaftL (No. 1) and various

ferrites
(No. 2-6

An interaction between viscosity and
pH in conventionally used barium sulfate
and contrast media of ferrous coating

COMPARISON OF VISCOSITY CHANGES IN
IMPROVED BARIUM SULFATES AND

CONVENTIONALLY USED BARIUM SULFATES
I VISCOSITY
5.000
PURE BARIM SULFATES
"«...
"
[]
[}
| ‘. E BARIUM SULFATE WITH
1.500 POSITIVE 10N EXCHANGE RIESIN
Ir ll h-..__-..____“‘“‘
| —
| 1 B
1.000 ‘
e
i
1
1
1
]
1
]
1
100 H
1
i
I CWMEBC\ILLY AVAILABLE BARILUM SULFATES
150 . —
PURE BARIU
| R ST g e o e

PURE BARIUM SULFATE WITH FIERROU! COATING POSITIV
oM _EXCHANGE RESIN. SODIUM C cmur\s .noh:DER Cm‘ 3 os' Ve
2 3 4 5 3 L ]
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e -
i

Fig. 20 Electron micrograph of barium
sulfate with ferrous oxide coating

Ba S04 Electro-Kinetic Potential
(-23mV)
Repu15|on

Coating with Ferrous Oxide

||T||I
b |
|.||i

.|
"lr.l'

I
I

Vol

D W N W P N
Stomach mucosa

Fig. 21 Theoretical basis for dispersing
action and coating mechanism of the
newly developed additive

#Hote.

e) HH7 = 74 b+ LMY v LKA L
X REFHIERY O Holl

N
FHIOOZEL, BV val1s, £M87 =
74 b 2~ 6 OXPRNOLEC B\ T, FFH
FOECHIRSY Y ACHLT, $v =51 M %
DD 7 = 54 +FILEPEC K TH S,

£ $k=—7 41 v 7EBRA LB S L0 FD
P REEEZE RIS DT,

(B) = —7 4 v 75l ) v £55A

a) gka—7 4 v 7B Y v A OB FEEAMSE
HEH

OB

HARE SO Rl M0k H3 5

n R HTHRER - Y & A B A ok g 2 %
2% LR TR T A 5.

m ThC 7= V@7 —FR LU 7 v7 Al
1 2883 % L o BaR7: X & 7 b, Wl
LB,

3 $a-7 4 vIHEEY VA EEHIC B
DI EINZ B &, X BRI & s,

c) $k= -7 4 v /R OEERE

Uhi8)

REROGERE VY v AHHHNT, M 2.0\ T
0.05emDfEEL A A3 HPMAHD 7 2 ) A K IRk

|, Addition
ety

[ w Cation-exchange resin
L ydn
2) J

“(NaP0g) oo Graham’s salt
3

C-COONa Sodium Citrate
HO - 6-Co0Na- 2H0

Ha- G+ COONa

(4)

{1 Tonization }
e Counterion

Cross linked high-moleculer substance

Fig. 22 A new type of additive.

III--ﬂl-In--m--]

B 7 O P00 5 R
Tig. 23 Conventionally being used barium
sulfate at pH 2
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© Dowe X50x 16 (200—400 mesh)
Dowe pH

x50 X 16 : i
() 1.0 | 2.0 ‘ 3.0 ‘ 6.0

» 2.0 980 | 920 | 1510 | 1260
3.0 1400 | 1330 | 1120 950
4.0 1290 | 830 | 820 940

Table 9. Relation of viscosity change and
optimum addition of CMC, sodium
citrate at various pH change

(€]
o : . CMC Pi
Fig. 24 Barium sulfate with ferrous oxide ()
coating at pH 2 1 2 3 7
BT, 100 WV %ics\nC, BsRE— - R 05 | 185 ) =27 0] 322
e BEE AR L, BB OEXY ST T HX » 1.0 61 100 | 420 | 1090
g R, 2.5 92 180 | 640 | 2160

LT, $ha—5 4 v 7BREES Y 7 A
Thick S 74 Y T v LH Formula: Barium sulfate with ferrous oxide

Table 8. The interaction between weight Coating 100 gms

1 -
ratios of strong cation exchange Water 100 ml

resins at respective pH and vis- CRAC X8
cosity change * Studied with rotary viscosimeter (cps)
(A) Dowex50x 4 (200—400 mesh) (B)
xrs)(?;:'rcal pH Sqdium jil
N trate -
(g) 1.0 | 2.0 | 3.0 | 60 (2> 1|z | s 7
2.0 890 | 1260 | 590 | 580 E TR TENT
4.0 186 1110 480 880 2.5 5.0 7.1 10.0 10.5
Formula: Barium sulfate 100 gms Formula: Barium sulfate with ferrous oxide
Water 100 ml coating 100 gms
Ton Exchange resin X gms Water 100 gms
(B) DoweX50X 2 (200—400 mesh) Sodium citrate X gms
Dowe | B 3, BEAREEETL, FARROmEE LT
(g) 10 | 2.0 | 3.0 | 6.0 w5,
2.0 2390 | 1390 | 2010 | 1080 d) I O E
- =¥ HEbs A A v i+ CMC + B IO
» 3.0 1510 | 1440 | 1690 | 1490 HHRRRIER ﬁ%ﬁm“
| 7= VEEY — XU EEDID
dol | me || | | o CHRRRIES A 7 > 2 o & VRN &
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Fig. 25 Affinity of barium sulfate with fer-
rous oxide coating to human gastric muco-
sa, suffering from chronic gastritis (x400)

Fig. 26 Affinity of barium sulfate with fer-
rous oxide coating to human gastric muco-
sa, suffering from peptic ulecer (x400)

e > . i .

rous oxide coating to human gastric muco-
sa, suffering from adenocarcinoma of the
stomach (x400)

Fig. 27 Affinity of barium sulfate with fer-

H A IR 5 o MRS 4R I30% 3 B

Fig. 28 Affinity of barium sulfate with fer-
rous oxide coating to intact human gastric
mucosa (x400)

Contrast material
 with ferrous oxide
coating

Fig. 29 Note close attachment of contrast
material with ferrous oxide coating in
gastric fovea

5

£5
r Lomid

Fig. 30 X-ray photograph of dog stomach.
Note vifualization of ruge with newly
improved contrast medium
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mz, ERo&FEXEROWT, ToMmzicl.
TH A v aEEHRIERE L.

1) BES Y v A BE OHELFIEER

a) BT BATRROMEE Y v 24 2B T
s ER (Fig.1~6) ¥AVTToRTFHELH
22 LT, ko X 5 icis R,

Jox % 0.2~ 1.00 DR~V v 2R HEH L
T3, il 4.0 4 ROEXTCRCF%2 v icid
b 55, HERE—-BRLHHN, FE2) KR
B—ieBlg A%<, WBPTlRE R TR E
b, BE3) rhirhlicgiyidy, BT
HERLRED OIS,

BFUNE W&, BEEFRPOREREREIKE
b, HERHEL, WEERRTS. EAENE
MRS B E S, AEEL R &
MRBELETH S, FOHICDE Brown® 1l
AY) Y AORTFO. KESEH—THRIEET
B, BEOBC A RERRTFERLTHL
HUETH B LR T 5.

ZELFORCEAERE L 2T 5.

BT o KkXxxd 0.5~ 100N BUT HS
FEE 4.04 0 BEXRRTF o BinL, EHRT
(0.3~ 1.0 KT ZEALTW28H LD
SO EERCIX, BbH, BEXRRFOR
HEoFREE. (BEL=a—7 4 v 7« RinFlofE
LT Tw5) (G4 CHLED

) VRingl : B3 Y v adEEACE, B
WIFIRINL CTh DD, HiEEdrofER LT
HEEAELRVOT, FOifsidED CHEEECT
»5. HEWIAMNTE L Ryl &4 PR E
haFrEHIRT.

Miller® 47D i 2\ T4« O ERZ@E LT
AT ER LT 5.

Embring & Mattsson® [ 3iEHH oMY AL
TE0, RHFokExoMELY, Fofsas
MTHhBHEL, FRIFENFCId0THD &
AT 5B,

FoTEZIE, £33 BHI., 100K, RE
B VT, 4fEOTER Y v s
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DERIFINATH 2 HEEIY 2 BE LicPr, &
B OB 1 ~ 3T, Biidthol~2%

&, RAREEML, BRAROHEXYECS -
EDHETE B

TER DT & L TOCMCY#49 (sodium ca-
rboxymethylcellulosz) @MC (methylcellulose)
@7 NVF VBV — & (sodium alginate) @7 L3
BR7rEVY e ZYa—L.=2251 (APG
E) @75 E7 4@ 54 v b T AQESFE
RIBRF PV A@FEYV E=— - ErY Fv
(PVP) @V AE—n@7=vEEY — XD =
YFEeAF VBB P T A@V Y = vER Y
V) V@BEARF P )V ABT A2 E VRS b
VU 2@ BEKE (QEHIE LT) QR
KEF PV oA (RF) @253 vEEF 1+ v
v AQALHHRHOERDEESEL ML bR T
5.

KRB b O kg —Hd) oF
BoZE <, WYY AOEREAMIT—23mV
TH%. TibbBWRPCRRAEBMELT, &
OHBEEHFLTWAHDT, FIMYdAOHEYH
FTHZENERE NS,

BIZIECMC® » 7L F VR b Y ¥ 24514
OWMEEHT 5.

T L THESICADHELFHORTFIL, i
RFELT, BEXEF 5. (Fig. 31 : BRER).

LisL, @fd (H1~3) Tk, By
sHFEES, FRBEMITLL, Xz ok
CEELE LTk h, HNEl b HEN &b
h, REHEMBZLELL, FOREBBEOLE
RS, EOBRREIZMC ERATS (F5%
).

PEOBMELYNL T, BRYREIEER2FH
THEMNFOMIZ, 21 ezre —= (MQC) »
RV E==n17ra—-n (PVA) BHFOEHR
CHEINT, BHEBS IOCKRBEREL, S
Fof A &7

S (REBE) & LTomhFoBmRci
Lok s h-f@EOE 2 Hib b,

Embring Lt Mattsson® D % T, EiEE,

AARESRH RS SMHE $30% %35

Fig. 31 A. Theorctical basis of dispersion rae-
dium (Stabilization of colloids)

R I P T
-!““]Jluil“”lllll
| ]

i ||l'||r

Illll
1|II
:]qll
nl—00
| /U
11
Iillllt

Dispersion medium is adsorbed at the surface
of particles, prticles, producing adsorbed and
hydrated layers(stereo-disturbance effect)(Me-
thyl cellulose. polyvinyl pyroriden, sodium
citrate etc)

Fig. 31 B. Electrostatic repulsive force, by
electrical charging of particles. (Ionic
surfactant, such as CMC, or sodium argi-
nate have both electrostatic repulsive for-
ce and stereodisturbance effect)

EXHE DRV v AEFHXE S, 1YDr

=VEEY — X EEM LIz, & PEF oRm R

BEh, WHEES XV, KERL T, Sikon

BZRICLTw20Th%. ZhiERPizdE

WFHTRABHIT, (SR CHBEICE 2, 7 5
i R N

fEl, MR TIREOR kS,

4 OEBRTRFEMYOEL LT, BHTEY
VIBF MY U A e 2 vBF YT A 2w R
AFVHBRF Y Vo, Kl FHREFETH
5. Lod ERE=F2EA L R e
SREFELY. (ER:#2H (B) d) 2R)

HED2 Y =y 7 O REHEP, BR43E1LP
LD, BHUFEIAEDH 1 sE o BIRBAY AT
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Table 11. Table of measurement of pH of gastric juice (Hungry time)
Anzlpsis of outpatient clinic (157 cases of both sexes)
in term of November, 20, 1968 to November, 9, 1969.

PH
1 2 3 5 6 7 §

$ 5 2 2 1 2 | 1

5 5 2 4 2 3
Age 40 7 2 6 2 2
10 10 5 3 2 11 1
30 13 13 8 3 4 9 2
20 1 1 2 2 1

10
Total 41 32 19 20 11 7 | 1
73 39

%8 1574 (ZBRERIE) dhH 1 ~ 3 Ok D
NIRT3EBH 0. Tl bl ch 5.

BRED BRI &5 & TR0 5y v a3
JYANT 100 W/V T (PH4 :28cps) 2% (2 :
2,000cps) EELKEEOELELRT. (4 :
BELREIR)

T, KEEP, REDHEA WE L L
BB o AT, Bk WL s, oM
2.50 BEEC Wi Y v A SRR BT 2 L,
BERTOZEL, BHBE-SY v s 0 RTRENE
(Foveolae gastricae) 1z A->THFoicis.

BRI X LT 3k Wl B v v 25l
% BERSLIV, ZosMpest LGERNCE
FHEMFERD TR\,

BboZ &<, (X ciiBht: - 5tk Es
BRAIE LT ORI a4 < BFge ST kiz o,
WYL DRIE - 37 iR C, KEEZ b2t
TERVEE, BES IV FOHUTHRT 28
FEDORFS » EHLRBEEBERO S & 2 RFHOE
FUEH OREE = ORMEREOH B ONEN S 5.
0=\ TH% 82 Tl 7o,
BIIR FEXAORRICONT
@ @k Ferrite ERH] (koM X b BlERTHE S
ERHD) BB L LT o Ferrite 3R
HLUTROREZRTHRTH 55, REYEY
F% LEDfEE, S¥CE LT B (%

SBIERR) 255D, ZhueFIFH LTS o
¥, WMCBBERO X5k, RGBS
ZRAC X D AR, BRI
7z. Frei & Gunders™® 3448 ORHEM % ¥
ELTHEE X BIUCABoBECH G,

RICx 72 ovn 7254 b RERAIE LT
Av, 20 ORXEOMIRE R, FiE-Y v A
CHLT, EFEEOETELE5 D0, EHMIC
WEFREOWRED B 5 L, 4T WRED
ORI S 20T, § -« MNEOBEMAmENCE
LTwWa. HRHEH & LCRBNCERT % o
FT 5D DH % LT w3,

FEIR T LTEAL, BLFEERD <
SERESAF & Bbh B8k Ferrite % FIH LCi
PLROEDOEELRAT. (BHE1L, 13) §& Fe-
rrite (IO E TIX, 1,500 Gauss OREAICTEL:
RisEm Ui, KEDRDEOEH(HhE13k)
ICEEFES ST 2 fe otz

1 LS Dk Ferrite o BRI L3
, BIpOMELRBETES. (F5) DL
RBAPCREZRbL YRS o L e, KT,
1%?IVM?-ﬁ&3%®:VFu4%Vﬁm
7 — O, B X OELSTEEERE 3 vk
24 PIT R ES 52 0 o\ B 2 78 e

B OEHFRIES—OBODZ L 1~3
ZBHBEDL 5 TH 5.



254—(18)

#k Ferrite i3 BEEC X UC A1, By
JEE A\ A B B, Fig. 181D Bicgk
Ferrite % %75 1L C, Lane MJ7HETHIE LB
BERTHS. Fig. 7 OWR- Y v 2 OffFTH
LTEE - BEBOERMCBLEALTVSZ L
MHRBH bbb,

HFHRONTHEOWMER Y 7 2 EHHIF VY —
7 OREIROIEWITCA DA, GBI A D #Ev
DTHBED LT OEHHFEEER LIBT3,
FOEDEREDLITE LS.

Gasic? 13 [BE&MT AOREY oWHEIT,
EREF M @ JIfaZET © 4 4 v B (Lonogenic
group) LIEETH] EWHREERT 7D
e, 2eA FRogHNEECHERINCAET
5 L RFEBRINCEH LTS,

BT 3 im0 ERIT, BEORKIERS X
U BRI  RECH—CE L, Bk
BB oh, »ofit X b RFNGERGER S K
BB TED LV LS.

(b) (Gt=—7 1 v /5B Y v 2EHED

FiEE~ Y v A O RTI HFEPOR LOER ]
(b) B (7)ol §EcRA nBifiExzR L
FeWREE L 2OTnS, EELETESBS IUR
FEI VBT, TohickpiErE T AT T
e

F o CE#E\L, § Ferrite OETH B HEE,
E/\gE  (Foveolal gastrical) EfeAET S
Iz #EH L1z, Berwick, Sorrentino® 3, FEEHY
w, BRWAR R Lo 4+ By, HMEER
CHERMCHET S LBXT WS,

F o CHEMECHE TR ) v A0RT 0.5
~ 1.0p Rtk oBRT (0.03~0.07#) % 1
YEF 2—F 1 v/ L. EREE B-a)
BE (14 K Q2R

FLTEEOEERE»L, FERLL, B
geie T S BB N v s EREEIE BIIEL
. FhEABOEREE, B BEOEMET
AL, FEROTRE-SY v A8H & R Lic
A, B/ANECEAHBRAVCHE T 2FELRD
#-. EBEI15, 16, 17

AAEZERIEHEEEE W30 M3

Pea—F4 VIR AV YL EERLT, M
1.50MEoORAHH LERREO VY — 7%
B, BEO)FHFEROFE ) 7 & OR5EE:
Y HORRERHE LD LERLS.

Cc) (FmmAopIE

fekowmE (REBER), FEEERD &M
3~ 1 CHEXHL, WEhM:ERVBEZ KT
(CMC, TAFVEETe vy rY) 2 —=A
T, PIH VLT LE)

FEoT = ORI TR T B IR A OISR
Flixx1 (b)) E GO L M3~1TAR
CHEO LAYRD S, RE L Y EBED R hic
WA LB 5 L HEOREOEL LIRS
LI aZe L, SUIBHE LT, BillioRZs
BT AFIIRAREL RS,

FoT, WEET, EEECHEECEDEY
Fla /s FEmFl oSBT E bh .

1) B4 v acdifgeosrse (Fig.2281)

afRtERs 4 + v Z gL A v+ vk (—
SOH) #*% <433 % oo B\ I T b AFRE
L, Bils~ ) v skl 5% 0% 0).

2) ZU7 i

(7 v7 sk s AR vk (—PONa) %A
L, AAKRVEEEAALFE VEROPRICHBHDTE
DTN HTIEF OS2 bhb).

3) r=vEpv-—-X

(7= vy — 4 1% COONa 7%+ 5H A4
VIR D 7= HR AT D 2 TS Y 7 & O EIE:
(K UATACN

=M O O E B R ERE FB-d)
RS A4+ v il 2 ~3% 7= vk
v—x, FUuT7TAME1%THA.

gk —F 1 v I7HBA Y v AFICHREO
Fndkng 5 £37 (9) ot i Btk <, &
B CIEE: - VB - AECE A ICERAINR D
s, BE9) DOl < 0.05em DR T .2 Y A
Bl B AE LC b B2 T, B2
WO ORR, IEAFIITEEL L
WIREA B BT ool

B E KoM s bR L, BRTH



B fd54E 6 A25H

b Lo HEFHIOBRIE, = OREcEERRER
LELZ VDB THLEELZBRS, KL, &
BER AMEICER T 5123 3 IS Iy
e LU ERRMI RSN DETH D, LI D B
BN ST AHEONEE, 2) BIRANC L T
MAELTWHHEOMER. 3) 2 LI XEFElY
EARWETRSZBHETH B, FhEhZIL,
IR AT, ThthBoRioHETFOf
HETHD, B hbo—IEH, »5WIE-H
BASIEE S Rich B EWDT, ZhNEDICHEH
BEAC R TRROEMRITH 5 LEWTT5 01
FUTIREWEBbhS. L LA bEEOR
ZIC BT, BB ERTHE- Y v 2 F o FEE
~ONBEOR L, WECZAENOEOR
EL, BE—FHELTWAZ EXELNLTHD, =
D L 5 I RIS { Fifg- ) v 2 BF oSk
tk, %o quality oEtED B ied binafEls
BIREME B O Litlc b E2 5.

BRE BELSLUER

B—1E RETHEINTOBHFE/NY D ARE
DR FRHER DO RE

D FEBEOWHINEHES T LT
Wwah, (1~2%)

2) TRtk o RIEBE O AR Tibh T
5.

3) FHETEHER, EEME (Coating) *1Tic
DTRFOSEEEZREL LT3,

4) REEE XY v a0 KT o HER (A)
T, FEEIT—23mV ThBb.

5) ¥EEE1X 80~ 200c.p.s. (EE) THiX4~
BRI LTS 5.

6) A, HLEERBSY Y LAEEND
DTWHLDTHHN, WIYOEE, RFok
xR hbELEINhB.

7 M1~20@EbTR, RAHEBEAY v
DOEEBAMITKAESELL, HBL2TL, H
BT 5.

8) MFDAkE X, HEDCTH—TZ
ThsH. CURFORE XX 0.5~ 1 1 KHFEHE
k& EBPhB).

255—(19)

EIIH MEEFHOMRBICOVT

(A) @k Ferrite miEHHI L LT oORE

1) $k Ferrite o713 Bc s UTEifnp: A
<, BERICETS.

2) ™ 1-~2 0BT EHEET, RERES
bH5B.

3) BoLEFANTHHL b, BT BT
W3R,

4) BRCEHIATA%E, SEERR Y v
ABUFI X b B,

5) FHEIED T, FEREERIIS A 2T
BTHsERI REBLEEKL.

6) KFHRUBLRLTL, HmFlELT, =2v
FedF VBT b)Y oa s 72 vfly — X HE
WrEELRS.

(B) Bfb#kTa—5 4 v 27 Licibige -y v
LA LT NE

1) W& LT, wEEabERG - A v aciadiiE 3
LU X D P 1 ~ 3 OMERRTHS, FiER-S Y
v A TSR E RSB,

2) EBWIVT AL SBENCE D, BT
INE PO T2 Offf % ¥ X 2 87,

3 BBV —F 1%ORMe L b,
HOBEWEBIUIPERRHE T, B TEE04
WO BWERE - Y 7 2 %5,

4) LD E=EARAT S LHEREERCL Y, &
Kk TR, B X, BT Shic
TR Y v AFIR 2 5.

5) L@tk H B OFRE ORBLE R
ML, BERNCEATIHELY, BMsmee:
¥k (0.03~0.071) 1~2 %HiEE~V ¥ 20FE
HiC=2—7 1 v 7 LCHERCHAM Y L 1w,

SHB VY -7 AR I LEHB LTI
i, EEAOR RO, WinFloEE GF
IR O A DOBRZE) 3 LU BEECkT 28
MEEOME, HFEOMECHEL, MK Vv
AFNC & EF HF, fax oWE oW THRE OS5
WA BHE LS. O LT, Wfilkcs
WHIRZE DS, BRI RRBFEFHIIE I B
FEINDHT ENEE L,



256—(20)

Hige BEefaicMy, RBIBELCHEEE JHH
CTHE T LR ERc @B L 4. XsKknk
CHREE CHIAES E LamEE=0EE, B0
R EEE AT PO R A R R AR, R E AT R
WM REHHERLEE, DARAEMRES —FEERS
MEME LR, HRERRFIREE#E oM kE

HeBloBaRlL 7.

(KL oBEE, HMSE 4 JH27H A RESF B
mEais, MddE 4 A5280E A REF FUSRE SR
£, W43 S5 A 1976 A RES Bty 2R
SHaRkw, WEnddsE10 AI12EEE BOREF AR TR

ELk. )
%
1) FINKR=: WY Y2 0fED T, RERE:
i &8, Vol. 3—12, P1613—1615, 1968,
2) ®ELA o= o= FALSE, SJHE, 1966.
3) Brown, G.: High density barium-sulfate sus-
pensions: An improved diagnostic medium:

Am. J. Radiol: 81, P 839—845, 1963.

EARER : BEME-S 0 7 &, 3 XBRERA, P63—

80, Eilrks, 1966,

Caffey, J.: The stomach: pediatric X-ray

diagnosis P 553—568, Year Book Med. Pub-

lishers. 1961.

Embring, G. and Mattsson, O.: Barium

contrast agents: Acta radiologica: 7C Fasc.

3); P 245——254, 1968.

7) Frei, E.H. and Gunders: Ferrites as Contrast
material for medical X-ray Diagnosis. Jounal
of applied physics: vol. 39. No. 2 P 999—1001,
1968

8) Frei, E.-H.: Magnetism and Medicine; Jour-
nal of applied physics. Vol. 40. No. 3. P 955—

957, 1969.

9) Gasic, G.]J., Berwick, L. and Sorrentino, M.:

Positive and negative colloidal iron as cell

sulface electron stains: Lab. Inoast: 18 (1),

P 63—71, 1968.

RoHEM, -+ : NisH (1) : WeE

X « 2%, &EMME, 1969,

11) BEdFIEHE « WA T e2E e - JEL AR, 1967,

12) WH)SESES, Wk, SR 0 §XEBN

o5EEE, SE, 1966,

e L =R, MoRT, EdRiE 8P, 2k

#lis X o PgREEAEH, PO, AmufAERyc Jk

TR, 1963,

14) Jirgensons, B.M.E. Straumanis: 5 -FBH# &
LB FoRE X LBOURE  Textbook of
colloid chemistry, Pergaman Press =E i 37—
R OEEME, 1967,

4

—

o
—

6

[t

10

—

13

—

HAREZRAMESHEE H30%E W65

15) Kirsh, LLE. and Spellberg, M.A.: Examina-
tion of small Intestine with carboxymethyl
cellulose: Radiology: P 701-—707, 1953.

16) Zsfhml, FEBE—, F9EEEt, TE 2 0 B
BRERA o R B3 5 SRR R T
EEPR SR 0 6 (5), P 324—337, 1961,

17) HRIEM, FNHEES : §X#E2Hcsrs i
HROBRC X 2B RUEOHMFE : B REER
SfRsE ezt 24 0 P1011—1031, 1964.

18) FFRfRye, FiEmEHE, MEEE=, WWk—, &
aL, WrRRETT, MMRAISE @ HiEEESY Y ARHl o
EpE e, 3t o 197 B REFHIEHE
F&MKMA R HE, 1968 (5 A).

19) FREEE: 7= 74 b2 2O, - a4 P
1—28, 1964,

20) JERMERE, AEGEHE, MEEE=, #Hal, WER

Z, ¥k, MHER, BREESR, ILRET,

FEREE, bk, BIER, EofE ¥

(b B A o SRRV 9 (i mT 8k v G 85D,

24, #28MEE AR ER Y aRs, 1969, 4,

8., OE22) AHEBF: I,H¥k, P 232— 274 :

WRRETSE, T34, JlUEE, 1964,

Karasawa, N.: A critical evaluation of Barium

Sulfates as contrast material for G.I. X.ray

Diagnosis: 12th International Congress of

Radiology 7%, Tokyo, 1969, 10, 7.

21

—

22) xE@BEc 1,3, P 232— 274: jHIRA:T ¥,
T4, sRIUEE, 1964,
23) mEEEic IV, §,P52—80, BAHRBINE, 2

%, mElaE, 1967,
24) I R--, FMURT : ES&#E0BT, P15:
BB R ¢ S IR, 1966.
25) ERER ¢ REALS : S3HITH: 0 1967,
26) JeFRCHE, WA~ == 4 F e REO L
RS, 1967,
MRS ¢ 5 2 MR Ay o E B, &
WA, 1968.
Les products de contrastr Traie de Radi-
odiagnostic, p. Masson et Cie, Paris, 1969,
PAXEERE, WAR: HLEoXRBMe 805
EER IR BEREEER 6 (5), P 8-—19,
1961.
Myers, P.H., Cronic, F. and Nice, C.M.:
Experimental approach in the use and magnet-
ic control of metallic iron particles in the Lym-
phatic and rascular system of dogs as a contrast
and isotopic agent: Am. J. Ophthalm: 90,
P 1068-—1077, 1963.
Miller, E.R.: Barium Sulfate suspensions:
Radiology: 84, P 241—251, 1965.
PRIEESE  BOITREE = = 1 FIREE, P 201—
290, 1968.
BREHZE, HEFR B 4 vk, BIIE

27

28)

29!

30

31

32)

33)



BB 1454 6 A25H

&, 1968,

34) W—R8, SIRMES, GHIER @ FEEHEHE
% ¢ EENEE, 1966.

85) BARMLFELR + HMBWA, P 260 : EE{lL2EH
B AR, b, 1967,

36) BARMLELE : <V v a{Lély, P 380—384,
LTS, A3, 1967,

87) #I5EL, EIEFHR ¢ 1 + VRAM, KBS,
1969.

38) O.Ya. 24 = 7 (LEER) : 4+ v ok
— MR E R OiE—, AER, 1967,
39) P.J. 7e- (MK £LABFR) 54Fk

2, 1966.
40) Myers, P.P.H., Nice, C.M. Jr., Meckstroth,
G.R., Hal, C. Becker, Moser, P.J. and Gold-
stein, M.: Pathologic studies following mag-
netic control of metallic iron particles in the
lymphatic and vascular system of dogs as a
contrast and isotopic agent: Am. J. Rent: 96,
P 913-—921, 1966.
FREGEME, MEE=, BMmEk-—, AL, L
T, AMRRIE, FRRE% : Wiy v A EA
OEHEGRN (HERBBERC ST 3 BB X—
BREZROEANRE) : H27E A KBS IR
FaiaiEk 1964, 4.
42) BEEEk, HEY, KBHE, SweD, Bk
PEER @ WAEEERAIC 2T L BRI 6
(5), P 338—365, 1961,

41

—

257—(21)

43) Scholtan, W.: II. physikalisch-chemische
Eigenschaften von Réntgenkontrastmittel-
suspensionen im Handbuch der medizinischen
Radiologie Encyclopedie Band 111 (Allgemeine
Rontgendiagnostische Methodik: Springer-
Verlag-Berlin— P 567—582, 1964.

44) Schinz, H.R., Baensch, W.E., Rommbold,

W.F., Glauner, R., Uehlinger, E. and

Wellauer, J.: Lehrbuch der Réntgendia-

gnostik: Georg. thieme verlag. stuttgart, 1966.

HHFE, BEHBR=S : 7294 v, P 1-—-117,

1959,

46) AL : L, P 179—248, g5 L%, 1965,

47) Vold, M.J. and Vold, R.D.: Colloid chem-
istry. Science of Large molecules, srall par-
ticles, and surfaces; Reinbold, Publishing.
Corp. N.Y. 1966.

48) T AME, INEEME BV v A : BN
ik, P3T—47, E¥Wb:, 1967,

49) HE : WBXRBW AR v 2 BB O
AT ~EERe >V ToBRY : ARE IS
# - 2031, P23—27, 1963, 3, 30.

50) WWE=gB, EiHFH, AR@E—, E@EfX, &
ARG < A o W PRI I BT 2 BIJE DR
A L 6 (5), P 314—323, 1961,

S1) WSOREB, WAKEE : 4+ ¥ 3hiilE, BTIT
PR, P 1-—77, 1959,

45

Rt}




