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[57] ABSTRACT 

Contrast media for radiography of organs comprises a 
su?icient amount of ?ne solid particles of at least one 
kind of soft magnetic ferrites suspended in a liquid 
carrier, wherein said carrier contains at least one kind 
of additive agents selected from the group consisting 
of organic thickening compounds-such as starch, so 
dium alginate and polyvinyl alcohol, ?ne powder of 
metallic oxides selected from Ba, Bi, Ce, W, Zr, Sn, 
Ta, Vb, La, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho and Y. 

3 Claims, 6 Drawing Figures 
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FERRITE CONTRAST MEDIA WITH METALLIC 
OXIDES 

This invention relates to contrast media of ferrites 
having excellent magnetic properties and X-ray absorb 
ing powers useful for angiography, gastrointestinal di 
agnosis and general use in radiotherapy. 
Heretofore, barium sulfate has been used for X-ray 

examination of the esophagus and ‘ gastrointestinal 
tract. Barium sulfate, with a strong X-ray absorbing 
power, deposits in relatively large amounts on affected 
parts and gives X-ray pictures with suf?cient contrast 
for detection of new seats of diseases or for diagnosis 
of the conditions. Dif?culties are involved, however, in 
causing deposition of a desired amount of the contrast 
medium on a particular part desired. Thus a high de 
gree of clinical skill is needed today in detecting a small 
affected part or in exactly diagnosing a disease condi 
tion. 

In view of this, attempts have been made to orally ad 
minister a certain magnetic material in powder form to 
the patient and guide the magnetic powder to the af 
fected part on which it is to deposit, or adjust the 
amount to be deposited, by means of a permanent mag 
net manipulated outside of the body. Also, it was re 
ported recently by Frei, Gunders et al. (in the Journal 
of Applied Physics, 39 (1968) p. 999 - 1001) that pow 
ders prepared by adding powder of MgO or 'y-Fe2O3 to 
a ferrite, as for example the powder of the solid solu 
tion of MgFe2O4 and MgO, are excellent contrast 
media for radiography. 
Those ferrite contrast media were reported to be well 

comparable to the ordinary barium sulfate ones with 
high rates of X-ray absorption, and, moreover, light in 
tone, adhesive to the walls of the gastrointestinal tract, 
free of toxicity, and are able to be magnetically con 
trolled from the outside by means of a permanent mag 
net in the X-ray visualization of a stomach or bowel dis 
order. However, the paper has no mention of the 
method of producing such ferrite contrast media and 
gives no detail of the properties to be possessed by the 
media. With this in view, we conducted experiments to 
be described later, which led to a number of discoveries 
useful for the manufacture of valuable contrast media 
of ferrites. It is upon these discoveries that the present 
invention is predicated. 
This invention will be better understood from the fol 

lowing detailed description taken in conjunction with 
the accompanying drawings showing embodiments 
thereof. 
In the drawings: ‘ 
FIG. 1 is a graph showing the amounts of various soft 

magnetic ferrite powders dissolved in an artificial gas 
tric juice; 
FIG. 2 is a graph illustrating the relationship between 

the ?ring temperatures and the amounts of ferrites 
made of Fe2O3 in the form of either coarse particles or 
?nely divided particles dissolved in an arti?cial gastric 
uice; 

J FIG. 3 is a graphic representation of measurements 
of the minimum ?eld strengths necessary for free 
movement of various soft magnetic ferrite powders in 
liquid, or the minimum ?eld strengths necessary for 
maintaining such powders in certain positions in the 
liquid; 
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FIG. 4 is a schematic perspective view of an instru 
ment for determining the 'X-ray absorbing powers of 
contrast media; 
FIG. 5 is a graph showing changes in saturation mag 

netization with the addition of BaO to a Ni-Zn ferrite, 
W03 to a Mn-Zn ferrite, and Ce2O3 to a Cu-Zn ferrite; 

FIG. 6 is a graph giving the results of comparative 
measurements of the relationship between the voltage 
applied on the X-ray tube and the X-ray absorbing 
power of barium sulfate contrast medium and a con 
trast medium prepared by adding BaO to a Mn-Zn fer 
rite. 

First, a typical soft magnetic material ferrite with a 
spine] type crystalline structure was placed in an arti?c 
ia.l gastric juice and an arti?cial intestinal juice, and the 
amounts dissolved were measured. The rerults were as 
shown in FIG. 1. In the ?gure, the curve 1 represents 
a Cu-Zn ferrite powder (with a composition of a molar 
ratio of 25 CuO : 25 ZnO : 50 Fe2O3, ?red in air at 
950°C for 5 hours), the curve 2 shows a powder of the 
solid solution of MgFe2O4 and MgO (with the composi 
tion proposed by Frei, Gunders et al., ?red in air at 
l,300°C for 5 hours), the curve 3 shows a Ni-Zn ferrite 
powder ( with a composition of a molar ratio of 25 NiO 
: 25 ZnO : 50 Fe2O3, ?red in air at l,300°C for 5 hours), 
the curve 4 shows a Mn~Zn ferrite powder (composed 
at a molar ratio of 25 MnO : 25 ZnO : 50 Fe2O3 and 
?red in air at l,300°C for 5 hours), and the curve 5 ‘ 
shows a overlap result of Fe3O4 powder and a Fe-Zn 
ferrite powder (composed at a molar ratio of 25 FeO 
: 25 ZnO : 5O Fe2O3) ?red under a reduced pressure at 
l,l00°C for 5 hours. The curve 6 represents 'y-Fe2O3 
obtained by heating the Fe3O4 powder of the curve 5 in 
air at 200°C for 24 hours. The starting materials used 
for the preparation of these ferrites, which had to be as 
pure as possible, were carbonates and oxides as com 
mercially available special-grade reagents. The materi 
als were thoroughly mixed and each mixture was 
heated. After cooling, the mixture was ground well in 
an agate mortar to a particle size of 0.1 to 0.2 micron 
in diameter. Ten gram of each ferrite powder were 
placed in 200 cc. of an arti?cial gastric juice or intesti 
nal juice for from 30 minutes to 3 hours, and the ?l 
trates were chemically analyzed and the amounts of the 
ferrite dissolved were estimated. From FIG. 1 it can be 
seen that the Cu-Zn, Mg, and Ni-Zn ferrites are rela 
tively highly soluble in the arti?cial gastric juice while 
Mn-Zn ferrite, Fe3O4'Fe-Zn ferrite, and 'y-Fezos are 
among the 'group relatively hard to dissolve. All of the 
ferrites tested dissolved little in the arti?cial intestinal 
juice. 
The arti?cial gastric juice was prepared in confor 

mity with the Japanese Pharmacopoeia by diluting a 
mixture of 2.0 g sodium chloride, 3.2 g pepsin, and 24.0 
ml dilute hydrochloric acid with distilled water to a 
total volume of 1,000 ml. The arti?cial intestinal juice 
was prepared of 15.0 g sodium hydrogen carbonate and 
2.8 g pancreatin diluted altogether with puri?ed water 
to a total volume of 1,000 ml. 
By alkali coprecipitation (whereby, for example, a 

Ni-Zn ferrite is formed by introducing a mixed aqueous 
solution of nickel sulfate, zinc sulfate, and ferric sulfate 
in an aqueous solution of caustic soda and thereby co 
precipitating the Ni-Zn ferrite salt) were produced Cu 
Zn, Ni-Zn, and Mn-Zn ferrites, and then those ferrites 
were placed in the arti?cial gastric juice to determine 
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the amounts dissolved. The solubility of the ferrites 
formed by the coprecipitation technique 'was ?ve to six 
times as much as the Cu-Zn ferrite in FIG. 1. The fer 
rites obtained by the alkali coprecipitation, when 
boiled in distilled water at l0O°for many hours, showed 
a common tendency of decreasing solubility to the arti 
?cial gastric juice. Also, the coprecipitated ferrites 
upon treatment with boiling water in an autoclave ex 
hibited remarkable decreases in the amounts dissolved 
in the arti?cial gastric juice. It was observed that, when 
heated to about 600°C, the various ferrites obtained by 
the coprecipitation show almost the same rates of dis 
solution as in FIG. 1. 

It will be noted from FIG. 1 that the amounts of the 
ferrites dissolved in the arti?cial gastric juice are rela 
tively small. However, these amounts of dissolution are 
nevertheless not negligible because the X-ray examina 
tion requires a fairly large amount of a ferrite at one 
time. This means that preclusion of the dissolution of 
such ferrites in the arti?cial gastric juice is necessary. 

FIG. 2 illustrates the effect of particle size of the ma 
terial a-Fe2O3 upon the solubility of the product Mn-Zn 
ferrite. The curve 7 represents the relationship between 
the ?ring temperature and the amount of dissolution in 
the arti?cial gastric juice for Mn-Zn ferrite (with a 
composition of a molar ratio of 30 MnO : 20 ZnO : 5O 
Fe2O3) made of coarse-particle a-Fe2O3 (0.2 micron in 
diameter). The curve 8 represents the similar relation 
ship for Mn-Zn ferrite made of an a-Fe2O3 with high 
purity and ?ne particle size (0.05 micron in diameter) 
prepared by decomposing iron chloride in an oxygen 
atmosphere. Ferrites made of the ?ne-particle material, 
even if ?red at a low temperature, showed a small solu 
bility. The ?ring temperature, however, only has to be 
increased in order to reduce the amount of a ferrite 
that is dissolved in the arti?cial gastric juice. FIG. 2 in 
dicates that the heating at a temperature of at least 
1,000°C is preferable and that, when ?red at 1,300°C 
or upwards, the solubility of ferrite is saturated. An ele 
vated ?ring temperature, on the contrary, would make 
the ferrite so dense and tight that grounding of ?red 
ferrites into ?nely divided powder is rendered dif?cult. 
For these reasons, it is important for the manufacture 
of a ferrite contrast medium to ?re the raw material 
mixture at a lowest possible temperature without fabri 
cating it to any shape. 
After diversi?ed experiments we have found that a 

convenient and best method of making ferrite contrast 
media completely inert to the arti?cial gastric juice is 
to immerse a given ferrite powder in an acidic solution, 
e.g., an aqueous solution of hydrochloric acid, with a 
pH of about 1.0 for many hours, and then thoroughly 
wash the powder with distilled water. By way of exem 
pli?cation, ferrite powders were placed each in 10 to 
20 times by weight of an aqueous solution of hydro 
chloric acid with a pH of about 1.0, agitated continu 
ously for 5 to 10 hours, and ?ltered. Each ?ltrate was 
washed several times with distilled water and then 
dried. The ferrite contrast media obtained in this way 
were placed in the arti?cial gastric juice for 3 hours. 
Subsequent chemical analysis showed no evidence of 
dissolution of the ferrites in the liquid. This treatment 
also rendered the colloidal ferrites formed by the co 
precipitation totally insoluble in the arti?cial gastric 
juice. If the pH is far less than l.0 (i.e., if the acidity is 
remarkably increased), the amount of the ferrite which 
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4 
dissolves in the arti?cial gastric juice is accordingly re 
ducedQlf the pH exceeds 1.0 (i.e., if the acidity is de 
creased), the ferrite becomes markedly soluble in the 
arti?cial gastric juice. Therefore, thorough washing of 
a ferrite powder with an acid of about pH 1.0 is an in 
dispensable procedure for the use of a ferrite contrast 
medium in the radiotherapy of human beings. 
Next, the minimum magnetic ?eld strengths required 

for moving the ferrite particles in dispersions of various 
ferrites in distilled water and also the minimum ?eld 
strengths required for holding the ferrite’ particles in 
certain positions in the liquid were determined. The re 
‘sults, graphically shown in FIG. 3, are those of experi 
ments with ferrites having two different particle size, 
i.e., 0.4 micron and 0.2 micron in diameter. Particle 
size being equal, the Mn-Zn ferrite would be able to be 
freely moved or held at a place by the smallest mag 
netic ?eld. The experiments led to the discovery that 
large magnetic ?elds are required in the reducing order 
of the Mn-Zn ferrite, Cu-Zn ferrite, solid solution of 
Mg ferrite and MgO, Mg ferrite, and Fe3O4-Fe-Zn fer 
rite, and 'y-Fe2O3. It is manifest from FIG. 3 that, the 
smaller the particle size, the less the strength of the 
magnetic ?eld that is required for holding or moving 
the ferrite particles in the liquid. However, it has been 
experimentally con?rmed that, even if the particle size 
is extremely small, the strength of the minimum mag 
netic ?eld required for moving the particles is not ap 
preciably decreased. In the case of the Mn-Zn ferrite, 
for example, the minimum ?eld-strength necessary for 
moving the ferrite particles, 0.05 micron in diameter, 
was 35 oersteds. As a result, it has now been found that 
a contrast medium of soft ferrite for radio-therapy is 
moved by the magnetic ?eld correspond to saturation 
magnetization among the magnetic characteristics of 
the ferrite. 
When dispersed in liquid, a ferrite powder of an ex 

cessively large particle size will immediately settle 
down. Experiment disclosed that the particles should 
be not more than 0.2 micron in diameter. A ferrite 
powder 0.2 micron in diameter upon dispersion in dis 
tilled water settled down in about 2 to 3 minutes, 
whereas a 0.01-micron ferrite powder took about 50 
minutes for the complete settling. Thus ferrites, when 
dispersed in ‘liquid, tend to separate from the liquid and 
settle down within relatively short periods of time. 

In order to maintain a ferrite powder dispersed uni 
formly in liquid for a lengthy period of time, it is neces 
sary to use various addition agents. Extensive study and 
experiments on dispersants clari?ed the following. 
When starch (in an amount of l.5 percent by weight of 
the total weight of the liquid), sodium alginate (0.25 
percent by weight), or polyvinyl alcohol (5.5 percent 
by weight) was added to the powder of the Cu-Zn or 
Mn-Zn ferrite having a particle size of 0.2 micron in di 
ameter, 'the powder could be kept unsettled and uni 
formly dispersed in the liquid for about one hour. 
When one of the above addition agents was added to 
the Mn-Zn ferrite powder 0.01 micron in diameter, the 
powder could be similarly kept in suspension for about 
3 hours. 

If the amount of any such additive is much in excess 
of the percentage proportion above given, it increases 
the viscosity of the suspension to such an extent that 
the ferrite powder is no longer moved by the action of 
a magnetic ?eld applied from the outside. It is therefore 
desirable to limit the proportion of such an addition 
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agent, that is, starch to not more than 2 percent by 
weight of the total weight of the liquid, sodium alginate 
to not more than 0.3 percent by weight, or polyvinyl al 
cohol to not more than 6 percent by weight. Preferably, 
in the respective ranges of 1.0 — 2.0 percent, 0.1 — 0.3 
percent, and 4 — 6 percent by weight, the three addition 
agents displayed suf?cient high degrees of dispersibil 
ity. 
Combined use of two or more of those addition 

agents gave even better results. 
For example, three combinations of such addition 

agents, i.e., 1 percent by weight of starch and 4.5 per 
cent by weight of polyvinyl alcohol, 5 percent by 
weight of polyvinyl alcohol and 0.1 percent by weight 
of sodium alginate, and 5 percent 'by weight of polyvi 
nyl alcohol and 1 percent by weight of starch, all on the 
basis of the total weight of the liquid, were added to 
equal portions of the liquid which contained either the 
powder of the Cu-Zn ferrite or the Mn-Zn ferrite 0.2 
micron in diameter. In the resulting solutions the ferrite 
powders were kept uniformly dispersed without any 
settling of the particles for periods of about 3 to 4 
hours. 

It has been found that, even when a combination of 
two or more addition agents is employed, the total 
amount that is added should be in the range speci?ed 
for either of the components if a statisfactory result is 
to be attained. 
As described above, the soft magnetic ferrite pow 

ders having particle sizes of 0.2 micron or less in diame 
ter can be kept uniformly dispersed for many hours in 
the liquid by the addition of one or more members of 
the addition agent family consisting of starch, sodium 
alginate and polyvinyl alcohol. 
The liquid in which the ferrite powders are to be dis 

persed is not limited to distilled water, but, for exam 
ple, a carcinostatic liquid may be employed as well. In v 
the latter case, it is possible to mix a ferrite powder in 
an anti-cancer liquid medicine and, after oral adminis 
tration of the liquid dispersion, keep the medicine in 
contact with the malignantly affected part for many 
hours by taking advantage of the magnetism of the fer 
rite. . 

ln dispersing a ferrite powder in a liquid, it is neces 
sary to disperse the powder in an amount of 10 to 65 
percent by weight (i.e., at a liquid to ferrite powder 
ratio by weight of 90 - 35 : l0 — 65). It was experimen 
tally found that more than 65 percent by weight of a 
ferrite powder dispersed in a liquid gives a turbid or 
muddy mixture, in which the ferrite particles can no 
longer be moved by the application of a magnetic ?eld. 
Conversely if the proportion of the ferrite powder is too 
small, the X-ray absorption will decrease remarkably 
and the advantage of the powder as a contrast medium 
will be accordingly reduced. In view of these, at least 
10 percent by weight of the ferrite powder must be dis 
persed in the liquid. An optimum mixing ratio of a fer 
rite powder as a contrast medium that utilizes a mag 
netic ?eld to a liquid is, on the weight basis, 30 to 50 
of the ferrite powder to 70 to 50 of the liquid. The fer 
rite contrast media of this invention, when adminis 
tered to mice, showed no toxicity. 
Another important consideration for a contrast me 

dium for use in radiotherapy is a suf?ciently great 
X-ray absorbing power. On the basis of the X-ray ab 
sorption factor (%) of a dispersion of barium sulfate in 
distilled water (in 50 wt. percent concentration) which 
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6 
was considered 100, the X-ray absorbing powers of var 
ious ferrite contrast media (also in 50 wt.% concentra 
tions) terms of the absorption factors were compared. 
The results were as given in Table l. The method of 
measuring the X-ray absorption factors'of the ferrite 
media is diagrammatically illustrated in FIG. 4. The 
measurements were made with the contrast media kept 
under conditions simulated to the in vivo conditions, 
i.e., as if the stomach of a patient. For this purpose, test 
tubes containing the contrast medium specimens were 

> immersed in a row and held upright in the center of a 
water tank as shown in FIG. 4, at a distance of 5 centi 
meters each from the front and rear panels of the tank, 
the space in between being ?lled with water, and then 
the X-ray absorption factors were determined. The 
voltage applied to the X-ray tube was 60 kilovolts. 

Table 1 

X-ray absorption 
Type of contrast medium factor (%) 

Barium sulfate I00 
FeUJiZnOA F3204 9 3 
Fe_-,O4 88 
'Y'FGZOI! 80 
clhsznonFezo-i 78 
Solid solution of ' 72 

Mg ferrite and MgO 
Ni0.¢;Zn0.4Fezo-i 7O 
Mn<LGZnOAFe2O4 67 

It is seen from Table 1 that ferrites have relatively 
high X-ray absorption factors. Above all, the Fe3O4, Fe 
Zn, and 'y-Fe2O3 ferrites were found to be highly ab 
sorptive of X-rays. In order toincrease the X-ray ab 
sorption factors of the ferrite contrast media, experi 
ments were conducted with the addition of many di 
verse oxides. As a result, BaO (to be added in the form 
of BaCO3), Bi2O3, Ce2O3, W03, and the like were found 
effective in remarkably increasing the factors. 

In Table 2 there are given results of measurements on 
the X-ray absorption factors of the contrast media that 
contained the abovenamed addition agents. 

Table 2 

X-ray absorption 
Type of contrast medium factor (%) 

Barium sulfate 100 
MnMZnMFeZO4 with 93 

the addition of 5 wt.% Ce2O3 
Cu,,_5Zn,,_5Fe2O4 with 98 

the addition of 8 wt.% W03 

As can be seen from Table 2, the addition of the ox 
ides referred to above increases the X-ray absorption 
factors of the ferrite contrast media of this invention to . 
values close to that of the ordinary medium of barium 
sulfate. X-ray tests revealed that the above-mentioned 
oxides, even though ?red at elevated temperatures, will 
form virtually no solid solutions with the ferrites. These 
oxides may be added in any of the usual methods; for 
example, in such a manner that the divalent metallic 
ions of the oxide to be added can substitute the divalent 
metallic ions of the particular ferrite, or the trivalent 
metallic ions of the oxide to be added can substitute the 
Fe3+ of the ferrite, or by the mere addition of such an 
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oxide to the ferrite. When any such oxide is to be 
added, it should be added in an amount of 5 to 20 per 
cent by weight of the total weight of the ferrite. The 
reason is that, since these addition agents of oxides 
scarcely form solid solutions with the ferrites as already 
pointed out, the increase in the amount of such an 
oxide to be added will raise the X-ray absorption factor 
but, on the other hand, lower the magnetism of the par 
ticular ferrite. This is exempli?ed in FIG. 5, wherein 
the curve 9 represents the Ni-Zn ferrite with BaO 
added, the curve 10 the Mn-Zn ferrite with W03 added, 
and the curve 11 the Cu-Zn ferrite with Ce2O3 added. 
In any case, the addition of the oxide causes a substan 
tially linear decline of the intensity of saturation mag 
netization of the speci?c ferrite (as determined with 
7,000 oersteds). Accordingly, if the magnetism is low 
ered by the excessive addition of the oxide, the ferrite 
powder will become hardly movable upon the applica 
tion of a magnetic ?eld. Thus, in consideration of the 
relationship between the magnetic ?eld strength that is 
required for the movement of the ferrite powder in the 
liquid and the X-ray absorption factor, it was experi 
mentally con?rmed that the addition of the oxide in an 
amount between 5 and 20 percent by weight is most 
bene?cial. The above rangeis chosen on the ground 
that, if the amount of the oxide to be added is less than 
5 percent by weight, the increment of the X-ray absorp 
tion factor thereby attained is too little and, if the 
amount is in excess of 20 percent by weight, the magne 
tism is badly affected although the X-ray absorption 
factor is considerably increased. 
In this case, the oxide to be added may be premixed 

with the ferrite material and ?red together. Alterna 
tively, the mixture may be easily prepared by adding 
the oxide to a liquid mixture or a solution of the ferrite 
material in the liquid. 

If the oxide is to be added to a coprecipitated ferrite, - 
it is possible to dissolve the chloride, sulfate or nitrate 
of the metallic ions of the oxide to be added in water 
and then effect the coprecipitation of the salt together 
with the ferrite in alkali or, as an alternative, to add a 
necessary amount of the carbonate or oxalate to the 
ferrite obtained by the coprecipitation and then heat 
the mixture at a temperature between 400° and 600°C 
for a long period of time. 
The X-ray absorption factor of a contrast medium 

depends upon the voltage to be applied to the X-ray 
tube. Therefore, it is important that the ferrite contrast 
medium obtained by the addition of the oxide should 
be capable of use over a wide range of the applied volt 
age for the X-ray tube. 
Referring to FIG. 6, the curve 12 represents mea 

sured values of an ordinary contrast medium of barium 
sulfate, and the curve 13 represents the measured val 
ues of the ferrite contrast medium of Mn0_3Zn0_2Fe2O4 
with BaO added. It is obvious that the contrast media 
of the BaO-containing ferrite and barium sulfate ex 
hibit properties of the same tendency with changes of 
the voltage applied to the X-ray tube. Thus, the ferrite 
contrast media were also found useful over a wide 
range of applied voltage for the X-ray tube. 
The foregoing contrast media of ferrites according to 

this invention showed no toxicity when administered to 
mice. 
As described in detail above, this invention concerns 

the method of producing ferrite contrast media for ra 
diophotography characterized by the addition of one or 
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8 
more of the group of oxides consisting of Ba, Bi, Ce and - 
W to one or more soft magnetic ferrites having a parti 
cle size of not more than 0.2 micron in diameter (ac-. 
counting for 10 to 65 percent by weight of the total 
weight of the mixture with a liquid), in an amount of 5 
to 20 percent by weight on the basis of the weight of the 
ferrite. 
Further experiments were performed on the addition 

of various other oxides for the improvement of the 
X-ray absorption factors of the ferrite contrast media. 
Then, the addition Of ZrOZ, S1102, Lagos, P1'2O3, Ndzog, 
$171203, Euzos, Gdzoa, Tbzosi 03/203, H0203, Yb20a, 
Y2O3, and Ta2O5 was found greatly helpful in improving 
the X-ray absorption factors of the ferrites. 4 
Table 3 shows the results of experiments conducted 

with a Mn-Zn ferrite by adding different percentages of 
ZrO2. 

Table 3 

X-ray absorpt- lnduction at 
Type of contrast medium tion factor (%) 100 Oe. (gauss) 

Barium sulfate 100 0 _ 
MnMZnMFe2O4 67 3800 
plus 2 wt.% ZrOz 76 3700 
do. ‘4 do. 82 3600 . 
do. 6 do. 87 3500 
do. 8 do. 92 3400 
do. 10 do. 95 3350 
do. 12 do. 97 2850 
do. 14 do. 98 2350 
do. 16 do. 98 2100 
do. 18 do. 98 2150 
do. 20 do. 98 2050 

It will be clear fromTable 3 that the X-ray absorption 
factor rises with the increase of the amount of ZrOz 
added and that the addition of over 15 percent by 
weight renders the factor of the ferrite almost equal to 
that of barium sulfate. However, the induction begins 
to decrease sharply as the proportion of the ZrO2 ex 
ceeds 12 percent by weight. Where Zr02 is to be added, 
therefore, an amount in the range of 3 to 12 percent by 
weight is preferable. 
Table 4 shows the results of experiments with a 

Fe-Zn ferrite with the addition of different amounts of 
SnO2. 

Table 4 

X-ray absorp- Induction at 
Type of contrast medium tion factor (%) 100 Oe. (gauss) 

Barium sulfate 100 > 0 ' 

Feu?znudFezOi 93 3650 
plus 2 wt.% SnOz 94 3500 
4 do. 96 3500 

do. 6 do. 97.5 3400 
do. 8 do. 98 3300 
do. 10 do. 99 3200 
do. 12 do. 99 3100 
do. 14 do. 99 2750 
do. 16 do. 99 2400 

The Fe-Zn ferrite, upon the addition of SnO2, attains 
an X-ray absorption factor substantially equal to that of 
barium sulfate. However, if the amount added exceeds 
14%, the induction sharply drops. When adding SnO2 
to a ferrite contrast medium for radiography, therefore, 
the amount to be added is preferably within the range 
of 3 to 12 percent by weight. 

In Table 5 there are given the'results of experiments 
in which different proportions of Ta2O5 were added to 
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a Ni-Zn ferrite and the mixtures were ?red at 1,300°C. 

Table 5 

X-ray absorp~ lnduction'at 
Type of contrast medium tion factor (%) I00 Oe. (gauss) 

Barium sulfate 100 0 
Ni0,_-,Zn0_5Fe2O4 70 3550 
plus 2 wt.% Ta2O5 78 3450 
do. 4 do. 84 3400 
do. 6 do. 89 3300 
do. 8 do. 93 3200 
do. 10 do. 95 3150 - 
do. 12 do. 96 2900 
do. [4 do. 96 2350 
do. I6 do. 96 2200 

In the case where Ta2O5 is added to the Ni-Zn ferrite, 
the X-ray absorption factor of the medium increases 
proportionally with the amount added, but the addition 
in excess of 14 percent by weight leads to a sharp re 
duction in the induction. Thus the amount to be added 
is preferably in the range of 3 to I2 percent by weight. 

The results of experiments on the addition of Y2O3 to 
a Mn-Zn ferrite are summarized in Table 6. 

Table 6 

X-ray absorp- Induction at 
Type of contrast medium tion factor (%) I00 0e. (gauss) 

Barium sulfate I00 0 
Mn,,_6Zn.,_4Fe204 67 5380 
plus 2 wt.% YZO;l 78 3750 
do. 4 do. 86 3700 
do. 6 do. 9I 3650 
do. 8 do. 95 3500 
do. I0 do. 98 3400 
do. I2 do. 98 3300 
do. 14 do. 98 2800 

When Y2O3 is added to the Mn-Zn ferrite, the X-ray 
absorption factor of the ferrite medium increases with 
the growing proportion of the addition agent, up to the 
point of 10 percent by weight or more of the proportion 
where the ferrite exhibits an X-ray absorption substan 
tially equal to that of barium sulfate. An additive pro 
portion of 14 percent by weight or more, however, 
would bring a serious reduction of the induction. The 
effective range of addition is between 3 and 12 percent 
by weight. 
To the same Mn-Zn ferrite was added various oxides 

of rear earth elements, e.g., La2O3, Pr2O3, NdZOa, 
Sm2O3, B11203, Gd203, Tb203, Dy203, H0203, Yb203, 
and the X-ray absorption factors and the inductions at 
100 oersteds of the resulting ferrite mixtures were de 
termined under the same conditions as above. The re 
sults indicated that the relationship between the 
amounts of the addition agents tried and the X-ray ab 
sorption factors of the contrast media so obtained has 
the same tendency as when the Y2O3 is added. The 
same applies to the relationship between the amounts 
added and the induction of the resultant ferrite media. 
In Table 7 are shown the results of experiments on the 
addition of 10 percent by weight of the various oxides 
of rare earth elements referred to above. 
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‘ Table 7 

X-ray absorp- Induction at 
Type of contrast medium tion factor (%) I00 Oe. (gauss) 

Barium sulfate I00 0 
Mno.llzno.4Fezo-l 

plus l0 wt.% Lalo" 98 3200 
do. PrzQ, 99 3300 
do. NdzO;l 99 3250 
do. sm,0,, I00 3 I00 
do. EuzQ, I00 3200 
do. Cid-£03 95 3350 
do. Th,0_.l 95 3400 
do. DyzQ, 96 3550 
do. H020“ 96 3600 
do. YbZO;l 97 3400 

It will be clear from Table 7 that‘ the addition of 
Sm203 or Eu2O3 imparts the ferrite with the same X-ray 
absorption factors as that of barium sulfate. These ab 
sorption factors were measured with an anode voltage 
of 55 kilovolts. 
As will be appreciated from the foregoing Tables 3 to - 

7, the addition of the various oxides help the ferrite 
contrast media of the invention attain X-ray absorption 
factors close to that of barium sulfate. X-ray powder 
tests indicated that those oxides will scarcely form solid 
solutions with the ferrites upon ?ring at elevated tem 
peratures. These oxides may be added in a suitable 
way, for example, in such a manner that the divalent 
metallic ions of the particular oxide to be added substi 
tute for the divalent metallic ions of the ferrite or that 
the trivalent metallic ions of the oxide substitute for the 
Fe3+ of the ferrite. As a further alternative, such an 
oxide may be simply added to the ferrite. When any 
such oxide is to be added to a given ferrite, the amount 
should be in the range of 3 to 12 percent by weight of 
the total weight of the ferrite. 

In such case the oxide to be added may be premixed 
with the ferrite material and baked together. Alterna 
tively, an oxide-containing ferrite may be easily pre 
pared by mixing the ferrite material with the liquid and 
then adding the oxide to the resulting mixed solution. 

If any such oxide is to be added to a coprecipitated 
ferrite, it is possible to dissolve the chloride, sulfate or 
nitrate of the metallic ions of such an oxide in water, 
and then effect the coprecipitation with the ferrite in 
alkali, or add a necessary amount of a carbonate or ox 
alate to the coprecipitated ferrite and then heat the 
mixture at 400° to 600°C for many hours. 
The various ferrite contrast media produced in ac 

cordance with this invention, when administered to 
mice, showed no toxicity. A total of 30 mice were 
dosed with those ferrites at the rate of 1 gram per 
mouse per day for a period of about 2 months, and the 
dose did not prove lethal to any animal tested. 
As described in detail hereinabove, the present in 

vention pertains to a method of producing ferrite con 
trast media which comprises adding one or more mem 
bers of the class of oxides consisting of Zr, Sn, Ta, Y, 
La, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho and Yb, in an 
amount of about- 3 to 12 percent by weight, to one or 
more soft magnetic ferrites having a particle size of not 
more than 0.2 micron (in a mixture with a liquid at the 
ratio of 10 to 65 percent by weight to the balance liq 
uid). The use of the contrast media according to the in 
vention makes it possible with ease to pinpoint any 
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minor focuses in the esophagus, stomach, and bowel 
which are otherwise hard to detect. 
A novel diagnostic X-ray apparatus applied with a 

magnetic device was developed to examine practically 
whether various ferrite contrast media of the present 
invention were applicable for the use in the gullet and 
gastrointestine duct, and then the stomach and intes 
tine imitations and test animals were employed for the 
practical investigation. The utilized ferrite contrast 
media had the formulation as shown in Table 8. 

Table 8 

Ferrite 40 (g) 
Water 54.22 
Sodium alginate 0.25 
Polyvinyl alcohol 5.5 
Tragacanth rubber 0.02 
Peppermint oil 0.01 

A diagnostic X-ray apparatus provided with a mag 
netic device was developed to examine whether the fer 
rite contrast media could be carried easily to an organ 
to be examined and held for a long period. This appara 
tus comprises a conventional diagonostic X-ray appara 
tus and two kinds of electromagnets and a means to dis 
place said electromagnets. More particularly, it con 
sists of two electromagnets of 1,500 and 2,000 oersted 
respectively, and the device to displace these electro 
magnets verticularly and in horizontal plane. When a 
magnetic ?eld, for example, about 350 oersted is ap 
plied, the ferrite contrast media can be displaced or 
?xed to any desired position. 

First of all, the imitation model for the gullet and gas 
trointestine duct were tested utilizing the above de 
scribed ferrite contrast media and diagnostic X-ray ap 
paratus. The imitation model for the human gullet and 
gastrointestine duct was used for observation of capa 
bility for the controlling locations of the ferrite contrast 
media. The obtained result revealed to be so excellent 
that is proved for the suf?cient availability in the exam 
ination of the gullet and gastrointestine duct. 

In the next place, the test animals such as mice, rats, 
hares and dogs were administered with the ferrite con 
trast media and examined with said newly developed 
X-ray apparatus to serve for the fundamentalexperi 
ments for the application to the diagnosis. 
At ?rst, various test animals were infused with the 

ferrite contrast media in the rectum. It was demon 
strated that an enormous quantity of infusion was possi 
ble, and besides a suf?cient image forming power is ob 
tain'ed. Thus the ferrite contrast media were proved to 
replace perfectly the so-called barium enema. Photo 
graphs demonstrate an excellent image forming power 
when the ferrite contrast media were infused respec 
tively into the gullet and gastrointestine duct. 
Furthermore, relatively large animals such as hares 

and dogs were administered with the ferrite contrast 
media, and tested by means of the above described ap 
paratus in a magnetic ?eld. The obtained result demon 
strated that the ferrite contrast media in the stomach 
were displaceable to any desired location by the action 
of a magnetic ?eld and could serve to the repeated ex 
amination of the same location. Also these ferrite con 
trast media permit very easy image formation of the in 
testine. ' - 

From the results of fundamental animal experiments 
as shown above, it was demonstrated that the ferrite 
contrast media according to the present invention 
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could be maintained at the desired location of gullet 
and gastrointestine duct for a long period and displaced 
from one location to others or examined repeatedly at 
the same location. Inasmuch as an ample prospect has 
been obtained vfor the X-ray inspection of the gullet and 
gastrointestine duct for a satisfactory and sufficient pe 
riod, it is suggested that an earlier detection of cancer 
occuring in the gullet and gastrointestine duct will be 
more practical than before. 
More detailed description of the practical effects in 

the diagnosis with the contrast media according to the 
present invention includes: 

1. A mass of ferrite contrast medium is settled in the 
upper gullet by the effect of a magnetic ?eld and is 
gradually displaced toward the stomach so that the gul 
let may be inspected more accurately and easily. 

2. The retained period of the medium in the stomach 
is easily controllable due to the magnetic ?eld. 

3. The large and small intestines which have been dif 
?cult by any conventional media can be easily in 
spected. 

4. One dose of the contrast medium is'smaller. 
5. Constipation is avoided. 
6. The same location of organs can be repeatedly in 

spected. 
7. X-ray absorption is so high that a clear X-ray pho 

tograph is obtained. . 
We claim: 
1. A radiographic contrast medium comprising an 

aqueous dispersion of 
a. from about 10 to about 65 percent by weight, 
based on the total weight of said aqueous disper 
sion of 
l. at least one magnetic ferrite having a particle 
size of less than 0.2 lb and 

2. at least one metal oxide selected from the group 
consisting of 
i. from about 5 to about 20%, by weight of the 

ferrite, of an oxide of barium, bismuth, cerium 
or tungsten and 

ii. from about 3 to about 12 percent, by weight 
of the ferrite, of an oxide of zirconium, tin, tan 
talum, yttrium, lanthanum, praseodymium, ne 
odymium, Samarium, europium, gadolinium, 
terbium, dysprosium, holmium or ytterbium, 
and 

b. at least one dispersion agent selected from the 
group consisting of starch in an amount of from 1.0 
to 2.0 percent by weight, based on the total weight 
of said aqueous dispersion, sodium alginate in an 
amount of from 0.1 to 0.3 percent by weight, based 
on the total weight of said aqueous dispersion and 
polyvinyl alcohol in an amount of from 4 to 6 per 
cent by weight, based on the total weight of said 
aqueous dispersion. 

2. A radiographic contrast medium according to 
claim 1 wherein the solubility of said magnetic ferrite 
in acid solution has been decreased by treating the fer 
rite with aqueous hydrochloric acid of a pH of about 
1.0. 
3. A radiographic contrast medium according to 

claim 1 wherein the magnetic ferrite is selected from 
the group consisting of copper-zinc ferrite, magnesium 
ferrite, nickel-zinc ferrite, manganese-zinc ferrite, fer 
rosoferric oxide, iron-zinc ferrite, and ferric oxide. 

=l= =i= * * * 


