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EXPERIMENTAL STUDIES ON BENZENE POISONING

1. EFFECT OF BENZENE ON THE BLOOD AND BONE

MARROW IN ALBINO RATS
Shigeo KOIKE, Kiyoyuki KAWAIL and Hireshi SUGIMOTO*

As is generally known the toxic action of benzene is most prominent in blood
and hematopoietic tissue. Numerable studies have so far been made on the change
of peripheral blood in henzene poisoning. However, little information is available
on the blood changes caused by benzene in refernce to the bone marrow findings.
In fact, Gerarde® has been the only one who undertock studies on the changes of
nucleic acid content and nucleated cell count in bone marrow as well as the changes
of the leucocyte numbers in peripherial blood after daily injection of benzene in rats
for two weeks and further on the recovery period of three weeks.

As an occupational poisoning, chronic poisoning is common; however, in order to
study the primary effect of benzene upon living body, the change of bone marrow
due to the administration of large doses for a short time must be taken into. con-
sideration. The present paper deals with the change of bone marrow in animals
with a special reference to the alteration_‘ of peripheral bleod in acute poisoning.

EXPERIMENTAL METHCDS

Growing, male rats of the Wistar strain, weighing from 150 to 200 gm., were
maintained with a commercial commpressed food. The animals were subjected to
daily subcutaneous injections of a mixture of equal parts of benzene and pure sea-
same oil. In the first group of experiment, 43 rats were given one ml. of henzene
per kg body weight daily over a period of three to thirty five days. In the second
group, twenty rats were received two ml. per kilogram daily from three to twenty
cne days.

As controls in each group, three to seven animals received daily injections of
seasame oil. In the first group, three to seven animals were killed 3, 7, 10, 14,
21, 28 and 35 days, in the second group two or three animals were killed 3, 5, 7,
10, 14 and 21 days after treatment. ,

Blood was taken from the tail for leucocyte, erythrocyte and reticulocyte count.
After the animals were sacrificed by heart puncture under ether anesthesia, a com-
plete autopsy was made.

Femoral and tibial marrow were fixed in Zenker’s solution and other visceral

*Division of Clinical Research, The Institute for Infections Diseases, The University of Tokyo.
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organs were fixed in 109% formalin. Histological observations were made through
routine paraffine sections and H. E. and Giemsa stain. Painted and touch prepara-
tions were also taken from the bone marrow and some other organs, to observe de-
tailed cytological changes.

Femoral marrow was extruded with 5% acetic acid. A part of cell suspension
was diluted with EDTA solution and used to the nucleated cell count.® The rest
of the suspension was deproteinized with trichlor acetic acid solution. The precipitat
was submitted to extract nucleic acid P according to the method of Shmidt and
Thannhauser, ® and extracted DNA-P and RNA-P were determined by the method
of Allen.®

ExXPERIMENTAL RESULTS

I‘ollowmg ben7ene m]ection the animals seemed to lose the appet1te and refused
food and water. The lower’ part of the body was coverd with reddish- brown dirty
dry crust. The animals began to lose their body weight shortly after the injection,
and attained minimum level ten days thereafter and maintained this level to the
thirty fifth day (Fig. 1). The loss of weight was greater in animals injected larger
dose than in those injected smaller dose. Fig. 1 demonstrates fluctuations of mean
hody Weigﬁt. To cou'sider the same data individully, from rat to rat, certain ani-
mals showed the gain of body weight, in spite of daily injection of benzene (Table
1). Table 1 shows the change of peripheral blood and bone marrow findings in
some rats injected with daily 1.0 ml ‘of henzene. '

A rapid fall occured in the number of white cells in peripheral blood during two
weeks after daily administration of one ml. of benzene and a slight tendency to re-
co;rery was noted, but in two inl. injected animals any such tendency for recovery
was not found‘(Fig: 2) C ' ’

Femoral marrow nucleated cell count dec1easud for consocutnre ten days and
thereafter tended to increase. There maximum va]ue howevel was lower than
those of control group (Flg 3) ‘

Tn large dose group, the number of total nucleated cells showed a’ steady de-
crease throughout the experimental period and there was no tendency to increase.

As a paraliehsm is noticed between the alteration of total nucleated cell count
and that of body we1ght the correlation coefficient betwéen the nucléated cell count
and loss of body weight per day is calculated, and obtamed the coefficent as 0.71
which is proven highly significant. )

The concentratlon of deoxyrlbonuclelc acid in bone marrow, expressed as pg. DNA-
P per mg. dry weight showed' the minimum value at the tenth day and thereafter
developed a tendency toward recovery (Fig. 4).

An appreciable parallelism was noted between DNA-P content and total nucleat-
ed cell count in bone marrow. DNA-P content seemed to he markedly diminished
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Table 1. Change of peripheral blood and hone marrow findings in rats
injected with 1,0ml per kg body weight of benzene
Peripheral Blood Bone Marrdw
Bedy | Gain [ [
W?eks weight of | | Nucleic acid |
after . Exp. g weight . Total - N
treat- Animalsyg. beforeand| per clza(:ﬁls “éélﬁtse Hb  |Retioulo nucir:a-‘m‘IA.'P RNA_'P
ment after day 10t | w102 | gfdl | cytes jted cells per gel mitotic
treatment| (g) %108 | dry ary |l index
tissue | tissue
rfmg | rimg | )
Lo | 11 208205 | a6 | 5T 122 | 13.7 64 116 | 12.4 5.6
control| 1o | 910—298 | +2.6| 650 | 107 | 12.6 | 51 111 | 10.9 6.2
. 6 |203_174| —4.1] o686 | 27 | 4.3 | 21 | 35 | 81| 6.2 |
. 7 1109-152 | —6.7| 636 14 | 14.1 40 54 6.3 4.0
BNZENE o 1 907169 | —5.4 | 606 2 | 14.5 13 45 7.5 6.8
9 | 200—151 | --7.0| 688 28 | 14.6 8 50 3.8 2.6
oo | 27| 163244 | 5.8 ] 662 80 | 12.0 43 120 | 13.8 6.0
control| og | 1739213 | +2.8| 782 100 | 15.1 44 112 | 10.8 5.4
9 29 | 141-133 | —~0.5| 766 37 | 14.9 24 87 | 12.5 6.7
X 30 | 177—145 | —2.3 | 696 40 | 15.0 24 49 4.8 4.8
CNZENE| 5) | 182153 | —2.0 | 702 a4 | 15.4 18 58 8.0 5.6
32 | 165—171 | +0.4 | 707 ar | 149 %9 103 | 10.6 5.9
. 1' o5 | 167—109 | +1.5] 787 298 | 13.6 34 115 | 15.1 6.0
control} oo | 160207 | +2.2| 599 | 100 | 13.0 | 35 92 | 12.32 | 6.4
3 33 | 175—157 | —0.8| 766 58 | 15.1 33 99 | 12.2 | 6.6
34 | 172194 | +1.1| 742 53 | 16.4 16 81 | 10.2 6.8
benzene
35 | 149—185 | +1.7| 673 148 | 13.7 36 101 | 12.2 6.3
36 | 139—160 | +2.0| 701 82 1 14.5 33 121 | 129§ 7.7
2| eras | g8 ] 7 187 | 14.6 45 108 9.5 5.3
control | 1 180303 | +4.4! 678 | 114 | 14.5 | 43 95 | 12.5 | 6.7
1 | 208—224 | +0.5] 661 58 | 14.9 36 114 7.9 4.7
4 3 | 174—194 | +0.7 | 654 60 | 14.6 26 73 | 10.2 7.6
benzene| 5 | 168—128 | —1.4| 652 77 | 15.7 2 66 7.7 5.6
22 | 135—164 | —1.0| 653 5 | 15.6 49 76 | 11.2 6.8
18 | 181—181 0 692 30 | 15.3 10 71 5.3 3.8
1 13| 155—263 | +3.0] e | 101 | 125 | 42 119 | 8.9 | 5.5
control
12 | 180—166 | —0.4{ 739 100 | 15.9 64 74 |
17 | 182—175 | —0.2| 560 38 | 13.8 36 9.1 6.2
5 16 | 148—143 | +0.2| 620 102 | 17.6 40 76
benzene| 20 | 153—196 +1.2 616 76 15.0 45 121 9.5 5.1
o1 | 187—132 1 —1.6| 670 23 | 16.0 42 41
94 | 207—211 ] +0.2| 741 31 | 16.5 22 71 | 10.8 9.1
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in large dose animals in comparison with small dose. The difference between these
two groups of animals is not difinite because the number of animals is so small in
the latter group to make a conclusion.

The DNA-P content per cell ranged 0.68 to 0.88x10-%y in the exposured animals
and showed no significant difference compaired with that of control group. The
amount of DNA is calculated with multiplying DNA-P by 10.1. The calculated value
of DNA content per cell consisted with the data of some investigators. 3

The concentration of ribonucleic acid in bone marrow, expressed as ug. RNA-P
per mg. dry weight varied within a limited range and no significant difference could
be observed between each weekly value (Fig. 4).

The RNA-P content per cell in intoxicated animals showed an increase at the
end of the first week, and reached its peak at the tenth day, thereafter it tended
to decrease slightly but all of the values remained at relatively high level through-
out the experimental period in comparison with the control one (Fig. 5).

As shown in Fig. 6, ervthrocytes were not affected.

The alterations of values for the different types of leucocytes in the poisoned
and normal animals are given in Table 2.

In this table the relative lymphopenia is noted in animals injected with daily
one ml. of henzene.

Table 2. Effect of benzene on relative values for leukocyte counts in rats

weeks Atcllcl;nnm\;s]ttl]‘la Neutrophils | Eosinophils | Basophils Li];lg;o' Monocytes
Pretreat- ‘

ment none 32.0 3.0 1.0 61.0 4.0
L benzene 42.0 1.5 2.0 51.5 3.0
oil 4.5 3.0 0.5 59.0 3.0
o benzene 54.5 1.0 0.5 40.0 4.0
- oil 28.0 0 0.5 69.5 2.0
g henzene 50.5 1.5 0 45.0 3.0
oil 24.5 3.5 0.5 69.5 - 2.0
4 benzene 59.0 1.0 0 35.0 5.0
oil 22.0 1.0 0 72.0 5.0
5 henzene 60.0 1.5 0.5 37.0 1.0
oil 18.0 3.5 0.5 75.0 3.0

MORPHOLOGICAL OBSERVATION ON THE BONE MARROW

In every control animals, the bone marrow of the hind legs showed rather uni-
form appearance in nacked eye observations, and this fact corresponded with the
above described data that the number of total nucleated celles showed comparatively
little variation. On histological examination the majority of the femoral marrow
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were red cellular. Mixed marrow were rarely found only in a few tibia, and there
was no animal with total fat marrow.

It has been considered that, there was no essential difference in cellular com-
position of the marrow in every bone of rats,? % when their colonies were supplied
from a definite source and from a definite age group. Neverthless, inidvidual values
in differential count submitted by several authors showed in fact extremely wide
variety. »® Reasons for these curious descrepancics seemed to be partiy explained
from the results obtained by Harris et al.,'® who pointed out that the cellular com-
position of the rat bone marrow undergoes two significant changes during the first
year of their life.

Taking these peoints into consideration, our observations on differential count
were made chiefly on painted preparations from the femoral marrow, and the re-
stlts obtained on the control animals showed considerable similarity to those of 8
to 10 weeks of age found in the description of Harris et al.. A only little difference
was comparatively low value in percentage of the so-called undifferentiated reticulum
cells in our experimental animals.

During the first week of daily administration of benzene, there was difinite
decrease in number of the nucleated cells in the femoral marrow as described above,
and histological observations in this stage revealed that cellular density became
somewhat loose, especially in the area around the blood space. Slight hemorrhage
was sometimes associated: however, essential structure of the hone marrow appear-
ed to he preserved, even in the animals of higher dose group.

Definite decrease in number of normal erythroblasts, especially of orthochroma-
tic ones, was one of characteristic feature in this stage, and about one half of the
cells of erythroblastic series showed apparent abnormalities. They were somewhat
larger in size than the usual ones and were predominated by meore abundant kaso-
philic cytoplasm and by hyperchromatic nuclei with densely arranged network of
chromatin. On the other hand, proerythroblasts showed definite increase even in
calculated actual number, and more cr less apparent abnormalities were evident al-
most in majority of these cells.

Concerning the leucopoetic series, there was slight relative increase in diiferenti-
al count, though calculated actual number diminished to almost one half of the
control value. This relative increase in differential count of total leucocytes was
chiefly due to the relative rise in count of myelocytes and in those of mature po-
lymorphnuclear leucoytes including segmented and as well as ring shaped nuclei.
These polymorphnuclear leucocytes frequently showed their winkled or pycnotic nu-
clei, and sometimes contained basophilic granules resembling toxic granulation in
their cytoplasm. . Relative percentages of the myeloblasts and of the stab cells were
not yet significantly altered in this stage. FEosinophilic leucocytes and megakaryo-
cytes appeared to show no essential abnormalities in their distribution and in mor-
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phological features.

Another prominent change in this stage was a significant increase in number
of nuclear division in variable stage of mitosis. The most high value in mitotic
index was observed at the end of the first week and it reached almest ten times
or more to the average value of 0.35 per cents of all nucleated cells in the control
animals. Moreover, a large number of these mitotic figures showed apparent ab-
normalities, especially in the appearance of their chromosomes. The pattern of the
chromosomes in the metaphase were frequently irregular and indistinct in their
shape, and their arrangement also appeared to be disorganized. There were rather
frequent pictures of delayed or disturbed refusion of the chromosomes in two ad-
juscent daughter cells, in which their cytoplasmic structure obviously recovered from
cellular division. These abnormalities in mitotic division were noted more frequent-
ly in the cells of erythroblastic series, and they were also evident in the leucopoetic
cells especially in the proliferated myelocytes. QOccasional karyolexis or framenta-
tion of the nuclei were appeared to be drived rather from the cells in damaged mi-
tosis than from the cells in resting cells in maturation. And comparatively slight
signe of degeneration in hematopoetic cells seemed to he notewarthy.

During a week after the onset of the treatment, morphological changes in the
bone marrow of the rats treated with daily administration of 2 ml. of benzene, were
almost similar to those received 1 ml daily. And so far as this stage was con-
cerned, the differences in severity of the lesions were not so remarkable between
these two series.

From the szcond week, signs of regeneraticn took place evidently in the damag-
ed bone marrow in most of the animals of 1 ml. group. Generally said, just from
this stage, corresponding to gradual recovery of total nucleated cell number of the
bone marrow, a gradual tendency to return to usual level was observed also in
differential count. And some of the animals sacrificed after four or five weeks
revealed nearly normal values in their differential count. In these animals, how-
ever, slight predominace in myelocyles and still somewhat reduced value in mature
neutrophilic leucocytes might suggest that, these bone marrow received preceeded
damage. Moreover, abnormal erythroblasts and somewhat higher mitotic rate were
also definitely recongnized. It seemed to be noteworthy that, changes in erythro-
blastic series and in mitosis persisted even after five weeks, though nearly complete
recovery was already established.

On the other hand, the bone marrow after the second week showed censiderably
wide variety in their morphological changes, which was possibly determined by
severity of the initial damage and by the degree and tendency of the succeeded re-
generation. Some animals sacrificed after three or four weeks showed rather pre-
dominated value in differential count of the erythroblastic cells which were com-
posed principally of usual erythroblasts and several per cents of abnormal ones.

7
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General view of the femoral bone marrow taken from a rat received daily one ml. of
benzene for a week. (paraffin section, H.E. stain, lower magnification)

Hypoplasia of the femoral -marrow produced by three weeks duration of daily injection
of two ml. of benzene. (paraffin section, Giemsa stain, higher magnification)

A large erythroblatic cell (1} with abundant basophilic cytoplasm. The other three (2)
are also larger in size as compared to usual normoblast (3). From the painted prepa-
ration of the femoral marroew after a week. (Giemsa stain, oil immersion)

A small undifferentiated mesenchymal cell {1) and a plasma cell in the painted pre-
paration from a femoral marrow after three week. A larger erythroblast (2) is also

present. (Giemsa stain, oil immersion)
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Fig. 5. to Fig. 8. Variable pictures of mitotic divisions with apparently damaged chromosomal
structures. Note the bridge formation and chromsomal abberation in later metaphase.

From the painted preparations in variable stages. (Glemsa stain, oil immersion)
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Some animals revealed considerable predominance in leucopoetic series especialiy in
myeloblasts and in myelocytes. Moreover, a few animals after three weeks showed
considerably advanced reduction in number of erythroblastic cells with relatively
preserved leucopoetic series; however, the damaged picture as a whole showed some
resemblance to those which usually found in the 2 ml. group described later.

These varieties in the response of hone marrow to the initial damage and the
following regeneration, might be regarded as an expression of so-called “individuality”
in each amimal, but as discussed later, actual basis of such “individuality” might
not necesarily be considered only in relation with the difference in sensitivity of the
marrow cells to any noxious agent. At any rate, it seemed to be noteworthy that,
these varieties in tissue response in the 1 ml. group became more apparent from
the second week, when reactive regeneration took place more evidently just under
the influence of still continued administration of benzene.

And just from this stage, from the second week, difference in the features of
damage hetween two groups treated with different dose of the benzene hecame
definitely apparent. When daily administration of 2 ml. of benzene continued over
two weeks, total nucleated cell count of the bone marrow showed more or less
significant reduction in all of the animals, and finally almost complete destruction
of the hematopoetic cells were resulted in some of the apnimals at the end of the
third week. In such instances, total nucleated cells decreased to nearly one twen-
tieth of those of control animals, and the hematopoetic cells were extremely scanty
also in histological sections. Small islets of remained hematopoetic cells were spar-
sely distributed in the edematous and gelatinous stroma with only minimal signs of
fibrotic tendency. Any remarkable regeneration was hardly recongnized. Rather
scanty cellualr elements in painted preparations were chiefly composed of unusual
erythroblastic cells and of remaining leucopoetic cells in small number. Some smaller
cells resembling to undifferentiated reticulum cells were alse found. Plasma cells
were also present in small number. Significant decrease in number of myelocytes
and as well as that of more matured neutrophilic lencocytes were evident. Eosino-
philic leucocytes and megakaryoctes were also severely damaged, but the latter ap-
peared to he still preserved to some degree. Mitotic rate was still higher than that
of control and all of mitotic figures appeared to be affected.

From the above described morphological findings, it is concluded that daily ad-
ministration of the benzene in sufficient amount may cause progressive destruction
of the haematopoetic tissue in the hone marrow, as seen in several foregoing des-
criptions!®-1% on experimental benzene poisoning. ‘The result of this destruction
was most clearly revealed as the significant decrease in number of total nucleated
cells especially in the animals of 2 ml series. In this series, however, the sever-
ity of affection made the difference in features of damage among the different cell
series hardly discernible. On the other hand, it seemed highly interesting to note
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that, in the group treated with somewhat lower dose of the benzene, some differ-
ences in the features of the damge were observed between two main series of he-
matopoesis, in the bone marrow. In the erythropoetic cells, the most predominant
change in early stage was the appearance of numerous abnormal erythroblasts and
of more immature “proerythroblasts”. And it seemed to be noteworthy that these
abnormalities in erythroblastic cells remained definitely at least to the end of the
fifth week though the grade was not so marked as seen in the first week. On the
the other hand, in the leucopeetic series, evidence of any destructive cr alterative
changes were not so prominent in the immature cells, and the course of their ma-
turity appearred not to be so severely affected so far as morphological observations
concerned. Only in the matured polymorphnuclear leucocytes, some signs of nuclear
damege were discernible from the early stage of the experiment. From these re-
sults, it might be suggested that, if administered dose of benzene was not so high,
its destructive effects found in resting cells were not so severe except for in mature
neutrophilic leucocytes. This suspicion seemed to be supported by the fact that ne-
crosis or degeneration of the haematopoetic cells were only rare findings and a few
pictures of karyolexis were appeared to be drived from the destruction in mitotic
stage. Thus, if these direct injury in the haematopoetic cells were not severe
enough to explain completely the definite and rapid fall in number of total nucleat-
ed cells during the initial stage, it might be assumed more likely that significant
increase in mitotic rate associated with a numbers of abnormal mitotic figures
might be an important finding. The benzene and its derivatives have been re-
congnized as mitotic poisons, ! and some authors pointed out an increased mitotic
rate in some visceral organs in experimental benzene poiscning. In our experimental
study, significant increase in mitotic rate in the bone marrow may be partly ex-
plained as an expression of the just succeeding regeneration; however, frequent oc-
currence of abnormal mitotic figures were highly suggestive of injurous effect of
benzene or its derivatives upon the mitotic division. Possibilities were not excluded
that some latent injury endured in resting stage became apparent at the time of
mitosis. From these considerations, it seemed more likely to assume that the rapid
initial destruction of hematopotic cells in the bone marrow with only slight signs
of cellular degeneration might be chiefly explained by the mitotic disturbance rather
than direct cellular injury.

Results from the observations on the bone marrow other than the femur and on
the systemic visceral organs will be given in succeeding report in preparation.

DISCUSSIONS

A rapid fall occured in body weight in almest all animals treated with benzene.
The decrease of body weight stopped at a certain level seven to ten days after the
beginning of the treatment in animals with daily one mil. of benzene and two weeks

11
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after in those with two ml. of benzene. The level of former remained higher than
the latter. The fluctuation of body weight corresponded with that of total nucleat-
ed cell count in bone marrow and of peripheral leucocytes number. When observed
separately, the fluctuations of body weight differed according to animals, but, when
animals are observed as a whole the body weight showed above mentioned tendency.
In animals injected with one ml. of benzene, a few of them showed little decrease
or even slight gain in body weight irrespective of the administration continued.
Any decrease in total nucleated cell count in bone marrow was scarcely noticed in
these animals. Some of these animals showed a normal level in peripheral white
cell number, while in others, sharp decrease was noted in leucocytes number. The
individuality inherent in each animal may be responsible for these unusual cases.

As the sensitivity of the marrow cells to the noxious agent may be regarded to
be insufficient to elucidate individual variety in bone marrow, the capacity of de-
toxication in liver may be taken into consideration.

In animals given one ml. of benzene, the number of leucocytes attained to the
minimum on 14th day, while the nucleated cell count on 10th day. The discrepancy
obszrved in the measurement to attain the minimum values may be explained from
the brief span of neutrophilic leucocytes and the disturbance of supplement of the
mature cells of myeloid series from the bone marrow inte blood. The minimum
value of leucocytes number were one-third or one-fourth of normal value, while that
of nucleated cell count in bone marrow were only about a half of normal value.

This numerical difference may be related to the destructive action of benzene
or its derivatives upon matured polymorphonuclear leucocytes in bone marrow and
presumahly also in the circulating blood.

Suspected loss of capacity of these damaged neutrophiles to emigrate into the
blood stream, might be aiso one of probable explanations for such too rapid initial
fall and for relative predominance in differential count in bone marrow of these
neutrophilic leucocytes.

It seems to be odd that no evident decrease was observed in peripheral red
blood cell count throughout the experimental period. The stationary erythrocyte
count may be surmised to be concerned with the life span of rat red blood cell,
which has been estimated'® in a range of 49-55 days, and with the duration of the
experiment. The present experiment continued through only 35 days. Therefore,
the long life span of erythrocyte may be responsible for little fluctuation of erythro-
cytes number. On the other hand, abnormal erythroblasts and proerythroblasts
were clearly shown in erythroblastic series in bone marrow throughout the experi-
mental period. It may be noteworthy that the appearance and persistency of such
morphological abnormalities in erythroblastic series corresponded rather well with
those of abnormal pattern in erythrophoresis of hemoglobin described in the third
report in this bulletin. 19
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In the animals administered daily one ml. of henzene, a rapid fall was observ-
ed in the total nucleated cell count in bone marrow and leucocyvtes number in peri-
pherial blood, but they tended to recover shortly thereafter, and myelogram showed
that the reactive regeneration took place evidently from the third week. On the
other hand, in animals administered daily two ml. of benzene, any tendency toward
recovery was hardly recognized in nucleated cell count, leucocyte number as well
as in morphological observations.

The difference between two recovery process may by explained from the pre-
sumption that daily one ml. of benzene administration was insufficient to interfer
completely the reactive regeneration following the primary damage in the bone
marrow.

A definite and rapid fall in numbers of total nucleated cell of the bone marrow
during first week was not completely explained only from the morphological changes
in the hematopoietic cells.

In this connexion one must pay attention to the definite increase in mitotic rate
associated with numbers of abnormal mitctic figures. A significant increase in
mitotic rate may be partly explained as an expression of the succeeding regenera-
tion; however, frequent occurence of abnormal mitotic figures were highly sugges-
tive of injurous effect of benzene or its derivatives upon the mitotic division.

From thesz considerations, it seemed more likely to assume that the rapid ini-
tial decrease in number of hematopoietic cells in the bone marrow, accompanied
with only slight of cellular degeneration might be explained from the action of ben-
zene as the mitotic inhibitor rather than as a direct cellular noxious agent.

The fluctuation of DNA-P content per dry weight of tissue in bone marrow run
parallel with that of total nucleated cell count, while DNA-P content per bone mar-
row cell underwent a slight change following administration of benzene. From
these facts fluctuation of DNA content may be presumed partly from the change of
total nucleated cell count in hone marrow.

In regard to relative proportions for leucocyte count in peripheral blood, it was
proven that a relative lymphopenia occured following benzene administration, and
this fact consisted with the result of Latta et al.’® From a consideration of this
result, it may be reasonable to give attenticn to the changes of lymphatic tissue
as well as that of myeloid tissue in acute benzene poisoning.

SUMMARY AND CONCLUSION

Male, albino rats weighing 150-200 gm. were administered daily with one ml
per kilogram of body weight of benzene for five weeks and two ml. for three weeks
respctively. A rapid fall was observed in body weight, in leucocytes count in peri-
pheral blood, in femoral marrow nucleated cell count and in DNA-P content per
dry weight of bone marrow during the first ten days of daily injection of henzene.

13
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In the one ml. series, thereafter, these values tended to recover, neverthless, they
maintained low level in comparison with those of control animals. Morphological
observations revealed that the reduction in number of the hone marrow cells was
chiefly due to that of erythroblastic cells and that of the cells of neutrophilic leu-
cocytes, while eosinophilic leucocytes and megakaryocytes appeared to be relatively
preserved in this dose of benzene. Abnormalities in the features of erythroblastic
cells and significantly increased mitotic rate were noticed, and persistency of these
changes even after proceeded regeneration were pointed out.

Rats given daily with two ml of benzene underwent more marked changes and
any signs towards recovery was hardly recognized throughout the whole course of
the observation. And after three weeks, some animals showed nearly aplastic bone
marrow.

Erythrocytes count in peripheral blood and RNA-P content per dry weight of
the bone marrow were not significantly affected.

It was also suggested that mitotic disturbance due to the action of benzene or
its derivatives might be a most important factor to cause primary reduction in
number of marrow cells especially in early stage of experimental poisoning.
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EXPERIMENTAL STUDIES ON BENZENE POISONING

2. EFFECT OF BENZENE ON THE CATALASE
ACTIVITY IN BLOOD

Hiromichi HASEGAWA and Mitsuo SATO

Many reports have been issued on the changes of blocd and blood forming orga-
ns in henzene poisoning, but none of which has refered to the interaction hetween a
certain substance such as a protein or an enzyme and toxic substance in blood caused
by benzene injection. It has been assumed that the metabolites of henzene such as
phenol, catechol or hydroquinone might cause benzene poisoning, hut no experimental
fact to prove this assumption has heen yet obssrved except the reports that phenols
were very effective as mitotic poison®.

We took up the problem of catalase as a part of studies of benzene poisoning
by the following reasons:

a) Many investigators, especially Williams et al»®, have clarified the meta-
bolic pathway of benzene in which benzene was oxidized into catechol, hydroquinone
and hydroxyhydroquinone through phenol.

b) Catalase reaction is inhibited with phenols which combine with imidazol
radicals of catalase-protein® 567,

¢} Hirokawa® reported that sexual difference exerted a serious influence upon
the appearance of benzene poisoning.

d) Adams®!® and Begg'-'® have found the possibility of an interrelationship
between catalase and sexual hormaones.

e) The measurement of catalase reaction is very easy.

But regretfully the physiological action of catalase is still obscurel®»it1, The
authors have undertaken an experiment expecting the phenolic substance was respon-
sible for the inhibiticn of blood catalase activity, bul in studyving benzene poisoning
in rat a new non-phenolic substance was found and this substance was just an agent
which could induce the suppression of blood catalase action. The present paper deals
with the change of blood catalase activity as well as the extraction of poisonous
substance due to benzene poisoning.

METHOD

Enzyme solution was prepared by adding Z2ml. of distilled water to 0.Iml of
heparinized blood drawn from heart of rat. In general, the action of various poi-
sons upon the catalase reaction has two distinct phases which are called ““4nitial”
and “final” state of the inhibition.

In the present experiment, the catalase activity was measured in the “final”
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state abolishing totally the phenomena of initial state by previous treatment of
catalasz with a small quantity of H,0.,. And the following mixture was used; 28 ml

of distilled water, 2ml of pH 6.8 phosphate buffer solution (gltlj(')mM in final expe-

rimental solution), 2ml of enzyme solution, 2ml. of H.O, solution (ﬁM in
' 1

final) and 4ml of HyO, (T(WM in final). To 32ml. of bufferd catalase solution

was added 2.0ml of H,O. solution (pretreatment). After Smin., 4.0ml of HaOs
was introduced to it and the course of .0, decomposition was followed by titration
pipeting out 5ml. from the reaction mixture into conc. HySO, solution.

The log [HeQ.]-t-curve became linear showing the constant inclination which
was regarded as corespoding to the “final” state. We prescribed expediently that
the enzyme solution had the activity of 1009% when it decomposed 1.3x10-* M of
H.0. per second. All experiments were carried out at 0° to avoid the denaturation
of catalase by H.Os.

ResuLTS
The activity of blood catalase in rat injected with benzene.

Following daily injection of 1ml or 2ml of henzene per kg of body weight hiood
catalase showed approximately 60—809 activity of that in control rat at the seventh day
(Fig. 1), but it recovered to the normal level, 100%, at the tenth day regardless of
the amount of benzene and maintained the same level until the fourteenth day.

After three weeks, the sharp decline of catalase activity was noted, particu-
larly in the case of 2ml of benzene injection. The cause of the recovery in the
second week and rapid decline of activity thereafter remained still obscure.

The decrease of body weight had little influence on catalase activity, because
1009% activity was obtained in rat of which body weight was decreased by food
reduction as same extent as that of rat injected with benzene.

The effect of pretreatment of a small quantity of HsOs upon catalase activity.

In above experiments the authors pretreated the catalase solution with a small

quantity of HaO. ( M in final concentration), and the log [H.O.3-t-curve be-

1
2000
came linear in both normal and henzene injected rats.

To clarify the nature of the catalase reaction in the absence of pretreatment,
further experiments were carried out. To a buffered catalase sclution (30 ml. of

distilled water, 4ml of buffer solution and 2ml. of enzyme solution) 4 ml of

1

H:O; (—100
were shown in Fig. 2.

In a normal rat, the log [H:0O:J)-t-curve became linear, but on the contrary in

M in final) was added to start the catalase reaction and the resulis
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Table 1. Relative catalase activity in blood of rat injected with benzene

a) Daily injection of 1ml. of henzene per I kg of hody weight

Duration of Animal Catalase Duration of Animal Catalase
treatment No. activity treatment No. activity
(days) (%) {days) (%)
4. Normal 31 100 4, Benzene 4 100
1 100 34 74

7, Normal 16 100 24 100
43 100 7, Benzene 17 a7

47 95 26 67

10, Normal 19 110 42 79
18 104 10, Benzene 46 102

14, Normal 5 100 49 90
9 92 10 90

22 102 14, Benzene 6 99

28 100 13 110

21, Normal 33 100 20 99
8 100 29 100

25 100 31 100

26 100 32 100

28, Normal 14 115 21, Benzene 12 G0
35 100 32 55

29 109 21 65

2 101 33 55

4 103 34 70

35, Normal 2 100 35 44
7 100 36 56

38 100 28, Benzene 27 G4

12 96 44 68

38, Normal 23 100 30 50
36 100 5 70

a7 100 i 65

42, Normal 15 110 3 46
35, Benzene 11 70

15 80

16 40

17 42

20 7

21 42

38, Benzene 45 47

50 61

Tabel 1.

Duration of
treatment

(days)
3, Benzene

5, Benzene

7, Benzene

bb)

Daily injection of 2 ml.

Animal
No.

Catalase
activity

19

of benzene per 1kg of hody weight

Duration of
treatment
(days)

10, Benzene
13, Benzene
17, Benzene
20, Benzene

Animal
No.

Catalase
activity
%
100
91
100
100
65
60
27
37
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Fig. 1 Changus of catalase activity in blood of rat caused by the injection
of benzene.

Enzyme solution was prepared by adding 2ml. of water to 0.1 ml. of blood.
Following reaction mixture was used: 28 ml. of water, 2ml. of pll 6.8 phos-
phate buffer(-vl—bd M in final experimental solution}, 2ml. of enzyme solu-
. 1 , 1

tion, 2ml. of HEOE(Z_OOFM)’ and 4ml. of H,O; ( 100 M). When an enzyme

solution decomposed 1.3x10-¢ M of Hy0s per second in the reaction system
described above, it was defined that this enzyme solution had the activity of

1009%. (pH 6.8, 0°)
the rat injected with benzene, the reaction curve bended with time and finally run
parallel with that of the solution pretreated with a small quantity of H,O,.

Qgura et alv*»® explained the phenomena observed with or without pretreat-

ment that the mechanism of catalase action was composed of following three con-
secutive reactions

E+5SZES

ES+S525ES

SES—E+H:0+0,
where E was the free catalase molecule, S hydrogen peroxide, E intermediate
complex and SES a complex in which another molecule of HyQ; is bound reversibly
to ES. If a certain poison (G) is added to a catalase solution in the absence of
H.0;, the following reversible reaction occurs

E+GZEG (1

When H.0, is added to a system in which the equillibrivm between E and G had

been attained, all existing E will be changed into ES, because the reaction E+SZ
ES can take place almost instantaneously and the equillibrium attained is shifted
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log (HaO2) .

20 ) 40 60 30
Time {seconds)

Fig. 2 Tffect of pretreatment with a small quantity of 1-1202(—201T0M in final)

Curve 1: for a normal rat with and without pretreatment. In normal rat,
the effect of pretreatment was not observed.

Curve 2: for a rat (Ne. 17) injected with hbenzene for 5 weeks without
pretreatment.

Curve 3: for a rat (No. 17) with pretreatment. After 5 minutes of the
pretreatment, catalase reaction was started with the addition of

—-l-é(rM in final) (bH 6.8, 0%)
extremely toward the right hand sige. The poison G will then commence to react
with ES in the following manner:
ES+GZESG (2)
In many experiments»®%> it has been shown that the dissociation constant of EG

1 1

100 ™ 1000 than that of ESG. From the result of the
experiment, it was assumed that a certain poisonous substance which could inhibit
catalase action appeared in blood of poisoned rat. In the absence of H.0., the

reaction (1) was established in equilibrium. When the reaction was started with

much quantity of H,0, (

was much smaller, about

the addition of HyOs, however, free catalase molecule E was changed instanta-
neously into ES entailing the destruction of the equillibrium {1), so the reaction (2)
would take place gradually.

Accordingly, the log [HyQ:]-t-curve would be bended with the lapse of reaction
time. As for the reaction system pretreated with a small amount of H,0. the
equillibrium (2) could take place hefore the catalass reaction had started, so the
log [H,04)-t-curve hecame linear showing the constant inclination which may be
regarded as corresponding to the “final” state.

The catalase activity in blood of poisoned animals showed approximately 40—60
9 of that of control animals, however the activity was recovered as far as nearly
100% by dialysis at 0° against streaming water for 60 hours. Therefore, the log
[HoOsJ-t-curve became linear even if the pretreatment of a small quantity of H.O.
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was omitted. From these facts, it might be assumed that catalase molecule reacted
reversibly with the poisonous substance in blood which got through out a small
hole of cellophane dialysing bag into the dialysed solution.

The reversibility of the reaction between catalase molecule and this poisonous
substance was clarified by the following experiment, too; that is, with the diluticn
of enzyme soluticn which was prepared according to the predescribed method some
decrease of the molar concentraticn of the poiscnous substance was expected in the
total reaction system. In fact, as shown in Fig. 3 the degree of inhibition of
catalase reaction was proved to be more smaller in the poisoned animals than that
of control animals.

ADr-

30r

(x10%)

20t

1 1 1]
1.0 20 3.0
Enzyvme concentratin in arbitrary unit

Molar conc. of Hz0z decomposed in second

Fig. 3 Relation between enzyme concentration and reaction velocity.
When 2 ml of water was added into 0.1 ml of blood, enzyme concentra-
tion was defined as unit 1.0. The reaction velocity was measured according
to the catalase reaction system described in the term of method.
Oeewemeenormal rat (No. 16)

FAXTRIEIES abnormal rat (No. 32) injected with benzene for 3 weeks daily.
In a normal rat the catalse activity corresponds to enzyme concentration
in a linear relationship, but in a rat injected with benzene it is not linear
and bends as enzyme concentration increases. This bending shows that
the interaction between catalase and the poisonous substance is reversible.
{pIl 6.8 0°)

Extraction of the poisonous substance from blood of rat injected with benzene.

To ascertain in which fraction the poisonous substance existed, blood of benzene
injected animals, which had merely 30—40% of the catalase activity, was fraction-
ated into the fraction of plasma and erythrocytes and each fraction was added to
the reaction system of the normal rat as follows:

a) Addition of the plasma moiety.

by Addition of the moiety of erythrocytes which was kept for 5 hours at 60°
to inactivate catalase contained in erythrocytes.

¢) Addition of the moiety of erythrocytes which was boiled in the hath for
2min. at 100° and was filtered off the precipitation.
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The inhibition of catalase reaction was not observed in either case of (a),
), (©.

Therefore, the butanol method!®, which had been employed as an effective
method in preparing many enzymes combined with lipid or lipoprotein, was adopted
to extract the poisonous substance from blood, but this attempt did not succeed.

Only with the following treatment, in which acetone was employed, a satisfac-
tory result was obtained in extracting the poisonous substance from blood. To 10
ml. of blood drawn from the poisoned rat was added 100ml. of distilled water
to destroy erythrocytes. To the mixture, 110 ml. of acetone was added at 0° and it
was kept at 0° overnight. The precipitation, in which catalase was contained, was
centrifuged off. Acetone contained in yellow supernatant was distilled off at 60°~
80°. Addition of this supernatant, in which the poisonous substance might be con-
tained, to the reaction system led to a marked inhibition of catalase reaction as
shown in Fig. 4.

05

Degree of inhibition

1 L 1

o 1 2
log Camount of poison{ml}]

Fig. 4 Inhibitiory effect of the poisonous substance extracted with acetone
from blood of rat injected with benzene.

Catalase solution was prepared from bleod of a normal rat and experiments

were carried out in final state. Total volume of reaction system was 20 ml:

2ml of phosphate buffer, 1ml of catalase solution, 1l4ml of water and poiso-

nous substance, 1 ml of H,0, (Tlﬂt)M)’ and 2ml of H.0: (ﬁl\’l)

(pH 6.8 0°)

The degree of inhibition H showed the sigmoid curve of the first crder which
was defined by
Ve __ [G]
14 $p+[(G)
where V and Vs denoted the apparent velocity constant of HyO. decomposition in

H=1-

the presence and absence of the supernatant contained the poison described above,
respectively, and [G] the concentration of the poison and ¢ a constant correspond-
ing to the concentration of poisonous substance which would cause 50% inhibition.
In Fig. 4, [G] or ¢ was shown in ml., hecause we could not as yet determined
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the property of the poison. Moreover, treating with acetone, the poison was veri-
fied hoth in plasma and in ervthrocytes. After adding three times of ethylether
to the acetone free supernatant and vibrating mechanically for 10 hours, the poison-
ous substance was removed completely into etheral laver. A small quantity of
water was added tc etheral layer and after ether was distilled off, the extremely
concentrated poisonous substance was remained in water.

The effects of some phenols upon crystalline catalase of equine liver.

If phenols, such as phencl, catechol or hydroquincne, which were verified by
many workers®® as metabolites of benzene, exist in blood as free form from the
cbnjugation with glucurenic or sulfuric acid, it may be presumed that the catalase
action is inhibited with phenols. Using crystalline catalase extracted from equine
liver according to the method of Shirakawa'™, the inhibitcry effects of phenols
upon catalase action were examined in the following reacticn system: 13ml. of

H.0, 2ml. of pH 6.8 phesphate buffer ( ~-M in final concentration),Zml. of cata-

1
100
lase solution {about 10-* M), lml of HsO, for pretreatment ( 201()TM)’ and 2ml

of HsOs ( l(l]OVVM) in 20 ml. of total volume. The decomposition of Hs0. at 0° was

followed by titration at different intervals (15, 230 and 45 seconds). The ¢p-value
corresponding to the concentration of poisonous substance caused 539% inhibition was
10-»9M for catechol, 10-+% for hydroginone, 10-+2 for resorcine and 10-%°M for
phenol as shown in Fig. 5, that is, the inhibitory effect of these phenols was in

1.0F

Degree of inhibition

] 1 L L 1 . I
5 5 4 3 2 1

—log (phenols] (M)

Fig. 5 Inhibitory effects of phenols upon crystalline catalase of equine liver,
Experiment was carried out in final state at pH 6.8 and 0°
Curve 1: for phenol
2: for resorcine
3: for hydroquinone
4: for catechol

the order
catechol > hydrogquinone > resorcine > phenol
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As shown in Fig. 5, only catechol showed a characteristic curve comparing with
phenol or hydroginone and the order n which was defined by the equation
Ve _  [G)

=1—-—) = —
H vV T gre (e
was n= —é— for catechol
but n=1 for phenol, resorcine and hydroquinone.

DiISCUSSION

This report forms a part of the investigation on experimental bhenzene poisoning
in rat, and takes up a change of blood ingredients, which is regarded as important
subjects for the understanding of the nature of henzene poisoning. In spite of no
notable change could he observed in the erythrocytes number and the concentration
of hemoglobin in the poisoned animals, the level of catalase activity in blood drop-
ped till 30—509% of that of control animals.

This resuit may afford a better understanding of a fact that the catalase acti-
vity in blood reflect sensitively the severity of henzene poiscning and submit a sure
method to diagnose benzene poiscning in an initial stage. The authors succeeded
in extraction of the poisonous substance from blood in rat suffering henzene poison-
ing, but the nature of poiscn is still obscure.

In 1945, Baernstein!® reported that after the injection of 2 ml. of henzene daily
into rabbit, phenols such as phenol, catechol or hydroquinone were excreated into
urine as conjugated form with glucuronic or sulfuric acid and the maximum level
was attained at the ninth day. It may be possible to assume that if free phenols,
namely in an unconjugated form, appear in blood, it will cause the decrease of
catalase activity. On this assumption, the inhibitory effect of phenols upon equine
liver catalase was examined as described above. When the catalase activity of rat
injected with benzene show 509, the amount of poisonous substance contained in
Iml of blood must be calculated 37.6 mg as phenol exclusive of other phenols,
because the ¢-value is 10-*°M for phenol, and 1.21 mg as hydroquinone and 0.44
mg as catechol, respectively. However, the existence of so much phenols in free
form in living body is not conceivable.

Moreover, adding 20 ml. of poisonous substance extracted with acetone to the
reaction system (total volume 40ml.) and if the catalase reaction is inhibited 509,
the water solution concentrated into 1ml. by the treatment of ether has to contain
1.8 mg as phenol, 0.6mg as hydroquinone and 0.22mg as catechol. If so much
amount of phenols exist in the solution, the search of phenols may be easy by the
method of diazo reaction or absorption spectrum in ultra-violet region or raper
chromatography, but phenols could not be proved in any method.

On the other hand, it was defined enzymatically that the poiscnous substance
was not phenols. Acting crude peroxidase extracted from garden radish by Morita
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and Kondos®method upon the poisonous substance in the presence of 10-*M of
H.Q, for 30 minutes at 20° and the solution was boiled for 2 minutes at 100°. After
centrifuging off the precipitations, the supernatant solution was added to the cata-
lase reaction system. If phenols exist in the supernatant, it will be oxidized to the
other by peroxidase. Therefore, the inhibitory effect of the poison upon catalase
reaction will be changed by the treatment of peroxidass. But their effect was the
same.

In consideration of these facts, it will be regarded as appropriate that the poison-
ous substance is noi phenols. Finally, we must call the attention to the point that
all measurements of catalase activity being shown in Fig.1 are carried out at 0° in
the reaction system (40ml of total volume) in which 0.1ml of blood is contained.
In living body, the catalase reaction in blood is carried out at 37° and the concent-
ration of the poisonous substance in blood is 400 times of that in the above reaction
system. In general the $-value increases as temperature increases. QOgura et al
showed that in phenols the ¢-value at 37° was greater about 10%% M than that at
0°. Supposing that the effect of temperature on the combination of catalase and
poisonous substance is simifar to that of catalase and phenols, and catalase activity
in ahove reaction system drops to 509%, the catalase action in blood of living body
will be inhibited entirely. The catalase activity in living body calculated on the
assumption described above is shown in Fig. 6.

Catalase activity (%)

Days

Fig. 6 Catalase activity in bloed of living hody.
Curve 1 was reprinted from Fig. 1.
Curve 2 shows the catalase activity in blood of living body which is calcu-
lated from Curve 1. The bases of the calculation are as follows.
1) The inhibition curve of the poison upon catalase action was the sigmoid
of the first order. 2} The combination of catalase and the poison was re-
versible. 3) In Curve 1, 0.1ml. of blood is contained in 40 mli. of reaction
mixture. Therfore the concentration of poison in blood of living body must
be 400 times of that in the above reaction mixture.
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CATALASE ACTIVITY IN BLOOD

SUMMARY
Injecting 1 or 2ml. of benzene per 1kg of body weight daily for 4-5 weeks,
catalse activity in rat blood lowered considerably, but the actvity in normal rat
remained at normal level, 100-=5%,.
The decrease of catalase activity ascribed to the poisonous substance appeared in
blood and the total quantity of catalase in blood was equal to that of a normal rat.
This poisonous subtance was not extracted with boiling or butanol, but with
acctone. This poison was concentrated into a small quantity of water by the
treatment of ether.
The inhibitory effect of phenols upon catalase prepared from equine liver was
examined, and the order of inhibitory effect was as follows

catechol - hydroquinone:-resorcine > phenol

In consideration of many facts it was defined that the poisonous substance did
not belong to phenols.
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STUDIES ON THE PATHOGENESIS OF SILICOSIS

EFFECT OF SILICA DUSTS ON THE PHAGOCYTIC CELLS IN VITRO
Kimiko KOSHI, Kiyoyuki KAWAI and Hiroyuki SAKARBE

In the previous paper it was found that the endogenous respiration of the liver
homogenate of rat and succinoxidase activity of liver homogenate or mitochondria
was not inhibited by any kind of silicic acid such as quartz solution containing
moncsilicic acid and colloidal silicic acid of various proportion released from quartz
particles, > amorphous colloidal silicic acid® and quartz powder»® specificically.

It is still obscure what property of quartz plays an important role in the process
of silicotic nodule formation, but, dust laden histiocytes are seen frequently in
histogical szctions of the lung or peritoneum exposed to dust.

Therefore, in the present paper we have studied whether the injury of cell was
caused by phagocytosis of dust. Marks®# examined already the influence of various
silica particles on the intraperitoneal monocyte of guinea pigs in vitro and demon-
strated the toxicity of silica particles and silicic acid® on it.

It is well known that nodules are found on the omentum when the free silica
particles are introduced into the peritoneal cavily of rats or guinea pigs. But, the
type of tissue reaction against silica particles is different according to the species of
the experimental animal.® Namely, the nodule in rats is composed of collagen fiber,
but in guinea pigs fibers are seen only in the peripheral zone of the nodule in the
very early stage.

We have studied the toxicity of silica particles on the intraperitoneal monocytes
of rats by endogenous respiration, counting of cell number and morphological change.

ExrERIMENTAL METHOD

Male rats of Wister strain, weighing 150 to 350 gr. were used as experimental
animals.

CELLS:

Exudates were induced in rats by intraperitoneal injection of 4 ml of sterile
Tyrode's solution containing 0.01 per cent glycogen. After injection the exudate
cells were collected by glass capillaly stricked into peritoneal cavity and differential
cell counts were made daily. The counting results were shown in table 1. In this
study the exudates obtained 2 days after injection were used, because the proportion
of monocytes was usually over 70 per cent and the cells were fresh.

The exudates were washed out with sterile Tyrode’s solution containing 12 units
of heparin per ml., and the exudates from several animals were pooled for an
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experiment. The cells were freed from this heparinized solution by centrifugation at
1,000 r.p.m. for § minuites and washed twice with sterile Tyrode's solution and
then were suspended in the culture medium, The cells were maintained in the cold
(0-4 °C.) after removal from the animals.
Table 1. Number of intraperitoneal monocyte after injection on
Tyrede’s solution containing 0.01 per cent glycogen.

Days Mean number of Root square of
after injection monocyte unbiased variance
X u
o 79.1 1.04
0.25 44.8 6.23
1 67.1 - 3.07
2 71.5 2.27
3 73.1 3.11
4 76.1 2.50
5 76.2 11.79

Cell component of 2 days after injection

X u u/x
Monocyte 71.5 2.27 0.032
Polymorph
Nencleus 20,3 2.41 0.118
Mast cell 2.4 0.48 0.200
Neucleus -
TRest 5.9 0.72 0.122

CULTURE CHAMBERS:

As culture chambers Warburg fiasks were used for measuring oxygen upiake
and for counting cell number, and the sguare glass tube with 10 mi. of capacity
were used for examination of morphelogical change:

MEDIUM:

Culture medium was prepared aseptically from Tyrode's solution of 70 per cent
and rat serum of 30 per cent. Streptomycin and penicillin were added to the medium
at final concentration of 50 g, and 50 units per ml. respectively.

DUSTS:

Quartz; Glass sand having 99.8 per cent purity, and showing the quartz pattern
hy X-ray diffraction was used. The quartz dust was prepared in the size range
from 0.5 to 1.5 & by repeated sedimentation and centrifugation in distilled water.
Particle size was measured by eleciron microscopie.

Tridymite; Quartz powder was mixed with same amounts of sodium tungstate
and the mixture was calcined for 2 hrs. at 1200°C. After calcination, sodium tung-
state was removed by Soxlet apparatus. The formation of tridymite was confirmed
by X-ray diffraction. Tridymite dust was prepared under the size of 3 .

Titanium dioxide; TiO, was purchased from Takeda Co. in Japan. TiO,
particles of 0.5 to 1.5 u size were preparad by the above mentioned method.
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Fach dust placed in the Elenmyer flasks with 5 ml of capacity was sterilized
in the dry oven at 160°C for one hour and then sterile Tyrode’s solution was added.
Aggregates of dust particles in this suspension were dispersed by sterilized magnetic
stirrer.

CULTURE PROCEDURE AND ESTIMATION OF CELL ACTIVITY:

Measurement of oxygen consumption:

Cultures of 5 million cells in one ml. of medium were made in Warburg flasks
covered with rubber cap and incubated for 24, 48 and 72 hrs. in the incubator at
37°C. Culture medium was not renewed through an experimental period. After
incubation, the centre wells were charged with 0.1 ml of 20 per cent KOH and
then flasks were fitted to manometers. Oxgen uptake at 37°C. was recorded for 2
hrs., and in the several cases for 6 or 10 hrs. The flasks used in assay were 5.85
to 6.0 ml. in capacity. Vessel constants were about 0.4 in the case of KG..
Counting of cell number :

The culture procedure was the same as the above mentioned. In order to free
the cells adhered to the surface of glass, the cultures were mixed by pipetting.
The cells in the suspension were counted in a hemocytometer.

Moerphological examination:

A small pieces of cover glass was placed in the square tube and then one ml.
of medium containing 5 million cells introduced into the tube. After incubation at
37°C for 24, 48 and 72 hrs., cover glass on which cells adhered was taken out from
each culture tube. And then the cells on the glass plate were fixed with methanol
and stained with Giemsa solution.

EXPERIMENTAL RESULTS

The toxicities of various silica and TiQ, were estimated by measurement of
oxgen uptake, counting of cell number and observation of morphological change.
Change of cell number:

The cell number of each culture tube to which each dust of 50, 200, 1,000 and
3,000y was added was estimated after incubation of 24, 48 and 72 hrs. The data
were summerized in fig, 1.

The cell number in cultures added each dust was compared with 95 per cent
confidence limit of cell number in control cultures. As seen in fig. 1, the cell
number of culture incubated with 1 mg. of tridymite or quartz for 24, 48 and 72 hrs.
were outside the extent of 95 per cenmt confidence limit of control cultures.
However, the cell numbers of cultures which incubated with 50 and 200 « of quartz,
tridymite or TiO; for 24, 48 and 72 hrs. were inside the extent of 95 per cent con-
fidence limit of control cultures.

1 mg. and 3 mg. of TiO, added into the cultures had no effect on the cell num-
bers of cultures.
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Fig. 1. Mean Cell Number after Phagocytosis of Various Dust.

In the cultures. incubated with 50 o of tridymite, quartz or TiO; for 48 hrs.,
about 75 per cent of the cells ingested each dust respectively. The half of these
dust laden cells phagocytosed less than ten particles and 3 per cent of cells had been
satiated with dust particles.

In the cultures added 200  of test dust, dust laden cells were found in about
85 per cent and 9 per cent of these cells had been satiated with dust.

By addition of 1 mg of each dust, about 90 per cent of the cells phagocytosed
the dust and 30 per cent of these cells were satiated with dust.

In the group added 3 mg of dust, about 95 per cent of the cells phagocytosed

Tabl. 2 Number of phagocytic cells after culture for 48 hr.

Img

Number 50 200 y 1mg
of
h t‘ - . LT _ . . . . [t —
P at%ﬁgty e Quartz ’l;ll;lfgé’ TiO: | Quartz Tnllll(gg TiQ; | Quartz Tnﬁictlg Ti0: |Quartz L 1;111(‘23; Ti0,
>100 0 1 3 3 5 9 28 26 26 69 — 62
<100 17 17 20 29 23 27 34 a7 35 11 — 19
<10 58 57 40 51 52 40 21 29 29 13 — 11
0 25 25 27 15 20 24 7 8 10 7 — 8
Per cent of
phagocytic 75 75 73 85 80 76 93 92 90 93 - 92
cells
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the dust particles and about 70 per cent of these dust laden cells was full up with
dust.

The number of phagocytosed cells were shown in Tah. 2.

Photomicrograph of the cells phagocytosed each dust were shown in Figs. 2, 3

and 4.

Intrapemtoneal monocyte after cultivation ;
_Wlth 1 mg. of quartz for 48 hrs.

Fig. 3. 'Intraparitonéél"monocyte after Cultlv&tlon
with 1 mg. of trldymme for 48 hrs.

The abnormal merpholgical changes of dust Iaden cells were not observed.
Endogenous respiration of cultured cells:

The endogenous respiration-of the cultures incubated with 50 v and 200 & of
each dust for 24, 48 and 72 hrs. were compared with that of control group respe-
ctively.

No significant differencés were found between amounts of oxygen uptake of
dust added group and. control group.. . : :

1 mg of tridvmite or quartz had: 1nh1b1tory effect on the endogenous respiration
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Fig. 4. Intraperitoneal menocyte after cultivation
with 1 mg. of Ti0, for 48 hrs,

of culture which had been incubated with these dusts, but 1 mg of TiO, had no
effect.

In the cultures which were added 3 mg of tridymite, quartz and TiQ., the
former two inhibited the respiration, and the latter did not.
These were shown in Figs. 5, 6 and 7.

) 24 hr. 509
&
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o Guand)
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0
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- L | |
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Mt
Fig. 5. Time-rate Curves of Endogendus Respiration
of Intraperitoneal Monocyte.
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From these results, oxygen uptake per cell per hr. were calculated and shown
in Table 3. As seen in table 3, drop of oxygen uptake in cultures treated with
silica dust was not caused by decrease of cell number.

Table. 3 Amounts of oxygen uptake per cell per hr.

culture hr. 24 hrs. 48 hrs, 72 hirs.
50 y Quartz 3.80 3.10 +0.70 4.20 3.29 +0.91 13.35 10.91 +2.44
» Tridymite — — — 3.76 3.34 +0.42 — — —
# TiOy — — — 4,21 3.29 40,92 — — —
200 y Quartz 5.68 4.76 +0.92 5.36 4.74 +0.62 8.78 7.91 +0.87
» Tridymite — — — 4.70 4,74 ~0.04 — — —
v TiO, — — — 5.40 4.74 +0.66 —— — —
1 mg Quartz 3.07 4.03 —0.96 3.86 6.27 —-2.41 4.43 6.5 —-2.12
» Tridymite 2.89 4.03 -1.14 4.99 6.90 —1.91 7.70 6.55 +1.15
¢ TiO. 4,15 4.03 +0.12 7.00 6.90 +0.10 7.30 6.55 +1.25
3mg Quartz — — — 3.91 4.15 —-0.25 — — —
» Tridymite — — —_ 3.60 4.15 —0.50 — — —
»  Ti0y — — — 4.44 4.25 —-0.19 — — —

DiscuUssION

1) In the above experiment the most-important problem was that 50~ or
200 of quartz and tridymite had no effect on the culturad intraperitoneal mono-
cyte of rat. Namely, in spite of the dust laden cells were clearly observed in the
cultures, these cell activities were not different from that of control group sc far
as cell activity mesured by endogenous respiration and number of cells.

Recently Marks™ demonstrated that the endogenous. respiration of cultures
incubated with 1.25 wg. of tridymite per 10 monocytes of guinea pigs dropped to
the one-half of that of control culures.

Tridymite showed a significant difference of between our results and his. As
this reason, the difference of preparation method of tridymite and of the species
of animal might be assumed.

Futhermore, Marks® showed that there are differences between the toxic dosis
of Madagascar quartz and that of Belgian quartz, and he supposed that this
phenomena were caused by impurity of Belgian guartz. However, it is assumed also
that the difference of toxicity of quartz may be produced by some unknown physico-
chemical nature of quartz other than impurity.

On the differences of toxicity due to animal species, rats showed a stronger
fibrogenic potency to quartz than guinea pigs, as shown in previous papers. It
was observed that oxygen uptake of the'phagocytic cells slightly increased except
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the cases of adding silica over 1 mg. Sharra et al.® and Mudd et al.!® showed
that increased oxgen uptake during phagotytic activity has been demonstrated with

innert particles. . - : ‘ .
2y By-addition of lmg of tridymite or quartz to the cultures, the endogenous

respiration of these cultures showed one -half of that of control- culture.

1mg. of dust per 5 million cell corresponds to about 500 particles per one cell
if quartz particle has mean size of 1 x4 In the proceess of formation or silicotic
nodule 1t 1s not clear whether the cells were exposed in such hlgh concentratlon,
but it seems unreasonable to suppose such a hlgh deposition. ' ) )

3) The endogenocus respirations of the cultures incubated with 1mg. and 3mg.
of TiQ; were not disturbed but rather slightly increased as compared‘ with that of
control culture, in spite of satiated cells were found in about 30 and 70 per cent
of phagocytosed cells respectively. The over leaded dust did not depress the respi-
ration. of the cells despite that the large amount of dust phagocytosed in the cells
was assummed to depress the cell function mechamcally ‘

SUMMARY

Intraperiteneal monocytes of rats were incubated. with quartz,” tridymite and
titanium dioxide in the medium of Tyrode’s solution containing rat serum in vitro
for 24, 48 and 72 hrs. at 37°C. And the cell activity was estimated by endogenous
respiration, enumaration of cell number and morpholegical change.

The cell activities cultured with 50y or 200« of tridymite, quartz and titanium
dioxide showed no significant differences as.compared with that of control group.

In the group of the addition of 1mg. of tridymite or quartz, endogenous respi-
ration and cell numbers were decreased respectively,, whereas in the group of
titanium dioxide no inhibitory effect was seen by same dose. '

The cultured cells incubated with 3 mg. of each dust. showed the same result
as seen in the former dosis.

ADDENDUM

Recently, tridymite No. 5691 was kindly supplied to us from Dr. G. Nagelshmidt.
The size of its tridymite was 0.5 to 2 p. : o

200 pg. of this tridymite was added to cultures of 5 m11110n 1ntraper1tonea1 mono-
cyte of rat. After incubation for 72 hrs., cells were almost completely damaged
and oxgen uptake was remarkably depressed. .

From this result, it is assumed that the significant d1fferences between results
of our experiment and that of Marks were caused by difference of the sort of

tridymite.
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STUDY ON THE MICRODETERMINATION OF
CORTICOSTEROIDS BY USE OF
BLUE TETRAZOLIUM

H1rosh1 YOSHIKAWA.

Several methods based upon the reducing capacity of the corticosteroids have
been proposed for their quantitative analysis. Silbef and Porter® used the reduction
of phenylhydrazine sulfuric acid ; Chen et al®», Meyer and Lindberg®, Weichselbaum
and Margraf® applied the blue tetrazolium ; and recently Mazarella® discribed the
use of -bathophenanthroline. In general, their methods are lacking of sensitivity and
owing to relatively small concentration. of cdrticosteroids in normal urine, large
amounts of urine are needed for their methods. The Silber-Porter method has been
most widely used. But, in this method, corticoids which have 17, 21-dihydroxy-20-Keto
group in the side chain C-17 only produced color change, and that of :21-hydroxy-20-
keto group in C-17 was not determined by this method. On the other hand, it had
been proven a number of 44-3-ketosteroids with a hydroxy or.a keto grouping ' in
various position of the molecule reacted with blue tetrazolium reagent, and Chen
et al® and Mader and Buck® found extensive application of the reagent for the
quantitative estimation of corticosteroids. Mader and Buck studied with 17 kinds of
steroids, and found the following five cortical hormones could develop color: Cortisone,
cortisol, desoxycorticosterone, corticosterone, and dehydrocorticosterone. The remain-
ing ¢ormpounds did not reduce the reagent.:. .

As all known biologically active cortlcostermds give the color development by
use of blue tetrazolium reagent, the author studied the estimation of corticosteroids
by use of blue tetrazolium based upon the procedures of Weichselbaum. et al® and
Mader et al.® y -

EXPERIMENTS

1) Specificity

The absorption curves for the formazan obtained form blue tetrazolium are given
in Fig.1. The specificity of this method depends upon the reaction of blue tetrazolium
with the 21-hydroxy-20-keto configuration to produce compounds, whose absorption
is in maximum at a wave-length of 520mpg. Steroids which bear the 17-keto and
91-methyl-20-keto function (e.g., 17-hydroxyprogesterone and dehydro-epi-andro-
sterone) reacted with the reagent, but absorption was very little. Therefore, this
colorimetric procedure can be used for the estimation of corticosteroids. However,
it has a weak point to indicate more or less high value for blank test.
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Fig. 1. Absorption Curves

Although a wave length of maximum absorption was recognized at 520 my, there
was no great difference in the absorbancy from 510 to 530mg. In the previous
reports, the wave length of 510 mg was used measurement. This absorption maximum
may be influenced with the purity of blue tetrazolium used. Therefore, Weichsel-
baum et al¥ refined the commercial blue tetrazolium before treatment.

2) Rates of color formation
The rate of formazan formation for various corticosteroids is illustrated in Fig.

1.001
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g .
o Hydrocortisong
'g Corticosterong
2 040
o
0.20
Blank |
117~ hydroxyprogesterone
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minutes -

Fig. 2. Rate of Color Formation by Times
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2. All of the corticosteroids reached their maximum color in 30minutes at 37.5°C,
and remain stable for at least 2 hours., On the contrary, 17-hydroxyprogesterone
and dehydro-epi-androsterone scarcely reduced the reagent. However, in the blank
test the color developed progressively with the prolongation of time.

There are a gradual development of color reaction after the incubation in water
bath, and Chen et al ® reported that the color is stable for a few hours with the
addition of methanol-acid-pyridine buffer. Nowazynski et al? found that the acidifi-
cation by glacial acetic acid arrests the color reaction. The author examined the
change of absorbancy with time after the addition of glacial acetic acid. As sum-
marized in Table 1, the color developments are remained stabie for at least 2 hours
and pH of this solution was approximately 3.7.

Table 1. The Change of Absorbancy by Time after the Addition of Glacial Acetic Acid

. s 2 . Desoxy-
Blank Cortisone Hydrocortisone corticostorone
immediately 0,055 0. 685 0. 450 0.585
after 1 hr. 0. 055 0.685 0.450 0.585
after 2 hrs. 0. 055 0.684 0.449 0.586

3) The influence of the order of addition of reagents

Studying the critical condition of color development of corticostercids by blue
tetrazolium, Weichselbaum et al¥ recognized that it has a bearing on the order of
sddition of blue tetrazolium and alkali, and when a blue tetrazolium is added to the
steroid before the alkali, the rate of reduction is distinctly more rapid than when
the order of addition is reversed.

In relation to the order of addition of blue tetrazolium and alkali, the following
two procedures were adopted, one is the addition of the tetramethyl ammonium
hydroxide followed by blue tetrazolium, the others is after the addition of the blue
tetrazolium, the tube is incubated in a water bath, and then the tetramethyl am-
monium hydroxide is added to it, and it is again incubated. The author investigated
the comparison of the following two procedures: (1) To 5ml. of ethanol containing
20y of cortisone, 0.1ml. of blue tetrazolium solution and 0.2ml. of tetramethyl am-
monium hydroxide solution were added. After this sample and blank sampie were
incubated for 30 minutes at 37.5°C. 1.0ml. of glacial acetic acid was added to each
of them, and their measured at 520mpg. (2) To 5ml. of ethanol containing 20y of
cortisone, 0.1 ml. of blue tetrazolium solution was added and the tubes were incubated
for 20 minutes at 37.5°C. At the end of this incubation periods, 0.2 ml. of tetramethyl
ammonium hydroxide solution was added and again the tubes were incubated for
20 minutes at 37.5°C. After 1.0ml. of glacial acetic acid was added, the absorbancy
was read at 520 mg. Mean vaiue of absorbancy ahout five samples treated with the
former procedure was 0.312:40.007 and about five samples with the latter procedure
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was 0.31740.008. No significant difference could be recogniéed between these two
values. Therefore, the former procedure may be adopted because of its simplicity
compared with the latter.

To determine the most suitable doses about blue tetrazolium and tetramethyl
ammonium hydroxide, the absorbancy was measured with samples containing 1, 10,
and 50 of cortisol and the data was illustrated in Table 2. Nowazynski et al” had

Table 2. The Effects of Doses of Reagents

Hydrocortisone
Reagent dose Sample No. Blank
ipg 10 pg 50 pg
B.T. 0.1ml.
T M. A.H 0.2ml 4 0.084 0.006 0.106 0.538
B.T. 0.2 ml.
T M. A.H. 0.&ml 4 0.146 0 0.099 0.528
B.T. 0.5 ml. i -
T M.A.H. 0.5ml 4 0.310 0 0.075 0.477
|
B.T. . Blue tetrazolium solution.

T. M. A, H.: Tetramethy! ammonium hvdroxide soluticn.

used the different doses of the reagents for the determination of aldesterone which
is not more than and not less than 2y respectively, The values of absorbancy
obtained from different doses of reagents are shown in Table 2. The colors obeyed
Beer's law on either of those doses within those limits. However, with the increase
of reagent doses, it was proven that sensitivity fell off, and the value of blank rised
remarkably. From these results, it may be considered that the doses of 0.1 ml. of
blue tetrazolium solution and 0.2 ml. of tetramethyl ammonium hydroxide are most
suitable for the detel_'z)nilnation of corticosteroids, at least in the range from 1y to
50 y. 1,

4y Standard Curve

Standard curves of optical density with various corticosteroids are presented in
Fig. 3. The colored formazane produced by the reduction of bine tetrazolium by
corticosteroids are photosensitive. The curves obtained with the optical densities
versus concentration (from 1 to 50y) of corticosteroids follows Beer's law. But it
was not proven to obey Beer’s law with corticosteroids which is less than 1y. As
illustrated in Fig. 3, 17-hydroxyprogesterone and dehydro-epi-androsterone showed
very little absorption and color formation by these two steroids for the determina-
tion of corticoids were too weak for interfere. o

The color development between these -four corticosteroids by same doses differed
in some degree. This fact was recognized by Chen et al®’ and Izzo et al®, and it is
possibly because of the difference in the reduction of blue tetrazolium caused by
the various radicals of: 4¢-3-ketosteroids. To apply the -method for practical use,
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i.e., in case of the determination of corticosteroids in urine or plasma, it comes
into question what corticosteroids should be selected as the standard. The author
maintains the opinion that values should be expressed in terms of cortisone or
desoxycorticosterone, which is employed as the standard. However, if a sample to
be analyzed is known to contain a large proportion of a corticosteroid such as
hydrocortisone, this hydrocortisone should be employed as the standard if we desire
to get value which is nearer to absolute value.

PROCEDURE

I. Reagents.

(1) Ethyl alcohol: absolute, redistilled.

(2) Blue tetrazolium (3, 3'-dianiole-bis-4, 4-(3, 5-diphenyl) tetrazolium chloride):
This solution is prepared by dissolving 10mg. of blue tetrazolium in 2ml of 90%
ethyl alcohol.

{3) Tetramethyl ammonium hydroxide: This solution is prepared by diluting
0.5 ml. of the 10% aqueous solution of tetramethyl ammonium hydroxide with 9.5 ml
of 909% ethyl alcohol.

{4) Glacial acetic acid: absolute. 7

(5) Steroids investigated: Cortisone, cortisol, desoxycorticosterone, corticols-
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terone, 17-hydroxyprogesterone, and dehydro-epi-androsterone was used. These
standard solutions of steroids were prepared by dissolving 1.0mg. of the steroids
with 100 ml. of ethyl alcohol.

Reagents (2) and (3) should be prepared immediately before use,

II. Color development, '

The sample céntaining desired micrograms of corticosteroids in 5ml. of ethanol
is\,poured'.into one of the two glass-stoppered test tubes. To the second tube, 5ml.
ethanol is'poured. To each tubes 0.1ml. of the blue tetrazolium solution and by
0.2ml. of the tetraniethyl ammonium hydroxide solution are added, and the result-
ing solutions are well mixed. The tubes are incubated for thirty minutes at 37.5°C.
in a constant-temperature water hath. These solutions are acidified by the addition
of L.0ml. of glacial acetic acid. The final solution, pink in color, are again well
mixed and transferred to 4 ml. Beckman quartz cuvettes. The color intensities are
read at 520mpy in the Beckman Spectrophotometer. The acidification arrests the
color reaction, which remains stable for at least 2 hours. The blank sample is
treated in the same manner.

Discussion

There are various reports on the methods of estimation of adrenal cortical
hormone by using blue tetrazolium as reagent. lzzo et al® reported the investiga-
tion of the reducing capacity of 40 steroid compounds by using this reagent. An
oxygen at C-3, C-11, C-12, C-17, or C-20 had no appreciable effect.on the reduction
of blue tetrazolium unless an unsaturated 3-keto group was also present, and the
20, 21-diols and 17, 20, 21-tiols did not reduce blue tetrazolium even if A4%-3-keto group
was present. The author recognized that 21-methyi-20-keto group could not develop
color as well. It would indicate tha;c) the reduction of blue tetrazolium is dependent

upon the primary a-keto group (—CHZ—CHZOH) in the side chain attacked to C-17 of
the 44-3-ketosteroids.

Studies were undertaken to investigate the optical conditions for color develop-
ment with blue tetrazolium in the presence of corticosteroids. By the above-stated
procedure, a series of determination on solutions of corticosteroids in concentration
varying from 1 to 50y, evidenced that the intensity of the color varied directly with
the quantity of reducing substance present, and agreed with Beer’s law.

Furthermore, the author have studied the following procedures in an attempt
to improve the sensitivity of this veacfion: the maximal absdrbancy, the concent-
ration of reagents, and length of time of heating.

SUMMARY

For the simple microchemical method for the determination of corticosteroids,
the method by use of blue tetrazolium as reagent was studied. And it was esta-
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blished that this procedure is to be applied to the estimation of the adrenal cortical
hormones. The colorimetric reactions described are reénarkably evident by A%-3-

ketosteroids posessing the primary a-ketol grouping (-C-CH,OH) at the C-20-and
C-21 positions. Steroids such as progesterone and androsterone produced very little
color, it was too weak to interfere the determination of adrenal cortical hormones.

Procedures which are used for the quantitative determination 'of corticosteroids
by the reduction of blue tetrazolium have been modified in order to increase the
sensitivity of the reaction and the stability of the color produced.
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PREPARATION OF CARBOXYMETHYLCELLULOSE PAPER.
AND DIETHYLAMINOETHYLCELLULOSE PAPER

Masami KIMURA

Cellulosic materials with ion exchange functions have been prepared in sheet
form by chemical treatment of filter paper. The utility of these materials has been
generally saown in the resolution of ternary inorganic mixtures. Wieland et all
reported that the mixture of amino acids could be separated with carboxyl-paper,
and Micheel et al.® published the report that the succinyl-paper was sufficient to
effect an adequate separation of the mixture of basic amino acids. In recent years,
the ion exchange paper has been prepared by incorporation of resin with a slurry
of paper fibers before the sheet is formed. This paper was found to have the
similar separable effectiveness for most of amino acids as ion eXchange resin.?»®

On the other hand, certain derivatives of cellulose possessing ion exchange
groups have been studied in regard to fractionation of proteins. Sober and Peterson
have published reports on the use of carboxymethyl- and diethylaminoethyl-cellulose
in the fractionation of plasma protein®-® and enzyme.” Since then their column
chromatography has been utilized for fractionation of biological substances, for
example: histone®), hormonal protein® and nucleic acid.1®

The present author has prepared the carboxymethyl* and diethylaminoethyl*-
cellulose paper, and has been examining their applications for rapid and simple
fractionations of biological substances. In the following pages the preparation
procedure and properties of new ion exchange cellulose papers will be discribed.

EXPERIMENTAL AND RESULTS

1. Preparation of Carboxymethylcellulose Paper

Monochloroacetic acid and NaOH were used for carboxymethylation of cellulose
paper. Sober and Peterson showed in their original paper® that the powder was
treated with NaOH at the begining of the reaction. Ellis and Simpson® reported
that the powder was suspended in monochloroacetic acid solution for 1 hour in order
to obtain a CM-cellulose powder of the desired degree of substitution. The com-
parison of both pretreatments of cellulose paper is presented in Table 1. As the
result it was shown that ion exchange groups could be introduced more efficiently
in cellulose paper by pretreatment of monochloroacetic acid than NaOH.

* Abbreviated as CM- and DEAE-.
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Table 1. Pretreatment in the process of carboxymethylation

H i : i Ionizing grou
p?g;%;ﬁ;git prlc:?%;%n?ént ‘ Carboxymethylation R;:gggn " Igr’l c&; ) D
r. Reagent [ ’ Reagent II hr. Znm.
4.2 MCA 1 4.2 M MCA, 50 m1.[10 N NaOH, 150 ml. 1 0.12
’e 1 's 50 ml. " 150 ml. 3 0.23
10N NaQH 1 10 N NaOH, 100 m1.l4, 2 M MCA, 30 ml, 1 0.09
' 1 ' 100 ml. s 30 ml. 3 0.14

. Cellulose paper: Toyo Roshi No. 51, 5 sheets, respectively.
Pretreaiment and carboxymethylation: cooled with ice.

Monochloroacetic acid may be converted to sodium-salt in the reaction. There-
fore, when monochloroacetic acid is used as the carboxymethylating reagent, the
concentration of NaOH must be high enough to neutralize it and also to carboxy-
methylate the hydroxyl groups of cellulose. The NaOH with high concentration
(10N) was added to the monochloroacetic acid solution in which filter paper was
immersed. The prepared CM-cellulose paper did not keep a smooth surface and
did not maintain the original form. Sodium monochloroacetate was applied as the
carboxymetylating reagent in place of monochloroacetic acid. :

Such deformation may mainly depend upon the concentration of alkali. The
carboxymethylation of filter paper, pretreated with 4.2 M sodium monochloroacetate
was carried out under various .alkaline conditions: 1IN, 2N, 5N and 10N NaOH.
The reaction mixture was allowed to cool in an ice bath for 4 hours (Table 2). The
higher the concentration of alkali, the more the extent of substitution, but the
prepared paper was more deformed. On that account the 4N NaOH was selected
for the reagent in this experiment,

The results of carboxymethylation of filter paper under various conditions are
shown in Table 3. The reaction at 60°C for 75minutes was the most suitable
condition of carboxymethylating cellulose paper. The precedure is as follows.

Table 2. Effect of concentration of alkali in carboxvmethylation

| Riag g;;t NaOH CM-cellulose paper Carboxy-
MCANa Cone.(N)  ml Width Welght, . methylated
ml. : _ cm. - 10gfem - Form . ratio
50 : 1 50 2.0 : 8.2 C = 1
50 .2 50 2.0 8.3 _ 1
50 5 50 1.9 10.0 + 4
50 10 50 1.7 12,6 + 2

Form: Plus sign presents that the prepared paper is bent and is not kept a smooth
surface.

Carboxymethylated ratio: Messuring with B. P. B. method in chromatographic method.

Pretreatment and carboxymethylation: cooled with ice.

Reaction period of carboxymethylation: 4 hours.
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Table 3. Carboxymethylation of Cellulose Paper

Reaction reagent# Reaction
Cellulose paper $2M MCA® or | condition L G LE
. N A an N JHork
King | Width and 1ength | Speer |NaOH, respectively | °C | min. mmolel 7%

No. 51 2% 40 30 100%% 20 120 | 0.26 0.44
50 3% 40 2% 300 30 30 | 0.24 0,52
51 8%18 30 250 65 30 | 0.56 0.74
51 2x19 20 100 60 60 | 0.54 0.75
51 9% 40 30 150 60 75 | 0.68 0.79
51 3x40 13 150 60 120 | 0.52 0.72

- 50 440 30 250 60 120 | 0.45 0. 68
50 T dxd40 30 375 60 | 150 | 0.39 0. 64
50 4% 40 30 | 375 1T 120 | 0.44 | 0.72
51 - 2%40 5 : 0. - 80 0.72:

Cellllosé powder’ 20g 100 65 30 0.'56

* Monochlofo.acetic acid and sodivm monochloroa'c.etate abbz‘.éviated as MCA and

' MCANa. :

sk Concentration of NaOH is 10N and its volume is three times of volume of MCA.

dok  Tpnizing group and ion exchange capacity are abbreviated as I.G. and L E. C.
Thirty sheets of filter paper (Toyo Roshi No. 51: 2x40cm.) were immersed in 150
ml. of 4.2M sodium monochloroacetate for 3 hours at room temperature, after
which 150 mi. of 4 N NaOH was added in 3 or 4 portions and mixed thoroughly after
addition. The reaction mixture was allowed to stand at 60°C for 75 minutes, with
careful stirring by using a magnetic stirrer. It was acidified by adding 1 N HCl to
give a pH 1 to 2. After decantated the solution, the CM-cellulose paper was washed
with 0.1 N HCI repeatedly, foilowed by water until the solution became acid-free.
Then it was-dried on a filter paper at room temperature,
2. Preparation of Diethylaminoethylcellulose Paper -

Almost none of ionizing groups could be introduced: in diethylaminoethylation
according to the same procedure as employed in preparing DEAE-cellulose powder
(Table 4, No. 1). By using a reagent of 2N NaOH in place of the 6 N NaOH, which
was employed by Sober et al.® in diethylaminoethylating cellulose powder, ionizing
groups could be introduced to a certain extent, but the prepared paper was easily
torn into small pieces (Table 4, No. 2). When filter paper pretreated with 2N NaOH
containing 10% NaCl was diethylaminoethylated at 80°C jor several reaction periods,
the ionizing groups were substituted in good extent and the original form of paper
was kept well. But by prolonging the reaction period, the paper became partially
licht brown (Table 4, No. 3, 4, and 5). Being pretreated with 6 N NaQOH, which
was the most adequate concentration among 1N, 2N, 4N, 6N and 8N NaOH, and
reacting at 80°C for 90 minutes, the prepared paper had the most lonizing groups
but became partially light brown. (Table 4, No. 7). Similarly at this temperature,
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Table 4. Diethylaminocethylation of Cellulose Paper

Exp. Pretreat- Reaction conuditionq . State - I GN(} Iglc 1 g.oi. %1 C.
No, ok ment cooled . 30°C 80°C —_
min. deformed colored m ;013 m 21'013
1 non 120 .+ + 0.05
2 non 120 95 + - 0.30 .
3 %(}V%N\?Sé{ ' | 180¢ 90 - - 0.48 0.43 | 0.49 0.43
4 " 180% 120 - - 0.46 0.35 | 0.46° 0.43
5 . - 180% 300 - RS 0.13 0.27 | 0.41 0.40
6 6 N NaOH 55 - 0.44
7 " , 180 90 - I— 0.73 .0.58 | 0.72 0.56
8 N 180 120 - - + 0.50 0.84.
9 " 480 - - 0.50 0,34
10 " 30 480 - - 0.68 0.49 0,54
11 " 40 480 - - 0.6% 0.50 0.40

* at reom temperature.
#+ Exp. No. 1 Toyo Roshi No. 59, 10 sheets.
Exp. No. 2-11 Toyo Roshi No. 50, 5 sheets and No. 51, 5 sheets.

the reaction period effected the substitution (Table 4, No. 6 and 8). The DEAE-
cellulose paper, which kept the original form of the paper and did not colored and
moreover had enough ionizing groups, was obtained under the reaction condition of
low temperature and long period (Table 4, No. 9, 10 and 11). The procedure under
the most adequate condition is as follows.

Ten sheets of filter paper Toyo Roshi No. 50 and No. 51: (4x40cm.) (5 sheets,
respectively) were immersed in 6 N NaOH for 30 minutes. The container used was
an oblong shaped one. After decantation of alkali, they were washed with water
until the solution was neutral. The pretreated paper was dried on a filter paper.
The alkaline-treated paper was immersed in solution of 12gm. of 2-chloro-N, N'-
diethylaminoethyl chloride* in 14 ml of water, and was added with 120 ml. of cooled
2N NaOH. The reaction mixture was allowed to stand at 4°C for 30 minutes, and
then at 30°C for 8 hours, with careful stirring by using a magnetic stirrer. When
the reaction was finished, 150 ml. of 2M NaCl was added to the mixturé and the
solution was mixed carefully and completely. The DEAE-cellulose paper was allowed
to stand in 1IN NaOH for 15 minutes, then after decantation, 1 N HCl was added to
it and it was allowed to stand for 15 minutes. After discarding HCl again, the
paper was immersed in 0.1N NaCH overnight. It was washed with water until
the solution became neutral, and then washed with alcohol and dried on a glass

* The solution which was obtained thionylchloride (200 gm.) and chloroform (250 ml.) was added
titratedly toa solution of 2-diethylaminoethano! (100 gm.) in chloroform (100 ml.) under cooling
and stirring by using a magnetic stirrer. Thereafter the stirring was continued for one hour.
The reaction mixture was distilled at reduced pressure. Adding alcohol to the residue, it was

. distilled again at reduced pressure. The residue was recrystallized from hot alcohols
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plate at room temperature.
4, Mesurement of Introduced lon Exchange Groups

Titration Method

After a CM-cellulose paper was dried at 105°C for 15 minutes, it was weighed.
The paper was placed in a small beaker and 30ml. or 40ml. of 0.5M NaCl was
added to it. The solution was allowed to stand overnight. The miliequivalent of
acidic groups per gm. of CM-cellulose paper was determined by titrating the ion
exchanged cation with standard alkali (0.0LN NaOH) by using a glass electrode.
The solution was thoroughly stirred after each addition of standard alkali until the
solution approached to equilibrium. The titration curve of both CM-cellujose paper
and powder are presented in Fig. 1.

pH
10.0

5.0

i i ]
5 190 15 20 25 30 35 40
0.0IN NaOH -mlL
—o—: Carboxymethylcellulose paper 0.294g in 0.5M NaCL 40mt
—=*— 1 Carboxymethylcellulose powder 0.480g in 1M NaCl 50ml

Fig. 1. Titration Curve of Corboxymethﬂ Cellulose Paper
and Carboxymethyl Cellulose Powder '

The air-dried DEAE-cellulose paper was weighed. The paper was treated with
30ml. of 0.5M NaCl for 30 minutes. The miliequivalent of basic groups per gm.
of DEAE-cellulose paper was determined by titrating the ion exchanged anion with
standard acid (0.01 N HCl) at the similar manner of CM-cellulose paper. Fig. 2
shows the titration curve of the DEAE-cellulose paper.

Chromatographic Method

The chromatographic method which could estimate simply and rapidly the ion
exchange capacity was invented by the author.

As a chromatographic developer ammonium acetate and or buffer containing
sodium chloride was used for CM-cellulose paper and used sodiwin glutamate for
DEAE-cellulose paper. A paper for testing was placed side by side with paper which
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pH
10,0

I
Tl

50.

1 H | 1 !
10 20 30 40 50
Q.0TN HCL .mL
——: Digthylaminoethyloellulose paper 0.653g in 0.5M Na CL 30ml

Tig. 2. Titration Curve of Diethylaminoethyl Cellulose Paper

posessed the known capacity with titrating method and was chromatographed
ascendingly. After the papers were developed to the equal level, they were dried.
The color was developed with an adequate method. The experiments are as fol-

lowes: ‘
CM-cellulose paper 2x18cm.

Developing distance 15cm.

Developing period 50-80 minutes
Developer A 1/10M ammonium acetate
. B 1/6M sodium borate buffer containing 0.1 M NaCl

Developing color A Ninhydrin method :
Sprayed by 0.1% ninhydrin (gm./ml.) solution in
saturated n-buthanol containing 2% glacial acetic
acid (ml./ml.) anp heated at 105°C for 5 minutes.
The color of ion exchanged part was violet.

B B.P.B. method:
Immersed in selution of bromphenol blue (0.05gm.)
and, glacial acetic acid (2ml.) and mercury chloride
{1.0gm,) in 100ml. of water. Ion exchanged part
was stained blue.

DEAE-cellulose paper 1.0x11cm.

Developing distance 1¢cm.
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Developing time 30-60 minutes

Developer 0.05 M sodium glutamate

The color was developed with Ninhydrin method.
Ratic was calculated comparing the area of total developed part with the colored
part, in which the ionizing groups was lon exchanged with cation and anion. The
ion exchange capacity (1. E.C.) presented is represented in Table 3 and 4 as the
value which is reduced from 1.
5. Ion Exchange Ability of Carboxymethylcellulose Paper

The chromatography of basic amino acids was carried out with CM-cellulose

paper. The following borate buffers were used as the developer.

Al 1/5M sodium borate buffer, pH 7.1

A2 ’ pH 7.6

A3 ,, pH 7.8

Ad ' pH 8.1

Ab »s pH 9.0

A 41 1/5M sodium borate buffer (pH 8.1) containing 0.005M NaCl
A 42 " 0.06 M ,,
A 43 ,, 01 M,
A 44 » 0.2 M,

CM-cellulose paper was equilibrated with each buffer respectively. The paper was
half-dried. The sample solution (0.005ml.) containing arginine, histidine and lysine

(0.19%, respectively) was spotted on the paper and was chromatographed. The
chromatogram is shown in Fig. 3.

0 0
07| |18

0 ‘ 0 100l
00 00 0Y 01

0. Mo Bl o] AU R I I I S
AHL| JaHL| [aRL] aRL) jaml]  aeL] [aHL jaHC) jaHC L’-\ﬂg A

| N N O I e e U R i

L

‘Develager: Al AZ A3 T A4 CAR T A4 A4l AdZ A43 Add A43
Fig. 3. Chromatogram of Basic Amino Acids with Carboxymethylcellulose Paper
A: Argine, II: Histidine, L: Lysine (each 0.005ml of 0.1% solution)

Developing temp. 22°C
Developing Time 30~60 min.
Carboxymethylcellulose paper 2x18cm (1. G.=0.68 mmole/g.)
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CONCLUSION

Moncchloroacetic acid has been applied for the carboxymethylation of cellulose
powder. In the carboxymethylatieg cellulose paper sodium monochloroacetate was
used in place of monochlorcacetic acid. The carboxymethylation with NaQH above
5N could not keep a smooth surface and could not maintain an original form of
the paper. Therefore, 4N NaOH was used as the most adequate reagen. Examin-
ing to find out the suitable condition of reaction with the object of obtaining the
most degree of substitution, the reaction at 60°C for 75 minutes was proven as the
most suitable one. In this condition, the ionizing groups were introduced more in
the cellulose paper than in the cellulose powder. With regard to the titration curve,
the ionizing group may be similar in the cellulose paper and powder. The ion
exchange ability of CM-cellulose paper was proved by chromatography of basic
amino acid.

The cellulose paper could not be diethylaminoethylated in the same condition as
the powder. Accordingly for the diethylaminoethylation of the paper 6 N NaOH was
chosen and proved to be most adequate. The alkaline-treated paper was further treated
with 2-chloro-N, N’-diethylaminoethyl chloride and 2N NaOH at 4°C for 8 hours.
Thus prepared DEAE-cellulose paper was found to introduce enough ionizing groups
and was not deformed nor colored. The titration curve of the paper showed a
similar tendency to the curve of DEAE-cellulose powder prepared by Sober et al.
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STUDY ON THE PREPARATION METHODS
OF SUBMICRON PARTICLES

Katsunori HOMMA, Shigeji KOSHI and Hiroyuki SAKABE

From the viewpoint of industrial hygiene, preparation of aerosol composed of the
optionally sized particles less than 1 micron, should be necessary to investigate
their retention to repiratory truct, totest the efficiency of the dust collector against
very fine particle and to study their physico-chemical properties.

Many reports on the preparating method of particulate clouds have heen issued.
These methods may be classified as follows.

Condensation method of volatile matter.1~%

Generation of aerosol by chemical interaction.® 9

Aerosol generation by combustion.® »

Formation of aerosol by photolysis.® %

Generation of smoke by electric arc.

Dispersion method of air blast atomization.}® 11

Spinning disk atomization method.!®

Atomization method by ultrasonic!® 9 ete. _

However, reports for study on the production of submicron particles are very
few.® 15

We have tried to obtain the aerosol of submicron particles by electric arc method
and condensation method.

EXPERIMENT AND RESULT

a) Metal fume by electric arc method.
When high electric potential charges on the electrode, electric spark can be
Generator

Electrostatic
Precipitator

Flowmeter

7

Transformer Pulse Generator Ajr Compressor

Fig. I. Diagram of metal fume generating System
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seen, and the metal of an electrode evaporates as metallic jons. Then, these
metallic jons condense with one another and very fine particles can be produced.
In this experiment, we made the metal fume generator shown in Fig. 1.

N ::;‘

g
.
e

Y )

Fig. 2. Electron micrograph of metal fumes
(iy Iron oxide (ii) Lead oxide
Magnification: x 14,000

06| .
[{TH] 3
osf
04 -~ Lead
—o— Iron
03 [ .
—s— Tungsten
03
arp
oo e 1 1
aal ooz [LH o o2 o5  {a])
Particle Bize
Fig. 3. Particle size distribution curve of three
different kinds of metal fume
Mixing Filteration
Chamber Cylinder Generator
Flowmeter

Air Dryer Compressor
Thermal Precipitator . L4

Fig. 4. " Diagram of NaCl particle generating system

58



ity . X .y' |
Fig. 5. Electron micrograph of
NaCl particles

At NaCl concentration  1071%
B " 10—29%
C: ' 1073%
at 420 m/fsec. of air velocity

Magnification: x 16,000

SUBMICRON PARTICLES

As metals of the electrode, iron, lead and
tungsten were used in the. form of wire. 9,000
volt of A, C, was discharged intermittently at
the rate of 300 times per minute between a pair
of electrode whose distance was 7mm. Electric
discharge was controlled with pulse generator.
In this way, metallic ions of the electrode
evaporated by discharge were condensed to fine
fumes in the generating chamber. The fume
laden air was passed through the electrostatic
precipitator at the rate of 30 1/min, with air com-
pressor. Fumes colflected in the precipitator
were examined electron microscopically in this
method, about ten thousands patricles could be
generated per one spark. Electron micrographs
of the fumes of iron oxide and lead oxide are
shown in Fig. 2,

As shown in Fig. 2, the particles of iron
oxide and lead oxide obtained by this method
showed a spherical shape, and the aggregation
of particles was not seen. DParticle size distri-
bution of each metal fume is shown in Fig. 2.

The rich frequent particle size was observed
to be about 0.04 # in tungsten oxide and 0.02 ¢ in
iron oxide, and could not be determined in lead
oxide as some of these particles were too small
to investigate by our electron-microscope.

b) NaCl particle formation by air blast atomi-
zation. '

The apparatus of NaCl particle generating
system is shown in Fig. 4. By this method, at
first, NaCl mists were formed by the atomizer,
which blowed: air against. the surface of the
aqueous solution of NaCl. The generated mists
were conducted into the filteration cylinder, and
during passing through the cylinder set in
horizontal, large droplets fell on its bottom.

. Length and radius of the cylinder and velocity of

air passing through the cylinder were effective

* - factors to the upper limit of particle diameter
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passable through it. We selected these conditions to be not passable for the
particles larger than 15 microns. Mists carried into the mixing chamber through
the filteration cylinder were dried up by dried air from the other inlet. Then,
completedly dried, solid particles of NaCl were collected by the thermal precipitator.
Their particle sizes were examined by the electron microscope.

Then, we have studied the effects of concentration of NaCl solution and the air
velocity at the nozzle of atomizer to the particle size. The experiments were car-
ried on the following conditions.

(1) Concentration of NaCl solution: 107, 1072, and 107*% (in weight)

(2) . Blasting air velocity at the nozzle: 310 and 420 m/sec.

(Air pressure at the nozzle: 20 and 301b/in?

Experimental results are shown in Figs. 5 and 6.

As seen in Fig. 5, NaCl particles produced from the solution of the concentra-
tion of 107 and 10729 toock a cubic crystal form but typical crystal form was not
obtained in the particles from the solution of 107%% concentration.

1]
00~ !___._—_r-'-"'-
g0

S0

o}

310 Y
60 420 e
310 M
50 420 Hee
310 Hae
40 420 Tin
El
9 L . 1 | I T | L 1 1
aol a2 asy ot 0z 05 (R

Particle Size

Fig. 6. Particle size distribution curve of NaCl aerosols

As seen in Fig. 6, the particle sizes were different with the concentration of
NaCl solution, and: the sizes decreased with the lowering of concentration. Air
velocity at the nozzle of atomizer had no effect on the size of particles in these
NaCl concentration of solution. '

DISCUSSION

By these method we could produce the very fine and uniformly dispersed
particulate clouds of the size smaller than 0.5 £.
In the metal fume generating method by electric arc, we obtained the metal
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fumes of different sizes with .the kinds of metal. We could not clarify why these
differences were produced, as the mechanism of fume formation was not yet clear.

In the NaCl particle formation by air blast atomization, we could obtain the
particulate clouds of various different size distribution with various NaCl concen-
tration of solution in our experimental condition. Air velocity at the nozzle through
which the air blow against the surface of the solution was not the determining
factor to the size in the narrow range of our experiment. It was assumed that
the particulate clouds formation from the mist is very convenient method, as we
can obtain the aerosol of desirable upper limit of the size distribution. It may be
said that the clouds formation of submicron particles of iron or NaCl will contribute
to industrial hygiene concerning with these small sized particles, as isotopically
labelled iron or NaCl will be examined simply and accurately without any serious
harmful effect.
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