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Functionally active mature neutrophile leukocytes, generally are found to 
contain a few mitochondria, in extremely small number, either by supravital 
staining with Janus green, or by smear preparation and Altmann's staining 
process, and even with the electron microscope, a very few mitochondria may 
be observed. On the other hand, abundant neutrophilic granules may be found 
in neutrophile leukocytes. 

Up to now, the proposition, as to whether the energy metaboilsm of neutro
phile leukocytes is inherent in neoplastic respiration 1> or in embryonic gly
colysis, has remained unsolved. Recently, the metabolism of neutrophile leuko
cytes has been said to be inherent in aerobic glycolysis; 2> therefore, neutro
philic granules might play some important role in the mechanism of this 
peculiar metabolism of neutrophils, differing from that of the other cells in the 
body. Further, some studies 3> •> 5> have been made on eosinophilic granules, 
and to-date they have been isolated and analysed for chemical composition, but 
no research has yet been reported on neutrophilic granules, and the chemical 
components and the function or functions of the neutrophilic granules thus 
remain practically unknown. Finally, in order to investigate the properties of 
neutrophilic granules, the isolation of these granules was attempted. The 
possibility of fractionating the homogenate of leukocytes by differential cen
trifugation and of obtaining such frations as, nuclei, eosinophilic granules, 
mitochondria, neutrophilic granules, and microsomes, has already been reported 
in previous papers.6l 7> 8> At that time it was demonstrated by observation of 
the various fractions with an electron microscope, that almost pure neutro
philic granules could be obtained if the fractionating technique could be im
proved. Hence, in t his paper, a detailed account of the fractionation and 
technique of isolation, and of the fine structure of the isolated granules, will 
be reported. 
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I. Technique for Collecting Neutrophile Leukocytes 

A reliable technique for obtaining pure samples of neutrophilic granules, is 

first to collect highly pure neutrophile leukocytes, for when other kinds of 

leukocytes, which contain mitochondria but do not contain neutrophilic granules, 

are present, they will not only decrease the yield of neutrophilic granules, but 

also will interfere with the purification of these granules because of an increase 

in the total amount of mitochondria present in the fraction. 

In the following experiments, by using large quantities of horse blood, the 

author successfully collected neutrophile leukocytes in a highly pure state, and 

in adequate amounts for further examination. The procedures are as follow. 

MATERIAL AND METHOD 

5 000 cern of horse blood with the anticoagulant EDTA ( 1% in a physiologi

cal saline solution) added in a ratio of 10:1 was allowed to stand for about 

60 minutes in order to precipitate the red coupuscles, after which the super

natant plasma (approximately 2 000 cern) was centrifuged at 2 000 r.p.m. (800 

g) for 7 minutes in order to obtain neutrophile leukocytes (impure). These 

leukocytes were mixed with small amounts of erythrocytes, lymphocytes and 

platelets, with most of the last being retained in the supernatant plasma. The 

sediment was resuspended in a platelet free plasma (50-80 cern) prepared 

separately by high speed centrifugation. This suspension was centrifuged at 

1000 r.p.m. (600 g) for 10 minutes in order to develop a neutrophile leukocyte 

layer. This layer appeared at the upper portion of the sediment, while an 

erythrocyte layer appeared at the bottom of the sediment, the plateles and 

lymphocytes still remaining in the supernatant plasma. The neutrophile leuko

cyte layer was separated and resuspended in the platelet free plasma and pre

cipitated by low speed centrifugation for further refinement of the neutrophile 

leukocytes; however, a certain amount of neutrophile leukocytes still were 

trapped in the erythrocyte layer. Hence, this layer was suspended once more 

in the platelet free plasma for low centrifugation in order to obtain additional 

neutrophile leukocytes which then were added to the neutrophile leukocytes 

already collected. The aggregate of neutrophile leukocytes was resuspended 

and centrifuged twice with a 0.25 M surose solution to purge the remaining 

platelets, lymphocytes and blood plasma constituents. 

RESULTS 

The yield of neutrophile leukocytes was 48-66%. The ratio of the count 

of collected neutrophile leukocytes to the count of total leukocytes in the 5 000 

cern of horse blood was between 48-66%. 
Purity of the leukocytes: Mingling of red cells with the leukocytes was 2 

or less in 100. 
Purity of the neutrophile leukocytes: Of the total (number of) leukocytes, 

the percentage of neutrophile leukocytes was around 90%. 

Approximately 5% of the platelets were found mingled with the neutrophile 
leukocytes. 

Function of the neutrophile leukocytes: The wandering ability of the neutro-
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phile leukocytes was not very pronounced even though pseudopodia were seen 
through a phase contrast microscope. 

The phagocytic activity of the neutrophile leukocytes showed some de
terioration when examined by Tanabe's method 9l with the use of Indian ink. 

Supravital staining of the neutrophile leukocytes with Janus green and 
neutral red was entirely normal. 

Observation employing on electron microscope: Some of the neutrophlile 
leukocytes were observed to be in a rather degenerate state but they could 
not be distinctly separated from those of fixation artifact. 

DISCUSSION 

To date, various methods of collecting leukocytes have been attempted; 
however it has been extremely difficult to isolate pure neutrophile leukocytes. 
For the isolation of leukocytes, the following methods have been attempted 
and tested with varying degrees of success. 

1) Floatation method: This method utilizes the difference in the specific 
gravities of leukocytes and red blood cells. By regulating the specific gravity 
of the suspension medium to a density midway between the leukocytes and 
erythrocytes it becomes possible to float the leukocytes in the supernatant and 
precipitate the erythrocytes in the sediment. A modification of this method is 
to use piling layers of two media, different in densities, and to collect the 
leukocytes in the limiting face of the two media. 

Medium: As medium, the following substances have been used. Glucose 10 > 

solution, Albumin solution 11 l 12l, Gum Acacia solution.13> 14 l 15ll6l 

Another floatation method developed by Wagner 171 (1950) utilized the nor
mally high rate of erythrocyte sedimentation in horse blood to retain the 
leukocytes floating in the supernatant plasma. 

Tullis,18 > J. L. developed a special kind of centrifugal fractionation apparatus 
which automatically separated the leukocytes by modifying the differences in 
their sizes and densities by centrifugal force. 

2) Erythrocytes Aggregation -Method: 
In order to facilitate the aggregation of red cells and to accelerate the 

sedimentation rate by inducing a rouleaux formation, the following substances 
have been added to blood; 

Fibrinogen 19l 20) (Minor and Burnett 1948), 
Dextran 21 >22> (Minor and Burnett 1952), , 
Polyvinylpyrolidon 23l (Robineax and Lebrun-Page 1950), 
Phytohemagglutinine 24l 25> (Li and Osgood 1949). 

Miyazaki, E., Maruyama, S. and Matsuno, A.26l adopted the agglutination 
reaction of red blood cells in the plasma obtained from blood belonging to 
different blood groups. 

While, Skoog, W. A. and Beck, W. SY> (1956) made comparative studies 
of the Fibrinogen method, the Dextran method and the Phytohemagglutinine 
method. 



4 H. TAkAHASHI 

3) Hemolysis Method: 
The method of hemolysing the red corpuscles to obtain leukocytes. 

Szilard, P.28l (1925) and Philippu, A. }.291 (1956) hemolysed red corpuscles 

by adding a mixture of acetate and tartarate to various bloods and Singer, 

T. P., Silberbach. I. and Schwarz, S.30l ( 1947) accomplished this process by 

using gramicidine and lysolecithine. 
Behrens, M. and Manti, H. R. 31 l ( 1954) separated eosinophile leukocytes by 

centrifugation of blood mixed with a saline solution, aceton, carbon tetra

chloride, kerosin and ether. 

4) Ascites collection method: 

The method of collecting leukocytes from an animals peritoneal cavity into 

which either a saline,32 l 33 l glucose,3' l glycogen 35l or gum arabic 36l solution was 

injected in order to induce the propagation of leukocytes. 

All the above mentioned methods were investigated in order to determine 

the one most suitable for the collection of leukocytes; however, none of the 

methods proved very satisfactory as it was difficult to obtain large quantities 

of leukocytes and still more difficult to collect neutrophile leukocytes of high 

purity. In a previous investigation, 51 11 SJ it was ascertained that leukemic 

bloods have an accelerated rate of erythrocytes sedimentation, thus after allow

ing these bloods to stand the erythrocytes easily precipitated, while the leuko· 

cytes floated in the supernatant plasma. By treating these bloods with low 

speed centrifugation it was possible to collect large quantities of the leukemic 

leukocytes. In order to isolate pure neutrophilic granules, it was necessary 

first to collect pure neutrophile leukocytes since they alone contain extremely, 

few mitochondria and can be considered to be a most adequate material for 

protecting the separated neutrophilic granules from contamination by mito

chondria. For this purpose leukemic leukocytes are not suitable. Among the 

larger domestic animals capable of supplying enough blood for the demands of 

these experiments the horse was selected because horse blood has a naturally 

high sedimentation rate of erythrocytes. Bovine blood, on the contrary, has 

a very slow sedimentation rate of erythrocytes while the sedimentation rate 

of pig blood stands just between these two. Previously, Wagner 17 J (1950) used 

horse blood to collect leukocytes, but he did not work on the second step, 

namely to purify the leukocytes be collected and to separate the pure neutro

phile leukocytes from them. 
In the present study, the following procedures were devised. After pre

cipitating the erythrocytes, the leukocytes were collected from the supernatant 

plasma by low speed centrifugation. However, these leukocytes still contained 

lymphocytes, monocytes, platelets and small amounts of erythrocytes; therefore, 

it was necessary to purify the leukocytes and this was accomplished to a con· 

siderable degree. The leukocytes that had been collected were resuspended in 

a ·platelet free plasma, (after low speed centrifugation most of the platelets 

may be found floating in the plasma, but after high speed centrifugation all 

the platelets are precipitated and a platelet free plasma may be obtained) and 

were recentrifuged using low speed centrifugation. The erythrocytes and 
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leukocytes formed the sediment, the erythrocytes forming the lower layer to 
the sediment, the leukocyte forming the upper layer, while the lymphocytes 
and platelets remained in the supernatant. In this manner purified leukocytes 
were collected. In order to obtain leukocytes of a high degree of purity this 
operation was repeated 2 or 3 times; however, it was found that the monocytes 
were hard to separate. 

After the addition of either dextran, polyvinylpyrolidon, gum arabic or 
bactophytohemagglutinine to bloods with low erythrocytes sedimentation rate 
in order to increase the sedimentation rate, and after following the above 
procedure as a secondary purifying operation, the results never reached a 
desirable stage and the erythrocytes could not be removed. Further, the ad
dition of the above mentioned organic substances to the blood often makes it 
impossible to investigate the chemical components of the leukocytes and their 
cytoplasmic granules through the use of analytical techniques. Under the 
present circumstance, with the exception of horse blood, the collection of large 
quantities of purified neutrophile leukocytes was not successful. 

BRIEF SUMMARY 

Using horse blood which has a high erythrocyte sedimentation rate, neutro
phile leukocytes in a pure state and in large amounts were collected by the 
use of a two step method. 

First, the leukocytes which remained floating in the plasma obtained from 
horse blood that had been allowed to stand for a short time in order to pre
cipitate most of erythrocytes, were centrifuged at low speed for approximately 
7 minutes and the leukocytes which were found along with the erythrocytes 
in the sediment (the platelets remaining in the supernatant plasma) were col
lected. 

Next, this sediment (leukocytes mixed with erythrocytes) was resuspended 
in a small amount of the platelet free plasma (obtained by high speed centri
fugation) and recentrifuged at low speed to separate the leukocytes; the leuko
cytes forming a layer above the erythrocyte layer in the sediment, while the 
lymphocytes and platelets which mingled in the first sediment remained in the 
supernatant. In this manner purified neutrophile leukocytes were obtained. 

II. Fractionation of Pure Neutrophilic Granules 

After suspending the pure neutrophile leukocytes. which had been col
lected, in a 0.25 M sucrose solution, the suspension was homogenized and frac
tionated. Resuspension operations were added to the centrifugal fractionation 
technique. All the operations were performed at lowered temperature (0°- 4° C). 
The qualitative difference among the various parts of each sediment was 
carefully studied. The fractionation schedule is shown in Fig. 1. 
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MATERIAL AND METHOD 

After dividing the neutrophile leukocytes which were collected as described 
in the preceding part, into two equal parts, according to previous reports,6 ' 7' 8' 

one part was stained supravitally with pinacyanole and neutral red, while the 
other part was retained unstained. Next, each part was suspended in 4 volumes 
of 0.25 M sucrose solution and homogenized in a Potter-Elvehjem's glass homo
genizer at 3 000 r.p.m. for 2 minutes respectively. Finally both homogenates 
were simultaneously centrifugally fractionated. 

Using the fractions obtained from the supravitally stained leukocytes, the 
distribution of the various cytoplasmic granules in each fraction was studied 
by observing the coloration of each fraction. 

The fractions obtained from the unstained leukocytes were used to produce 
ultra-thin sections necessary for electron microscopy, and for chemical analysis. 

In order to produce separation of the nuclei the homogenates were centri
fuged at 1000 r.p.m. (600 g) for 5 minutes. The separated supernatants were 
retained for further fractionation. Then the sediments were resuspended in 4 
volumes of a 0.25 M sucrose solution and rehomogenized for 30 seconds. The 
homogenates then were centrifuged again at 1000 r.p.m. (600 g) for 5 minutes. 
The supernatants were added to the supernatants of the first fractionation. 
Further when necessary, the sediments were centrifuged further at 2 000 r.p.m. 
for 5 minutes in order to increase the separation of the supernatant as much 
as possible which increases the yield of all the granular components with the 
exception of the nucleL The sediments from the above fractionation were the 
nuclear fractions. The isolation of the nuclear fraction after homogenization 
was performed as quickly as possible, otherwise the nuclear substance changes 
to a gel- like state. 

The combined supernatants were then centrifugally fractionated as follows: 
The supernatants were centrifuged at 4 000 r.p.m. (1 000 g) for 10 minutes. 
The supernatants were retained while the sediments were resuspended in 10 
cern of a 0.25 M sucrose solution and centrifuged again at the same speed ( 4 000 
r.p.m.) for the same period ( 10 m). The sediments obtained from this centri
fugation were classified as fraction I, and the supernatants were added to the 
supernatants which had been retained from the preceding centrifugation. 

These supernatants were then centrifuged at 6 000 r.p.m. (2 500 g) for 10 
minutes. After separation and retention of the supernatants, the sediments 
were resuspended in 5 cern of a 0.25 M sucrose solution and recentrifuged at 
6 000 r.p.m. (2 500 g) for 10 minutes. Again the supernatants were separated 
and retained and the above procedure was repeated on the sediments. The 
sediments were classified as fraction II. The supernatants were added to the 
other two batches of supernatants which already had been collected and these 
supernatants were centrifuged at 8 000 r.p.m. ( 4 600 g) for 15 minutes. The 
resuspension and recentrifugation was repeated on the sediments twice, the 
final sediments being classified as fraction III. 

Just as in the above, the combined supernatants were centrifuged at 10 000 
r.p.m. (7000 g) for 10 minutes. The procedure on the sediments was repeated 
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with the exception that they were resuspended only once in 10 cern of a 0.25 M 
sucrose solution, the final sediments being classified as fraction IV. 

Again, just as in the above, the combined supernatants were centrifuged 
at 14000 r.p.m. (14000 g) for 10 minutes. The same procedure was repeated 
on the sediments as for fraction II, the final sediments being classified as frac
tion V while the combined supernatants became the final supernatants. 

RESULTS 

Observations on the Fractions from Leukocytes Previously Supravitally 
Stained with Pinacyanole and Neutral Red: 

The nuclei, eosinophilic granules, mitochondria and neutrophilic granules 
of neutrophile leukocytes supravitally stained with pinacyanole and neutral red, 
are colored salmon pink, brilliant orange yellow, blue and red respectively. 
The nuclear fraction consisted of isolated nuclei stained salmon pink mixed 
with some broken nuclei, a small amount of blue stained granules of irregular 
shape and some unbroken cells. 

Fraction I for the most part consisted of large blue granules of mito
chondria and fragments of the nuclei. In some cases a few nuclei were found 
included in the fraction. 

Fraction II was mainly blue in color even to the naked eye. Through the 
microscope it consisted of relatively large blue mitochondira granules. In some 
parts of the fraction, large granules of brillant orange color were found. These 
are considered to be eosinopnilic granules. 

Fraction III was a mixture of blue granules and red granules; more of the 
red granules. 

Fraction IV contained a homogeneous group of red granules and few blue 
granules. 

Fraction V was composed almost entirely of homogeneous red granules 
with extremly few blue granules being present. 

Electron Microscopic View of the Fractions from the Unstained Leukocytes: 
Fraction I consisted of broken nuclei, cells that showed sings of rupture, 

mitochondria and a small number of neutrophilic granules. 
Fraction II for the most part contained mitochondria with a double mem

brane and a crista formation toward its internal cavity, mixed with a few 
neutrophilic granules. 

Fraction III was a mixture of mitochondria and neutrophilic granules. 
Fraction IV consisted of a greater amount of neutrophilic granules and a 

lesser amount of mitochondria. The neutrophilic granules were spherical or 
oval shaped particles, their interior structure and membrane formation not 
being clear in many cases; however, some of the granules had a dark globular 
part in their center, considered to be relatively young granules almost pro
granula. Watanabe 37> has said that neutrophilic granules present three forms, 
namely, A, B and C; however, further investgation is necessary to substantiate 
this theory. 

Fraction V consisted almost completely of neutrophilic granules, mito-
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chondria and vesicles, considered as coming from the endoplasmic reticulum, 

only occasionally were observed. 
A number of blocks were made from various parts of this fraction and 

observed through the electron microscope. It can be stated that neutrophilic 
granules were collected in an almost pure state, for almost no difference could 

be observed in the blocks prepared from the central and surrounding parts of 

this fraction. 

DISCUSSION 

The various techniques of centrifugal fractionation of cell homogenates 

which have been used up to the time this paper was written are shown in 

Table 1. In every investigation liver cells were used as "material". Leukocytes 

containing special granules were never investigated; however, the present in

vestigation deals with leukocytes. In the last report/' in just what serial frac

tions obtained from the leukocyte homogenate by centrifugal fractionation, the 

nuclei, eosinophilic granules, mitochondria, neutrophilic granules and micro
somes were located was discussed. In order to study the distribution of en
zymatic activities away to the various fractions, the specific activities of each 
fraction were estimated. In addition it was also necessary to ascertain the 

total activity with relation to the recovery of the distributed activities in order 
to calculate the percentage of the activity (the activity of any one fraction 

against the total activity) in each fraction. For this, the fractionation pro

cedure has to be made as rapidly as possible to keep the denaturation of the 

enzymes at a minimum. In this experiment, however, the primary purpose 

was to obtain a fraction containing pure neutrophilic granules. 

1) Technique of Homogenization 
As medium, in order to compare the results of this experiment with the 

results in the previous report,6> 7> 8' a 0.25 M sucrose solution similar to that used 
in the previous report was chosen. Four times the volume of this solution was 
added to the neutrophile leukocytes that has been collected (wet volume about 
10 cern) to produce a suspension whose volume was approximately 50 cern. 

At the time of homogenization, the suspension was kept as concentrated as 
possible, and the nuclear breakage 46> was held to a minimum; however, the 

greater the concentration of the homogenate the more difficult becomes the 

isolation of the nuclei. 
Since the resuspension operations were performed during the fractionation 

process, the dilution of the suspension thus was increased and this tended to 
aid the more complete isolation of the granules. 

During homogenization a Potter-Elvehjem's 47 > glass homogenizer having a 

capacity of 50 cern was used. Thus it was possible to homogenize the entire 
suspension at the same time and this tended to hold the nuclear breakage to 

a mm1mum. Accordingly the yield of the granular component was better for 
broken nuclei tend to wrap the granular component and thus decrease the yield. 
The method of homogenizing the cells with quarts sand in a mortar 48> was not 

very satisfactory due to the difficulty in separating the sand from the homo· 
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genate. Further, although this method required a large amount of washing, 
thus diluting the homogenate, the yield of granular components was relatively 
small, because the nuclei were apt to break and wrap the granular component 
and sand; therefore, this method was not used. The first homogenization was 
performed at 3 000 r.p .. m. for 2 minutes and if the homogenization was not 
complete, the same operation was repeated with the sediment obtained after 
the centrifugation of the first homogenate. 

2) Separation of the Nuclear Fraction 
The conditions for homogenization were chosen with care so as to disrupt 

the cells' membranes sufficiently to cause separation of the granular component 
and at the same time to avoid tearing the nuclear membrane. Broken nuclei 
become gel-like and wrap the granular substance of the cells, thus decreasing 
the yield remarkably. Dounce, A. L. et al.491 501511 reported that the gel-like state 
outcome of the nuclear fraction was sure proof that the nuclear component 
was not denaturated, but that this nuclear substance which was freed from a 
nuclear membrane with the passage of time, eventually developed a gel-like 
state. Although special care was taken to prevent the destruction of the nuclei, 
the breakage of a few could not be avoided. In addition, right after homo
genization, the nuclear fraction was separated as quickly as possible. 

3) The Refrigerated High Speed Ceutrifuge 
In the previous report, a Sakuma's old model centrifuge was used; however, 

for the a forementioned centrifuged fractionation a new model S.M.C. 50 B. 
centrifuge was employed. In this centrifuge the slanting angles of the cen
trifuge tube of the angular rotor are different, the slant of the centrifuge tube 
in the new model centrifuge being steeper than that in the old one, so that 
when the new model runs at the same speed as the older model the effect of 
the centrifugal precipitation becomes different, and the difference in the cen
trifugal force between the meniscus and the bottom of the centrifuge tube of 
the new model becomes smaller and is considered more favorable for differential 
centrifugal fractionation. In addition the capacity of the centrifuge tube in 
the old model is 8 ml while that of the new model is 15 ml which facilitates 
each operation, thus greatly decreasing the time necessary to complete the 
entire centrifugal fractionation process. 

4) The Resuspension Operation during Centrifugal Fractionation 
In the previous experiment, leukocytes which had been collected from horse 

blood were homogenized, and several fractions were obtained by the process 
of differential centrifugtian. This took several hours for the entire operation, 
from start to finish. In order to determine the distribution of the chemical 
components in each fraction, the time necessary to complete this process has 
to be reduced to a minimum, in order to prevent the deterioration of the 
chemical components, especially that of the enzymes. For this reason, the 
more complicated resuspension operation had to be omitted, for this operation 
considerably delays the entire procedure. 

The resuspension operation with a 0.25 M sucrose solution has several func-
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ions, i.e. not only to remove the soluble components or more minute particles 
rom the surface of the granules to which they had become attached but also 
o decrease the viscosity which increases with the amount of the soluble com
tonents present; therefore, in order to facilitate the movement of the particles, 
.nd furthermore, to disperse temporarily aggregated and consequently inap
tropriately precipitated particles, the resuspension operation is very desirable 
.s these particles after dispersion will be precipitated in their proper fractions. 
~he centrifugal force at the bottom of the centrifuge tube is stronger than 
.t any other part of the tube; therefore, relatively small particles tend to be 
leposited here. As a result, the granules in the sediment are heterogenous. 
~Y repeatedly resuspending the sediment this obstacle could be decreased. 
~urther, the supernatants after recentrifugation of the resuspended sediments 
11ere added to the supernatants obtained from the previous operation and the 
:ombined supernatants were centrifuged in the following operation; thus thinn
ng the supernatant and increasing its volume. 

5) The Sediments during Differential Centrifugal Fractionation 
Within the sediments during any stage of centrifugation, larger sized parti

:les having a relatively heavier specific gravity have a tendency to precitate 
:omparatively more rapidly thus, from which part of the seminent the specimen 
hould be extracted as a fraction should · be carefully considered. A specimen 
aken from the central part of the sediment was compared with others taken 
rom the surrounding parts of the sediment by an electron microscope and 
rom these observations, it was confirmed that with the aforementioned tech
tique, the neutrophilic granules fraction contained hardly any visible conta
nination due to mitochondria. This pure yield depended entirely upon the 
act that prior to this step of fractionation the mitochondria were completely 
Jrecipitated in the previous sedimentation of the mitochondrial fraction. 

6) Reason jor Obtaining a Pure Fraction of Neutrophilic Granules 
The reasons why the neutrophilic granules fraction could be obtained in a 

tighly pure form even as observed under the electron microscope can be listed 
ts follows : 

a) It became possible to collect neutrophile leukocytes of high purity and 
n a sufficient amount. Mature neutrophile leukocytes containing an abundance 
>f neutrophilic granules but with very few mitochondria and endoplasmic 
·eticulum are most appropriate as material. 

b 1 A quick separation of the nuclei could be performed before the nuclei 
>egan to disintegrate. Contamination of the nuclear substance decreases the 
rield of the neutrophilic granules by absorbing them, in addition it interferes 
vith the separation of each kind of granule by affecting the medium with a 
mclear soluble substance. 

c) The dilution of the cell homogenate was designed to increase gradually. 
f a suspension of the cell homogenate is concentrated, smaller sized particles 
1aving a lower specific gravity will precipitate much quicker because of the 
ormation of temporary aggregates. The gradually diluted suspensions offset 
:his difficulty. 



14 H. TAKAHASHI 

d) It became possible to decrease the difference of the centrifugal force 
between the bottom and the surface of the liquid in the centrifuge tube which 
allows the comparatively larger particles to precipitate effectively by having 
the tubes in the angular rotor steeply arranged. 

e) It was possible to satisfactorily separate the mitochonria and neutro
philic granules even though the difference in size and specific gravity between 
them is very small, by the resupension operation. 

BRIEF SUMMARY 

Neutrophile leukocytes which had been collected in a highly pure state 
were homogenized and the particulate substances of these cells were fractionated 
by using the differetial centrifugation process. 

Through this process neutrophilic granules could be successfully isolated 
in a highly pure state. The homogenizations were performed in a Potter· 
Elvehjem's glass homogenizer, after suspending the neutrophile leukocytes in 
4 times their volume of 0.25 M sucrose solution, to a degree sufficient to disrupt 
the cell membranes but insufficient to destroy their nuclei. If the nuclei were 
destroyed the yields of the granular components would be decreased. The 
separation of the nuclei from the homogenate was accomplished as quickly as 
possible. In the event that this procedure was prolonged the nuclear substance 
changed to a gel-like state and this resulted in a decrease of the granular 
components. For the differential centrifugation process an angular type rotor 
was used in which the centrifuge tubes having capacities of 15 cern are steeply 
arranged (at 45° as against horizontal). It is believed that the steeper the 
tube, the more effective is the differential centrifugal fractionation. Sediments 
of each of the operations during the differential centrifugation were resu
spended once or twice with a 0.25 M sucrose solution in order to further refine 
the fraction and these resuspensions were submitted to subsequent fractionation 
in order to increase the yield of each subsequent fraction. Thus, by this in
tegrated procedure a fraction of pure neutrophilic granules could be obtained. 
The extremely high purity of the isolated neutrophilic granules was very 
clearly demonstrated by observing the sediment containing these granules by 
an electron microscope. 

The ultrastructure of the neutrophilic granules also was explained. 

CONCLUSION 

Up to the present, it was not unusual to read and hear reports on the 
results of a chemical analysis made on eosinophilic granules; however, as yet, 
none has been made on isolated neutrophilic granules. Even in Hensley-Claude
Schneider's technique of isolating particulate fractions from a cell homogenate 
by using the differential centrifugation method, leukocytes have never been 
used as a "Material". Modifying this technique, the isolation of nuclei, mito· 
chondria, neutrophilic granules and microsomes from leukocytes was accom· 
pl1shed, and further, at the same time the isolation of neutrophilic granules 
in an almost pure form, confirmed after observing these granules under the 
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electron microscope, also was accomplished. Therefore, the details of this 
technique, the electron microscopic findings on the isolated neutrophilic granules 
and some important technical factors suspected to have led to the success in 
isolating these pure granules are reported and discussed. 
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EXPLANATION OF FIGURES 

FIG. 2-7. Electron microscopical figures of neutrophilic granules isolated by centrifugal 
fractionation. 
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