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which would reduce the effective concentra- 
tion of alloxan a t  any time. 

Our results confirmed completely those of 
Kuhn and Quadbeck with regard to the effect 
of a first injection of alloxan with boric acid. 
lye  are unable to account satisfactorily for 
the discrepancy between our results and theirs 
on second injection. They found the second 
injection much more toxic than the first while 
n-e observed this in only a few cases. No 
effect of allosan could be seen from most of 
our blood sugar values, but the mild hemoly- 
sis showed that it was not always completely 
inactivated. A somewhat more serious dam- 
age to the pancreas might have occurred in 
the animals of Kuhn and Quadbeck, not suf- 
ficient to cause frank diabetes but leaving 

them more susceptible to injury by the second 
dose. This is more probable since their dose 
of alloxan varied from 150 to 250 mg/'kg 
while ours was always 160 mg/kg. 

When rats on special rations 
were injected simultaneously with alloxan 
and boric acid, the deleterious effects of the 
alloxan were reduced. Only a few animals 
showed mild diabetes while alloxan alone pro- 
duced severe diabetes in all cases. Survival 
for 7 days in animals receiving a high-lard diet 
was raised from 10% to 80%. Intravascular 
hemolysis in tocopherol-deficient animals on 
the high-lard diet, always severe with alloxan 
alone, was absent or mild when the boric acid 
was given. 

Summary. 
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Trans fus ion  of Leukocytes  and Products of Dis in tegra ted  Leukocytes." 

AUSTIN S. WEISBERGER, ROBERT W. HEINLE, AND RICHARD HANNAH. 
From the Depnrtment of Xedicine, Lakeside Hospital and t h e  ,Yehool of Y e d i c i n c ,  Western 

Reserve University. 

I t  is a common clinical observation that no 
demonstrable rise in leukocyte count can be 
obtained despite repeated transfusions of 
whole blood. even when given to individuals 
with marked leukopenia. It has been thought 
that this failure to successfully increase the 
leukocyte count by transfusion might be due 
either to the short life span of leukocytes, to 
their rapid disappearance from stored blood 
or possibly to type incompatibilities. This 
investigation was undertaken to determine 
whether transfused leukocytes would remain 
in the blood stream, and if not, to study the 
mechanism of their removal. 

Methods. White blood cells were obtained 
from the rabbit's peritoneal cavity by a modi- 
fication of the method of hludd and cowork- 
ers.' 300 to 500 cc of physiologic saline were 

+This nork  t v m  supported in  part by a grant 
froiii the h-ational Vitamin Foundation under the 
direction of Dr. A. D. Welch. 

1 Mudd, H., Lock&, B., Mecuteheon, M., and 
Strumia, M., J .  E s p .  Y e d . ,  1929, 49, 779. 

injected into the peritoneal cavity in the 
evening and a similar amount of saline the 
next morning about 15 hours later. Over- 
distension of the rabbit's peritoneum is poorly 
tolerated and may result in death of the 
animal. Four hours after the second injec- 
tion of saline, the fluid was removed from the 
peritoneal cavity through a 16 gauge needle, 
using 0.5 cc ( 5  mg) of heparin as an anti- 
coagulant. The fluid obtained was centri- 
fuged a t  a low speed for 5 minutes and the 
sediment resuspended in 10 to 20 cc of 
Tyrode's solution so that the leukocyte count 
was in the neighborhood of 50,000 cells per 
cmm. This cell suspension was then admin- 
istered intravenously to the same rabbit 
(autotransfusion) or into other rabbits 
(heterotransfusion) . The cell free peritoneal 
fluid was also administered intravenously. 
The cells obtained by this methorl exhibited 
apparently normal ameboid movement, were 
actively phagocytic for st~phylococcus albus, 
and took up vital stains. About 90 per cent 
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TABT,E I. 
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of the cells were mature neutrophils. administered intravenously to rabbits. 
Disintegrated leukocytes were obtained by Results. Transfusion 0.f leukocytes into 

subjecting the resuspended leukocytes to su- the ear vein of the same rabbit from which 
personic vibration for 1 hour at  0°C. The ma- they had been obtained resulted in a sudden 
terial obtained was centrifuged and the super- profound leukopenia in 14 of 16 rabbits 
natant fluid, free of particulate matter, was (Table I) .  A transient unsustained drop in 
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TABLE 111. 
Transfusion of Disintegrated White Cells. 
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TABLE IV. 
Summary of Data. 

Ax-g % 4vg 7% Avg % 
derelogiiig increase 

transfusion WB(’ 1eukopcni:t Irukopcnia WR(’ lrukocyto~is leukocytosis in WBC 
Type of voutrol developing Avg drop in Avg 

Autotramfusion 9.1TS XU 2,632 69.3 18,833 56 164 

Disintrgrated ld,305 100 3,770 80.8 34,590 60 132 
Heterotraiisfusiou 14.417 100 3,370 7 1  40,350 53 153 

WRC’S 

the leukocyte count occurred in the other 2 
animals. An initial elevation of the leukocyte 
count did not occur in any animal. The 
average time of onset of the leukopenia was 
2.8 minutes, the average duration 2.2 hours 
and the average drop in leukocyte count 
69.3% of the control count. In  9 of the 16 
rabbits (56%) a subsequent leukocytosis 
occurred. In these rabbits the average rise in 
leukocytes was 164.8% of the original leuko- 
cyte count and the average time of onset was 
4.3 hours after the transfusion was given. 

When the cell suspension was transfused 
into >the ear vein of another rabbit, a marked 
leukopenia developed rapidly in all instances 
(Table 11). The average drop in white count 
was 72% of the control count, the average 
time of onset 2.2 minutes, and the average 
duration 2.2 hours. In  9 of 17 rabbits a sub- 
sequent significant rise in leukocyte count 
occurred. The average maximum rise in 
leukocyte count was 152% of the initial value 
and the average time of onset was 3.7 hours. 

Intravenous administration of the super- 
natant fluid obtained by centrifugation of 

disintegrated leukocytes also produced a leu- 
kopenia in all instances (Table 111). The 
average drop in white count was 80.8% of 
the control count, the average time of onset 
was 1 minute, and the average duration was 
2.95 hours. A subsequent leukocytosis oc- 
curred in 6 of 10 rabbits. The average maxi- 
mum rise in white count was 132% of the 
control count and the average time of onset 
of the rise in white count was 2.0 hours. The 
results of autotransfusion, heterotransfusion 
and transfusion of disintegrated white cells 
are summarized in Table IV. 

The drop in white count was accompanied 
by a decrease of approximately 20% in neu- 
trophils and a corresponding increase in the 
percentage of lymphocytes in the differential 
count. During the phase of leukocytosis 
there was a marked increase in the number of 
neutrophils (to 90% or more) with a shift to 
the left. 

Administration of normal saline, Tyrode’s 
solution, whole blood, heparin, killed typhoid 
bacilli and a solution of desoxyribosenucleic 
acid intravenously did not proluce any sig- 
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nificant change in the leukocyte count. 10 to 
15.0 cc of a 1.1% solution of sodium citrate 
always produced a marked leukopenia but 
was never followed by leukocytosis. 

Mixture of whole blood and white blood 
cell suspension in vitro resulted in the cal- 
culated rise in the total white count with no 
significant change in the count over a period 
of several hours. I t  was not possible to deni- 
onstrate any differences in white blood cell 
types by cross-matching with the sera from 
various recipient rabbits. 

Transfusions with intact leukocytes as well 
as with products of leukocytic disintegration 
frequently resulted in sudden death, preceded 
by nystagmus and convulsions in all cases. 
Rabbits used for repeated transfusions lost 
weight, appeared chronically ill, and fre- 
quently died. The cellular debris froni disin- 
tegrated white cells appeared to be the most 
toxic of the substances used. \Yhen cell 311s- 
pensions contained a high percentage of cel l  
showing toxic granulation and disintegrating 
cells as determined by examination of smears, 
toxic reactions appeared to be more common 
than if such were not the case. The thronibo- 
plastic activity of leukocytes disintegrated 
by supersonic vibration was determined. The 
greatest thrornboplastic activity was found in  
the centrifuged sediment. 0.1 cc of the ma- 
terial was equivalent to 0.940 mg of PIIaltine 
thromboplastin: in contrast, 0.3 cc of the 
supernatant material from disintegrated leu- 
kocytes contained less than 0.1 mg. In spite 
of the high content of thromboplastin. intra- 
venous clotting was not observed in any 
animal. 

Because of the histamine content of leuko- 
cytes” the effect of intravenous histamine 
phosphate on the white count was investi- 
gated. 0.2 to 0.6 mg of histamine phosphate 
produced a mild delayed leukopenia in 3 of 
10 rabbits. Neither the time of onset. the 
degree of leukopenia nor the duration of the 
leukopenia corresponded to that produced 
with the transfusion of intact leukocytes or 
the products of their disintegration. One mg 
of histamine intravenously resulted in sudden 
death with nystagmus and convulsions. The 

~ 

2 Codr, C. F., b. Pkyh.ioZ., 1937, 90, 486. 

intravenous administration of an anti-his- 
taminic (pyranisamine maleate) did not pre- 
vent the characteristic leukopenia which de- 
veloped with the transfusion of a white cell 
suspension in 2 rabbits. 

I t  is evident that there is a 
potent substance (or substances) present in 
leukocytes obtained from the rabbit’s peri- 
toneal cavity which is capable of affecting the 
level of the leukocyte count of circulating 
blood. Kot only do the transfused cells dis- 
appear from the circulation but white cells 
circulating prior to the transfusion disappear 
i is well. This, together with the results ob- 
tained with particle-free solutions of lysed 
cells would indicate that the effect is more 
than a mere filtering of foreign bodies by the 
reticuloendothelial system. 

The fate of the transfused cells has been 
studied in preliminary experiments using 
leukocytes labeled with radioactive phospho- 
rus. Kith this method the greatest concen- 
tration of radioactivity is found in the lungs. 
This finding is confirmed by histologic studies 
of lungs removed a t  the time of maximum leu- 
kopenia. The lung capillaries were found to 
contain large numbers of leukocytes without 
edema or fibrin formation. The liver and 
spleen also contained increased numbers of 
leukocytes but this finding was not as marked 
as  in the lungs. 

31enkin’*4 has described a leukopenic and 
leukocytic factor, as well as a toxic substance 
called necrosin, obtainable from inflammatory 
exudates. I t  is possible that these substances 
obtained from exudates are derived entirely 
from disintegrating leukocytes. I t  is note- 
worthy that effects obtained by administra- 
t ion of leukocytes produced with physiologic 
salt solution are similar to those obtained by 
exudates produced with irritants. 

I t  cannot be stated whether leukocytosis 
is a response to a specific agent contained in 
the transfused leukocytes or their products, 
whether it is a response on the part of the 
bone marrow initiated by the leukopenia or 
whether it is a spontaneous variation. The 
fact that leukocytosis does not develop in all 

Discussion. 

3Mcnkin, V., Arch. Path., 1946, 42, 154. 
.) Mtmkin, V.. Scicwcc,, 194’7, 105, 538. 
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animals in which leukopenia has been pro- 
duced by administration of leukocytes or 
their products, and in no animal in which 
leukopenia was induced with sodium citrate 
solution, argues against the subsequent leu- 
kocytosis being a response of the bone mar- 
row stimulated in some manner by the leuko- 
penia. The possibility of the existence of 
differences in the reaction of the recipient is 
indicated by the production of leukocytosis 
in one rabbit but not in another with the 
same cell suspension. 

The chemical nature of the active sub- 
stances present in solution of lysed leukocytes 
has not as yet been determined. Preliminary 
experiments indicate that removal of lipids, 
including thromboplastin, b y  ether extraction 
does not reduce its activity. Considerable 
loss of activity results from exposure to heat- 
ing a t  66°C for 1 hour. 

Summary and conclusions. 1. Leukocytes 
were obtained in large numbers by introduc- 
tion of large amounts of physiologic salt 
solution into the peritoneal cavity of rabbits. 

2.  Intravenous administration of these cells 
to the same or different animals was followed 
by very rapidly developing and severe leuko- 
penia. A subsequent leukocytosis developed 
in the majority of rabbits after several hours. 

3. Disintegrated leukocytes, or aqueous ex- 
tract of disintegrated leukocytes produced 
similar results. 

4. Preliminary data indicate that the leuko- 
cytes stick in the capillaries of the lung. 
Ether extraction of disintegrated leukocytes 
does not cause loss of activity but heating 
reduces activity. 

5 .  These experiments indicate that unsatis- 
factory preservation of leukocytes in stored 
blood is not the reason for failure to raise 
leukocyte counts with transfusions, but that 
white blood cells contain a substance (or 
substances) which is capable of producing 
leukopenia. 

U’e are indebted to Dr. William Holdeii for the 
assap of the throniboplnstic content of leukocytes. 
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Effect of Adrenocorticotrophic Hormone Upon Liver Fat and Urinary 
Phosphorus in Normal Force-Fed Rat. 

CHOH HAO LI, DWIGHT J. INGLE, HERBERT M. EVANS, MILDRED c. PRESTRUD, AND 
JAMES E. NEZAMIS. 

From the Institute of Experimental Biology, Uniuer,Pity of Califomin, Berkeley, and The 
Research Laboratories, The U p j o h  Company, Kalamazoo, Xich. 

It was shown by Baker, Ingle, Li, and 
Evans1 that the administration of pure 
adrenocorticotrophic hormone (ACTH) to 
force-fed male rats caused fatty infiltration 
of the liver as was demonstrated histologically 
by Sudan stains. This observation was con- 
firmed by chemical analysis of the liver in the 
present study. In addition, during the ad- 
ministration of ACTH there was noted a 
significant increase in the urinary excretion 
of inorganic phosphorus which accompanied 

1 Baker, B. L., Ingle, D. J., Li, C. H., and Evans, 
€1. N., Am. J .  Aiint., 1948, 82, 75. 

_ ~ _  .-__. -_ 

a rise in urinary nitrogen and that there was 
excretion of glucose and loss in body weight. 
Changes in the weights of certain organs was 
noted. 

Methods. Male rats of the Sprague-Daw- 
ley strain were maintained on a diet of 
Archer Dog Pellets until they reached a 
weight of approximately 300 g. They were 
then placed in metabolism cages and main- 
tained on a fluid diet administered by stomach 
tube each morning (8:30 to 9:15 A.M.) and 
afternoon (4:15 to 5:00 P.M.). The technic 
of force-feeding and the diets used were modi- 




