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callosal) system. It would be, indeed, an in- 
teresting problem in mechanism of action to 
study the interactions of these agents a t  the 
enzymatic level. 

Summary. 1. I t  has been demonstrated 
that chlorpromazine, perphenazine, proclor- 
perazine, promazine, thiopropazate. prome- 
thazine and reserpine are effective antagonists 
of mescaline-induced mortality in CFI mice. 
2.  S o  significant protection was found with 
use of sodium phenobarbital, meprobamate. 
benactyzine, atropine, hydroxyzine, ethoxy- 
butamoxane, SY-2 1 , diphenylhydantoin. tri- 
methadione, lysergic acid diethylamide. sero- 
tonin. amphetamine, morphine, pyrilamine. 
diphenhydramine, iproniazid, pilocarpine. and 
arecoline. 3. It is suggested that the protec- 
tive effects of the ataractics against mescaline- 

induced mortality are centrally mediated. 
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Electron microscope studies of ultrathin 
sections of cells infected with a number of dif- 
ferent viruses have revealed the structure of 
various submicroscopic cell elements during 
different stages of infection and have showed 
the complicated structure of the viruses in 
cells and tissues. The observation that vi- 
ruses can be detected in diseased tissues and 
that they can be differentiated from normal 
cell constituents has in turn led to electron 
microscope studies of tumors of known 
or suspected viral origin( 1 .2) .  The neo- 
plastic conditions now classified in the 
chicken leukosis complex were the first 
tumors induced by filterable agents(3). 
Some tumors of the fowl leukosis com- 
plex, such as visceral lymphomatosis (4), os- 

*Presented at March 1958 meeting of Am. Assn. 
for Cancer Research, Philadelphia. This work sup- 
ported by Research Grants from Nat. Cancer Inst., 
N.I.H., U.S.P.H.S., and Am. Cancer SOC. 

teopetrosis (4), erythroblastosis and myelo- 
blastosis (granuloblastosis) ( 5) have been 
transmitted by cell-free preparations. Other 
conditions, such as neuro-lymphomatosis and 
ocular lymphomatosis, have not as yet been 
transmitted by cell-free preparations. Ex- 
tensive studies have been carried out to ascer- 
tain the physical, chemical, immunologic and 
other properties of the viral agents present in 
cell-free preparations ( 5 ) .  Electron micro- 
scope studies on the morphology of particulate 
material in cell-free preparations, which had 
been dehydrated and shadowed, were also 
carried out to characterize agents responsible 
for erythroblastosis, myeloblastosis and 
lymphomatosis ( 5). Recently, the technic of 
ultrathin sectioning has been applied to ultra- 
centrifugal pellets from plasmas of chickens 
with myeloblastosis and erythroblastosis ( 6 ) .  
These studies revealed the characteristic struc- 
ture of particles present in the ultracentrifugal 



SUBMICROSCOPIC MORPHOLOGY OF AVIAN KEOPLASMS 663 

pellets. Similar particles were also observed 
in ultrathin sections of spleen and bone mar- 
row of chickens with erythromyeloblastosis 
(7).  The present studies were undertaken to 
characterize the particles found in tissues of 
chickens with different forms of chicken leu- 
koses. As a first step in ascertaining the eti- 
ologic relationship of the agents to the vari- 
ous chicken neoplasms, studies have been 
made of ultrathin sections of organs from 
chickens with erythroblastosis. 

Materials and methods. The erythroblas- 
tosis strain was started by Engelbreth-Holm 
(8), and used extensively by Beard( 5).  Four- 
teen-day-old chickens of line 15, of US. Re- 
gional Poultry Research Laboratory, East 
Lansing, Mich., inoculated intravenously with 
a dose of log-4.0 ml of plasma from chickens 
with erythroblastosis, served as donors. Spleen 
and liver from chickens showing macroscopic 
and microscopic changes diagnostic of erythro- 
blastosis were used for ultrathin section 
studies. Most material required, when in 70.76 
alcohol, transportation to laboratory for 48 
to 7 2  hours, after fixation for 1 hour in 1% 
osmic acid buffered with vermal acetate a t  pH 
7.4. Storage of material in 70% alcohol had 
no deleterious effect. All steps, from immer- 
sion of tissue in a mixture of equal volumes of 
100% alcohol and methacrylates (6  parts of 
n-butyl to 1 part of methyl) through final 
stage of polymerization at  48OC, following 
addition of Luperco to the methacrylates, were 
carried out in vacuum obtained by 15 Ib of 
negative pressure. Sections were obtained 
with Porter-Blum microtome, and collected 
in 30% acetone on specimen screens covered 
with a thin film of collodion and thinly coated 
with evaporated carbon particles. An RCA 
EMU 3A electron microscope was used. 

Tumorous cellst in spleen and Results. 

t Examination by means of the light microscope 
of spleen tissues from chickens in terminal stages of 
erythroblastosis reveals that the majority of all cells 
are primitive cells of erythroid origin. In ultrathin 
sections of erythroblastosis examined by means of 
electron microscope, it is difficult to differentiate the 
cells which show the described changes from those 
showing similar changes in granuloblastosis, which 
will be discussed later. 

FIG.  1. Electron micrograph of section of tu- 
morous cells of spleen from chicken with erythro- 
blastosis. Inclusion-like bodies (IB) present in 
cytoplasm of some of the cells. Magnification 
10,500 X. 

FIG. la. Part of Fig. 1 marked by “a” at 
greater enlargement. Two inclusion-like bodies 
with characteristic particles. Magnification 17,500 
X. 

liver from chickens with erythroblastosis 
showed vacuolization of cytoplasm and altera- 
tions in mitochondria, endoplasmic reticulum, 
and cellular membranes. It should be pointed! 
out that not all tumorous cells showed these 
changes. Frequently these changes were ac- 
companied by appearance of osmiophilic 
bodies, often surrounded by single or double 
membranes. Within these inclusion-like 
bodies the spheroidal particles showing inter- 
nal structure have been observed. Approxi- 
mately one out of 50 cells examined showed 
the presence of these particles. Following 
breakdown of membrane surrounding the in- 
clusion-like bodies, the characteristic particles 
are released into the surrounding cytoplasm. 
The nucleus of the affected cells remained un- 
changed. characteristic particles have also 
been observed in intercellular spaces. 

The particles have been found to vary in 
diameter from 570 hi to 760 A, averaging 670 
A. These particles may be seen in Fig. 1, and 
at  higher magnification in Fig. la.  Their 
relationship to other cytoplasmic constitu- 
ents is shown in Fig. 1. The ultrastruc- 
ture is more clearly visible in Fig. 2 and Fig. 
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tumors of known viral origin( 1 )  appear to be 
more specific. 

Particles of similar internal structure but 
of somewhat larger diameter have been ob- 
served in plasma of chickens with erythro- 
blastosis ( 6 ) .  The question arises about the 
relationship of the particles observed in ultra- 
thin sections of tumorous spleens of chickens 
with erythroblastosis and those found in 
plasmas of chickens with erythroblastosis. 
The difference in size between particles in 
ultrathin sections of spleen and liver of 
chickens with erythroblastosis (670 A) and 
those in ultrathin sections of ultracentrifugal 
pellets of plasma of chickens with erythro- 
blastosis (8CO A )  may be due to  differences 
in preparation of the material and in calibra- 
tion of the microscope. Spheroidal particles 
of similar ultrastructure and average diameter 
varying 750 A to 800 A were observed in ultra- 
thin sections of spleen and bone marrow of 

3 ,3a  and 3b. The particles show a dense cen- 
tral mass, surrounded by a lighter zone. which 
in turn is surrounded by an external limiting 
membrane. Diameter of the central core was 
found to vary from 220 ;i to 300 -4. aver- 
aging 260 &A. 

Distribution of the particles both within 
and outside the cells is shown in Fig. 4, 4a. 
4b, and 4c. The external limiting membrane 
is seen in particles present in inclusion-like 
bodies within the cytoplasm of cells and in 
particles found in extra-cellular spaces. 

Discussion. The study of ultrathin sec- 
tions of tumorous spleens and livers from 
chickens with erythroblastosis revealed a 
number of changes in the submicroscopic cell 
elements of some tumor cells. Some changes, 
like vacuolization of cytoplasm, breakdown 
of mitochondria. and of endoplasniic reticu- 
lum are not considered specific for viral in- 
fection. Similar changes have been observed 
in HeLa cells grown i~ o i t r o ( 8 )  and in cells 
subjected to starvation ( 9  ) . However, other 
changes, like formation of inclusion-like bodies 
with spheroidal particles resembling virus 
particles observed in thin sections of other 

F I G .  3. T'ltrathin section of several tumor cell:, 
i n  sl)lccii of chickeii with erythroblastosis. Char- 
;ic.tcristic. ( whorl-like ' ' formation of menibraiioiis 
sti.uctures iii cptoplasin of 2 cells. Inclusion-like 
bodies (a, 1)) with characteristic particles. Magni- 
fication 30,000 X. 

FIG. 3a and 3b. Parts of Fig. 3 enlarged. Char- 
acteristic structure of particles and membranes, in 
part broken - down, surrounding inclusion - like 
bodies. Magnifications 25,000 X. 
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FIG. 4. Characteristic particles present both 
within and outside cytoplasm of cells of a tumor- 
ous spleen from a chicken with erythroblastosis. 
Magnification 25,000 X. 

FIG. 4a and 4b. Same particles in  intercellular 
spaces. Magnification 25,000 X . 

FIG.  4c. Particles within inclusion-like bodies. 
Magriificatioii 25,000 X. 

chickens with erythromyeloblastosis ( 7 ) .  Simi- 
lar particles were also found in spleen and 
bone marrow of 3 out of 24 normal chickens 
(7).  The size of these particles ( 7 5 0  &SOU 
A) resembles more closely the size of those 
(570 -4-760 A) observed in the present study 
of thin sections of cells in erythroblastosis. 
It is possible that particles observed by Bern- 
hard et aE.(6) and by Benedetti et aZ.(7) and 
those in our studies represent the same agent. 
Inclusion-like bodies were also described in 
erythromyeloblastosis and their origin attrib- 
uted to mitochondria ( 7 ) .  Similar inclusion- 

like bodies have been observed in the present 
study. Their origin will be discussed later. 

The study of ultrathin sections of spleen 
and liver of control, young chickens of the 
same line, failed to reveal similar changes in 
the cells of these organs. 

Summary. Ultrathin sections of tumorous 
spleen and liver from chickens of the so-called 
line 15 with erythroblastosis have been exam- 
ined in the electron microscope. In cells of 
these organs spherical or spheroid structures 
were observed, composed of a central dense 
core of about 260 A, surrounded by a less 
dense material and limited by an outer mem- 
brane, varying in diameter from 570 A to 760  
A. The structure of these particles resembles 
that of particles described in other tumors 
of chickens and in other tumors of known vi- 
ral origin. No particles of similar character 
were observed in cells of organs from control 
healthy chickens. 
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