
fer-incubated tissue and its absence in 
the same cell when the tissue was 
treated with enzyme. Material specifical- 
ly removed by ribonuclease as described 
above is conventionally assumed to be 
RNA (11). This pink-staining basi- 
philic material in the cytoplasm of 
normal nerve cells as well as that com- 
posing the perinuclear ring of injured 
cells is RNA. 

The appearance of a perinuclear con- 
centration of RNA is the earliest and 
most conspicuous sign of axon injury 
in these cells. However, other changes 
similar to those seen in the vertebrate 
neuron during injury and regeneration 
were also observed. Swelling of the 
nerve cell body is apparent 2 days after 
injury, but not after the 6th day. The 
normally pear-shaped cells become 
more spherical when they swell, and the 
peripheral cytoplasm stains less in- 
tensely, as seen by comparing the 
matched cells in Fig. I B. At about 4 
weeks, when regeneration of the 
peripheral axon is well under way 
(14), the nucleus of the injured cell 
has shifted to an eccentric position, 
usually near the point where the axon 
emerges from the soma. At 18 days the 
nucleolus has doubled in diameter, and 
this persists during the course of axon 
regeneration for as long as 60 days. 

The same elements of response to 
injury and regeneration occur in neu- 
rons of both the cockroach and verte- 
brates. The early dominant response in 
the cockroach neuron is a dense ag- 
gregation of RNA in the perinuclear 
cytoplasm. This is probably due to a 
concentration of ribosomes in this re- 
gion. The primary response of the in- 
jured vertebrate neuron is just the op- 
posite, that is, a breakdown or chroma- 
tolysis of the dense RNA aggregates in 
the Nissl bodies. This seems due to a 
dispersion of ribosomes from their 
densely packed sites on the endoplasmic 
reticulum of the Nissl bodies (15). 
Soon after axon injury, the nerve cell 
is apparently preparing for the mas- 
sive increase in synthesis of RNA and 
protein synthesis associated with later 
regeneration of its process (1). It is 
curious that increased protein synthesis 
is preceded by the formation of cyto- 
plasmic RNA aggregates in cockroach 
neurons, while in the neurons of verte- 
brates it is preceded by the dissolution 
of such aggregates. However, in the 
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A slight concentration of RNA ap- 
pears in the perinuclear cytoplasm of 
uninjured ganglion cells (12), as 
might be expected, owing to normal 
metabolic activity. However, the exag- 
gerated perinuclear ring of RNA is con- 
fined to cells whose axons have been 
injured. This ring therefore provides a 
specific marker for linking a given 
nerve cell body to a single peripheral 
axon and the muscle that it innervates. 
We are constructing a cell-body map of 
the ganglion incorporating this type of 
information. It should prove useful in 
examining the neuronal organization 
underlying specific behavioral acts in 
insects. 

The relatively small number of cells 
and their high degree of symmetry in 
opposite halves of the ganglion pro- 
vide the ideal situation for controlled 
studies involving RNA-protein syn- 
thesis in central neurons. Individually 
matched cells can be used as experi- 
mentals and controls, thereby overcom- 
ing the great variability in RNA con- 
tent seen within normal populations of 
vertebrate central neurons (4). This 
approach may be promising in examin- 
ing possible RNA-protein changes as- 
sociated with learning in an isolated 
cockroach ganglion (8). 
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Mosquito Transmission of a 
Reticulum Cell Sarcoma 
of Hamsters 

Abstract. A transplantable reticulum 
cell sarcoma with leukemic manifesta- 
tions can be transmitted from one 
hamster to another by means of a mos- 
quito, Aedes aegypti (L.). The trans- 
mission seems to be by a transfer of 
tumor cells, and not by passage of 
some other oncogenic agent. 

There is good evidence that the con- 
tagious reticulum cell sarcoma TM (1) 
of hamsters is transmitted by direct 
cellular implantation (2). When passed 
by subcutaneous transplantation, tumor 
cells appear in the blood after 5 days 
and just before the death of the ham- 
ster reach a concentration greater than 
100,000 per mm3. The transmission of 
TM by the transfer of these circulating 
cells from tumor-bearing hamsters to 
hamsters without tumors through the 
mosquito Aiedes aegypti (L.) was in- 
dicated in the following experiments. 

In one series of experiments, mosqui- 
toes were allowed to feed on tumor- 
bearing and tumor-free Syrian hamsters. 
In each of several tumor-free hamsters, 
one mosquito was implanted subcu- 
taneously by trochar and crushed. Of 
26 animals in which the mosquito im- 
planted had fed up to 6 hours previ- 
ously on a tumor-bearing hamster, 24 
developed tumors. Of seven control 
animals in which the mosquito im- 
planted had fed on a tumor-free ham- 
ster, none developed tumors. 

In another series of experiments, TM 
was transmitted to tumor-free animals 
by subcutaneous implantation of tumor 
tissue. Fourteen to fifteen days later, 
the abdomen of each animal was 
shaved; each animal was then anes- 
thetized with Nembutal intraperitoneal- 
ly and strapped to a board. When a 
sample of blood had been taken from 
the orbital region for a white cell 
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sample of blood had been taken from 
the orbital region for a white cell 
count, each animal was placed indi- 
vidually in a cage of mosquitoes (fe- 
males, 9 to 10 days after emergence). 
When a mosquito had partially fed, 
the feeding was interrupted and it was 
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Table 1. Transmission of TM from tumor- 
bearing to tumor-free hamsters by Aedes 
aegypti. In blood of normal hamsters the 
white cell count is about 6000. 

Donor Recipients 
Time 

Wh~ite No. tumors 
White Total devel- observed 

No. ccetlll t No. oping (days) 
count tumors tumors 

1 146,850 3 0 
2 111,000 3 0 
3 45,000 12 0 
4 1 22,000 3 0 
5 65,000 11 2 13,20: 
6 82,000 10 2 20,23 - 

7 159,000 8 1 23:c 

: Mosquitoes caged with recipients 35 minutes 
and 60 minutes, respectively. t Mosquitoes 
caged with recipients 90 minutes and 50 minutes, 
respectively. : Mosquitoes with recipient 30 
minutes. 
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Fig. 1. Metaphase plate (A) and karyo- 
type (B) of typical cells from tumor 
arising in a hamster bitten by mosquitoes 
fed previously on a TM-bearing hamster. 
The karyotype is identical to that previ- 
ously described for TM (2). The minute 
marker chromosome (M) is shown, X- 
chromosome, extra chromosome in group 
3-4, extra chromosome in group 16-19, two 
extra chromosomes in group 14-15, and 
three extra chromosomes in group 20. 
Total chromosome number is 51. The 
numbers given in the karyotype corre- 
spond to the pairs of chromosomes of 
the normal Syrian hamster karyotype, 
which contains 44 chromosomes. 
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transferred to a cage containing a 
tumor-free recipient weanling hamster, 
similarly shaven, anesthetized, and 
strapped to a board. At least three, and 
usually five or six mosquitoes, were al- 
lowed to feed on the recipient. The 
time that the last mosquito was intro- 
duced into the recipients' cage and the 
time the mosquitoes were removed 
were recorded. Seven hamsters were 
used as donors and 50 as recipients. 
The results are shown in Table 1. 

Within 23 days five of the 50 re- 
cipients developed tumors which re- 
sembled histologically those of the do- 
nors. The first tumor that we observed 
developed in a hamster that had been 
bitten by mosquitoes 1.3 days previ- 
ously. Two tumors appeared as sub- 
cutaneous nodules with metastases, one 
over the sternum and one over the 
right abdomen. In three other hamsters. 
there were no skin or subcutaneous 
tumors but there was extensive visceral 
involvement which included nmesenteric 
fat and lymph nodes, kidneys and retro- 
peritoneal nodes, thymus, diaphragm, 
lungs, and liver. In one hamster, the 
tip of the sternum was infiltrated. 

Chromosome studies were performed 
on one of the tumors arising from a 
mosquito bite (2, 3). The karyotype 
of the cells of this tumor (Fig. 1) was 
identical to that previously described 
for TM by Cooper et al. (2). Of 19 
cells examined, 17 contained 51 chro- 
mosomes, including a single X chromo- 
some, three extra chromosomes in 

group 20 (Fig. 1), two extra chromo- 
somes in group 14-15, and one extra 
chromosome in each of groups 3-4, 
and 16-1.9 (4). A characteristic mi- 
nute marker chromosome was also pres- 
ent. 

The tumor, TM, used in. these ex- 

periments has been examined repeat- 
edly for virus by means of tissue 

culture, passage of cell-free material 
in animals, and electron microscopy, 
but no virus has been found. 

Cooper et al. (2) have shown that 
TM has a very consistent and high- 
ly specific karyotype, differing from 
the normal pattern for hamster cells. 
This karyotype is maintained if the 
tumor is transplanted to other animals, 
is induced by feeding tumor tissue, or 
is passed by caging tumor-bearing and 
tumor-free animals together (cannibal- 
ism). The study of Cooper et al. thus 
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ent, ithe transmission of the tumor by 
the mosquito is considered to be the 
result of transfer of viable cells by the 
mosquito from one animal to the other. 
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Quinine-Resistant Plasmodium 

berghei in Mice 

Abstract. During induction of chloro- 

quine resistance, Plasmodium berghei 
developed resistance to quinine admin- 
istered in doses near the maximum 
amounts' tolerated by mice. Resistant 

parasites did not form malarial pig- 
ment. Normal sensitivity to both qui- 
nine and chloroquine returned and pig- 
ment formation resumed during serial 

passage of the parasites through un- 
treated mice. 

The chemotherapy of human malaria 
is being complicated by increasing evi- 
dence (7, 2) of resistance by para- 
sites to the main groups of synthetic 
suppressive drugs: 4-aminoquinolines, 
acridines, biguanides, and pyrimetha- 
mine. In contrast, unequivocal resist- 
ance to quinine has not been demon- 
strated in human malaria. Although 
variable amounts are required to cure 
Plasmodium falciparum malaria, qui- 
nine has proved in controlled studies 
(2) to be effective against several 
strains of P. falciparum that show re- 

ent, ithe transmission of the tumor by 
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(2) to be effective against several 
strains of P. falciparum that show re- 
sistance to one or more of the syn- 
thetic drugs. Hence quinine is regain- 
ing, at least for certain strains, the 
prominent position it filled before the 
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