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Myeloid leukemia rarely occurs in 
the rat, and even after substantial ir- 
radiation the incidence is usually low 
(1). For example, Moloney et al. (2) 
found only six granulocytic leukemias 
among 161 Wistar rats x-irradiated 
with 450 r. Recently, however, Gong 
(3) reported a considerably greater in- 
cidence, with 44 myeloid leukemias 
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influx into New Zealand and southern Aus- 
tralia of species adapted to relatively warmer 
water (B. McGowran, S. Aust. Dep. Mines 
Mineral Resour. Rev., in press). Again, a 
rich assemblage of land plant remains in 
southern Australia has the character of a wet 
forest [R. T. Lange, Neues Jahrb. Geol. 
Palaeontol. Monatsh. 1970, 486 (1970); R. V. 
Southcott and R. T. Lange, Rec. S. Aust. Mus. 
16, 1 (1971)]; that flora is of latest Early 
Eocene age and thus is intermediate in age 
between the finds of possible ice-rafted sedi- 
ment in the South Pacific (33). It can be ex- 
pected that the formation and decay of any 
southern ice cap, and the consequent changes 
in the temperature and distribution of oceanic 
waters occurred more than once and perhaps 
more rapidly than can be resolved by current 
biostratigraphic methods. For a brief sum- 
mary of contrasting but not necessarily con- 
flicting lines of evidence on antarctic climate 
in the Early Tertiary, see Y. T. Mandra, 
Antarct. J. 5, 178 (1970). 

35. I thank R. J. F. Jenkins and two anonymous 
referees for constructive comments on this 
technical comment. 
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McGowran is to be congratulated for 
his clear and careful analysis of geologi- 
cal evidence concerning the date of sep- 
aration of Australia and Antarctica. 
However, this date is not directly rele- 
vant to my interpretation (1) of the 
prototherian-metatherian fauna of Aus- 
tralia and New Guinea. According to 
my hypothesis, this fauna is a relict 
sample of the mammalian fauna that 
inhabited Pangaea before detachment 
of East Gondwana (Antarctica-India- 
Australia-New Guinea) [table 1 and 
figure 1, A and B, in (1)]. I attribute 
the survival of this relict fauna to isola- 
tion that dates from the separation of 
West Gondwana and East Gondwana 
(more specifically, South America and 
Antarctica), which McGowran excludes 
from his disussion, not from the subse- 
quent separation of Antarctica and 
Australia [figure ID in (1)]. 

JACK FOODEN 
Field Museum of Natural History and 
Chicago State University, 
Chicago, Illinois 60605 
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among 199 Sprague-Dawley rats ex- 
posed to doses of 25 to 350 r. Signifi- 
cantly, the frequency rose to 100 per- 
cent when the animals were subjected 
to acute blood loss at either 1, 2, or 3 
months after irradiation. It was sug- 
gested that x-irradiation, even with 
doses less than 25 r, induces a prone- 
ness to leukemia which tends to persist 
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Table 1. Mortality/morbidity 9 to 10 months after total-body or hind-leg (HL) x-irradiation 
of rats with or without subsequent bleeding. 

Rats Dead Killed Body Leukocy Hemato- Group 
(No.) (%) (%) weightt 

count 
critt 

(X 10-s) 

50 r 42 0 4.8 303 9 5.3 ? 0.3 45.3 + 0.4 

50 r, bled 26 7.7 0 299 ? 7 5.9 ? 0.4 45.7 ? 0.3 

350 r 36 0 5.6 291 ? 11 5.5 ? 0.3 44.2 ? 0.4 

350 r, bled 24 0 8.3 279 ? 5 6.3 ? 0.4 44.5 ? 0.4 

50 or 350 r (HL) 82 1.2 0 

50 or 350 r (HL), bled 62 1.6 0 

Unirradiated 16 0 0 293 -+ 12 5.6 ? 0.4 45.9 ? 0.4 

* Killed because of evident pathology. t Mean-+ standard deviation determined 8 months after 
x-irradiation on at least 22 rats in each irradiated group and on all 16 rats in the unirradiated 
grouip. 

and which can be uncovered or acti- 
vated by anemic stress. We examined 
this intriguing and potentially impor- 
tant finding but were unable to detect 
a leukemia-triggering effect of blood 
loss in irradiated rats. 

Our experiments were performed with 
11- to 12-week-old Sprague-Dawley 
rats obtained at one time from a single 

supplier. Rats were caged singly w'ith 
food and water freely available and 
were assigned randomly to the various 

experimental groups for predetermined 
killing and duration-of-life study. Ani- 
mals were irradiated with either 50 or 
350 r, some over the entire body and 
others only over the hind legs. Partial- 

body irradiation was included because 
of the anticipated profound effect of 
acute blood loss with whole-body ir- 
radiation. The x-ray source was a G.E. 
Maxitron operated at 300 kv (peak), 
20 ma, half value layer 1.65 mm Cu, 

target-to-skin distance 70 cm, and dose 

rate 90 r/min. Lithium fluoride dosim- 
eters were used to monitor the exposure 
and the effectiveness of body shielding. 
Because of the shielding requirement, 
all animals were irradiated under light 
Nembutal anesthesia with appropriate 
rotation for a uniform exposure. Rats 
were bled by cardiac puncture 1 month 
after irradiation; about two-thirds of the 
blood volume (6.4 percent of body 
weight) was removed in two sessions 
24 hours apart. 

Very little mortality or morbidity oc- 
curred during the 9- to 10-month ob- 
servation period (Table 1). There were 
four deaths: one nonbled rat partially 
irradiated with 350 r died at 1 month; 
one bled rat partially irradiated with 
350 r died at 7 months, and two bled 
rats totally irradiated with 50 r died at 
7 and 10 months. In addition, six ani- 
mals were killed because of evident 

pathology, for example, tumor mass, 

severe anemia, or inanition. These ani- 
mals were distributed equally among 
the nonbled 50-r, nonbled 350-r, and 
bled 350-r total-body-irradiated groups. 
Myeloid leukemia was not found in any 
of these cases, which included two 
animals with a presumptive Hemobar- 
tonella muris infection. There were no 

significant differences in mortality/ 
morbidity incidence or in body weight, 
total and differential leukocyte count, 
and hematocrit among the various ex- 

perimental groups. The last three param- 
ters were evaluated in bled and non- 
bled total-body-irradiated animals at 4 
and 8 months. 

The absence of myeloid leukemias 
within 9 to 10 months of irradiation 
is consistent with the experience of 

Moloney (2), who found a long latent 

period for the few leukemias that oc- 
curred. However, the finding of only 
4 percent mortality among the 50- and 
350-r bled animals by 10 months after 

total-body irradiation contrasts sharply 
with Gong's results. He observed 50 

percent mortality at 5 weeks and 100 

percent mortality by 35 weeks for 15 

Sprague-Dawley rats bled 1 month 
after 50 r, and 50 percent mortality at 
29 weeks and 80 percent by 40 weeks 
in 17 rats given 350 r and similarly 
bled. It should be noted that in our 

study about one-third of the rats died 
of shock within a few hours of bleed- 

ing, whereas apparently none died when 
bled from the exposed jugular vein in 

Gong's experiments. However, even if 
this acute attrition tended to eliminate 
irradiated animals with a greater pro- 
clivity for leukemia, which is unlikely, 
it could not account for the absence of 

myeloid leukemia and the very low 

subsequent mortality in view of the re- 

ported 100 percent incidence in bled 
irradiated animals. Moreover, there 
was a significant difference (P < .05) 

in mortality of the nonbled irradiated 

groups in the two investigations. Six 
percent of 199 nonbled rats exposed to 
25 to 350 r succumbed in Gong's ex- 

periments but no deaths occurred 
among 78 similarly treated animals in 
our study. 

Leukemoid reactions are not uncom- 
mon after x-irradiation, and their differ- 
entiation from myeloid leukemia is 
often difficult (2). One of our rats was 
considered to have a possible leukemia, 
but there was no evidence of leukemic 
infiltration on autopsy and further 
study revealed red cell inclusions char- 
acteristic of Bartonella infection. 
Another questionable diagnosis was re- 
solved by the failure to transmit leu- 
kemia via a marrow transplant in new- 
born rats. Perhaps many of the leu- 
kemias Gong reported were actually 
leukemoid reactions in response to pul- 
monary infections, necrotic tamors, and 
so forth. 

It may be significant that our 
animals were caged singly, a condition 
which would lessen the probability of 
cross-infection. If infectious processes 
were indeed involved, it is necessary to 
assume their potentiation by the exten- 
sive blood loss in irradiated rats. Appro- 
pos of this is a recent report, also by 
Gong (4), that bleeding per se markedly 
reduced the long-term survival of RF 
mice, presumably because of myeloid 
leukemia. It would be important to 
know whether a similar effect occurs 
in strains other than the RF, which has 
a 2 to 3 percent incidence of sponta- 
neous myeloid leukemia (5). In any 
event, we must conclude that the con- 

cept of a leukemia-triggering effect of 
blood loss is not supported by our find- 

ings in irradiated rats. 
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