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A study was undertaken of the effect of 
several bacterial endotoxins on the blood cells 
of Rana pipiens. "Normal" reactivity of 
mammals to endotoxins apparently results to 
a substantial degree from past exposure to 
gram-negative bacteria (1-3), and it was 
hoped the study would elicit new amphibi- 
an-bacterial enldotoxin interactions possibly 
unlike those of mammals as well as informa- 
tion on phylogenetic development of host- 
bacterial interrelationships. 

Numbers, types, and percentages of blood 
cells in R. pipiens vary with season, age, and 
sex (4) ; in the present study, therefore, aver- 
age cell values were first established with 
which data from endotoxin-treated frogs 
could then be compared. This report presents 
the effects of various bacterial endotoxins on 
the blood picture and survival of R. pipiens 
at several ambient temperatures. 

Materials and Methods. Adult male and 
female R. pipiens, body weight 25-30 g, were 
used in the investigation. Total cell counts 
per mm3 were made on blood taken from the 
ventricle of the frog using a Unopet and the 
hemocy tometer. 

Accurate counts of leukocyte numbers are 
impractical by the usual procedures since 
frog blood contains thrombiocytes and nu- 
cleated erythrocytes. Therefore , differentia- 
tion of cell types was made under oil immer- 
sion on Giemsa-stained smears of blood. The 
latter was obtained from the lip of the frog. 
From 3000 to 4000 cells were counted on 
each smear and the percentage of throm- 
bocytes was determined. The absolute num- 
ber of thrombocytes per mm3 was then com- 
puted by multiplying the total number of 
cells in 1 mm3 by the percentage of throm- 
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bocytes. Differential leukocyte counts were 
obtained by dividing the number of each 
type of leukocyte by the total number of 
leukocytes counted. 

LDGO's were attempted on Eschericia coli, 
SaJmonella typhosa, and Brucella abortus en- 
do toxins using suspensions prepared in pyro- 
gen-free saline. 

Three experimental and one control animal 
per group were used for each assay. The 
endotoxin, ranging from 1 to 30 mg, was 
given intrapribneally. Lethal and sublethal 
response to enldotoxin was noted at  environ- 
mental temperatures of 5, 20, 30, and 37". 
Assays were repeated so that a total of 10 or 
12 frogs was used per dose and temperature 
with each endotoxin. 
, The animals, weighed and examined imme- 

diately after death, showed no significant 
body weight and gross visceral changes, hem- 
orrhagic necrosis at injection site, or differ- 
ence in type of death at various tempera- 
tures. 

The effect of intraperitoneal injection of E .  
coli? S. typhosa and B. abortus endotoxins on 
frog blood cells was studied at temperatures 
of 20 and 30". An experimental animal in 
each group (4/group) received 1, 2, or 4 mg 
of endotoxin; the control was given saline. 
Blood smears and cell counts were made 1 hr 
after injection. Endotoxin effects on frog 
blood cells a t  5 and 37" were not determined. 

Results. LDSo's could not be established 
in the frog with the endotoxins. Single injec- 
tions of from 1 to 30 mg were ineffective at  5 
and at  20", and injections repeated at 
2-week intervals were also without visible 
effect a t  these temperatures. 

At 30" neither endotoxin-injected animals 
nor pyrogen-free saline controls survived, a t  
best, beyond 4 days (Table I).  
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TAHllE 1. Survival of Frogs z t  30" Following 
Single Tiijections of E .  coli, S. typhosa,  aiid B. 

abort zis Endotoxins." 

After Dose (mg) 
treatment Untreated 

(days) controls 1 2 4 

0 10/lOb 30/30 30/30 30/30 
1 9/10 15/30 17/30 12/30 
2 7/10 6/30 3/30 3/30 
3 4/10 0/30 0130 0/30 

a Ten frogs trea.ted with each of 3 endotoxins. 
Survivors/total. 

At 37" no animal survived beyond 8 hr. 
The endotoxin-treated frogs seemed less able 
to withstand the elevated temperature and 
died within 4 hr (Table 11). 

Total cell counts (mainly erythrocytes) of 
400,000 to 700,000Jmm3 obtained in the in- 
vestigation in untreated animals are similar 
to red cell values reported by several investi- 
gators (4-7). 

The bloold picture in untreated R. pipiens, 
including blast and juvenile forms, observed 
in the present study, is similar to that de- 
scribed for this species by Jordan (8). 

Percentages of types of leukocytes in the 
present study (Table 111) generally agreed 
with values noted by others (9, 10) for this 
species. 

At 20°, a twofold decrease in thrombocytes 
was observed in endotoxin-treated frogs 
(Table IV) .  Thrombocytes are thought to 
participate in blood clotting in amphibia (4, 

TABLE 11. Survival of Frogs at 37" Followiiig 
Single Injections of E. coli, S .  typhosa, and B .  

abortus Endo toxins." 

After Dose (mg) 
treatment Untreated 

(lir) controls 1 2 4 

0 12/1gb 36/36 36/36 36/36 
0.5 12/12 31/36 28/36 30/36 
1 lO/l2 26/36 24/36 20/36 
2 6/12 10/36 8/36 5/36 
4 4/12 0/30 0/36 0/36 

a Twelve frogs treated with each of 3 endotoxins. 
Survivors/total. 

11) and the finding may indicate endotoxin 
activation of amphibian clotting mechanisms 
similar to that reported in mammals ( 1 2 )  
and in the invertebrate Limulus (13) .  

No significant change in total blood cell 
counts was noted either in animals given en- 
dotoxin or in untreated frogs kept at  elevated 
temperatures. 

The percentages of leukocyte types in con- 
trol and experimentally-treated animals were 
generally similar. Eosinophils increased some- 
what after endotoxin administration, but the 
rise was about the same for every dose used. 

Discussion. Endotoximn sensitization of the 
frog to heat is indicated by the shortened 
survival time of endotoxin-treated as com- 
pared with control animals a t  30 and 37", but 
further study is needed to substantiate this 
point. Sensitization of mammals to both 
heat and cold by E .  coIi and Serratia marses- 
cens endotoxins has been reported by Berry 
(14)- 

TABLE 111. Percentage of Types of Leukocytes 
in the Blood of the Frog. 

Cell type Percentage 

Neutrophil 35-60 
Eosinophil 10-20 

Monoeyte 5-10 
Lymphocyte 25-40 

* Basophil 1-5 

The insusceptibility of frogs a t  5" to en- 
dotoxin may be due to hibernation that re- 
quires only low metabolic acitvity. The en- 
dotoxin may affect metabolic activity in the 
amphibian. Bacterial endotoxins have been 
shown to poison liver tryptophan-pyrrolase 
enzyme in mammals ( 15, 16), and an investi- 
gation of the effect of endotoxins on frog liver 
metabolism might prove fruitful. 

Insensitivity of R. pipiens to a single en- 
dotoxin injection may be due to absence of 
the endotoxin from the animal's environment. 
However, since an acquired delayed hyper- 
sensitivity, readily produced in mammals, did 
not result following repeated endotoxin ad- 
ministration, the possibility of a cellular im- 
munity to these endlotoxins in R. pipiens can- 
not be overlooked. 
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TABLE IV. The Effect of Single 1nject.ions of B. 
coli, S. typhosa, and B. abortus Endotoxins on the 
Numbers of Thrombocytes i n  the Blood of Frogs 

Kept  at 20”. 

Treatment” No. of thrombacytes/mma * 

Untreated controls 7317 & 129.6 

Endotoxin, 1 
2 
4 

4643 2 88.4” 
4276 51.4ca 
4379 5 6 . P  

a Treatments with individual endotoxins are com- 

Mean & SE for  28 frogs in  control and in  each 

Significantly different from controls at p 

2- and  4-mg groups, combined, significantly dif- 

bined under dosage. 

dosage group. 

<O.OOl .  

ferent from l -mg  group at p <0.005. 

It would be of interest to determine if 
hypersensitivity to endotoxins normally indig- 
enous to this species could be evoked in a 
manner similar to that produced with mam- 
malian sensitive endotoxins. 

Sacmmary. Treatment of frogs with any of 
three endotoxins resulted in more rapid 
deaths a t  30 and at  37” and a decrease in 
blood thrombocytes. The frogs were unaffect- 
ed by bacterial endotoxin at  5 and at  20” at  
doses of 1 through 30 mg, and repeated injec- 
tions at  a 2-week interval were equally with- 
out effect. Other than thrombocytes, the 
formed elements of the blood were unchanged 
after endotoxin treatment. 
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