
8 70 

Hypoferremia in Rats Following Injection of Bacterial Endotoxin. (26504) 

RALPH F. KAMPSCHMIDT AND GLORIA A. SCHULTZ 
Biomedical Division, The Samuel Roberts Moble Foundation, Znc., Ardmore, Okla. 

The anemia of infection has been shown to 
be associated with or accompanied by a hy- 
poferremia( 1 ) .  Both the anemia and hypo- 
ferremia were produced by several different 
bacteria and also by turpentine, but endo- 
toxins from bacteria were found to be rela- 
tively ineffective( 2 ) .  Ho and Kass, however. 
showed that a mild hemolytic anemia could 
be produced in rats by injections of bacterial 
endotoxins(3). In the experiments by Cart- 
Wright et a l . ( 2 )  daily injections of Staphy- 
lococcus toxin for several days produced only 
a moderate lowering of plasma iron and ty- 
phoid vaccine was without effect. It has 
also been shown that daily injections for sev- 
eral days will result in development of a tol- 
erance to several other effects of bacterial en- 
dotoxins (4 ) .  

The experiments reported here demon- 
strated that a single injection of a small 
amount of bacterial endotoxin caused a 
marked lowering of plasma iron, and that a 
tolerance was developed with daily injec- 
tions. 

Methods. Female Holtzman rats 50 to 70 
days old and weighing 170-200 g were used 
in these experiments. Lipopolysaccharides 
from Esrherichia coli 05 5 : B 5 .  Serratia ~viclr- 

tescens and Staphylococcus aureus were ob- 
tained from Difco Laboratories, Detroit. 
Mich. These lipopolysaccharides were dis- 
persed in pyrogen-free distilled water, and 1 
ml was injected intraperitoneally into each 
rat. Plasma iron was measured by the 
method of Schade et aZ.(5) .  

Plasma iron was markedly de- 
creased by all 3 lipopolysaccharides with a 
maximum depression occurring approximately 
16 hours after a single injection. The plasma 
iron concentration of rats receiving 3 differ- 
ent doses of these endotoxins is shown in 
Table I. The lipopolysaccharide from E .  
C O Z ~  caused the greatest lowering of plasma 
iron concentration! but all produced a sig- 
nificant hypoferremia in doses as low as 0.1 
pg per rat. 

Results. 

Two days after administration of 1 pg of 
endotoxin plasma iron returned to the nor- 
mal value (Table 11). Determination of 
plasnia iron 16 hours after last injection, in 
a series of 4 daily injections, indicated devel- 
opment of a tolerance with repeated injec- 
tions. 

Discussion. Studies by Janoff, Zweifach 
and Shapiro( 6) on the levels of plasma iron 
in various types of experimental shock indi- 
cated a decreased concentration after admin- 
istration of lethal doses of E .  coli endotoxin. 
The degree of hypoferremia due to endotoxin 
was difficult to evaluate due to the decrease 
of plasma iron in control animals under their 
experimental conditions. 

I t  appears quite likely that failure of Cart- 
Wright et a L ( 2 )  to observe a marked hypo- 
ferremia after administration of endotoxins 
was due to the length of time between injec- 
tion and measurement of plasma iron, as well 
as development of a tolerance after daily in- 
jection. 

A similar observation of a decrease in 
plasma iron after a single injection, and de- 
velopment of a tolerance after daily injection 
has been observed with extracts prepared 
from tumor tissues(7). It was found pos- 
sible to overcome this tolerance by frequent 
administration of small amounts of material 

TABLE I. Plasma Iron Concentration in the Rat 
16 Hours after Tntraperitonenl Jnjectjon of Eniio- 

toxin. 

I)ow No. of Bound plami:i 
Sourrr (pg/rHt) rat# iron ( p g  %, 

8ha.m 0 
Escherichin eoli 10 

1 

Smmtia ninrws-  10  
c t m  t 1 

Staphylococcus 10 
aureust 1 

.1 
055:BFit 

. I  

.I 

238 2 6s 

50 & 8 
82 7 

116 12 
103 k 5 
131 k 9 
156 2 1 3  
91 ? 6 

150 ? 10 
179 k 14 

* Mean f stand. error. 
t Obtained from Difco Labs, Detroit, Mich. 
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TABLE 11. Coniparisoii of Effects of Single and 
Repeated Injections of 1 pg of E .  coli Lipopolysac- 

charide on Plasma Iron in  the Rat. 
1 .  Cartwright, G. E., Wintrobe, M. M., in Ad- 

vances in Internal Medicine, Chicago, Year Book 
No. and fre- Time since Publishers, 1952, p165. 
queney of last ini. No. of Bound Dlasma 2 .  Cartwright, G .  E., Lauritsen, M. A., Humph- 
iijections (hr) " rats iron <;g %> reys, S., Jones, P. J., Merrill, I. M., Wintrobe, M. M., - 

238 ~ 6 t  J .  C l h .  Znvest., 1946, v25, 81. 1 Sham" 26 39 
1 16 15 82 & 7 3. Ho, M., Kass, E. H., PROC. SOC. EXP. BIOL. AND 
1 48 3 280 -c 46 MED., 1958, v97, 505. 
1 72 3 317 2 18 4. Atkins, E., Physiol. Rev., 1960, v40, 580. 

* One nil of pyrogen-free distilled water. 
t Mean * stand. error. 

4 daily 16 (3 235 * 15 
5 .  Schade, A. L., Oyama, J., Reinhart, R. W., 

Miller, J .  R., PROC. Soc. EXP. BIOL. AND MED., 1954, 
v87, 443. 

J .  Physiol., 1960, v198, 1161. 
at  injection s i t e  where it would be absorbed 6 .  Janoff, A.9 Zweifach, B. W.9 ShaPiro, R.9 Am. 

7.  Kampschmidt, R. F., Adams, M. E., McCoy, 

8. Kampschmidt, R. F., Clabaugh, W. A., J .  N n l .  

slowly ( 8 ) . 
Summary. 4 single injection of as little as T. Cancer Research, 1959, v19, 236. 

OS1 !% Of lippolysaccharide from bacteria 
produced a marked hypoferremia in the rat. 
A tolerance was developed with daily admin- 
istration of the endotoxin. 

Cancer Inst., 1960, v25, 713. 
- 
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Effects of Exposure to Continuous Light on the Eye of the Growing Chick.* 
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A peculiar eye abnormality observed in 
chicks exposed to continuous light during the 
first 6 weeks of life has been briefly described 
(1). This observation has been confirmed 
repeatedly, using several different breeds of 
chicks ( 2 ) .  Further work has been conducted 
on this abnormality to obtain information on 
the histological changes associated with the 
eye enlargement . 

Day-old, male chicks were randomly placed 
in floor pens from which natural light was ex- 
cluded. Incandescent bulbs were used to pro- 
vide approximately 3-foot-candle intensity 
measured at bird height. The chicks were 
brooded under shielded electric brooders in 
the normal manner. Feed and water were 
supplied ad libitum. 

One group of chicks was exposed to 12 
hours light per day (controls) and another 
group received 24 hours light per day. The 

* Scientific Paper No. 2087, Washington Agri. Exp. 
Stations, Pullman. Project No. 1444. 

birds exposed to 24 hours light per day in- 
variably developed elongated eyelids, or a 
peculiar "slant eyed" condition. The cornea 
appeared to be less convex than in controls, 
with the iris closely associated with the inner 
surface of the cornea. Fig. 1 illustrates these 
effects. 

Four birds, 2 from each treatment, were 
sacrificed at 10 weeks of age. The eyeballs 
were removed, trimmed of external muscula- 
ture and weighed (Table I). The average 
weights agree with previous reports based on 
a much larger number of birds(l,2). The 
eyeballs were then fixed in 3ouin's solution 
for 24 hours, cut in half with a razor blade 
and kept in fixative for 24 hours more. A 
comparison between 2 such longitudinally 
sectioned eyes (Fig. 2), shows flattening of 
the cornea and reduction in thickness of the 
eye wall. The most striking difference ap- 
pears to be in size of the vitreous body. The 
hemispheres were embedded in paraffin, sec- 


