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the responsible organisms nor the site of their 
action is known. Comparison of germfree and 
conventional anim’als, however, has revealed 
differences in the metabolic activity of 
neurons of Auerbach’s plexus( 1 1 ) , in the 
intestinal complement of pharmacologically 
aotive amin=( 12), in the lu9mind content of 
certain muslculo-active substances ( 13 ) , and 
most recently, in the threshold of response 
of cecal smooth muscle to chemical stimu- 
lation( 14). At present, in our laboratory, the 
in vitro nmramuscular activity of various 
isolated segments of germfree and conven- 
tional gastrointestinal tract is being studied 
in an attempt to clarify the p i b l e  role of 
these factors. 

Summary. The rate of propulsion of gastxw 
intestinal contents was compared in germfree 
and conventional mice using a non-ahrbable 
radioadive substance, yttrium 9 1. Following 
intragastric admilnistration, the marker was 
propelled much mure rapidly though the 
gastrointestinal tract of conventional as com- 
pared to gemfree animals, demonstrating that 
“normal” proqrulsive activity is determined to 
a significant d e p x  by the presence orf the 
n o d  flora. This function of the flora h 
imlprta.nt implications for host defense. The 

precise mechanism of action of the flora is 
obscure. 
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Starch and Iron Absorption. (32431) 

FORREST D. GARRETSON AND MARCEL E. CONRAD 
Depurtment of Hematology, Walter Reed Army Znstitute of Research, Washington, D.  C .  

The habitual ingestion of large amounts of 
laundry starch is a common practice amons 
Negro females in certain geographic areas of 
the United States( 1). The amount ingested 
may exceed two pounds of starch daily and is 
frequently asxiated with marked iron defi- 
ciency(2). The severity of “starch eaters 
anemia’’ seems greater #than expected fmm 
an iron deficient diet done(3) and led us to 
postulate that starch interfered with iron ab- 
sorpltion. The present investigation was per- 
h m e d  to study ithis hyputhesis and reports 
the acute and chronic effects of starch in- 
gestion upon iron absorption in mts. 

Materials and methods. Male albino rats, 

Walter Reed Catworth Fanns strain, weighing 
140 to 200 g were obtained and measulrements 
of iron absorption and kinetics were per- 
formed when animals on a normal high pro- 
tein diet weigh,ed 170 to 200 g. The principles 
of laboratory animal care as promulgated by 
the National Society for Medical Research, 
were observed. The standard laboratory diet 
contained 2 5 %  protein and 9 mg of iron per 
100 g dry weight. Special diets were made 
with starch (Argo), sucrose (USP), d n  
(USP) and corn oil (Mazola) and were sup 
plemented with an iron-free cvrmmercial salt 
mixture and vitamins. Sufficient ferrous sul- 
fate was added to certain of the prepared diets 



STARCH AND IRON ABSORPTION 305 

to bring the iron content to 9 mg per 100 g. 
Diets were assayed for iron content by a 
mdiik.aiion of the method of Lorber (4). Ani- 
mals were fed special diets far 2 weeks before 
study . 

Iron absorption studies were performed in 
rats fasted for 16 hours. Oral test doses con- 
taining 0.5 pc of ferrous59 citlrate (Abbt t  0.6 
pg/mc) and 0.50 mg af iron as commercial 
ferrous sulfate (Vitarine Corp.) were in- 
jmted into the stomach through a 17 gauge 
olive tipped endoesophageal needle. Whole 
body retention of the radioiron 7 days later 
was considered equivalent to absmption. 
WhoIe body radioactivity was measured in 
a small animal wholebody liquid scintillation 
detector (Packard ARMAC) , as previously 
described (5).  

Blood for microhematwit determinations 
and measurements of the serum iron a.nd iron 
binding capacity was obtained from the re t re  
h i t a l  venous plexus with hqxrinizd a- 
pillary tubes. The s0n.m iron conambration 
and the unsaturated iron binding caparcity 
were determined by the "one-tube method" 
(6)- 

Plasma clearance studies were performed 
following the intravenous injection of iron69 
labeled rat serum for 15 minutes at 37°C be- 
fore injeation of 0.25 ml into the dorsal vein 
of the penis. The iron binding capacity of the 
incubated serum was not exceeded. At lo! 
20, 3 0  and 40 minutes following injeotion, 
0.02 ml of whole blood was obtained fmm the 
tail vein of lthe fiat with a ualibrated hemo- 
globin pipette. The blood wlas diluted into 2 
ml of water md counted in a well-type crystal 
scintillation detector (PACKARD Auto 
c;lamma Spectrameter, ;Model 410 A). The 
plasma iron clearance (T/2) was deter- 
mind  \from the best fitted plot of tihew points 
on smilogarithmic graph ppe r .  The whole 
blood volume was estimated to be 5% of the 
animal body wwight. The plasma volume was 
calculated from the hematocrit and estimated 
b l d  volume. Daily iron turnover was ca.l- 
d a t e d  from the serum iron concentration, 
p h m a  volume and plasma iron clearance 
studies ( 7,8). The incorporation af iron59 into 
r d  b l d l  cells was determined !by meas- 
urement of the radioaotivity in b l d  slpeci- 

mens abtained 20 hours after intravenous in- 
jection of labeled plasma (8,9). The non- 
heme iron cuncentration was measured in 
hmogenates of weighed aliquots of liver ( 10). 

Results. Fasted rats, raised on a noranal 
iron-replete diet, were given 5 ml ord doses 
of labeled iron (10.5, mg) containing either 
1 g of sjtarch, 1 g of sucrose or no additive to 
ascertain if starch had a direct intpaluminal 
effect upon iron absorption. Normal control 
animals absorbed 15.6% (SE 1.3%) af the 
test dose of iron. Rats dosed with the starch 
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FIG. 1. Addition of either 1 g of starch or sucrose 
to oral .test doses of iron'' had no significant effect 
upon iron absorption. 

FIG. 2. Rats were fed either a normal high protein 
or starch diet that contained either 5 or 90 p g  of 
iron per gram of food. Animals ate these diets for 2 
weeks before receiving an oral test dose of radio- 
iron. Rats fed an iron replete high protein diet ab- 
sorbed 18% of the test dose of iron. Iron absorption 
by animals maintained on other diets was 39% 
(iron deficient normal diet), 4% (iron replete starch 
diet) and 15% (iron deficient starch diet). 
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suspension and the sucrose solution absorbed 
18.3% (SE, 2.0%) and 16.4% (SE, 1.8%) 
of the test dose of radioiron, respectively 
(Fig. 1 ) .  

Rats fed a protein depleted s t d  diet for 
14 days lost ‘body weight ( 1 g/day) ; whereas, 
animals that consumed a normal high protein 
diet gained 2 to 3 g daily. Compamtive studies 
of iron absonption showed no significant dif- 
ference between rats fed the iron-replete high 
prdein diet and animals that ate an iron 
deficient starch diet. However, studies of rats 
maintained on iron deficient protein replete 
diet and animals fed a protein deficient diet 
with iron added showed that protein depletion 
caused B relative inabililty to absorb a p  
p r q i a t e  quantities of iron from oral test 
doses (Fig. 2 ) .  
Rats weighing 150 g were fed di&s con- 

taining various quantities orf protein and 
either starch or sucrose for 2 weeks before 
study. Animals fed a high protein diet con- 
sumed 15 g of food and gained more than 
2.5 g of body weight each day. In contrast, 
rats fed protein depleted starch or sucrose 
diets ate only 8 tu 9 g of food and lo& ap- 
proximately 1 g of body weight daily. Pro- 
tein depletion and weight loss were ac- 
companied by significant decreases in iron 
absorption, red cell incorporation d radioiron, 
iron turnover and total iron-binding capacity 
with prwlongation of the plasma clear- 
ance and an increased serum iron conem- 
tration. The addition of small amounts of 
casein ( 5  g/100 ml) to the starch diet made 
it more acceptable for consumption; the rats 
gained weight (1 g/day), absorbed 7.5% 
of the m l  test dose of iron and had im- 
provement of iron kinetic studies. To as- 
certain if this partial correction of iron me- 
tabolism was caused by weight gain or dietary 
protein, rats were fed limited quantities of 
a normal high protein diet (7.5 g/day). These 
animals sustained a weight loss comparable to 
rats on a protein depleted starch or wcrwe 
diet. However, iron absorption and kinetic 
studies were similar to those observed in rats 
gaining weight on a 5% casein diet. (Table 
1) -  

Discussion. The normal rat grows contin- 
uously throughout life. Fed a normal high 

protein diet, these animals gain 2 Ito 3 g of 
body weight and must absorb at least 120 pg 
of iron daily to maintain a normal body iron 
concentration of 60 parts per million ( 1 1 ,I 2 ) .  
Erythropoiesis keeps pace with growth to 
maintain a normal hemoglobin concentration 
in the circulating Mod. Conversely, iron ab- 
sorption and erythropoiesis must be &ani,n- 
ished with a retard& glrowth rate or marked 
siderosis anid polycythemia would occur; nor- 
mally, iron exaretion and hmolysis are 
limited(9,13,14). 

Previous investigation showled that both the 
rate of erythmpoiesis and the quantity of 
iron in body tissues seem to inlfluence iron 
absorption (8).  Starvation and protein deple 
tion increase (the corncentration Olf iron in 
various body organs and cause marked de- 
creases in the rate of erythropoiesis and iron 
absorption(5,15,16). 

In the rat, starch and sucrose diets seem to 
produce a combination of the effmts of star- 
vation and protein depletion. These a n i d s  
eat poorly and lose weight to produce relative 
iron-over lbading, a redmtion in iron require- 
ments and decreased iton abmption. Ex- 
periments with rats fed lifmited quantities of 
a high protein diet show embnced e ry th -  
poiesis and absorption of more iron than rats 
maintained on protein-free food. 

In starch eating h u w  imn overloading 
can not be a major factor because starch diets 
are iron deficient and weight loss is not a 
prominent clinical feature in adult females 
with this syndrome. However, protein d&- 
ciency may contribute tb ithe severity of iron 
deficiency by dmeasing erythopoiesis be 
muse olf a relative unavailability of essential 
substrates from dietary protein for hemoglobin 
synthesis( 16). 

Summary. k e a s e d  iron absorption was 
observed in rats fed protein dedicient starch 
and sucrae diets. This was not caused by a 
direct intraluminal effeot of starch or sucrose 
upon iron absorption. The abnomli ty  was 
attributed to bath a rebded  rate of growth 
a.nd a relative deficiency of protein for hmo- 
globin synthesis. We lpostulated that ‘‘starch 
eaters anemia” is caused by a lack of dietary 
iron and may be complicated by a dwr& 
capability to abso?b iron bmuse  of protein 
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Light Induced Exophthalmos in the Domestic Fowl.*t (32432) 

P. C. HARRISON AND J. MCGINNIS 
Department of Animal Sciences, Washington State University, Pullman 

Eye enlargement in chickens exposed to 
continuous light during the growing period 
has been described (2,3 ,4). This condition has 
been characterized by elongation of the eye- 
lids, increased size a d  weight of the eye 
(mainly the vitrous body), decreased lens 
size, and deareased corneal curvature. Patho- 
logically, this condition has shown an increase 
in the number of eye lesions and a subsequent 
blindness ad arount 2 years after commen- 
cement of ctreatment. Histological exminaticm 
aY the enlarged eyes revealed a ,thinning of 
the nave fiber and rod and cone layers of 
the retina.. Retinal damage has also been 
found in rats exposed to short periods of ex- 
cessive light( 1,5,6). 

In this laboratory, an eye enlargement was 
also observed in birds subjected to low in- 
tensity light (0.01 foot-candles) by Lauber 
(unpulblished) . This eye abnormality has the 
feature of exorphthalmia as opposed to the 
buphthalmia produced in continuous “bright” 
light ( 1-10 foot-candles) . This paper is con- 

* Scientific Paper 2994, College of Agri., Wash- 

+This investigation was supported in part by 
ington State Univ., Pullman. Project 1677. 

USPHS Research Grant NB 03770-04. 

cerned with changes occurring in the eyes of 
birds exposed to low intensity specific spectra 
lighlt. 

Materials and methods. Day-old White 
Leghorn chicks were randomly assigned to 4 
lightcontrol pens. Feed and water were sup 
plied ad Zibitum. Feed used uras chick starter 
for 8 weeks, then chick develop  for 10 
weeks, and finally, a breeder hen diet for the 
remainder of the experiment. 
Pens were assihgned light treatments of 

clear (controls), blue, green, and red light. 
Clear light was supplied by pkxiglass CuS04 
filtered incandescent light. The colored light 
was produced by filtering incandescent light 
through a C u m 4  bath and filters obtained 
from the Carolina Biological Supply House. 
These fillters transmit narrow, non-cwerlapping 
spectra of equivalent energy ( m i c m t t s J  
cm2/sec.). The blue, green, and red filtered 
light had a maximum intensity of .006-.009 
microwatts/cm2/millimicron, while the in- 
tensity of the clear filtered light wlas around 
0.96 micmmtts/cm2/millimicron, whiah cm- 
responds to an intensity of 5.5 fod-candles. 

At 20 weeks of age, half the birds from eath 
light treatment were transferred to n d  


