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Experiments involving tim use of radioactive iron have shown that considerable absorption of Iron takes 
place from ttie digestive tract of dog~ suffering from various forms of anemia, and that this process is virt,ta!ly 
absent in control animals [11, 12]. The radioactivity of the blood pla*nla reache~ a maximum 1-2 hours aftex 
administration of iron, and is totally absent a few hours later. It h~ been established that the inte[Mty of iron 
metabolism isdetermined in the first place by the funczional requirements of the organism [1.6 ,  9, I0]. 

�9 We have appHeJ radioactive iSbtopes to the study of various forms of experimental anemia caused by 
denervatio., of certain viscera~ anddescribed by V. N. Chernigovskii and his associates [8]. 

The present paper gives data relating to the absorption of the radioactive iron i~otopes Fe s~ (as FeS~C!3) 
from the alimentary tract, and to its titilizadon for the synthesis of hemoglobin in dogs rendered anemic by 
partia ! denervadon of the stomach. As a control of the absorptive power of the aTimentary tract we also ap- 
piled the previously obtained data [2] for absorption of radioactive phosphorus (given as NazIIP~zO~). 

E X P E R I M E N T A L  M E T I I O D S  

We examined the absorption of iron and therate of its incorporation into hemoglobin: 
1. In healthy dogs, before operation (dogs Beliak and Malysh), 

2. Ill dogs during the stage of hypochromic anemia alpervening after operation for a Parley pouch (con- 
trOlo Malysh) or a Klemensiewiez-lteidenhain pouch (partial dcnervation; the dog Veselyi). The dog Veselyi 
~tas further studied during the stage of development of hyperchromic macrocytic anemia. 

3. In dogs in which both vagus nerves have been �9 below fine diaphragm during the stage ofh)per- 
chromic maeroeydc anemia, and after normalization of the blood picture (Bars, Tarzan, Foku~)0 and in a con- 
trol dog in which the esophagus had been exposed below the diaphragm, wkhout injury to the nerves 03eliak). 
In addition, we examined absorption of p~Z in the dogs l]ars and Tarzan. As controls for these experiments we 
met the healfi,y dogs Zhuchka and Rozka. 

The radioactive Isotopes w-re administered orally, in 250 nd of milk, at the do~age levels: Iron - 1000 
cpm phosphorus - 500 epm per 1 g body weight. 

Blood samples were taken 1S, 30, 60, 90, 120, 180, 2,',0, and 300 minutes after administration of Isotopes, 
on the first day of administration, and thereafter once daily for the a.-5 days foI!owing , and them once In 4-8 
days. Each anhnal was observed over :a period of 4-8 months. Radioactivity was measured by means of a T)~e 
B counter. The mean error of the measurements did not exceed 3-4%. 
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We calcnlated the perceutage of die given do, e per 1 g body weight fotmd hi 1 ml of plasma, and the 
rate of incorporation of Fe 5~ iuto hemo[jlobin from the pcrceutage of the given dose per 1 g bod] weigJtt found 
in the crythrocyte, of 1 ml of blood (taking Into accou|lt tile hematocrit  readlugs). Serum tadioactlvity after 
administration of pSt was measured by means of a B-2 counter, atr.l total phosphorus wa, determined colort- 
metrically.  The specific activity of total serum phosphon.s was then calculated. Blood morphology and bio- 
chemistry were studied parallel with fl~e,e measurements [2]. 

E X P E R I M E N T A L  R E S U L T S  

1. In healthy dogs radioactive iron was found In tile plasma 15-30 minutes after Its'introduction, and 
reached peak concemration within 120-240 minutes, dind.nishing gradually thereafter. The radioactivity of 
the plasma was negligible after 48-'/2 hours (Fig. 1, 1, 3). 

Radioactivity appeared in tile erythrocytes on the 4-5th day after administration of  iron, and was maxi-  
mum on the 8-9th day, remaining at this level for a long time~ and allen falling ffadually. After 4 months 
the Fe s9 content of the erythrocytes did not exceed lo/o (see Fig. 1, la ,  3a). 

2. Post-operation hypochromie anemia developed in the dog Malysh after a Pavlov pouch operatio n 
(erythrocyte~ 3,560,0()0, t~emoglobin 4"/70); the col:dition lasted for 1 ~z n,.oufl~s. An analogous form of anemia 
supervened in the dog Vesel)i after operation for a Klerhcnsiewicz-lleidcnhain pouch (erythrocytes 2,880,000; 
hemoglobin 28%). The erythrocyte count and the hemoglobin content rose slightly after il/z mond~s, but, in 
contrast to Malysh; reestablishment of the initial levels Was not ache.eYed. The crythrocyte cou~lt was I -1 .2  
million below normal, and the hemoglobin content remained low by 14-18%. After 3t~$ mondls fine anemia 
was of the k~$~erchromic macroeytic type, ar:.d persisted throughout the period of observation (8 months). 

Radioactive iron was admiidstcrcd to both dogsdur ingthe postopcrational phase of hypochromic anemia. 
Radioactivity/measurements revealed pronou~med intensification of absorption. On the first day of a'Jministra- 
tion flxe plasma Fe ~9 level exceeded the preoperadonal ezra by 4- 41/z times, a~:d remained at a h i l l  level up 
to 5-6 da);s (see Fig. 10 4, 5). The radioactivity of the ctythrocytes was also '/,-12 times higher titan before 
die operation~ reaching a maximum on the 6-Tth day. It remained at this level for a very long time (over 
80 da)~; see Fig. 1, 4a, 5a). 

A second dose of radioactive iron was admhffstered to the dog Veselyt dttring d.,e phase of h~perchromie 
macroc) 'dc anemia. As is evident from curve 6 (Fig. l), zbserptiou o f  iron was much lower, air hough still 
higher than in normal dogs. A similar effect wa~ observed with respect to radioactivity of e~ythrocytcz (see 
Fig. I ,  6a), It follows that incorporation of iron into heuaoglobin proceeded more h~teusively than in healthy 
dogs, but less so than during the postoperational phase of hypochromic anemia. 

3.  After subdlaphragmatie division of the vagus nerves of  the dogs 13ar~, Tarzatl, and Fokus h)'perd~romie 
macrocytic anemia developed, lasting for 37,I mouflls. Tile etythrocyte count fell by 1.5-2 million, and the 
hemoglobin content by 15-22~ 

Radioactive iron was administered to these dogs, at the height of the anemic phase. The radioactivity 
of the plasma was found to be 3-4 dines lower than in normal dogs; i~cither on the following day nor thereafter 
did ~r find even traces of activity (Fig. 2, B, 1-3). The erythroe)rtes displayed activi ty o~ the 3rd and 5th da)~ 
after administration of iron, and, as with the preceding dogs, the activity rose to a maximuna on the 6-'/ill day, 
altllougfl its level was considerably lower (see Fig. 2, B, l a ,  2ao 3a). It may be concluded that, despite the 
developmer,t of anemia~ division of the vagus nerves is associated with a sharp fall ia absorption of iron and 
in its assimilation by e~ythrocytes. A similarly pronounced retardation of absorption of P~ from the alimentary 
tract was observed for these same dogs. This is clearly shown by comparison with the data for control dogs 
see Fig. 2, A, I ,  2, and 3, ,t). After a second dose of radioactive iron we again found inconsiderable absorp- 

tion from the alimentary tract (see Fig. 2, B, 4, 5). 

Measurements of the radioactivity of feces collected during 3 days (a representative sample was taken, 
anti an aliquot of its suspension in water was tal{en for radioactivity measurement) showed that 8go/~ of the 
administered iron ,,./as excreted. * 

�9 The actual fignre is probably still higher, az the radioactivity of the contents of the intestines is not included 
i , l  i t .  
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Fig. 1. Re.to of absorption and assimilation of Fe s9 in dogs, before and after 
partial denervation of the stomach. 
I) Velocity of absorption of Fe s9 from the alimentary tract; 1) I3eliak, before 
operation; 2) Beliak, after laparotomy; 3) Malysh, before operation; 4) 
Malysh, in the postoperational phase of hypochromic anemia (Pavlov pouch); 
5) Veselyi, in the postoperadonal phase of hypochromic anemia (Klemcnsie- 
~'icz-Heidenhain pouch); 8) Vesel)4, in fire hyperchromic ~nemia phase. II) 
Rate of incorporation of Fe 59 into hemoglobin: la ,  2a) 13clink, before and 
after operation; 3a) Malysh, before operation; 4a) Maly~h, ih the poztopera- 
tional phase of hypochromic anemia; 5a) Veselyi, in the postoperational 
phase of hypochromic anemia; 6a)Veselyi, in the h~?erchromie anemia 
phase. 

The dogs were killed, and the iron c~ of the liver and spleen Chomogenates) was determined. The 
liver was found to contain about 2% of the iron administered, and the spleen 0.7,~,. Thus vagotomy caused a 
pronounced Iovtering of absorption of iron. 

Our findings show that absorption of Fe 5~ from the alimentary tract is considerably enhanced during the 
postoperational phase of hypochromic ahem}a, as is also its a~ !;nilation for s~aathesis of hemoglobfn. Absorp- 
tion falls somewhat with transition from hypochromic to h}pcrchromie anemia~ but still remains higher than 
normal. The high levels of radioactivity of erythrecytcs persists for a long time in these forms of anemia. 
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Fig. 2. Rates of absorption and a~imilation of radioactive isotopes by dots 
after subdiaphragmatic division of the vagus nerves (hy?erchromic anemia). 
A) Rate of absorption of p~Z from the alimentary tract; i) and 2) co~trol dogs 
Rozka and Zhuchka; 3) and ,I) operated dogs Bars and Tarzan (vagotomy). 
B. I) Rate of absorption from the alimentary tract during tile phase of h)~per- 
chromic macrocytic anemia: 1) and 4) Bars; 2) Tarzan; 3) and 5) Fokus; 
B. II) Rate of incorporation of Fe s~ into hemoglobin during the phase of hyper- 
chromic macroeytlc anemia:  la)  Bars; 2a) Tarzan; 3a) t'okus. 

Tile onset of h)q3octtromic allcmia after stomach pouch operations can scarcely be ascribed solely to loss 
of blood incidental to them; it is dlerefore hardly possible to agree with P. Itahu's explanation of tile raised 
absorption of iron [ l l ,  12]. The shape of the curves expressing incorporation of iron into the erythroeytes in- 
dicates that this is associated with a fall in the mean survival tiu~e of tile erythroc~es. Iron is more rapidly 
utilized for hemoglobin synthesis than normally, but it is also more rapidly liberated from the erythroe~es. 
This is evidence of enhanced hemol)~is. Further evidence of this is afforded by a number of odler ob~ervatiot~s, 
such as d~e presence of microsphcroeytosis, changed osmotic resistance o f  the er]/'tt!roeytes, the low color index, 
CtC. 

In dogs operated for a Klemensiewicz-Heidcnhain pouch, which is considered to involve partial denerva- 
rich, flllI recovery from the postoperational anemia does not take place,  an~f it gradually undergoes transition 
to the hypercl~romic maecocytic form. The fragility of the erythrocytes becomes smaller, the color index rises, 
and maturation of erythroc~cz is considerably retarded (bone marro~r smears). 

Absorption of iron falls dttrlng the h)~erchromic anemia phage, and approaches the values found before 
operation. The rate of incorporation of iron il~to herr.oglobin also fails somewhat, although it still remains 
higher than before operation. The survival time is considerably prolonged, approaching the normal value. 
There.can, therefore~ be no question of enhanced hemol]r during this phase. Nor can we consider that there 
is any lack of iron. 

We eot~sider that the gradual onset of hyperchromic anemia Is due t o  disruption of nervous eom~ections 
between part of the stomach and the central nervous system. This interpretatiozt is based on V. N. Cherl~igov- 
ski2's views [8] on the importance of coiltbnuous tonic impulses proceeding from the organs to the central ner- 
vous system, for the maintenance of the coustat~t composition of the blood. 

Bilateral wgotomy is fol!o'tte~t by a congiderable fall iu absorption from the alimetltary tract, and in 
a~irl~ilatioll of iron by cr)'throcyte~, The same effects are obwrved v'ith respect to phosphorus. Most of tile 
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Iron is excreted in the feces, and only a small part of it enters the circulation. The ancmla which develops In 
these circumstances Is of the hypcrchromlc macroc},tie fl:rm, within the first fcw days after opcratlon. Pro- 
nounced retardation of maturation of erythroc),tes is observed. We may, in tile given case, po,tulate a certain 
lack of iron. 

Vagotomy not only Interrupts the afferent connections of the stomach, but ago leads to considerable dis- 
turbances in alimentary tract function.~, and to developme~t of structural changes; formation of the tntrlnsle 
antianemlc factor by the gastric muco.~a is interfered with [4, 5, 7]. We cannot exclude file possibility that 
abso~tlon from the alimentary tract, not only of iron and phosphorus, but also of other products, Including the 
antlanemie factor, may be hnpeded, and this may be one of the causes of the anemia observed. 

SUMMARY 

Long term experiments were perforn~ed on dogs with e::perimental anemlainduced by denervaflon of the 
~tomach (by Klemendewicz -tleidenhain partial denervation or by section of the vagus nerves). Investigation 
was carried out on the absorption of radioactive iron (Fe~'~Cla) in the digestive tract and Its Intake by the erythro- 
c~ ie  hemoglobin. 

It was established that absorption and intake of iron is considerably increased during postoperative hypo- 
chromic anemia in experiments with the stomach pouch. 'r hypochromtc anemia is changed Into hypet- 
d~romle the intake of iron by erythroc)'tes L" decreased. 

Development of hyperchromic anemia is noted after section of the vagus nerves. At the same time 
absorption and Intake of iron is greatly decreased. 

Absorption of radioactive phosphorus (p32)is also diminished. 
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