ABSORPTION OF RADIOACTIVE IRON AND ITS ASSIMILATION BY
ERYTHROCYTES IN ANEMIA CAUSED BY PARTIAL
DENERVATION OF THE STOMACH

K. S. Zamychkina and R. A. Durinfan

From the Institute of Normal and Pathological Phiystology (Director — V. N, Chernigovskid,
Active Member Acad, Med. Sci. USSR), Acad. Med, Sci. USSR, Moscow

(Received July 26, 1957, Presented by V. N. Cherﬁigovskii, Active Member Acad. Med. Sci. USSR)

Experiments involving the use of radivactive iron have shown that considerable absorption of iron takes
place from the digestive tract of dogs suffering frora various forms of anemia, and that this process is virtually
absent in control animals [11, 12). The radiocactivity of the bloed plasma reaches a2 maximum 1-2 houss aftee

“administration ofiron, and is totally absent a few hours later, It has been established that the intensity of iron
metabolism is.determined in the first place by the funciional requirements of the orgaanism {1, 6, 9, 10].

We have applied radioactive isotopes to the study of various forms of experimental anemia caused by
denervation of certain viscera, and described by V. N. Chemigovskii and his associates [8).

The present paper gives data relating to the absorption of the radicactive iron isotopes Fe® (as Fe59C!3)
from the aliméntary tract, and to its utilization for the synthesis of hemoglobin in dogs rendered anemic by
partial denervaton of the stomach, As a control of the absorptive power of the alimentary tract we also ap-
plied the previonsly obtained data [2] for absorption of radioactive phosphorus (given as 'NAZI'IP“OO.

EXPERIMENTAL METHODS

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

2. In dogs during the stage of hypochromic anemia supervening after operation for a Pavlov pouch (coin-
rol, Malysh) or a Klemensiewicz-Heidenhain pouch {partial denervation; the dog Veselyi). The dog Veselyi
was further studied during the stage of development cf hyperchromic macrocytic anemia.

3. In dogs in which both vagus nerves have been divided below the diaphragm during the stage of hypec-
chromic macrocytic anemia, and after normalization of the blood picture (Bars, Tarzan, Fokus), and in x con-
trol dog in which the esophagus had been exposed below the diaphragm, without injury to the nerves (Beliak).
In addition, we examined absorption of P* in the dogs Bars and Taizan. As controls for these experiments we
used the healthy dogs Zhuchka and Rozka.

The radioactive fsotopes wore administered orally, in 250 ml of mitk, at the dosage levels; iron = 1000
cpm phosphorus — 500 ¢pm per 1 g body weight,

Blood samples were taken 15, 30, 60, 90, 120, 180, 240, and 300 minutes after administration of isotopes,
on the first day of administration, and therealter once daily for the 3-5 days following, and then once in 4-8
days. Each animal was observed over a perod of 4-8 months, Radioactivity was measured by means of a Type
B counter. The mean error of the measurements did not exceed 3-4%.

317



We calculated the percentage of the glven dose per 1 g body welght found in 1 ml of plasma, and the
rate of incorporation of Fe® fnto hemoglobin from the percentage of the given dose per 1 g body welght found
in the erythirocytes of 1 mil of blood (taking into account the heinatocrit treadings). Serum tadioactivity after
adiniuistration of P** was measured by means of a B-2 counter, and total phosphorus was detennined coford-
metrically, The specific activity of total serum phosphorus was then calculated, Blood morpliology and bio-
chemistry were studied parallel with these measurements [2].

EXPERIMENTAL RESULTS

1. In healthy dogs radioactive iron was found in the plasina 15-30 minutes after Its Introduction, and
reached peak concentration within 120-240 minutes, diminishing gradually thereafier. The radioactivity of
the plasma was negligible after 48-72 hours (Fig. 1, 1, 3).

Radioactivity appeared in the erythrocytes on the 4-5th day after administration of fron, and was maxi-
mum on the 8-9th day, remaining at this level for a long time, and then falling gradually. After 4 months
the Fe® content of the erythrocytes did not exceed 1% (see Fig. 1, 1a, 3a).

2. Post-cpcration hypochromic anemia developed in the dog Malysh after a Pavlov pouch operation
(erythrocytes 3,560,000, hemoglobin 477%); the conditon lasted for 1 Y mounths. An analogous form of anemia
supervenad in the dog Veselyi after operation for a Klemensiewicz-Heidenhain pouch (erythrocytes 2,880,000;
hemoglobin 28%). The erythrocyte count and the hemoglobin content rose slightly after 1Y, months, but, in
“contrast to Malysh; reestablishinent of the inidal levels was not achieved. The erythirocyte count was.1-1.2
million below normal, and the hemoglobin content remained low by 14-18%. After 3'% months the anemia
was of the hyperchromic macrocytic type, and persisted throughout the period of observation (8 months).

Radioactive iron was adininistered to Loth dogs duﬁng:he postoperatonal phase of hypochrémic anemia,
Radioactivity measurements revealed pronounced intensification of absorption. On the first day of administra-
tion the plasma Fe® level exceeded the preoperational one by 4- 4%, times, and reinained at a high level up
to 5-6 days (see Fig. 1, 4, 5). The radiocactivity of the er} 'ﬂxrocyles was also 7-12 times higher than before
" the operation, reaching a maximum on the 6-7th day. It remained at this kvel for a very long ime (over
80 days; sec Fig. 1, 4a, 5a).

A second dose of radioactive iron was administered to the dog Veselyi dwring tic phase of hyperchromic
macrocytcanemia. As is evident from curve 6 (Fig. 1), absciption of iron was much lowcr,vaithough still
higher than in normal dogs. A similar effect was observed with respect to radioactivity of erythrocytes (see
Fig. 1, 6a), It follows that incorporation of iron intw hemoglobin procceded more lutensively than in healthy
dogs, but less so than during the postoperational phase of hypochromic anemia.

3. After subdiaphragmatic division of the vagus nerves of the dogs Bars, Tarzan, and Fokus hyperchromici
macrocytic anemia devcloped, lasting for 3-4 months, The erythrocyte 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 times lower than in normal dogs; neither on the following day nor thereafter
did we find even traces of activity (Fig. 2, B, 1-3). The erythrocytes displayed activity ou the 3rd and &th days
afier administration of iron, and, as with the preceding dogs, the activity rose to a maximum on the 6-7dr day,
although its level was considerably lower (sce Fig. 2, B, 1a, 2a, 3a). It may be concluded that, despite the
development of anemia, division of the vagus nerves is associated with a sharp fall in absorption of iron and
in its assimilation by-erythrocytes, A similarly pronounced retardation of absorption of p*? from the alintentary
tract was observed for these same dogs. This is clearly shown by comparison with the data for coutrol dogs
see Fig. 2, 4,1, 2, and 3, 4). After a sccond 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 represcutative sample was uaken,
and an aliquot of its suspension in water was taken for radioactivity measurement) showed- that 88% of the
adiministered iron was excreted, *

* The actual figure is probubly still higher, as the radicactivity of the contents of e intestinesis not included
in it
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Fe® content, as % of administered dose per 1 g body weight
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Fig. 1, Rate of absorption and assimilation of Fe* in dogs, before and after
partial denervation of the stomach.

I) Velocity of absorption of Fe* from the alimentary tract; 1) Beliak, before
operation; 2) Beliak, after laparotomy; 3) Malysh, before operaton; 4)
Malysh, in the postoperational phase of hypochromic aneria (Pavlov pouch);
5) Veselyi, in the postoperational phase of hypochromic anemia (Klemensie-~
wicz-Heidenhain pouch); 6) Veselyi, in the hyperchromic anemia phase. II)
Rate of incorporation of Fe® into hemoglobin: 1a, 2a) Beliak, before and
after operation; 3a) Malysh, before operation; 4a) Malysh, in the postopera-
tional phase of hypochromic anemia; 5a) Veselyi, in the postoperational
phase of hypochromic anemia; 6a) Veselyi, in the hyperchromic anemia
phase,

The dogs were killed, and the iron content of the liver and spleen (homogenates) was determined. The
liver was found to contain about 2% of the iron administered, and the spleen 0.7%. - Thus vagotomy caused a
- pronounced lowering of absorption of iron.

Our findings show that absorption of Fe® from the alimentary tract is considerably enhanced during the
postoperational phase of hypochromic anemia, as is also its as “inilation for synthesis of hemoglobin. Absorp-
tion falls somewhat with transition from hypochromic to hyperchromic anemia, but still remains higher than

normal. The high levels of radioactivity of erythrocytes persists for a long time in these forms of anemia,
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Fig. 2. Ratas of absorption and assimilation of radioactive isotopes by dogs
after subdiaphragmatic division of the vagus nerves (hyperchromic anemia).
A) Rate of absarption of P*2 from the alimentary tract; 1) and 2) control dogs
Rozka and Zhuchka; 3) and 4) operated dogs Bars and Tarzan (vagotomy),

B. I} Rate of absorption from the alimentary tract during the phase of hyper-
chromic macrocytic anemia: 1) and 4) Bars; 2) Tarzan; 3) and 5) Fokus;

B. II) Rate of incorporation of Fe* into hemoglobin during rhe phase of hyper-
chromic macrocyiic anemia: 1a) Bars; 2a) Tarzan; 3a) Fokus,

The onset of hypochromic anemia after stomach pouch operations can scazcely be ascribed solely to loss
of hlood incidental to them; it is therefore hardly possible to agree with P. Haha's explanation of the raised
absorption of iron {11, 12]. The shape of the curves expressing incorporation of iron into the erythrocytes in-
dicates that this is associated with a fall in the mean survival time of the erythrocytes. Iron-is more rapidly
utilized for hemoglobin synthiesis than normally, but it is also more rapidly liberated from the erythrocytes.
This is evidence of enhanced hemolysis. Further evidence of this is afforded by a number of other observatiors,
such as the presence of microspherocytosis, changed osimotic resistance of the erythroeytes, the low color index,

etc.

In dogs operated for a Klemensiewicz-Heideshain pouch, which is considered to involve partial denerva-
tion, full recovery from the postoperational anemia does not take place, and it gradually undergoes wansition
to the hyperchromic macrocytic form. The fragility of the erythrocytes becomes smaller, the color index rises,
and maturation of erythrocytes is considerably retarded (bone marrow smears),

Absorption of iron falls during the hyperchromic anemia phase, and approaches the values found before
operation. The rate of incorporation of iron into hemoglobin also falls somewhat, although it still remains
higher than before operation. The survival time is considerably prolonged, approaching the normal value.
There- can, therefore, be no quéstion of enhanced hemolysis during this phase. Nor can we consider that there
is any lack of iron,

We consider that the gradual onset of hyperchromic anemia is due to disruption of nervous connections
between part of the stomach and the central nervous system. This interpretation is based on V. N, Chernigov-
skii’s views [8] on the importance of coittinuous tonic impulses proceeding from the organs to the central ner-
vous system, for the maintenance of the coustapt composition of the blood.

Bilateral vagotomy is followed by a considerable fall in absorption from the alimentary tract, and in
assimilation of Iroun by crythroeytes, The same effects are observed with respect to phosphorus. Most of the
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Iron s excreted in the feees, and only 3 small part of it enters the clrculation. The anemia which develops In
these circumstances Is of the hyperchiromic macrocytic furm, withln the first few days after operatlon, Pro-
nounced retardation of maturaticon of erythrocytes is ohserved, We may, In the glven case, postulate a certaln

lack of iron,

Vagotomy not only {uterrupis the afferent connections of the stomach, but also leads to considerable dis-
turbances in alimentary tract functions, and o developrent of structural changes; formation of the fatrinsie
antfanemic factor by the gastric mucosa is interfered with {4, 5, 7). We canuot exclude the possibility that
absor;'ation from the alimentary tract, not only of iron and phosphorus, but also of other products, fncluding the
antlanemic factor, may be fmpeded, and this may be one of the causes of the anemia observed.

SUMMARY

Long term experiments were performed on dogs with experimental anemia.induced by denervatlon of the
somach (by Klemensiewicz -Heidenhain partial denervation or by scction of the vagus nerves), Investigation
was carried out on the absorption of radioactive iron (FemCl;) in the digestive tract and its intake by the erythro-

cytic hemoglobin,

It was established that absorption and intake of iron is considerably increased during postoperative hypo-
chromic anemia in experiments with the stomach pouch. ¥hen hypochromic anemia Is changed into hyper-
chromic the intake of iron by erythrocytes is 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 radioattive phosphorus (P*?) is also diminished.
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