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No information could be found in the literature on the regulatory mechanisms of erythropoiesis in cases of
"neurogenic" anemia caused by denervation of the carotid sinus reflexogenic zones in the process of acclimatization
to hypoxia. We have therefore investigated the degree to which a lowered partial pressure of oxygen can modify
the process of erythropoiesis and restore the normal composition of the red blood in animals with experimental
"neurogenic"” anemia caused by denervation of the carotid sinuses.

EXPERIMENTAL METHOD

Experiments were conducted on 71 male rabbits. The operation of denervation of the carotid sinuses was per-
formed by the usual method under ether anesthesia [8].

The animals were "raised” daily in a pressure chamber at the rate of 16-17 m/sec to the equivalent of an
altitude of 7500 m (total pressure 290 mm Hg), for an exposure period of 40 min on the first 2 days and 60 min on
the first 2 days and 60 min on subsequent days.

The blood was examined both immediately after the rabbits had been exposed in the pressure chamber and
after an interval of 24 h, The bone marrow was extracted by puncture of the tibial epiphysis. Blood for the pre-
paration of serum was obtained by puncture of the heart. The serum obtained (10-12 ml) was injected intravenously
into healthy recipient rabbits, Peritoneal dialysis was carried out on the nephrectomized animals by the method
developed by S. M, Shenderov [7], working in the laboratory directed by V. V. Parin. The serum bilirubin was deter-
mined by Endraskin’s method.

EXPERIMENTAL RESULTS

On the second day after the operation of denervation of the carotid sinuses, eight rabbits were exposed to the
action of a lowered partial pressure of oxygen. The development of anemia was not observed in these animals. In
five control rabbits undergoing the operation but not “raised to a high altitude™ anemia developed and reached its
maximum on the 14th-16th day (when the erythrocyte countfell to 1,260,000-1,440,000 and the Hb concentration
to 17-19% of its initial level, while the reticuloctyte count was more than doubled). In the experimental animals
exposed to the action of hypoxia during the first 6-8 days, the erythrocyte count did not fall below the initial level,
but the color index fell slightly and the reticulocyte count rose by 300-500%, On the 14th-16th day the Hb con-
centration of these rabbits was increased by 4-9% and the erythrocyte count by 410,000-850,000, Analysis of the
partial erythrograms showed that the number of 3rd order erythroblasts had increased by 4.5-8.5%, whereas in the
control animals undergoing the operation the increase was not more than 2%,

It was previously shown [1, 3] that the anemia developing after denervation of the carotid sinuses is due to
stimulation of the spleen, which under these circumstances secretes active hemolytic substances capable of causing
the development of anemia in recipient animals also.

It is clear from the figure (B) that injection of serum obtained from a control animal, subjected to the opera-
tion but not exposed to hypoxia, during the period of marked anemia led to the development of severe anemia in
the recipient.
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Changes in the number of erythrocytes (~---), the Hb concentration ( ), the

reticulocyte count (-.-.-.), and the color index ( ) in rabbits in response to
injection of 10 ml of serum (V) of a donor rabbit take on the 14th day after dener-
vation of the carotid sinuses and subsequent daily acclimatization to hypoxia (A)
and in response to injection of serum taken on the 14th after denervation of the car-
otid sinuses (B).

On the other hand, the serum of the rabbits "raised” in the pressure chamber from the second day after dener-
vation of the carotid sinuses and taken from them on the 14th-16th day, i.e., at the same time as from the control
rabbits undergoing the operation, possessed marked erythropoietic activity (see figure, A). In all six recipient rabbits,
after injection of this "hypoxic™ serum, the erythrocyte count was increased on the 3rd-4th day by 700,000-1,200,000,
the Hb concentration was raised by 6-10%, and the reticulocyte count also showed a sharp increase.

Hence, by keeping animals in conditions of hypoxia, the development of anemia after denervation of the carotid
sinuses can be prevented; the serum of such animals possesses a marked erythropoietic effect, due to the presence of
hemopoietic substances (erythropoietins)., This conclusion is in agreement with the views of those investigators who
have reported that oxygen lack has a stimulant effect on the formation of erythropoietins [10, 14, 15]. At the same
time, exclusion of the carotid sinuses in animals in conditions of a lowered partial pressure of oxygen is known to
lead to a more profound degree of hypoxemia than in healthy, intact animals [2].

If we accept the view that erythropoietins are produced by the spleen [11], the blood serum of animal under-
going splenectomy and subsequently exposed to the action of hypoxia should not posses erythropoietic properties.
However, our experiments showed that the serum of splenectomized animals kept in hypoxic conditions for the same
periods as intact rabbits caused a marked increase in all the red blood indices (see table). We therefore conclude,
like certain other investigators [6, 14], that the spleen is not the principal site of formation of erythropoietins.

Nephrectomy was performed simultaneously on the second group of experimental rabbits. On the day after
the operation three animals were "raised to a high altitude™ daily for 7 days and another three rabbits served as the
control group. In the animals exposed to the action of hypoxia, a marked redistributive erythrocytosis was observed
immediately after the stay "at a high altitude." However, examination 24 h after each "ascent” revealed a progres-
sive lowering of the erythrocyte count in their blood and of their hemoglobin concentration. After seven "ascents”
the erythrocyte count was lowered by 890,000-1,310,000 and the reticulocyte count was raised from 19-25 to
34-50 %0, Examination of bone narrow puncture material during this period showed a change in the relative pro-
portions of the leukoblastic and erythroblastic cells, in the direction of an increase in the myeloid series. At the
same time there was no slowing of maturation of the cells of the erythroid series, for counts of the partial erythro-
grams revealed an increase in the number of most mature forms, i.e., of the erythroblasts of the 2nd and 3rd orders.
The serum bilirubin concentration rose from 0.2 to 0.50-0.62 mg %.

In the three control animals which were not "raised to a high altitude” the erythrocyte count on the 7th day

741



@y GG 190 174 8G°G 4! mcno GL. 9%‘G 66
0y qe 190 69 JAR 44 890 99 88y 8¢
pIig 14! 190 L9 10‘S 91 89°0 89 90‘g NM
ny Fay $9°0 6. L1°9 gl ¥9°0 V. 1.'g 9
pig 9% 290 29 €LY 9l 69°0 89 96°y Sz suonpuod drxodLy ut 1day
pig L8 0L'0 99 L'y 81 L0 ¥9 vy ¥e s11qqe1 pozTwoldaydoN
10°0> 10°0> 100°0> 100°0> d |
8°9 ) 8 8‘9 1 i
o1 €0°0 g% 6£°0 o .
c'eF¥g 10°0+50°0— 8'0+L.‘9 e1'0F68°0 w—+ TN
8‘ey 190 £‘8L 08‘c 881 ¥L'0 9'1L 16'% ueIN
pig 13 190 69 yI'G 81 L0 g9 19 91
016 6¢ L0 eL 13°S £6 tho 89 €LY Gl
iy 9¢ 3L0 68 €1°9 4! 8L 0 8 35'8 ¥1
0y 414 89°0 LL 9°¢ 61 gL 0 0L 68°F €l
g 19 190 08 66°G 124 L0 12 99y ol
iy 9% 990 a8 88°9 SI 9.0 9. 0‘g I
Wy bp 99°0 8. €6°g 1 69'0 89 86°F ol suontpuod otxodAy ut adex
pIg €9 990 9L 9L°g L1 140 €L e1‘g 6 s11qq el pazIwooauaids
m (00/0) (suoT|  1qqes
uonieSnsaaur (00/) (suoTTrTUL) 01650 xapul ~TI) yyerdioer
b hH ._H . Bl
jo £ep | so1400n0TIR1 xopul uoﬁoou %) qH 59140011419 -noma1 10702 @) qH mwﬂmmm 30 *ON 10UOP JO SOLSHSIOBIEHD
1e1I9G

WnNIss Jo UoTioa(ul 191V

UINivs jo UoII0s{ul 2I10j2g

suoT1Ipuoy TeuuloN Ul 1de) s11qqey pazIwo1d21yday jo pue ‘suoniipuod oixod Y ut 1day] s11qqey peziuwiolnausids
‘pazTo19o1ydoN Jo WNIag Jo UeT193fu] 01 asuodsay ul s11qqey WaId[osy UT 1unoD 21400[NOTaY pue ‘uonenusouo) qy “1noD a1ksonpAig ut sadueyd

742



1°0< 500> $0‘0< g'0= d

€0 8% 4 gl 7

€'g 20°0 ' 81‘0 o

8 IFL0— | 200°0+000— | ¥ IFe— | 90°0F60'0— w e

€81 990 829 oL 161 69°0 99 18 uedN
pig g €240 €9 ce‘y 81 $L0 19 88 ¥ ele
Ny 01 65°0 s vy 91 29°0 $9 8 20g
pig red 690 89 66°F% it 69°0 89 16'% 263
pig 61 G9°0 ¥9 667 9] L0 99 mm 14 Mwm SUOTATPUOD [RIUIOU UL 33y
pig I 190 9 69°% 61 890 9 66 ¥
pIE 21 £9'0 99 82 'S a1 99°0 0L ge's | ®og S1dqEl PIZIIOIIIUAIN
pIg y1 89'0 L9 96'F 13 89°0 99 68'F vSg HIpHos 1 P aey
pig 13 0,0 19 €y 13 1,0 £9 vy 574 s11qq el pazTwodaydeN

100> 0'0> L0< g'0< d

9y € €0 I 7

L'9 10°0 ¥ 95'0 o

¢'zF80l | €00'0F10°0— | 8°0F¢g‘0— | 60°0F10 wF Py

8% 99°0 g 19 90°g gLl 89°0 819 96 ueS
pIg o8 990 09 %'y 13 690 19 £9'% ie
Wy PX4 89°0 €9 g9y 61 69°0 L9 08‘¥ 0¢

743



after nephrectomy was lowered by 670,000-860,000 and the reticulocyte count was lowered by more than 50% by
comparison with the original values. Myeloid elements predominated in the bone marrow and signs of severe depres-
sion of erythropoietic activity were present. These signs included the almost complete absence of polychromato-
philic and orthochromic erythroblasts. The serum bilirubin was raised to the same degree as in the experimental
animals (0.44-0.56 mg %).

Injection of the blood serum obtained on the 8th day after nephrectomy from the animals exposed to the action
of hypoxia and from the control animals produced different hematological effects in the healthy recipient rabbits
(see table).

A statistically significant increase in the reticulocyte count in the blood was observed in all the recipients
with the exception of the two groups of animals injected with blood serum from nephrectomized rabbits not exposed
to the action of hypoxia, and with the serum of healthy animals. However, a statistically significant increase in
the erythrocyte count was observed in the recipient rabbits only after receiving injections of serum from intact and
splenectomized animals kept in hypoxic conditions.

In view of the fact that the blood serum of the intact and the splenectomized “hypoxic” animals possesses
marked erythropoietic activity, whereas nephrectomy leads to a decrease in its erythropoietic activity, our investiga-
tions confirm the results obtained by other authors {9, 12, 13], who report the great importance of the kidneys in
the production of erythropoietins.

In addition, attention should also be drawn to the fact that the blood serum of the nephrectomized animals
kept in hypoxic conditions passesses a marked reticulocytogenic effect which, as the results showed, is independent
of the retention of metabolic products in the body of the nephrectomized animals. Evidently the conditions of
hypoxia activate and accelerate the maturation of the erythroblastic elements of the bone marrow in nephrectomized
rabbits by means of the formation of active humoral substances. This is confirmed by the fact that administration
of the "hypoxic" serum of such animals causes proliferation of the bone marrow cells and an increase in the number
of reticulocytes in the peripheral blood of the recipients.

It is difficult to explain the mechanism of the reticulocytogenic effect of this serum. Hypotheses haverecently
been put forward concerning the excistence of two erythropoietic factors—a thermostable and a thermolabile factor
[13]. In the opinion of the authors of this hypothesis the first accelerates division of the bone marrow cells while the
second takes part in the synthesis of the hemoglobin molecule. These authors suggest that the thermolabile factor
is produced in the kidneys, but the site of formation of the thermostable factor is not known.

Our results could be explained on the basis of this concept which, although very debatable, has already been
accepted by some Soviet workers [5]. The conditions of hypoxia evidently cause the increased production in neph-
rectomized animals of only one of the erythropoietic factors, that stimulating proliferation of the bone marrow cells,
for the producers of the second factor concerned in the synthesis of hemoglobin (the kidneys) are absent. Hence, the
blood serum of such donors has an effect which is predominantly and almost entirely reticulocytogenic in character.
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