
Effects 'of Posterior Hypothalamic Stimulation on Reticulocyte Release 
and Bone Marrow Microcirculationl (37453) 

LUIZ G. PAULO,~ ROBERT S. MCCUSKEY,~ GREGORY D. FINK: BYUNG L. ROH, 
AND JAMES W. FISHER 

Department of Pharmacology, Tulane University School of Medicine, New Orleans, Louisiana 
70112 and Department of Anatomy, College of Medicine, University of Cincinnati, 

Cincinnati, Ohio 45219 

I t  has been demonstrated by Linke et al. 
(1) that marked changes in blood flow 
through the bone marrow occur after hypo- 
thalamic stimulation. They reported that 
., ,npathetic stimulation reduces blood flow in 

the bone marrow while increased parasympa- 
thetic activity increases blood flow. Electrical 
stimulation of the posterior hypothalamus 
also has been reported to produce a slight in- 
crease in hematocrit and a significant increase 
in the percentage of reticulocytes in the pe- 
ripheral blood of rabbits ( 2 ) ,  rats (3), and 
monkeys (4, 5) .  These responses apparently 
are not due to increased circulating levels of 
ESF since detectable levels of erythropoietin 
(ESF) rarely have been found. Halvorsen 
et al. (6) reported that only 6 of 16 rabbits 
had slightly increased ESF levels following 
posterior hypothalamic stimulation. Mirand 
et al. (4) reported an increased level of ESF 
in only 1 of 4 monkeys after 8 hr stimula- 
tion of the preoptic nucleus. 

In an attempt to clarify trhe role of the 
hypothalamus and the parasympathetic nerv- 
ous system in the control of erythropoiesis, 
the reticulocyte response to posterior hypo- 
thalamic stirnulation in normal and atropine 
treated rabbits was determined. In order to 
investigate further the mechanism of this re- 
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sponse, posterior hypothalami of rabbits were 
stimulated continuously and reticulocyte and 
hematocrit values determined while the mi- 
crovascular responses in the bone marrow to 
hypothalamic stimulation were examined 
using ithe in vivo microscopic method of Mc- 
Cuskey et al. (7) .  

Materials and Methods. Male or female 
New Zealand white (rabbits, weighing be- 
tween 3.0 and 3.6 kg were used in the hypo- 
thalamic stimulation studies. The experimen- 
tal protocol was divided into four 14 day 
periods as follows: ( I )  control period; (2)  
sham-operated period ; ( 3 )  hypothalamic 
stimulation period and (4) hypothalamic 
stimulation combined wicth dlaily injections of 
atropine (5  mg/kg/day ip). Three rabbits 
were subjected to hypothalamic stimulation 
only. Thus, each animal served as its own 
control. Each period consisted of 6 hr/day 
for 14 days in a rabbit restraining cage. Af- 
ter the control period, insulated bipolar elec- 
trodes were implanted bilaterally in the pos- 
terior hypothalamus under pentobarbital 
anesthesia (30 mg/kg) according to the ste- 
reotaxic coordinates described by Sawyer et 
al. (8).  The stimulation parameters were 
those used by Halvorsen et al. (6). The lo- 
calization of the electrodes in the hypotha- 
lamic region was confirmed in some rabbits 
with the use of histological sections of the 
brains. Reticulocytes were counted before 
and on Days 3, 5, 7, 10, and 14 of each 
study. Depending upon the reticulocyte level, 
blood was withdrawn from the central artery 
of the ear for ESF asmy in exhypoxic poly- 
cythemic mice (9).  
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TABLE I. Reticulocyte Counts in Rabbits Beif ore and After Posterior Hypothalamic Stimulation. 
~ ~~ ~ 

Days 1 3 5 7 I0 14 

Control period (6) 1.43 & 0.32 1.45 & 0.32 1.43 5 0.18 1.38 & 0.21 1.36 & 0.21 1.38 & 0.24 
Sham-operated period 1.95 2 0.31 1.90 2 0.19 1.510 & 0.09 1.45 zk 0.10 1.43 & 0.11 1.46 & 0.09 

Stimulation period (9) 
Stimulation plus atro- 1.46 & 0.20 1.26 & 0.20 1.28 3- 0.18 1.48 & 0.30 1.40 & 0.25 1.43 & 0.25 

(6) 
2.41 & 0.59 4.98 & 1.09 5.93 3- 1.10" 5.96 & 0.83" 6.06 & 0.62" 6.49 & 0.63a 

pine (5 mg/kg/day) 
period (6) 

a p < 0,015 when compa.red to contro,l, sham-operated or stimulation plus atropine. Numbers in parm- 
thesis represents the number of rabbits in each group. 

In  another series of experiments, seven 
male or female New Zealand albino rabbits 
weighing between 3.0 and 3.6 kg were used 
to study the effects of posterior hypothalam- 
ic stimullation for 24 hr on the hematocrit 
and reticulocyte counts. The response of the 
microvascular system of the 'tibia1 marrow to 
posterior hypothalamic stimulation was stud- 
ied in 3 of these rabbits containing a titial 
bone marrow chamber ( 7 )  installed 3 to 6 
months previously. One week following the 
implantation of electrodes (as described 
above) the animals were stimulated for 24 
hr using the following parameters: 50 cps, 1 
msec duration, and 3-5 V. An interval timer 
was introduced into the system in order to 
deliver 30 seconds of stimulation followed by 
30 sec rest. Peripheral reticulocytes were 
counted prior to and following 24 hr stimu- 
llation using the New Methylene Blue tech- 
nique. Hematocrits were determined con- 
comitantly. Sham-operated animals served as 
controls. Each of the 3 animals used in this 
series were studied for one 24-hr period only. 

Post-hypoxic polycythemic mice prepared 
according to a modification of the method of 
Cotes and Blangham (9) were used to assay 
erythropoietin. HAM/ICR strain female mice 
(22-25 g) were made polycythemic by ex- 
posure to 0.42 atmosphere for two weeks. 
The mice were injected subcutaneously with 

the total dose of either saline, I R P  Stan- 
dard erythr~poietin~ or 0.5 ml of rabbit plas- 
ma on the fourth and fifth days following 
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their removal from the hypobaric chamber. 
Each mouse received 0.5 pCi of radioactive 
iron (59Fe) on the sixth post-hypoxic day via 
the tail vein. Two days later (8th post-hypox- 
ic day) each animal was exsanguinated via 
cardiac puncture, the blood sample counted 
in a Packard Scintillation counter and percent 
of "Fe incorporation into red blood cells de- 
termined. The data were analyzed using the 
teahnique of analysis-of-variance (10). If 
differences in group means were found, the 
Dunnett's multiple comparisons {technique for 
comparing several treatments with lil single 
control was used for the statistical analysis. 

Results. 1. Eflects of atropine on the re- 
ticulocytosis induced by  hypothalamic stimu- 
lation. Six control rabbits (nonstimulated) 
were placed in a restraining oage 6 hr each 
day for 14 days. No change in the reticulo- 
cyte levels or hematocrit were observed (Ta- 
ble I ) .  These rabbits with electrodes in the 
posterior hypothalamus were placed in a cage 
6 hr per day for 14 days but were not stimu- 
lated. Again no changes in hematocrit or re- 
ticulocyte counts were observed in this group 
of rabbits (Table I ) .  Nine rabbits were 
stimulated 6 hr each day for 14 days. A sus- 
tained and marked reticulocytosis as well as 
an increase in hematocrit were observed. The 
reticulocytosis seen was signifioantly ( p  < 
0.05) increased after the fifth day of stimu- 
lation (Table I). When plasmas from the 
stimulated nabbits were assayed in post-hy- 
poxic polycythemic mice, an increase in 59Fe 
incorporation in red blood cells was observed 
in the polycythemic mice receiving plasma, 
from only one rabbit (0.07 I R P  units/ml). 
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No significant increase above the saline con- 
trols was seen in polycythemic mice receiving 
plasmas from eight additional stimulated rab- 
bits. 

Pretreatment with atropine ( 5  mg/kg/ 
day) in six rabbits prior to hypothalamic 
stimulation blocked completely the reticulo- 
cyte response (Table I) as well as the changes 
in hematocrit. The inhibitory effect of atro- 
pine in the 6 rabbits studied was manifested 
after three days of stimulation and was sus- 
tnined throughout the 14-day period. 

2 .  Effects of hypothalamic stimulation on 
reticulocyte values and bone marrow micro- 
circulation. The results of 'the 24 hr stimula- 
tion showed the following: posterior hypo- 
thalamic stimulation for a 24-hr period pro- 
duced a significant ( p  < 0.001) increase in 
reticulocyte values. The reticulocyte counts 
increased from 1.52 t 0.30 to 3.44 rt 0.31% 
after 24 hr continuous stimulation (Table 
11). The hematocrit increased from a mean 
of 40.8 to 43.0% during the same time peri- 
od but this change was not statistically sig- 
nificant. 

Figure 1 shows the same microscopic field 
of the bone marrow at the beginning of one 
experiment, after 1 and 24 lhr of continuous 
posterior hypothalamic stimulation. The ini- 
tial response in the bone marrow after 1 hr 
stimulation was vasoconstriction and reduced 
blood flow. The mean decrease in the number 
of vessels with visible blood flow was 20.6% 
and the mean decrease in vessel diameter was 
28%. However, after 24 hr of continuous 
stimulation, the number of vessels with visible 
blood flow had increased to 38.2% above 
control values; the mean diameter of these 
vessels was increased by 37.770 with a con- 
comitant increase in blood flow when com- 
pared to that of controls (Fig. 2 ) .  

Discussion. The posterior 'hypothalamus 
has been postulated to play a role in ESF 
production. Electrical stimulation (3-6, 9, 
12-16) as well as injury of the hypothalamic 
complex (1 7 )  have been reported to induce 
increases in peripheral red cells, reticulocytes 
and hemoglobin. Halvorsen et al. (6) and 
Seip et al. (16) have reported that electrical 
stimulation of the hypothalamus in rabbits 
increased reticulocytes in peripheral blood as 

TABLE 11. Reticulocyte Values Before and After 
24 hr Continuous Stimulation of Posterior Hypo- 

thalamus. 

Animal Initial 24 hr 

1 
2 
3 
4 
5 
6 
7 

Mean & SE 

8.6 
2.5 
1.4 
1.2 
1.0 
0.6 
1.4 

1.52 & 0.30 

2.8 
3.3 
3.5 
4.4 
2.0 
3.9 
4.2 

3.44 & 0.31" 

a Iiidioates p < 0.001 when compared with the 
initial mean value. 

well as an increase in the red cell mass. Hal- 
vorsen ( 17), in electrocoagulation studies of 
the anterior, median and posterior hypotha- 
lamus, found bhat posterior hypothalamic le- 
sions in rabbits prevented the increase in 
ESF levels usually seen after exposure to hy- 
poxia . 

Our present findings confirm that posterior 
hypothalamic stimulation produces a signifi- 
cant increase in reticulocytes in peripheral 
blood. In addition, [atropine also was found 
to block the increase in blood reticulocytes 
following hypothalamic stimulation. We also 
have found (18) that rabbits exposed to hy- 
poxia and pretreated with atropine show sig- 
nificantly less ESF production in response to 
hypoxia when compared to that of the hy- 
poxic controls. These studies indioate that a 
cholinergic mechanism is involved in the 
erythropoietic response to hypoxia (18) and 
to hypothalamic stimulation (3, 14). Other 
studies which support the role of a choliner- 
gic mechanism in erythropoiesis is the report 
by Davis (19) who found that the adminis- 
tration of 200 units cholinesterase for 5-7 
days increased blood reticulocytes in rats. 

Halvorsen et al. (6) demonstrated in rab- 
bits that renal blood flow decreases slightly 
during posterior hypothalamic stimulation, 
although they could not correlate the de- 
crease in renal blood flow with an increase 
in plasma ESF levels. On the other hand, 
Finne and Skoglund (20) bave reported that 
the increase in ESF titers following hypoxia 
are essentially the same in intact rats and 
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FIG. 1. Pholtomicrographs of the same microscopic field #of ‘nabbit tibia1 bone imarrow initially 
(0 hr) and af4er 1 and 24 hr postmior hypothalamic stimulation. 

rats with denervated kidneys. They pointed 
out Ithat the reduction in total blood flow is 
not a primary meahanisrn in the increased 
ESF production following hypoxia. 

Halvorsen et al. (6) also have shown that 
blood reticulocytes can increase without a 
concomitant increase in ESF. They suggested 
that the autonomic nervous system alone 
could mediate the release of reticulocytes and 
consequently that the reticulocyte levels 
could increase without a simultaneous in- 
crease in ESF. If both stimuli are present 
they were postulated to act synergistically. 

On the other hand, posterior hypothalamic 
stimulation produces a significant increase in 
reticulocytes in peripheral Mood within 24 
hr. This is accompanied by a significant in- 
crease in blood flow through the microvascu- 

lature of the bone marrow. It is not known 
whether similar changes in flow occur in 
other vascular beds. However, similar changes 
are probable considering the diffuse affects of 
hypothalamic stimulation. These results sug- 
gest the existence of ‘a neurovascular mecha- 
nism for the rapid release of stored reticulo- 
cytes from the sinusoids of the bone marrow. 
Such an “autotransfusion” mechanism would 
be consistent with the rapid shifts of circu- 
lating red cell mass following exercise or 
stress. It is not known whether this mecha- 
nism is involved in the’ day-to-day control of 
erythropoiesis. These studies do not rule out 
the possibility that increased ESF levels may 
be seen after more prolonged hypothalamic 
stimulation. Further studies may reveal that 
atropine is capable of blocking the response 
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FIG. 2. Represents the mean % change in bhe in- 
ternal diameter (i.d.) of the tibia1 bone miarrow ws- 
mls land the mean ’% change in the number of ves- 
sels witsh ’attive bilfood flow. Tlhe number of vessels 
in 5 microscopic field& chosen ad mndm were 
counted in each rabbit. The number of vessels 
oounted in each microscopic field varied from 7 to 
2 1 vessels/field. 

of the marrow microvasculature to hypotha- 
lamic stimu1,a tion. 

Summary. Posterior hypothalamic stimu- 
llation in rabbits was found to produce a sig- 
nificant increase in blood reticulocytes as well 
as a slight increase in hematocrimt. The in- 
crease in reticulocytes and hematocrit fol- 
lowing hypothalamic stimulation were not 
seen during the control or sham-operated pe- 
riods. Atropine was found to block the re- 
ticulocyte response to hypothalamic stimula- 
tion. 

During 24 hr continuous posterior hypo- 
thalamic stimulation vasoconstriction and a 
reduced number of vessels with blood flow 
in the bone marrow microvasculature were 
seen during the first hour of stimulation, 
while by 24 hr vasodilatation and an increase 
in the number of vessels wirth blood flow was 
observed. These changes in the bone marrow 
circulation were associated with a significant 
increase in blood reticulocytes during hypo- 
thal’amic stimulation. These studies suggest 

the existence of a neurovascular mechanism 
for (the rapid release of stored reticulocytes 
from marrow sinusoids of the bone marrow. 
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