®

Check for

updates

Acute Effects of Systemic
Erythropoietin Injections
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Abstract

The carotid body (CB) chemoreceptors sense
changes in arterial blood gases. Upon stimula-
tion CB chemoreceptors cells release one or
more transmitters to excite sensory nerve
fibers of the carotid sinus nerve. While several
neurotransmitters have been described to con-
tribute to the CB chemosensory process less is
known about modulatory molecules. Recent
data suggest that erythropoietin (Epo) is
involved in the control of ventilation, and it
has been shown that Epo receptor is constitu-
tively expressed in the CB chemoreceptors,

suggesting a possible role for Epo in regula-
tion of CB function. Therefore, in the present
study we aimed to determine whether exoge-
nous applications of Epo modulate the hypoxic
and hypercapnic CB chemosensory responses.
Carotid sinus nerve discharge was recorded
in-situ from anesthetized adult male and
female Sprague Dawley rats (350 g, n = 8)
before and after systemic administration of
Epo (2000 Ul/kg). CB-chemosensitivity to
hypoxia and hypercapnia was calculated by
exposing the rat to F,O, 5-15% and F,CO,
10% gas mixtures, respectively. During base-

line recordings at normoxia, we found no
effects of Epo on CB activity both in male and
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female rats. In addition, Epo had no effect on
maximal CB response to hypoxia in both male
and female rats. Epo injections enhanced the
maximum CB chemosensory response to
hypercapnia in female rats (before vs. after
Epo, 72.5 = 7.1 Hz vs. 1083 = 6.9 Hz,
p < 0.05). In contrast, Epo had no effect on
maximum CB chemosensory response to
hypercapnia in male rats but significantly
increased the response recovery times (time
required to return to baseline discharge fol-
lowing hypercapnic stimulus) from 2.1 +0.1 s
to 8.2 + 2.3 s (p < 0.05). Taken together, our
results suggest that Epo has some modulatory
effect on the CB chemosensory response to
hypercapnia.
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12.1 Introduction

Regulation of breathing by arterial blood gases
depend on peripheral and central chemorecep-
tors (Feldman et al. 2003; Guyenet 2014). The
carotid Body (CB), the main peripheral chemo-
receptor, is sensitive to changes in arterial blood
gas composition (PO,, PCO, and pH) (Gonzalez
et al. 1992), initiating a ventilatory and sympa-
thetic responses to maintain cardio-respiratory
homeostasis (Gonzalez et al. 1995; Despas et al.
2006; Lopez-Barneo et al. 2016). Furthermore,
recent studies indicate that peripheral chemore-
ceptors determine the sensitivity of the central
chemoreceptors to CO, (Smith et al. 2015).
Chemoreflex responses serve to maintain PCO,
and pH within homeostatic parameters in the
internal medium and to adjust the O, supply
according to the metabolic demand (Gonzalez
et al. 1992). Upon stimulation, the CB chemore-
ceptor cells release neurotransmitters that acti-
vate the sensory nerve fibers of the carotid sinus
nerve (CSN) which relay this information to
brainstem neurons that regulate breathing
(Prabhakar and Peers 2014). In addition, the CB

is sensitive to plasma levels of Erythropoietin
(Epo) (Soliz et al. 2005). Previous studies sug-
gest that CB chemotransduction is modulated
by high Epo plasma levels (Soliz et al. 2007).
EPO’s role in synthesis of red blood cells is well
known (Jelkmann 1992, 2011). However Epo is
also produced by neurons and glial cells
(Digicaylioglu et al. 1995). Furthermore, Epo-
receptors (EpoR) are widely distributed in the
areas known to be associated with respiratory
control (Soliz et al. 2005) such as the Respiratory
Rhythm Generator, the CBs and central chemo-
receptor sensitive areas (i.e. nucleus of the soli-
tarii tract and raphe). Interestingly, expression
of Epo and its receptor has been observed in CB
glomus cells (Lam et al. 2009). The presence of
EpoR in these structures supports the notion that
Epo participates in respiratory regulation and
CB chemotransduction. Indeed, previous work
indicates that Epo may regulate the hypoxic
ventilatory response (HVR) in humans and mice
in a sex-dependent manner (Jeton et al. 2017,
Pichon et al. 2016; Soliz 2013; Soliz et al. 2012;
Voituron et al. 2014). Thus, it is possible that
Epo acting on EpoR located within the CB tis-
sue may play a role in the regulation of the
HVR. However, there is no direct evidence for
the role played by Epo on CB chemosensory
function.

Our goal was to assess whether exogenous
applications of Epo could modulate the hypoxic
and hypercapnic CB chemosensory responses. To
assess this, carotid sinus nerve discharge was
recorded in-situ from anesthetized adult male and
female Sprague Dawley rats before and after sys-
temic administration of Epo.

12.2 Methods
12.2.1 Ethical Approval

Experiments were performed in adult male
(n = 4) and female (n = 4) Sprague Dawley rats
(~350g). All experiments were approved by the
Bioethical Committee of the P. Universidad
Catolica de Chile and were carried out under the
guidelines of the American Physiological Society,
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the Guia para el Cuidado y Uso de los Animales
de Laboratorio from CONICYT and the National
Institutes of Health Guide for the Care and Use of
Laboratory Animals.

12.2.2 Animal and Procedures

After deep anesthesia with sodium pentobarbital
(40 mg/kg I.P.), rats (n = 8) were placed in supine
position and the rectal temperature was main-
tained at 38.0 £ 0.5 °C with a regulated heating
pad. Carotid sinus nerve discharge was recorded
in-situ as previously described (Del Rio et al.
2010, 2011). Briefly, right carotid sinus nerve
was isolated and placed on a pair of platinum
electrodes and covered with warm mineral oil.
Signal was then amplified (Grass P511, USA),
filtered (30-500 Hz) and sent to an electronic
spike-amplitude discriminator to select action
potentials of given amplitude above the noise.
Hyperoxic test (100% O,) was used to set the
threshold of CB sensory activity present in the
electrophysiological recording. The selected
action potentials were used to evaluate the CB
chemosensory frequency of discharge (f;
expressed in Hz). Signals were acquired with an
analog-digital system PowerLAB and analyzed
with the Chart 7-Pro software (ADInstruments,
Australia). CB-chemosensory sensitivity to
hypoxia or hypercapnia was calculated by allow-
ing the rat to spontaneously breathe F,0, 5-15%
and F,CO, 3-7% gas mixtures, respectively,
before and after 60 min of systemic administra-
tion of Epo (2000 Ul/kg, 100 pl i.v. bolus).

12.2.3 Data Analysis and Statistics

The CB chemosensory frequency discharges (f,)
response-curves were fitted to the inspiratory PO,
according to the following exponential function
(Berkenbosch et al. 1991, 1997).

f. =Gexp(-DPO,)+A

In which, G is the overall gain, D is oxygen
threshold and A is the value of CB chemosensory

discharge measured during hyperoxic challenge
(Dejour test). For the CB chemosensory response
to hypercapnia, linear regression analysis was
used. Results were expressed as mean =+ standard
errors of the mean (SEM). Differences were
tested by Bonferroni test following two-ways
ANOVA or by using Student T test. All analyses
were performed with Graph Pad — Prism soft-
ware (Graph Pad software, La Jolla, CA, USA).
Differences were considered significant when
p <0.05.

12.3 Results

12.3.1 CB Chemosensory Activity
in Male and Female Rats

Chemosensory activity in normoxia and during
acute hypoxia did not differ between adult male
and female rats (Table 12.1). There is a trend to
have higher maximal responses to severe hypoxia
in male rats compared to females. Indeed, the CB
responses to F,O, 5% expressed as a percent
change compared to the values at normoxia were
516.7 + 31.4% in males and 404.0 = 32.1% in
females. However, this difference was not statis-
tically different between both groups.

12.3.2 Effects of Epo Injection on CB
Activity

During baseline recordings at normoxia, we
found no effects of Epo on CB activity both in
male and female rats (Fig. 12.1). In addition,
acute Epo injection showed no effects in maxi-
mal CB response to hypoxia neither in CB oxy-
gen sensitivity in male or female rats (Fig. 12.2).

Table 12.1 Carotid body chemosensory baseline activity
in normoxia and in response to hypoxia

3 Q
FO,21% fx (Hz) | 70.1 = 14.1 800+ 134
FO, 10% fx (Hz) | 310.6=33.1 |295.0 £29.0
F.0, 5% fx (Hz) 3620220 |327.0+263

Data are showed as mean + SEM. fx: Carotid body chemo-
sensory activity; F,O,: Fraction of inspired oxygen
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Fig. 12.1 Effects of
Epo administration on
carotid sinus nerve
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12.3.3 Effects of Epo on CB
Chemosensory Response
to Hypercapnia

The effect of Epo injections on CB activity is
shown in Fig. 12.3. Interestingly, Epo administra-
tion increases the maximal CB chemosensory

response to hypercapnia 10% CO, only in female
rats (Fig. 12.4). Indeed, the female CB responses

+

to hypercapnia were 72.5 7.1 Hz vs.
108.3 = 6.9 Hz (P < 0.05), before and after Epo,
respectively. Contrarily, Epo has no effect on the
maximal CB chemosensory response to hyper-
capnia in males but significantly increases the
response recovery times (time required to return
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Fig. 12.2 Summary of the effects of Epo on carotid
body chemosensory function in hypoxia. Upper panels,
CB chemosensory response to hypoxia before and after
Epo administration in (a) males and (b) females rats.
P > 0.05, for CB chemosensory curves, Bonferroni test

to baseline discharge following hypercapnic
stimulus) from 2.1 +0.1st0 8.2 +2.3 s (Fig. 12.4).

12.4 Discussion

The main findings of our study were: (i) during
normoxic condition Epo injection did not modify
the CB chemosensory discharge in male and
female rats; (ii) Epo injection did not change the
CB chemosensory responses induced by hypoxia
(10-5% O,) neither in males nor in female rats;
(iii) Epo injections enhanced the maximal CB che-
mosensory response to hypercapnia (10% CO,) in
female rats, and (iv) Epo injections increased the
time needed to return to baseline discharge levels
following hypercapnic stimulation in male rats.
Together these results suggest that Epo modulate
the CB chemosensory responses to hypercapnia in
a sex-dependent manner.
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following two-ways ANOVA, n =4 per group. Lower pan-
els, Epo has no effect on oxygen threshold nor in CB
hypoxic sensitivity in both males or females rats. P > 0.05,
paired t test. n = 4 per group

Soliz et al. (2007) found that transgenic mouse
line (Tg6), with high plasma levels of human
Epo, did not show significant differences in rest-
ing minute ventilation compared to wild-type
mice. Present results showed that Epo injections
did not change CB chemosensory discharges in
normoxia. Then, our results suggest that Epo is
not related to the regulation of the tonic CB activ-
ity in normoxia. Therefore, agrees and extend
previous studies showing no effect of Epo on
breathing regulation under normoxic conditions.

It has been shown that Epo may regulate the
ventilatory response to hypoxia in humans and
mice (Jeton et al. 2017; Pichon et al. 2016; Soliz
2013; Soliz et al. 2012; Voituron et al. 2014).
However, we did not observe significant differ-
ences before and after Epo injection on the CB
chemosensory response to acute hypoxia.
Furthermore, no sex differences were found on
the CB chemosensory response to hypoxia. It is



100

D.C.Andrade et al.

Pre-EPO
3004 10% CO,
|
N 200-
z
< 1004
0-
0 20 40 60
Time (s)
Female
300. L
N 200+
= o] ol
<2 1004
0.
0 20 40 60
Time (s)

Fig. 12.3 Epo modulate the CB chemosensory
responses to hypercapnia. Representative carotid sinus
nerve recordings obtained in one male rat during acute
(20s) hypercapnic stimulation (10%), before and after

important to note that we only measure the effects
of Epo on the CB chemoreceptor activity in
response to hypoxia but not the chemoreflex-
mediated hypoxic ventilatory response. Indeed, it
has been proposed that Epo may regulate central
brainstem areas related to chemoreflex control of
the ventilation (i.e. NTS). Then, it is plausible
that Epo may regulate the HVR through a central
mechanism rather than a peripheral modulation
of CB chemoreceptors.

In addition, we found that Epo modulate the
CB response to hypercapnia in a sex-dependent
manner. Indeed, in female rats Epo injections
results in an increase CB chemosensory response
to CO, without changing the duration of the
response. In contrast, in male rats Epo only elicit
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Epo i.v. injection (Upper panel) and one representative
recording obtained in one female rat (Lower panel) during
hypercapnia, before and after Epo administration

increase in the duration of the CB chemosensory
response to hypercapnia. Together, our data sug-
gest that Epo modulate the CB nerve activity in
response to hypercapnia acting on different EpoR
expressed in male CBs compared to female CBs.
Future studies are needed to address the differ-
ences, if any, on the expression profiles of EpoR
on male and female CBs.

In summary our data suggest that Epo could
modulate the CB chemosensory response to
hypercapnia, but not to hypoxia in a sex-
dependent manner. Additionally, Epo injections
did not affects baseline CB chemosensory dis-
charge in normoxia nor in male nor in female
rats, suggesting that Epo did not contribute to
tonic CB activity.
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Fig. 12.4 Epo effects on CB chemosensory response
to hypercapnia in adult male and female rats. In situ
carotid sinus nerve recordings were obtained in spontane-
ously breathing animals during acute (20s) hypercapnic
simulation. No effect of Epo was found on CB maximal
response to hypercapnia in male rats (a, Upper panel).
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