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Abstract

Several investigators have demonstrated that streptozotocin (SKé) words

diabetes induces changes in the autonomic control of the cardiovasdireptozotocin

lar system. Changes in cardiovascular function may be related fexperimental diabetes
peripheral neuropathy. The aim of the present study was to analyzaroreflex sensitivity
changes in heart rate (HR) and arterial pressure (AP) as well §Qemoreflex sensitivity
baroreflex and chemoreflex sensitivity in STZ-induced diabetic malg\Utonemic dysfunction

signals were obtained for control and diabetic rats (N = 9, each group).
Data were processed in a data acquisition system (CODAS, 1 kHz).
Baroreflex sensitivity was evaluated by measuring heart rate changes
induced by arterial pressure variation produced by phenylephrine and
sodium nitroprusside injection. Increasing doses of potassium cyanide
(KCN) were used to evaluate bradycardic and pressor responses
evoked by chemoreflex activation. STZ induced hyperglycemia (447
+49vs 126 + 3 mg/dl), and a reduction in AP (99 %8118 + 2
mmHg), resting HR (296 + 1¥s355 *+ 16 bpm) and plasma insulin
levels (16 + 1vs57 = 11 pU/ml). We also observed that the reflex
bradycardia (-1.68 + 0.¥s-1.25 + 0.1 bpm/mmHg, in the diabetic
group) and tachycardia (-3.68 + @$-1.75 + 0.3 bpm/mmHg, in the
diabetic group) produced by vasopressor and depressor agents were
impaired in the diabetic group. Bradycardia evoked by chemoreflex
activation was attenuated in diabetic rats (control;: -17 £ 1, -86 + 19,
-185 £ 18, -208 + 1¥sdiabetic: -7 £ 1,-23+£5,-95 + 13, -140 + 13
bpm), as also was the pressor response (control: 6 + 1,30+ 7,54 + 4,
59 + Svsdiabetic: 6 £ 1, 8 £ 2, 33 + 4, 42 £+ 5 mmHg). In conclusion,
the cardiovascular responses evoked by baroreflex and chemoreflex
activation are impaired in diabetic rats. The alterations of cardiovascu-
lar responses may be secondary to the autonomic dysfunction of
cardiovascular control.
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Patients with diabetes mellitus are parparasympathetic neurons, resulting in char-
ticularly prone to disorders related to theacteristic cardiovascular (bradycardia and
control of the cardiovascular system, includhypertension), respiratory (tachypnea) and
ing microangiopathy, atherosclerosis, hyperbehavioral (alerting) responses (8). The pe-
tension and autonomic neuropathy (1). Diaripheral chemoreceptors have been impli-
betics with abnormal cardiovascular reflexesated in the pathogenesis of autonomic
have a higher incidence of mortality thanchanges as observed in obstructive sleep
diabetics with normal autonomic reflex func-apnea and hypertension (9,10). In addition,
tion (2). The arterial baroreceptor exerts dlomma et al. (11) demonstrated impairment
major influence on both the sympathetic anth the sensitivity of peripheral or central
parasympathetic limbs of the autonomic nerehemoreceptors in diabetic patients. Also,
vous system and cardiovascular functionthe close anatomical and functional relation-
Several investigators have studied thehip between chemoreceptors and barore-
baroreflex function in hyperglycemic ratsceptors raises the possibility that the impair-
treated with streptozotocin (1,3-5). The rement of baroreflex function may be associ-
flex tachycardic response elicited by arteriahted with an impairment of the chemoreflex,
pressure (AP) reduction was found to bsince chemoreflex and baroreflex are inte-
attenuated in short-term diabetes (5), whilgrated by a common neuronal network (8,12).
the reflex bradycardia in response to an AP The purpose of the present study was to
increase has been reported to be normal analyze changes in heart rate (HR) and AP as
short-term diabetes. In contrast, baroreflexwell as baroreflex and chemoreflex sensitiv-
mediated bradycardia during increasing ARties in streptozotocin (STZ)-induced dia-
is impaired in alloxan-induced diabetic rab-betic rats 15 days after diabetes induction.
bits at the same time that reflex tachycardia The experiments were performed on male
to AP reduction is preserved (6). JacksoNVistar rats weighing 216.6 + 8 g, N = 9
and Carrier (1) and Homma et al. (4) havécontrols) and 226.6 + 8 g, N = 9 (diabetics),
reported an enhancement in baroreflex fundroused in individual cages with free access
tion when vasopressor or depressor agenis water and food. Rats were made diabetic
are exogenously administered and when thgy a single injection of STZ (50 mg/kty,
right cervical sympathetic or vagus nerve iSigma Chemical Co., St. Louis, MO) dis-
electrically stimulated, respectively. Severasolved in 10 mM citrate buffer, pH 4.5. The
lines of evidence indicate that changes imats were fasted for 8 h before STZ injection.
baroreflex function are probably due to pe©One day before the experiment, two cath-
ripheral dysfunction of the autonomic ner-eters (PE-10) were implanted into the femo-
vous system in diabetic patients and animalal artery and vein, under ether anesthesia,
(1,4,6). for direct measurements of mean arterial

The peripheral chemoreceptors have begmressure (MAP) and for drug administration,
less studied than the baroreceptors, but thegspectively. The arterial catheter was at-
represent an important group of afferentsached to 20-cm PE-90 tubing that was con-
that control the autonomic function in mam-nected to a pressure transducer (P23Db,
mals. The peripheral chemoreceptor&ould-Statham, Oxnard, CA). Fifteen days
reflexely control respiration as well as circu-after STZ administration blood pressure sig-
lation (7). The cardiovascular responserals were recorded for 40 min with a micro-
evoked by chemoreceptor stimulation incomputer equipped with an analog-to-digital
duced by intravenous injections of potaseonverter board (CODAS, 1 kHz, Dataq In-
sium cyanide (KCN) are a complex result oktruments, Akron, OH). The recorded data
the primary activation of sympathetic andvere analyzed on a beat-to-beat basis to
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quantify changes in MAP and HR. The

venous catheter was connected to an exten- %,
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sion (PE-10) for drug infusion when neces-
sary. After a control MAP recording the  oNses
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the following tests were performed: 1)
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injections of increasing doses of phenyleph- :.5.c.0 ¢y
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Figure 1 - STZ-diabetic rats pre-
sented an impairment of
bradycardic (lower right) and
tachycardic (upper left) response
to AP changes induced by in-
creasing doses of phenylephrine
and sodium nitroprusside. The
slope of the lines obtained by
linear regression analysis was
-1.68 vs -1.25 bpm/mmHg (P =
0.019) for control (CON) and dia-
betic rats (DM), respectively, af-
ter an increase in AP. The slope
of the lines obtained by linear
regression analysis was -3.68 vs
175 bpm/mmHg (P = 0.004) for

of KCN. Increasing doses of KCN (60, 100 sitivity was evaluated by regression analysisntrol and diabetic rats, respec-
140 and 180 pg/kg) were injected into conef different groups and the slopes were conively, after a decrease in AP (un-

trol and diabetic rats after the cardiovasculgpared using thetest for unpaired data. Dif-
parameters had returned to basal levels. Peficences between controls and diabetic rats
increases or decreases in MAP after phenyin AP and HR responses to KCN were com-
ephrine or sodium nitroprusside injectiongpared by analysis of variance for repeated
and the corresponding peak reflex changaseasures and theost-hoctest employed
in HR were recorded for each dose of tha&vas the Newman-Keuls test. Statistical sig-
drug. Baroreflex sensivity is reported as valnificance was set at the 0.05 level in all
ues derived from fitting a regression lineprocedures.
through points corresponding to all changes All nine rats given STZ developed severe
in HR related to the induced changes ityperglycemia (126 + 8s447 + 49 mg/dl
MAP. A time interval between doses wador the diabetic group, P = 0.001) accompa-
necessary for blood pressure to return tnied by a decrease in body weight (264/6 5
baseline. After animals had remained quiet98 + 8 g for the diabetic group, P = 0.001)
for 10-15 min the chemoreflex function wasand plasma insulin levels (57 + 1416 + 1
evaluated by increasing intravenous doses glU/ml for the diabetic group, P = 0.001).
KCN. To analyze the responses, AP and HRhe 15-day STZ-induced diabetes group had
were measured continuously for 10 sec besignificantly reduced systolic AP (140 ¥
fore and for 15 sec after the injections. Subt18 + 3 mmHg for the diabetic group, P =
sequent doses of KCN were injected afted.001), diastolic AP (99 +Bs81 + 4 mmHg
recovery of the cardiovascular parameterfor the diabetic group, P = 0.001) and MAP
and when the animal was quiet again. On@18 + 2vs99 + 3 mmHg for the diabetic
hour before recording AP pulses, bloodgroup, P = 0.001). Resting HR decreased
samples (1 ml) were collected through thaignificantly in diabetic rats as compared to
arterial catheter to measure basal glucosmntrol rats (355 + 1&s296 + 11 bpm for
and insulin levels, using a colorimetric enzythe diabetic group, P = 0.010). Figure 1
matic test (Enz color, Bio Diagnostica) andshows the HR responses evoked by pressor
radioimmunoassay (Pharmacia), respeand depressor agents (phenylephrine and
tively. To prevent hypovolemia after the col-sodium nitroprusside, respectively). Reflex
lection of blood samples, both control andradycardia elicited by phenylephrine was
STZ-treated rats were injected intravenouslgignificantly reduced in the diabetic group
with 1 ml of saline. (-1.68 £ 0.¥s-1.25 £ 0.1 bpm/mmHg in the
Data are reported as means + SEM andiabetic group, P = 0.019). Reflex tachycar-
the unpaired Studetitest was used to com- dia elicited by sodium nitroprusside was also

paired Student t-test).
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Figure 2 - Line graphs showing
the effects of streptozotocin-in-
duced diabetes on mean arterial
pressure (MAP) responses (A)
and heart rate (HR) responses
(B) of control (, N = 9) and dia-
betic (0, N = 9) rats to increasing
doses of KCN. Data are reported
as means + SEM. *P<0.05 com-
pared to control (ANOVA).
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significantly reduced in the diabetic groupthe osmotic diuretic effect of glucose. In
as indicated by the slope of the regressiothese experiments, the renal physiologic pa-
line relating changes in HR to changes imameters demonstrated increased plasma
MAP (-3.68 £ 0.5s-1.75 + 0.3 bpm/mmHg volume, presumably related to osmotic ef-
in the diabetic group, P = 0.004). The bradyfects of glucose resulting in both expansion
cardia evoked by chemoreflex activation proef extracellular fluid volume and induction
duced by increasing doses of KCN was marlef diuresis (13). In the present study, the
edly impaired in diabetic rats (control: -17 tcollection of blood samples may have con-
1,-86 +£19,-185 £ 18, -208 + Y{Bdiabetic: tributed to the changes in AP, although the
-7+1,-23+5,-95+13,-140 + 13 bpm, P rats were injected with equal volumes of
0.001, Figure 2A). The pressor responsesaline after collection. These data are in
evoked by the chemoreflex were also markaccordance with our previous studies (5,14)
edly decreased in the diabetic group (corthat showed a reduction in AP in STZ-in-
trol: 6+ 1,30+ 7,54 + 4,59 +Wsdiabetic: duced diabetes measured before and/or after
6+1,8+2,33+4,42+5mmHg, P=0.010blood sample collection. The observed hy-
Figure 2B). potension may also have been due to an
The major findings of the present studyincrease in parasympathetic outflow in dia-
are that 15-day STZ-diabetic rats showed Betic rats, although Maeda et al. (14) demon-
decreased AP and HR, 2) depressesglrated a reduction in vagal function 5 days
bradycardic and tachycardic responses actifter STZ treatment, suggesting that changes
vated by the baroreflex, and 3) impairedn arterial blood pressure are not related to
bradycardic and pressor responses evokedh increase in parasympathetic outflow. How-
by chemoreflex activation with KCN. More- ever, differences in baroreflex sensitivity at
over, STZ induced hyperglycemia, reducdifferent times of diabetes (3,4) suggest
tion in body weight and insulinopenia. changes in the ability to regulate HR, includ-
Diabetic rats had significantly lower rest-ing changes in parasympathetic (1,3) and
ing MAP and HR in the conscious statesympathetic control (4). In contrast, previ-
Jackson and Carrier (1) suggested that trmus data from our laboratory (5) showed
decrease in AP may be the result of a dempairment of the vasopressor response to
creased cardiac output in diabetic rats due fwhenylephrine, indicating that changes in
hypovolemia caused by hyperglycemic osperipheral resistance may contribute to AP
motic diuresis. However, Cohen et al. (13yeduction. Although the reduction in heart
observed that the diabetic animals wereate may be attributed to a change in the
polyuric with a high urine flow, reflecting sinoatrial node (14), functional changes in
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cholinergic mechanisms cannot be excludepend on cardiac-vagal activation (bradycar-
as a causal factor. Moreover, the decrease dtia), with a contribution by the cardiac-sym-
heart rate may also be due to changes in Bathetic activation to determine the final
receptors in the heart. Savarese and Berkowitressor responses. Here we demonstrated
(15) observed bradycardia in STZ-diabeti¢mpairment of cardiovascular responses
rats probably related to a decrease in thevoked by chemoreflex activation by KCN
number of ventricular 3-receptor binding sitesn diabetic rats. Based on these data, we
in the diabetic rat myocardium. suggest that the impairment of chemoreflex

It has been demonstrated that short-termensitivity in diabetic rats may be related to
diabetes induces impairment of baroreflexthe reduction of cardiac-vagal function. It is
mediated tachycardia in response to a dewot clear whether these alterations are re-
crease in AP at the same time that reflelated to specific changes in the peripheral
bradycardia in response to an increased Athemoreceptor afferent limb or to central
is preserved (5). In contrast, other studiesardiorespiratory integration of the reflex
(1,4) demonstrated enhanced sensitivity adrc. Another finding of the present study was
baroreceptor reflex in diabetic rats.the reduction in pressor responses to
McDowell et al. (6) demonstrated thatchemoreflex activation in the diabetic group.
baroreflex-mediated bradycardia is impaired his reduced vascular response as well as
while reflex tachycardia is preserved in diathe impairment of baroreflex sensitivity may
betic rabbits. The impairment in bradycardide related to a decrease in peripheral sympa-
and tachycardic responses to changes in ARetic activity (5,8). Morphological changes
observed in the present study indicates that axons from the sympathetic paravertebral
changes in baroreflex sensitivity may be reehain reported by Monckton and Pehowich
lated to time-dependent changes caused I§¥6) in streptozotocin-treated rats may con-
metabolic disorders due to a hyperglycemitribute to the decreased pressor responses
state or insulinopenia. The present studgvoked by chemoreflex activation. More-
involving a streptozotocin-induced rat modebver, the interactions between the sympa-
of diabetes is an attempt to investigate mechéhetic and parasympathetic systems are com-
nisms of baroreflex dysfunction in 15-dayplex as demonstrated previously (17), show-
STZ diabetes. The controversial data regardnag that the effects of vagal stimulation on
ing changes in baroreflex sensitivity afteHR are enhanced when the cardiac sympa-
diabetes may be attributed to differences ithetic nerve fibers are simultaneously stimu-
the experimental design as well as in théated, suggesting a different vagal activation
analytical methodology (5,12), suggestingt different levels of sympathetic function.
that these differences may be correlated witbn the other hand, the changes in the
the time course of diabetes. Indeed, not onlgaroreflex and chemoreflex function seem
the volume status of rats but also factorto be related to changes in the target organs,
other than plasma volume may be alteredince basal MAP and HR were significantly
during diabetes (13) and, consequently, theeduced in diabetic rats. These alterations
osmotic diuresis may be different at eacimay be related to changes in sympathetic
time after STZ injection. Moreover, the ani-and parasympathetic activity or to changes
mal model and the diabetogen used coulimh the receptors in the vessels and the heart as
change the interpretation of the data (6). described elsewhere (15).

Franchini and Krieger (8) demonstrated In conclusion, decreased baroreceptor
that the cardiovascular responses (HR argknsitivity and impairment of the chemore-
AP) evoked by chemoreflex activation in-flex function may be due to dysfunction of
duced by KCN in conscious rats mostly dethe autonomic nervous system. Changes in
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sympathetic and parasympathetic branchexperating normally (18). However, the exact
to the heart could explain the decrease igsite of the defect in the reflex arc was not
baroreflex and chemoreflex function. Thedetermined. Additional data will be neces-
central nervous system may also contributeary to evaluate the participation of the cen-
to this impairment since the afferent limb oftral nervous system and the efferent limb of

the baro- and chemoreceptor seems to hke reflex arc.
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