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Abstract

Autonomic neuropathy is a frequent complication of diabetes assokéy words

ated with higher morbidity and mortality in symptomatic patients,Diabetes mellitus
possibly because it affects autonomic regulation of the sinus nodétreptozotocin
reducing heart rate (HR) variability which predisposes to fatal arrhyl‘hLnSUIin '
mias. We evaluated the time course of arterial pressure and HR afigtonomic nervous system
indirectly of autonomic function (by evaluation of mean arterial =~ """~~~ T
pressure (MAP) variability) in rats (164.5 + 1.7 g) 7, 14, 30 and 120

days after streptozotocin (STZ) injection, treated with insulin, using
measurements of arterial pressure, HR and MAP variability. HR

variability was evaluated by the standard deviation of RR intervals

(SDNN) and root mean square of successive difference of RR inter-

vals (RMSSD). MAP variability was evaluated by the standard devia-

tion of the mean of MAP and by 4 indices, (P, P;and MN) derived

from the three-dimensional return map constructed by plotting MAP

X [(MAP.1) - (MAP,)] x density. The indices represent the maximum
concentration of points (J the longitudinal axis (#, and the trans-

versal axis (B and MN represents;R P, x P; x 103 STZ induced

increased urinary glucose in diabetic (D) rats compared to controls

(C). Seven days after STZ, diabetes reduced resting HR from 380.6 +

12.9 t0 319.2 + 19.8 bpm, increased HR variability, as demonstrated

by increased SDNN, from 11.77 + 1.67 to 19.87 + 2.60 ms, did not

change MAP, and reduced ffom 61.0 + 5.3 to 51.5 + 1.8 arbitrary

units (AU), B from 41.3 + 0.3 t0 29.0 £ 1.8 AU, and MN from 171.1

+30.2to 77.2 £ 9.6 AU of MAP. These indices, as well as HR and

MAP, were similar for D and C animals 14, 30 and 120 days after STZ.

Seven-day rats showed a negative correlation of urinary glucose with

resting HR (r=-0.76, P = 0.03) as well as with the MN index (r =-0.83,

P = 0.01). We conclude that rats with short-term diabetes mellitus

induced by STZ presented modified autonomic control of HR and

MAP which was reversible. The metabolic control may influence

these results, suggesting that insulin treatment and a better metabolic

control in this model may modify arterial pressure, HR and MAP

variability.
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Autonomic neuropathy is a frequent com-tap water and standard rat food. Animals were
plication of diabetes mellitus associated withmade diabetic (D) by the injection of STZ (65
higher morbidity and mortality in sympto- mg/kg, iv) (Sigma Chemical Co., St. Louis,
matic patients (1) which affects the autoMO) dissolved in citrate buffer, pH 4.5. Con-
nomic modulation of the sinus node, reductrols (C) were injected with citrate buffer alone.
ing heart rate (HR) variability (2). In addi- Rats were fasted overnight before STZ injec-
tion, these patients have a higher systoliton. STZ-treated rats developed elevated
blood pressure during 24-h monitoring (3)plasma glucose values (confirmed by qualita-
In the rat model, Monckton and Pehowichive measurements of plasma glucose >300
(4) described degenerative changes in autoag% 48 h after the injection) and maintained
nomic neurons occurring from 3 days to @igh urinary glucose levels during the course
weeks after the injection of streptozotocirof the studies. They received daily doses of
(STZ). Other studies have shown degeneraeutral protamine Hagedorn (NPH) insulin (1
tive changes 5 to 15 months after the use ¢f), subcutaneously) beginning 48 h after STZ
STZ (5-7). In our laboratory, we recentlyinjection. Metabolic control was evaluated by
observed that STZ-induced diabetic rats witl24-h urinary glucose measurements and by
no insulin treatment presented lower meaweighing the animals monthly. Rats were
arterial pressure (MAP) and HR than congrouped according to the time of evaluation
trols, as well as reduced intrinsic HR, vagahfter STZ injection, with 8, 14, 9 and 9 rats
and sympathetic tone and sympathetic ebeing evaluated at 7, 14, 30 and 120 days,
fect, suggesting early autonomic dysfuncrespectively.
tion due to diabetes (8). Little informationis  Catheters filled with saline were im-
available on the time course of changes iplanted under ether anesthesia into the femo-
autonomic control in STZ-induced diabeticral artery and vein (PE-10) for direct meas-
rats treated with insulin. urement of arterial pressure (AP) and drug

The autonomic nervous system modulateadministration, respectively. One day after
beat-to-beat fluctuations in heart rate and bloochtheter placement, the arterial cannula was
pressure, playing an important role in cardioeconnected to a strain-gauge transducer
vascular homeostasis. In the healthy state, he@i®23Db, Gould-Statham, Oxnard, CA) and
rate variability is high at rest and reducedlood pressure signals were recorded during
during adrenergic stimulation, while blooda 40-min period with a microcomputer
pressure variability is reduced at rest and irequipped with an analog-to-digital converter
creased during stressful situations. Autonomiboard (CODAS, 2-kHz sampling frequency,
modulation has been investigated by method3ataqg Instruments Inc., Akron, OH). Rats
that quantify HR and MAP variability in terms were conscious and moved freely during the
of time and frequency (9). Recently, methodexperiments. Recorded data were analyzed
based on non-linear dynamics have been used a beat-to-beat basis. To evaluate MAP
with interesting results (10). In the presenvariability, we used the standard deviation
study, we evaluated the time course of MART the mean of MAP and also a modification
and HR and indirectly of autonomic functionof the method proposed by Moraes et al.
(by evaluation of MAP and HR variability) in (10). Three-dimensional return maps
STZ-induced diabetic rats treated with insulin(3DRM) were built using as axis MAK

Experiments were performed on mald(MAP,.,) - (MAP,)] x density. The distribu-
Wistar rats from the Animal House of thetion generated was evaluated in order to
Universidade Federal do Rio Grande do Suiuantify different patterns of behavior. A set
Porto Alegre, Brazil, weighing 164.5 + 1.7 gof normalized indices, ,PP,, and R, was
and housed in small groups with free access talculated, with Prepresenting the maxi-
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mum concentration of points, fe longitu- Urinary glucose levels measured after
dinal axis, and Pthe transversal axis; B STZ injection were higher than after citrate
inversely proportional to the spread aroundbuffer injection: 7181 £ 600 mg% at 7 days,
the maximum concentration cross sectior507 + 1732 mg% at 14 days, 5363 + 1812
i.e., the mean slope at the most probableg% at 30 days and 6697 + 2573 mg% at
MAP. P, is calculated from the maximum 120 days in diabetic rats, and 25 + 6 mg%, 14
longitudinal length of distribution and repre-+ 4 mg%, 13 £ 6 mg% and 7 =+ 6 mg% in
sents the dynamic range of MAP variationcontrols, at the same times, respectively. The
The maximum transversal range of variationveight of diabetic rats was always lower
represented bysRs the highest beat-to-beatthan that of the control group: 170.5+ 7.4 g
MAP variation. The global behavior wasat 7 days, 176.8 + 29.1 g at 14 days, 190.6 +
measured by the MN index (MN 3 PP, x 13.5 g at 30 days and 318.0 £ 13.2 g at120
P; x 103). These indices are reported aglays in diabetic rats, and 194.5 + 19.1 g,
arbitrary units (AU) (10). HR variability was 215.5 + 12.4 g, 252.4 + 14.2 g and 337.5
evaluated in the time domain by the follow-30.9 g in control rats, at the same times,
ing indices: 1) root mean square of succesespectively.
sive difference of RR intervals (RMSSD) Significant cardiovascular changes were
and 2) standard deviation of the normal RRound only in 7-day STZ rats, indicating that
intervals (SDNN) (11). time-course changes were probably pre-
Data are reported as mean + SEM, andented by insulin administration since auto-
the Mann-Whitney U-test was used to comnomic dysfunction demonstrated previously
pare values among groups. The relationshigfter 5-day STZ treatment (8) is also present
between metabolic control, measured by 24after 15 and 30 days of untreated STZ diabe-
h urinary glucose and the degree of autaes (12). Although MAP did not differ be-
nomic modulation, measured by the indiceswveen control and STZ-diabetic rats through-
cited above, as well as the relationship besut the experiment, MAP variability evalu-
tween standard deviation of MAP and the Pated by 3DRM indices was reduced 7 days
index were evaluated by the Spearman rardfter STZ administration. ;P P,, and the
correlation. Differences were considered tglobal index MN were significantly reduced
be significant at P<0.05 for all tests. in diabetic rats (Table 1). Two examples of

Table 1 - Cardiovascular characterization of diabetic (D) and control (C) rats 7, 14, 30 and 120 days after streptozotocin injection.

Data are reported as means + SEM. *P<0.05 vs control rats (Mann-Whitney U-test). HR = Heart rate; RMSSD = root mean square of successive
difference of RR intervals; SDNN = standard deviation of the normal RR intervals; MAP = mean arterial pressure; SD = standard deviation; AU =
arbitrary units.

7 days 14 days 30 days 120 days
C D C D C D C D
HR (bpm) 381 + 13 319 + 20* 388 + 8 379 + 26 380 + 22 348 + 16 365 + 20 342 + 20
RMSSD (ms) bt 12+ 2 4+ 1 4+ 1 7+ 2 b+ 1 6+ 1 b+ 1
SDNN (ms) 12+ 2 20 £ 3* 14 + 3 12+ 3 13+ 1 15+ 1 15+ 2 14+ 3
MAP (mmHag) 118 = 8 120 = 7 123 + 4 108 + 12 115 = 7 104 + 14 127 + 6 101 + 14
SD of MAP 5+ 0.03 8 + 0.1 7 £ 0.1 7 £ 0.02 6+ 0.2 7 £ 0.1 9=+ 02 10 + 0.1
P1 (AU) 61 £ b5 52 + 2% 67 + 2 56 + 6 60 =+ 4 60 + 2 59 + 6 60 + 2
P2 (AU) 41 + 0.3 29 + 2* 37 + 1 37+ b 34 + 2 31+ 5 44 + 10 35+ 3
P3 (AU) 67 £+ 6 51 + 4 64 + 2 50 + 3 65 + 3 65 + 11 72 £ 23 57 + 7
MN (AU) 171 + 30 77 + 10* 157 + 12 107 + 21 139 = 14 132 + 47 200 + 82 124 + 29
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Figure 1 - Left panel, Scatter-
gram representing 24-h urinary
glucose and the MN index of
diabetic and control rats 7 days
after streptozotocin. Right
panel, A three-dimensional re-
turn map of one control and one
diabetic rat.
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3DRM, one for a diabetic and the other for dlood pressure in experimental diabetes (13-
control rat, are shown in Figure 1. The meat5). We have previously demonstrated that
of the standard deviations of MAP was 8 1#5-day STZ diabetes in rats, with no insulin
0.1 in diabetics and 5 + 0.03 in controlsadministration, not only reduces AP and HR,
(P<0.05) (Table 1). There was a positivébut also reduces intrinsic HR, vagal function
correlation between the standard deviatioand sympathetic tone (8). In the present study
of MAP and the Pindex obtained by the we found that 7-day STZ-diabetic rats pre-
3DRM (r = 0.94, P<0.002). sented reduced MAP variability, reduced
Seven-day diabetes significantly reducedHR and increased HR variability. These dif-
resting HR from 381 + 13 to 319 + 20 bpmferent findings may indicate that insulin ad-
while these differences were not found 1l4ministration in this early phase of diabetes
30 and 120 days after induction of diabetesontributes to this improved state. Indeed,
in rats treated with insulin (Table 1). HRthe normalization of spontaneous beating
variability, reported as SDNN, was increasedate accounted for by the improvement of
in diabetic rats (20 + 3 ms) compared talucose oxidation in STZ rats observed by
controls (12 + 2 ms), although RMSSD didother investigators (16) indicates the role of
not change. There was a negative correlatidnsulin replacement in changing the natural
between 24-h urinary glucose and restingistory of cardiovascular dysfunction in this
HR (r=-0.76, P = 0.03), as well as betweeaxperimental model. Moreover, other ex-
the former and MN index (r = -0.83, P =periments from our laboratory have demon-
0.01) (Figure 1). Allindices described abovestrated that hypotension and bradycardia,
were similar for STZ-treated rats at 14, 3@hat may represent disautonomy, are present
and 120 days, and controls (Table 1). in this model at 5 and 14 days after STZ
Several studies have demonstrateihjection if the animals are not treated with
changes in AP as well as increased or dénsulin (12,17). Decreased resting HR, in-
creased baroreflex responses to changesdreased HR variability, as well as decreased
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MAP variability, may be related to changednjection, with regenerative changes after 6
in autonomic function at this time. Lowerweeks (4), we cannot attribute any toxic
resting HR has been attributed to a change &ffect of the drug to our results, because they
sinoatrial node as well as to functionaindicate amelioration of autonomic function
changes in cardiac cholinergic mechanismat 7 days of diabetes.
(8). Chang and Lund (13) also observed that Indeed, changes in autonomic function at
insulin treatment restores normal cardiovas¢-day STZ diabetes did not persist, at least
cular and baroreflex function, at least whemntil 4 months of diabetes, since the evalua-
given during the early stages of diabetes (12ion at 14, 30 and 120 days after STZ injec-
week experiment). In contrast, baroreflexion was similar for diabetic and control
sensitivity changes from hypersensitivity toanimals.
a later state of hyposensitivity indicating that In 7-day STZ rats, but not in other groups,
the reduced ability to regulate HR is attributwe found a strong negative correlation be-
able to an impairment of cardiac parasympaween urinary glucose and the resting HR
thetic regulation (8,13). In a morphologicaland MN, a global index of MAP variability.
study of the autonomic nervous systemAlthough urinary glucose levels did not fall
Schmidt et al. (18) showed amelioration ofn diabetics with the progression of time
neuroaxonal dystrophy by early treatment ofeven when they received daily insulin ad-
diabetic rats with insulin, by pancreatic isletministration), higher insulin levels are ex-
transplant or by administration of the aldosepected to occur on the first days after STZ
reductase inhibitor sorbinyl, but not by di-injections (21). However, it seems that auto-
etary administration of myo-inositol. How- nomic changes may be correlated with the
ever, when these treatments were institutesietabolic control or diabetg®r seand are
later, after neuropathy was established, inhiaot related to the direct action of STZ. Re-
bition of progression was attained, but thesults obtained by Schmidt et al. (22), who
parameters studied did not normalize (19).studied rats treated with STZ receiving insu-
These findings are in agreement with outin, and by Chang and Lund (13), who stud-
results since the changes in resting HR peied rats which received STZ and did not
sisted while MAP and HR variability im- develop diabetes, strongly suggest that the
proved at 7 days and returned to baselinesions demonstrated by these investigators
values after this time, indicating that time-in STZ-induced diabetic animals were pro-
dependent changes of metabolic parametedsiced by diabetes and were not the result of
due to hyperglycemia and insulinopenia, oa direct toxic effect of the diabetogenic agent.
decreases in cardiac adrenergic receptors We conclude that rats with short-term
(20) may be possible explanations for theliabetes mellitus induced by STZ 7 days
opposite findings. The controversial datadefore, and treated with insulin, presentd an
suggesting changes induced by diabetes mayiprovement in autonomic control of HR
be attributed to differences in experimentaaind MAP. The metabolic control may influ-
and analytical approaches. The time afteence these results since during the first 7
diabetes induction, age of the animaldays after induction of diabetes glucose was
diabetogen used and the use of insulin coulcbrrelated with parameters of autonomic
modify the diabetic state obtained, changinfunction. This result suggests that insulin
the natural history of different complica-treatment and the better metabolic control in
tions of experimental diabetes (14). this model prevented or abolished the time-
Since the neurotoxic effects of STZ coulddependent changes in arterial pressure, HR
be expected during the first weeks after itand MAP variability.
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