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Abstract

Autonomic innervation of heart is abnormal in diabetes and produces altered
cardiovascular parameters. Cerebrolysin is a neurotrophic factor that im-
proves the dendritic tree and synapses in the central nerve system after brain
damage. The aim of this study was to evaluate if cerebrolysin can improve the
cardiac neuropathy generated in diabetic rats. Male Sprague-Dawley rats two
months old were injected with streptozotocin (70 mg/Kg/, ip). Hyperglycemia
and altered cardiac rate were confirmed after eight weeks of STZ injection,
and cerebrolysin treatment was started in control and diabetic rats for two
months (1 ml/kg/day, ip). Body weight, heart rate, heart rate variability, ar-
terial blood pressure, and blood glucose levels were measured. Also heart
weight and levels of nitrites, NGF and VEGF were measured in left ventricle
homogenates. The results show that body weight was reduced and blood glu-
cose levels were increased significantly in diabetic rats. Cerebrolysin treatment
produced no significant changes in body weight either in blood glucose level
in control and diabetic rats. Cerebrolysin treatment in diabetic rats shows an
improvement in the altered basal cardiac rate (306 + 6.5 lat/min) compared to
diabetic saline group (272 + 8.9 lat/min: P < 0.05), without changes in control
rats. Levels of nitrites, VEGF, and NGF in the left ventricle increased in di-
abetic cerebrolysin treated rats. In conclusion, the results show that cerebroly-
sin improves some abnormalities observed in the diabetic cardiac neuropathy
in rats and suggest that could be considered an additional treatment to
prevent or reduce the cardiac autonomic alterations generated in diabetes.
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1. Introduction

Cardiac neuropathy is an early and common complication of diabetes mellitus
and is characterized by abnormalities in the structure and function of sensory
and autonomic nerves [1] [2] [3] [4]. Alteration in basal cardiac rate and heart
rate variability is often reported in experimental diabetic rats, changes associated
with altered diastolic and systolic cardiac functions, and related to abnormal
heart innervation that is present after four weeks of induced diabetes for strep-
tozotocin injection in rats [5] [6] [7]. Heart sympathetic and parasympathetic
innervations are abnormal in diabetic rats and the magnitude of the deteriora-
tion is related to the progression time and severity of hyperglycemia [8] [9].
Histological studies have reported that sympathetic and parasympathetic inner-
vations are altered in the heart after two months of hyperglycemia in rats [10]
[11] [12]. Nerve growth factor (NGF) is an essential protein for the development
and maintenance of function of the peripheral sympathetic nervous system. A
role of NGF in the regulation of sensory and sympathetic neurons has been es-
tablished and is considered a marker to evaluate sensory innervation [13] [14]
[15]. NGF levels are reduced significantly in the hearts of diabetic rats [16] [17].
The administration of NGF in diabetic rats shows evidence of sympathetic rein-
nervation and regression of cardiac neuropathy that is associated with an im-
provement in the cardiac functions [18] [19].

Cerebrolysin (CBL) is a neurotrophic factor that has been used in patients as
neuroprotection to limit brain damage after strokes [20]. In experimental mod-
els of degenerative brain diseases, CBL is able to promote the generation of new
functional synapses, improving the integrity of neural circuits in diverse brain
structures, which result in the improvement of the cognitive functions, memory,
and learning [21] [22] [23]. Recent studies report that cerebrolysin reduces the
central and peripheral neuropathy secondary to chronic hyperglycemia induced
by streptozotocin in mice and rats [24] [25] [26]. CBL action mechanisms are
unclear; however as a compound of many active neuropeptides fragments, it has
similar effects of diverse endogenous neurotrophic factors; also a modulation of
the pro-NGF/NGF balance was associated with a protective effect on cholinergic
neurons in a model of Alzheimer disease in mice [23] [27].

The aim of this study was to determine the beneficial effect of the chronic ad-
ministration of CBL in rats with established autonomic cardiac neuropathy sec-
ondary to diabetes. The effect of cerebrolysin was evaluated in cardiovascular
parameters in the integral rats and in the levels of nitrite, nerve growth factor
and vascular endothelial growth factor in left ventricle homogenates of control

and diabetic rats.

2. Material and Methods

Experimental animals were housed in a temperature and humidity controlled
environment on a 12-hour light-dark cycles with free access to food and water.
All procedures described in this study are in accordance with the “Guide for the

Care and Use of Laboratory Animals” of the Mexican Council for Animal Care
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as approved by the BUAP Animal Care Committee. All available measures were
taken to minimize animal suffering.

Male Sprague-Dawley rats, weighing 190 *+ 14 g (two months old), were ad-
ministered by a single intraperitoneal injection of streptozotocin diluted in sa-
line solution 0.9%, (70 mg/Kg/, ip, n = 26). Other animals matched in age and
weight were injected only with the vehicle (n = 14). After 3 days of streptozoto-
cin administration, the glucose level in a fasting state was determined with ca-
pillary blood obtained from a minimum section in the distal portion of the tail of
the rat using a digital glucometer (Accutrend GC. Roche). The animals were di-
vided into two groups according to glucose blood level; control (glucose concen-
tration, less than 150 mg/dl) and diabetic groups (more than 300 mg/dl). The
groups were followed for two months, after this period, abnormal cardiovascular
parameters related to autonomic cardiac neuropathy in rats has been reported.
Values of blood glucose in a fasting state were determined again to confirm
hyperglycemia, and in accordance with the results animals in both experimental
groups were assigned to saline 0.9% or cerebrolysin treatment. CBL and saline
doses were 1 ml/Kg/day, ip; for two months [23] [25]. Four experimental groups
were generated; control plus saline (C-S), control plus cerebrolysin (C-CBL) and
diabetic plus saline (D-S) and diabetic plus cerebrolysin (D-CBL) groups. CBL
was purchased from EVER Neuro Pharma, GmbH, 4866 Unterach, Austria.
Body weight (BW), heart rate (HR), heart rate variability (HRV), systolic and
diastolic arterial blood pressure (SABP, DABP), and blood glucose levels in fast-
ing state were determined and recorded in basal conditions (before STZ or saline
injection), at two months of hyperglycemia evolution (after STZ or saline injec-
tion), and after four months of hyperglycemia evolution and two months of CBL
or saline treatment. At the end of the protocol, the rats were deeply anesthetized
with sodium pentobarbital (40 mg/Kg, ip) and the hearts were quickly removed
and washed with Krebs solution. Hearts were quickly frozen in cooled alcohol

methane and then stored at —80°C, until use.

2.1. Cardiovascular Parameters

Systolic and diastolic arterial blood pressure and heart rate and heart rate varia-
bility were determined in conscious animals through the tail-cuff plethysmo-
graphy method with the XBP-1000 Kent Scientific system. Briefly, the rat was
collocated in an acrylic restrainer box, in which the tail is outside. Occlusion cuff
and sensor volume pressure (plethysmography) were positioned in the tail. The
signals were acquired and processed with a limited AD-100 PC oscilloscope,
PICO Technology. A minimum of six cycles of inflation and deflation for each
determination were made. Systolic arterial blood pressure (SABP) corresponds
to the beginning of the arterial pulse recording, after the release of occlusion
pressure, and diastolic arterial blood (DABP) to the nadir of the volume curve
[28]. Systolic and diastolic arterial blood pressure are reported in mm Hg. Ar-
terial pulse intervals (P-P intervals) were measured in msec in 30 consecutive

arterial pulses in each rat separately, and after mean, standard deviation and
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standard error were determined with Grad Pad software system. The heart rate
was obtained through a mean P-P interval in each rat, the mean interval P-P was
divided between 1000 and then multiplied by 60. The mean heart rate was de-
termined in each experimental group and reported in beats/min. The standard
deviation values from 30 consecutive P-P intervals in each rat and then averaged
in each experimental group was considered as a great estimation of the heart rate
variability.

2.2. Tissue Homogenates

Samples were taken from frozen hearts, weighing 100 mg from the left ventricle,
and processed for protein quantitation, biochemical and immunoassay studies.
Briefly, tissues were homogenized in cold phosphate buffer (three sessions of 10
seconds at 30,000 rpm) and centrifuged at 3000 rpm for 5 minutes at 4°C. The
supernatant was centrifuged at 20,000 rpm for 20 minutes at 4°C. The pellet was
resuspended in cold phosphate buffer and centrifuged again at 20,000 rpm for 20
minutes at 4°C. Pellets were used for protein quantification and biochemical and
immunoassay studies. Protein content was made through the BCA assay proto-

col from Pierce. The standard curve was made with bovine serum albumin.

2.3. Nitrite Levels

Nitrite levels were measured in homogenates from the left ventricle to assess the
nitric oxide (NO) production in hearts. The reaction was made with 50 pl ali-
quots of the sample and 50 pl of Griess reagent (from SIGMA-ALDRICH, Cat
number G4410), in a 96-well plate. Samples were incubated at 22°C for 10 mi-
nutes. Absorbance was measured at 570 nm in a Synergy HT-Bioteck spectro-

photometer. The standard curve was made with sodium nitrite (NaNO,).

2.4. Immunoassays Studies

The ELISA (enzyme-linked immunosorbent assay) was made for the quantita-
tive measurements of diverse proteins in left ventricle homogenate samples from
the different experimental animal groups. Neural growth factor (NGF) and vas-
cular endothelial growth factor (VEGF) were measured using commercial ELISA
Kits and processed according to manufacturer instructions. Beta-NGF-Elisa Kit
Rab0381-lot 70213 and Rat VEGF-Elisa kit Rab0512-lot number 0423B0713
were from SIGMA-ALDRICH™. Briefly, we used a specific capture antibody
coated on the 96-well plate. Standards and samples were placed in duplicate into
the wells, covered and incubated overnight at 4°C. Afterward, the solution was
discarded and the wells were washed with a wash buffer four times. Samples
were incubated with biotinylated detection antibody specific, for two h at 22°C
with shaking. Wells have washed again with a wash buffer four times. After
washing away unbound biotinylated antibody, HRP-conjugated streptavidin was
applied to the wells, during one h at 22°C with shaking. The washing periods
were done again and then, a TMB substrate solution was added to the wells and

incubated for 30 minutes at 22°C, with shaking in a dark room. Excess of the
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volume was discarded and the stop solution was added, changing the color from
blue to yellow, and the intensity of the color was measured immediately at 450
nm for NGF and VEGF. The optical density was measured, in a Synergy HT-
Bioteck microplate reader. Calculation of mean absorbance was made for each
set of duplicate standards and samples subtracting the average 0 of standard
optical density. The standard curve was plotted with Graph-Pad Prism 6 soft-

ware, and concentration in the samples was estimated with a linear regression.

3. Data Analysis

The data are expressed in absolute values as a mean + standard error. Differenc-
es between experimental groups were determined using a one-way analysis of
variance (ANOVA), followed by the Newman-Keuls Multiple Comparison Test,
with Graph Pad Prism 6. P < 0.05 was considered significantly different.

3.1. Results

3.1.1. Body Weight and Blood Glucose Measurements

Basal values in the body weight (g) and blood glucose levels in mg/dl, at the be-
ginning of the protocol and before streptozotocin injection were similar in the
control and diabetic rats (Table 1). After two months of streptozotocin injection
and before the saline and cerebrolysin treatment, body weight was significantly
reduced in the diabetic rats compared to the control rats (body weight in g: 394
+ 5, and 251 + 10.61 in control and diabetic rats respectively, P < 0.05) (Table 1).
The reduced body weight in the diabetic rats persisted after two months of cere-
brolysin and saline treatment, compared to treated control rats (body weight in g:
460 + 14.82, and 471 = 9.21 in C-S and C-CBL rats and 268 + 11.79, and 254 +

Table 1. Different parameters in control and diabetic rats, in basal conditions at two
months old before and after streptozotocin administration where the rats were four
months old. Changes observed in the parameters are secondary to the hyperglycemia in-
duced by the streptozotocin administration.

D-ratsn =26
. C-ratsn =14 D-rats n =26
C-ratsn =14  basal conditions
Parameter " after two months after 2 months of
basal conditions before 2 months Fvehicl STZ
of vehicle
of STZ
Body Weight (g) 209 +4.26 205 +2.8 3945 251 + 10.61*
Blood glucose (mg/dl) 116 +4.92 122 +5.58 138 £7.53 498 +29.78%
P-P interval (msec) 129 £ 4.74 128 £ 2.5 151 £ 0.86 191 + 0.75*
P-P interval (msec)
L. 11 +£1.27 11+25 16 £0.55 10 +2.48%
standard desviation
Heart rate (beat/min) 463 +12.8 471 +9.23 387 £11.6 307 + 8.16*
SABP (mmHg) 137 £ 8.42 140 = 891 146 + 8.42 164 + 4.94*
DABP (mmHg) 83+4.2 86 £5.18 89 +6.2 114 £ 4.47*

Data are expressed as mean + SE. *P < 0.05 between control and diabetic rats. C: control. D: diabetic. SD:
standard deviation. SABP: systolic arterial blood pressure. DABP: diastolic arterial blood pressure.
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10.12 in D-S and D-CBL rats respectively, P < 0.05). No significant changes in
the body weight were observed according to the saline or cerebrolysin treatment
in the control and diabetic groups (Table 2).

Blood glucose levels significantly increased in diabetic rats compared to the
control rats after two months of streptozotocin injection and before the vehicle
and CBL treatment (blood glucose levels in mg/dl: 138 + 7.53, and 498 + 29.78 in
control and diabetic rats respectively, P < 0.05) (Table 1). After vehicle and CBL
treatment during two months, and before sacrifice of the experimental animals,
blood glucose levels were normal and similar in the control-saline and con-
trol-cerebrolysin treated groups (blood glucose levels in mg/dl: 151 + 5.86, and
156 + 5.71 in C-S and C-CBL rats respectively, NS (Table 2), whereas in the di-
abetic-saline and diabetic-cerebrolysin treated groups, significant increases in
blood glucose levels were found (blood glucose levels in mg/dl: 466 + 31.21, and
461 + 26.19 in D-S and D-CBL rats respectively, NS (Table 2). No difference in
blood glucose levels was found, in accordance with the vehicle or CBL treatment

in the experimental groups.

3.1.2. Cardiovascular Parameters

Basal values of cardiovascular parameters at the beginning of the protocol and
before streptozotocin injection were similar in the experimental groups (Table 1).
After two months of streptozotocin injection and before the vehicle or CBL

treatment, heart rate showed a significant decrease in diabetic rats compared to

Table 2. Different parameters in control and diabetic rats showing the effect of cerebroly-
sin treatment. Rats were 6 months old, with four months of hyperglycemia, and CBL or
saline treatment in the last two months. Results show significant differences between the
control and diabetic groups in all the parameters evaluated, except for the standard devia-
tion of the P-P interval. However, in accordance with the treatment saline or CBL in the
diabetic group, there was a significant difference in the heart rate and in the duration of
the P-P interval between saline and CBL treated diabetic rats.

C-Sratsn=8 C-CBLratsn=6 D-Sratsn=11 D-CBLratsn =

Parameter after 2 months of after 2 months of after 2 months of 15 after 2 months
vehicle CBL vehicle of CBL
Body weight (g) 460 + 14.82 471 £9.21 268 + 11.79* 254 +10.12*
Heart weight (g) 1.45+0.11 1.5+£0.10 1.18 £ 0.07* 1.16 £ 0.057*
Blood glucose mg/dl 151 +5.86 156 +5.71 466 + 31.21* 461 +26.19*
Relation heart
0.315 0.318 0.430* 0.450*
wt/body wt (%)
P-P interval (msec) 161 £ 0.95 164 + 1.43 220 + 0.68* 192 +0.82**
P-P interval (msec)
L. 18 £0.93 14 £ 1.06 14 £0.71 15 +0.68
standard deviation
Hear rate (beat/min) 362 £ 12.95 367 + 8.44 272 +7.99% 306 + 6.51**
SABP (mmHg) 138 + 3.14 140 +2.88* 156 + 7.09* 162 £ 6.91*
DABP (mmHg). 8825 93 +3.33 104 + 2.74* 96 + 3.38*

Data are expressed as mean + SE. *P < 0.05 between control and diabetic rats, in the independent form of
the treatment. *P < 0.05 between saline or cerebrolysin treated rats. C: control. D: diabetic. S: saline. CBL:
cerebrolysin. SABP: systolic arterial blood pressure. DABP: diastolic arterial blood pressure.

220

K2
o5
“2:0

Scientific Research Publishing



E. Zurita et al.

the control rats (heart rate in beat/min: 387 + 11.6 and 307 + 8.16; control
against diabetic rats, P < 0.05). According to the changes observed in the basal
heart rate, the P-P interval duration also showed significant changes in the di-
abetic rats compared to the control rats (P-P interval in msec: 151 + 0.86 against
191 + 0.75; control against diabetic rats, P < 0.05) (Table 1, Figure 1(a)). These
values were preserved and accentuated after two months of saline treatment in
the diabetic rats, however in the diabetic-CBL treated rats, there was a significant
increase in the heart rate compared to the diabetic-saline treated rats (heart rate
in beat/min: 272 = 7.99 in D-S and 306 * 6.51 in D-CBL rats; P < 0.05) (Figure
1(b), Table 2). Also, the changes were observed in the P-P interval duration in
the diabetic-saline rats compared to the diabetic-cerebrolysin treated rats (P-P
interval in msec: 220 + 0.68 in D-S and 192 + 0.82 in D-CBL rats; P < 0.05)
(Table 2, Figure 1(b)). Heart rate variability evaluated throughout standard
deviation of the average of P-P interval in each experimental group show signif-
icant changes only in the diabetic rats compared to the control group before the
saline or CBL treatment (HRV in msec: 16 + 0.55 against 10 + 2.48; control
against diabetic rats, P < 0.05) (Table 1). In this study, CBL or saline treatment
during two months did not generate significant changes in the heart rate varia-
bility in the experimental groups (Table 2). Systolic and diastolic arterial blood
pressure showed a significant increase in the diabetic rats, compared to the con-
trol rats only after two months of streptozotocin injection (SABP in mmHg: 146
+ 8.42 in control group and 164 + 4.94 in diabetic group; P < 0.05). DABP in
mmHg: 89 * 6.2 in control group and 114 + 4.47 in diabetic group; P < 0.05
(Table 1). These differences were sustained after two months of saline or cere-
brolysin treatment, showing no significant differences between saline and cere-

brolysin treated groups (Table 2).

@ C-S n=8
© C-CBL n=6
_ © D-S n=l11
2501 @ C-rats n=14 D

© D-rats n=26 2501

- CBL n=15

2254

2004 19

(msec)

P-Pinterval
P-P interval
(msec)

3

150

1254

10¢

0 5 10 15 20 2 30
Arterial pulses Arterial pulses

(a) (b)

Figure 1. Arterial pulse interval and their variability in control and diabetic rats before
and after the saline or CBL treatment. (a) shows the changes in the duration of interval
P-P expressed as mean * SE, in rats 4 months old with two months of hyperglycemia and
without any treatment; (b) shows the changes in the duration of interval P-P expressed as
mean * SE, in 6-month-old rats with four months of hyperglycemia and with saline or
CBL treatment during the last two months. Arterial pulse interval duration was signifi-
cantly increased in the diabetic rats compared to the control rats. It was clear that CBL
treatment decreased these changes in the hyperglycemic rats. *P < 0.05 between control
and diabetic rats, in the independent form of the treatment.
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3.1.3. Heart Weight and Ratio Body Weight/Heart Weight

Wet heart weight was reduced in the diabetic rats compared to control rats (wet
heart weight in g: 1.45 + 0.11, and 1.5 £ 0.10 in C-S and C-CBL rats and 1.18 +
0.07, and 1.16 + 0.05 in D-S and D-CBL rats respectively, P < 0.05 between con-
trol and diabetic rats). However, the heart weigh/body weight ratio was higher in
the diabetic rats compared to control rats (heart weight/body weight ratio in %:
0.315 + 0.011, and 0.318 £ 0.010 in C-S and C-CBL rats and 0.430 + 0.07, and
0.450 £ 0.05 in D-S or D-CBL rats respectively, P < 0.05 between control and
diabetic rats). No significant changes in the wet weight heart either in the heart
weigh/body weight/ratio were observed according to the saline or cerebrolysin

treatment in the experimental groups (Table 2).

3.1.4. Nitrite Levels

Nitrite levels in the left ventricle homogenates from the diabetic saline treated
rats were increased compared to the control saline group (C-S: 8.56 + 0.24 and
D-S: 15.95 + 1.58, in uM/L; P < 0.05). However, nitrite levels also increased in
the control and diabetic CBL treated rats (C-CBL: 17.4 + 2.27 and D-CBL: 19.13
* 2.56), without significant changes between them (Figure 2(a)).

3.2. Immunoassay Results

3.2.1. Neural Growth Factor Levels

Levels of NGF were reduced in diabetic saline treated rats compared to the con-
trol saline treated rats (C-S: 3.58 + 0.142 versus D-S: 2.30 + 0.106 in ng/g w-
weight, P < 0.05). However, the NGF levels increased significantly in the diabetic
CBL treated rats compared to the levels in the diabetic saline treated rats, (D-S:
2.30 + 0.106 versus D-CBL: 4.102 + 0.187 ng/g w-weight, P < 0.05). Also in the
control, CBL treated rats, there was an increase in the NGF levels compared to
the control saline rats (C-S: 3.58 £ 0.142 against C-CBL: 4.33 + 0.395 ng/g w-
weight, NS) (Figure 2(b)).

3.2.2. Vascular Endothelial Growth Factor Levels

VEGEF levels in left the ventricle homogenates were reduced in diabetic saline
treated rats compared to the control saline treated rats (C-S: 0.159 * 0.013 versus
D-S: 0.113 + 0.010, in ng/g w-weight; P < 0.05). However, VEGF levels signifi-
cantly increased in the diabetic CBL treated rats compared to the diabetic saline
treated rats (D-S: 0.113 + 0.010, versus D-CBL: 0.207 + 0.007 ng/g w-weight, P <
0.05). Also in the control-CBL treated group there was a small but not a signifi-
cant increase in the levels of the VEGF (C-S: 0.159 * 0.013 against C-CBL: 0.182
+ 0.006 ng/g w-weight. NS) (Figure 2(c)).

4. Discussion

The results show that cerebrolysin administration in rats with findings of estab-
lished cardiac neuropathy reduces the alterations in cardiovascular parameters
and some biochemical markers generated after four months of hyperglycemia

induced by streptozotocin injection in rats, suggesting that cerebrolysin has
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Figure 2. Graphs show the results related to the effect of CBL treatment on the
levels of nitrites, NGF and VEGF, in left ventricle homogenates in control and
diabetic rats. (a) Effect of the CBL on nitrites levels in left ventricle homoge-
nates in the experimental groups. Nitrite levels were increased significantly in
diabetic-saline rats compared to control-saline rats. However, an increase in
nitrite levels was also observed in the control and diabetic groups treated with
the cerebrolysin; (b). CBL treatment on NGF levels in left ventricle homoge-
nates in the experimental groups; (c). BL treatment on VEGF levels in left ven-
tricle homogenates in the experimental groups. The CBL treatment in diabetic
rats increased significantly the levels of NGF and VEGF compared to diabetic
rats plus vehicle. Four rats in each group. *P < 0.05 between control and di-
abetic rats, in the independent form of the treatment. *P < 0.05 between saline
or cerebrolysin treated rats.

beneficial effects on cardiac neuropathy associated with diabetes.

Chronic hyperglycemia induced by streptozotocin produces a significant de-
crease in the body weight of the experimental animals [5] [6] [7]. In our study,
we also found a significant decrease in the body weight of diabetic rats compared
to control rats. The changes in the body weight were confirmed at two and four
months of hyperglycemia and no changes were generated with the saline or ce-
rebrolysin treatment in the experimental groups. Heart weight at the end of the
protocol also was significantly different between the control and diabetic rats;
however, there was no change in according to the saline or cerebrolysin treat-
ment in the experimental groups. These results suggest that in diabetic rats, four
months after streptozotocin injection, CBL administration at a dose of 1 ml/kg
does not induce a significant change in the body weight and heart weight. Blood
glucose levels were high as expected after streptozotocin injection and sustained
until the end of the protocol. The results show no significant changes in the
blood glucose levels with the administration of saline or cerebrolysin in the con-
trol and diabetic treated groups. These results demonstrate that cerebrolysin
does not generate changes in blood glucose levels neither control nor diabetic
rats. However, it has been reported that CBL is able to increase the expression of
glucose transporter (Glutl) in the blood-brain barrier in rats and then could
improve the use of glucose for the cells [29].
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Diabetic neuropathy is a frequent and early complication of diabetes, and
evolution time of diabetes and a lack of glycemic control are major risk factors
for neuropathy [8] [9]. More than half of all individuals with diabetes eventually
develop neuropathy, and neuropathy increases mortality [1] [2] [3] [4]. Neuro-
pathy in diabetes affects selectively sensory and autonomic neurons. The neuro-
pathy of the heart in diabetes is associated with a reduction in axon number,
swollen mitochondria, accumulation of neurofilaments and microtubules, and
glycogen and vacuoles [3]. Longer autonomic nerves, such as vagus that deter-
mine 75% of parasympathetic activity, could be affected early in diabetes. Vagal
impairment seen in early diabetes leads to a relative predominance of sympa-
thetic activity in sympatho-vagal balance [8] [12]. In the early stages of chronic
hyperglycemia, an increase in release and in the heart content of noradrenaline
is reported, with the opposite changes in the late stages [9] [10] [11]. Then it is
currently accepted that cardiac autonomic neuropathy is associated with para-
sympathetic withdrawal, sympathetic dominance in early stages and a decreased
sympathetic and parasympathetic tone in late stages.

Basal heart rate is a functional parameter that depends on the balance between
sympathetic and parasympathetic discharge. Several studies have reported that
after two months of hyperglycemia there is structural and functional evidence of
cardiac neuropathy in streptozotocin rats, such as a reduced basal cardiac rate,
altered cardiac rate variability, and decreased stores of catecholamines in the
heart, some alterations that we confirmed in our study [5]-[12]. It is very well
documented that a resting heart rate in diabetic rats is decreased compared to
control rats and a loss of autonomic balance is the main mechanism involved [5]
[6] [7]. In the present study, the basal heart rates, and heart rate variability were
significantly reduced in the diabetic group compared to the control group, be-
fore saline or cerebrolysin treatment. In addition, systolic and diastolic arterial
blood pressure was significantly higher in the same group compared to the con-
trol group. The changes observed in arterial blood pressure and heart rate varia-
bility in diabetic rats are compatible with an increased sympathetic tone, whe-
reas the reduced basal heart rate suggests a predominant parasympathetic tone
influenced on heart rate. In conclusion at this stage, the experimental group in-
jected with streptozotocin developed cardiac neuropathy. Once cardiac neuro-
pathy was established, the rats were treated with cerebrolysin.

The altered basal heart rate was persistent after four months of hyperglycemia
in diabetic rats with the saline administration, whereas in the diabetic-CBL
treated rats an improvement in the basal cardiac rate was observed. Basal heart
rate in diabetic-CBL treated rats was significantly higher compared to the di-
abetic-saline treated rats (heart rate in beat/min: 272 *+ 7.99 against 306 + 6.51; P
< 0.05, diabetic-saline against the diabetic-CBL group). Cerebrolysin treatment
during two months did not generate significant changes in the heart rate varia-
bility, in neither systolic nor diastolic arterial blood pressure in the experimental
groups. Failure to find differences in heart rate variability at this stage may have

been because the HRV was determined only with 30 consecutive arterial pulses
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and it has been reported that a minimum must be for 5 minutes in rats. The re-
sults suggest that CBL could partially reduce the autonomic imbalance produced
in cardiac diabetic neuropathy, probably through an improvement in heart
sympathetic innervation. Additional studies focused on sympathetic innerva-
tions are necessary to confirm these results.

Recently, changes in the heart autonomic innervation have been related to
changes in the expression and levels of neurotrophic factors. Nerve growth fac-
tor (NGF) is a protein that promotes survival and differentiation of nerve cells
not only in the central nervous system but also in the autonomic and the sensory
nervous system [13] [16] [19]. NGF belongs to the neurotrophin family and
their effects on the cells are through the activation of TrkA receptors. TrkA is a
receptor tyrosine kinase and p75, a low-affinity neurotrophin receptor, which
mediates the NGF effects on the cells. NGF is expressed in the heart, particularly
on the surface of sympathetic neurons [16]. NGF regulates growth and synapses
and differentiation in sympathetic neurons and enhances neuritic growth and
target innervations. It also has acute effects, modulating the sympathetic syn-
apses in the heart and producing a long-term enhancement of synaptic trans-
mission in cultures of sympathetic neurons and cardiac myocytes [16]. Levels of
NGF in the heart are considered a marker of the integrity of sympathetic nerve
cells into the heart [16] [19]. NGF levels in a normal heart have been reported
from 0.34 + 0.02 to 10 + 0.6 ng/g w.weight. Differences in values are related to
the time of hyperglycemia evolution and the cardiac chamber studied [14] [15]
[16] [17]. Abnormal NGF, expression, levels, and transport have been reported
in experimental models of diabetes in mice and rats [1] [18]. Levels of NGF have
been reported to be decreased in diabetic cardiac neuropathy and the alterations
of cardiac sensory innervation in the diabetic heart are explained by decreases in
NGEF [17]. Furthermore, restitution of NGF levels through gene transfer of NGF
or administration of synthetic NGF in mouse and rats with cardiac diabetic
neuropathy was associated with an improvement in the impaired sensory inner-
vation and improved the function of diabetic hearts [18] [19]. The results sug-
gest the ability of NGF to promote regeneration of noradrenergic nerves that is
lost in diabetes. In association with the results described, in the present study, we
found similar findings related to the levels of NGF in the left ventricle from the
hearts of diabetic rats. In the left ventricle homogenates from rats with four
months of hyperglycemia evolution, the NGF levels were reduced compared to
the NGF levels in the control group. Interestingly the administration of CBL
during two months increased NGF levels significantly in the left ventricle ho-
mogenates from the diabetic rats, and then we could suggest that sympathetic
innervation is also improving in the heart of hyperglycemic rats since an im-
provement in the cardiac rate was observed.

Vascular endothelial dysfunction is an early and common alteration in di-
abetes and one mechanism involved is the abnormal stimulated and basal pro-
duction of nitric oxide (NO) [30] [31]. One of the most important functions of

vascular endothelium is related to the production of NO to regulate the vascular
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tone. NO is generated in endothelial cells by activation of the nitric oxide syn-
thase (NOS) and diffuses into the smooth muscle to activate the soluble guanylyl
cyclase (sGC), producing an increase in the intracellular cyclic guanonosine-3’,
5’-monophosphate concentration, leading to relaxation [30] [31] [32]. There are
three NOS isoforms, endothelial (eNOS), inducible (iNOS), and neuronal
(nNOS), which are involved in the production of NO [30] [31] [32]. Cardiac le-
vels of nitrite, an indirect parameter of the NO concentration, have been re-
ported to be normal, increased or decreased in hearts from diabetic rats. The
different results are related to the evolution time and severity of hyperglycemia.
In rats with 4 - 8 weeks of hyperglycemia, increased nitrite levels have been re-
ported [32] [33]. However, decreased levels are found in the long time evolution
of diabetes [32]. Alteration in the expression of the isoforms of nitric oxide syn-
thases (NOS) has been also reported in the hearts of diabetic rats. Inducible ni-
tric oxide synthase (iNOS) was found increased and associated with an increase
in the nitrite levels in left ventricle homogenates from the hearts of diabetic rats
[32] [33] [34] [35]. However, a decrease in the content of nNOS and a decrease
in the nNOS immunostaining were found in sections of peripheral nerve bun-
dles from diabetic rats [31]. In the present study nitrite levels in left ventricle
homogenates from diabetic rats were increased in the hyperglycemic saline and
CBL treated rats. An increase in nitrite level in the hyperglycemic saline treated
rats could be explained by an upregulation of iNOS reported previously in di-
abetic rats [33] [34]. Mechanisms that explain the increase of nitrite levels with
CBL administration could be explained through the direct effect on iNOS of ce-
rebrolysin. Further studies must be done to confirm the present results.

Micro and macro vascular angiopathy is a constant pathological finding in
humans and animals with diabetes [30] [34]. The microangiopathy also impairs
nerve perfusion and could contribute to neuropathy or nerve degeneration.
VEGEF is a main signal derived from endothelial vascular cells that stimulate the
formation of new blood vessels [36] [37]. Downregulation of VEGF expression
preceded the onset of microvascular endothelial cell apoptosis and a subsequent
cascade of events that produce systolic and diastolic heart failure in diabetic
hearts [36] [37]. Levels of VEGF, VEGF mRNA levels and expression of VEGF
receptors (VEGF-R1 (Flt-1) and VEGF R-2 (KDR) are reduced in the hearts of
diabetic rats [36] [37]. Plasma VEGEF levels also were reduced in diabetic rats
(71.3 + 13 pg/ml), compared to nondiabetic rats (86 + 13 pg/ml) [37]. In addi-
tion, restitution of VEGF in diabetic rats through gene therapy, administration
of VEGF, or endothelin antagonist drugs, produces an increase in the capillary
density, reduces cardiomyocyte apoptosis, prevents the impairment of sensory
nerves by restoration of neural vascularity and the cardiac function is improved
[38] [39]. In this study, we found a close correlation with the levels of NGF, sim-
ilar changes in the levels of VEGF. VEGF levels were reduced significantly in the
heart from diabetic rats with saline treatment, however in the cerebrolysin
treated diabetic rats there was a recovery in the VEGF levels.

Cerebrolysin is a complex mix of peptides. It has been reported that CBL con-

tains 630 peptides, the main component fragments being of tubulin-alpha and
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beta chain, actin, and myelin basic protein [21] [23]. Although it appears that
CBL does not produce changes in glucose blood levels in normoglycemic and
hyperglycemic conditions and in consequences, it does not improve insulin
production; there is some evidence that suggests that CBL could improve the
utility of glucose for the cells. Previous studies report that CBL improves the ex-
pression of Glut 1 in cells and this could be a mechanism through which CBL
appears to improve glucose metabolism [29]. In one study where CBL was ad-
ministered after four weeks of hyperglycemia-induced by streptozotocin to rats
in doses of 2.5 ml/Kg/day, CBL reduced the levels of serum TNF-q, and nitrites
in diabetic rats and preserved the neuronal cells in the hippocampus [24]. A re-
duced level of nitrites in the brain is explained by an inhibition of the iNOS [24].
The previous reports show that CBL is able to partially reverse the nerve cell
damage secondary to hyperglycemia, particularly in the hippocampus [24]. CBL
improves the survival of grafted neural stem cells into the hippocampus, in a
murine model of Alzheimer disease. The mechanisms proposed are by a reduced
number of caspase-3 and tunnel positive cells, with an increase of BDNF [23].
Recent studies in experimental models of diabetes in mice and rats also report an
improvement in function and structures of central and peripheral nerve system
with the cerebrolysin administration [25] [26]. The neuroprotective effects of
CBL may involve multiple mechanisms, including signal regulation and expres-
sion of proteins, neurotrophic factors; a reduction of oxidative stress, inflamma-
tion, abnormal neurotransmission, and apoptosis [23] [24] [39] [40]. Action
mechanisms proposed are related mainly to the peptides that simulate the action
of neural growth factors [21] [23] [27]. Recent reports demonstrate that CBL in-
creases the levels of neurotrophins as BDNF (Brain-derived neurotrophic factor)
and NGF in several regions from the brain [23] [27]. In the present study, ad-
ministration of CBL was able to increase the levels of NGF and VEGF in the
hearts from diabetic rats, values that were reduced in heart of diabetic rats with
the saline administration. The cerebrolysin mechanisms involved could be re-
lated to their capacity to work as neurotrophic factor generating a cascade of
events that could improve heart innervation. Further studies must be done to
confirm the mechanisms involved in the described effects of cerebrolysin in the

diabetic cardiac neuropathy.

5. Conclusion

In conclusion, cerebrolysin administration improved the basal heart rate and
restored the levels of NGF and VEGF that were reduced in the left ventricle ho-
mogenates from rats with established diabetic cardiac neuropathy. Taken to-
gether, the results suggest that cerebrolysin is able to reduce some abnormalities
observed in the cardiac autonomic neuropathy secondary to diabetes, and then
could be considered as an additional therapeutic approach in diabetes mellitus,

focused on patients with cardiac autonomic neuropathy.
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