Amino Acids (2005) 28: 305-308
DOI 10.1007/s00726-005-0186-9

Amino Acids

Printed in Austria

Effect of hyperprolinemia on acetylcholinesterase
and butyrylcholinesterase activities in rat

D. Delwing, F. Chiarani, C. M. D. Wannmacher, M. Wajner, and A. T. S. Wyse

Departamento de Bioquimica, ICBS, Universidade Federal do Rio Grande do Sul, Porto Alegre, RS, Brazil

Received June 29, 2004
Accepted January 26, 2005
Published online March 25, 2005; © Springer-Verlag 2005

Summary. We observed here that acute proline (Pro) administration pro-
voked a decrease (32%) of acetylcholinesterase (AChE) activity in cere-
bral cortex and an increase (22%) of butyrylcholinesterase (BuChE) activ-
ity in the serum of 29-day-old rats. In contrast, chronic administration of
Pro did not alter AChE or BuChE activities. Furthermore, pretreatment of
rats with vitamins E and C combined or alone, N“-nitro-L-arginine methyl
ester or melatonin prevented the reduction of AChE activity caused by
acute Pro administration, suggesting the participation of oxidative stress in
such effects.
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Introduction

Hyperprolinemia type II is an inherited disorder caused
by deficiency of A'-pyrroline-5-carboxylic acid dehy-
drogenase activity, leading to tissue accumulation of pro-
line (Pro). Most patients have seizures and a variable
degree of mental retardation, although asymptomatic hy-
perprolinemic siblings have been identified (Phang et al.,
2001).

Although neurological dysfunction is found in a con-
siderable number of hyperprolinemic patients, the under-
lying mechanisms by which this occurs are poorly under-
stood. In this respect, high cerebral Pro concentrations
have been shown to provoke cognitive deficits in rats
(Cherkin et al., 1976; Moreira et al., 1989).

Acetylcholinesterase (AChE) plays a key role in cholin-
ergic transmission in the central nervous system (CNS)
of mammals (Inestrosa and Perelman, 1990), terminating
the synaptic action of acetylcholine (ACh) (Silver, 1974).
AChE was shown to be critical for attention and memory
and reduced cortical AChE is reported to be associated
with dementia (Blokland, 1995; Petersen et al., 1999;

O’Brien et al., 2003). AChE activity has been observed
to be reduced in cerebrospinal fluid (Appleyard et al.,
1983), erytrocytes (Chipperfield et al., 1981; Smith et al.,
1982) and plasma (Yamamoto et al., 1990) of patients
with Alzheimer’s disease.

Butyrylcholinesterase (BuChE), alsoknown as “pseudo”
cholinesterase, is present in haematopoietic cells, serum,
proliferating embryonic tissues, peripheral cholinergic syn-
apses and CNS (Dubovy and Haninec, 1990; Mack and
Robitzki, 2000). Recent studies have shown that BuChE
is involved in the regulation of neuronal proliferation and
differentiation (Mack and Robitzki, 2000). Furthermore,
glial BuChE can hydrolyze released ACh producing cho-
line that can be returned into cholinergic neurons (Mesulam
et al., 2002).

Furthermore, there is some evidence showing that both
AChE and BuChE, as well as other cholinesterases that
can hydrolyze ACh (Mesulam et al., 2002), participating
in the pathological processes of Alzheimer’s disease,
including [-amyloid formation or deposition (Benzi and
Moretti, 1998).

This study extends a previous report of our laboratory
showing that Pro (acute and in vitro effects) significantly
decreases AChE activity in brain of very young (12-day-
old) rats (Delwing et al., 2003). We investigated the
in vivo acute and chronic effect of Pro on AChE and
BuChE activities in homogenates from cerebral cortex
of 29-day-old rats. We also evaluated the influence of
chronic pretreatment of rats with vitamins E and C or
acute administration of vitamin E, vitamin C, N%-nitro-
L-arginine methyl ester (L-NAME) or melatonin on the
effects elicited by Pro on AChE activity.
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Materials and methods

Wistar rats were used in the experiments. All chemicals were purchased
from the Sigma Chemical Co., St Louis, MO, USA.

Pro was dissolved in 0.9% NaCl and the pH adjusted to 7.2—7.4 with
0.1 N Na(OH). For acute treatment, 29-day-old-rats received one single
injection of Pro (18.2 umol/g of body weight) and control rats received an
equivalent volume of saline. The animals were killed 1h after injection by
decapitation and without anaesthesia.

For chronic treatment, Pro solution was administered subcutane-
ously twice a day at 10h intervals from the 6™ to the 28™ days of age
at increasing doses (12.8 to 18.2 umol/g), as previously reported (Moreira
et al., 1989). Rats subjected to this treatment achieved plasma Pro levels
between 1.0 and 2.0mM, similar to those found in plasma of hyperpro-
linemic type 11 patients (Moreira et al., 1989; Phang et al., 2001). Control
animals received saline injections in the same volumes as those applied to
Pro-treated rats. The animals were killed 12h after the last injection by
decapitation without anesthesia.

Twenty-two-day-old rats were also pretreated for 1 week with daily i.p.
administration of either saline (control), vitamins E (40 mg/kg) and C
(100 mg/kg), or vitamin E alone (Wyse et al., 2002). Twelve hours after
the last injection, animals received one injection of Pro (18.2 umol/g
body weight) or saline and were killed 1h later by decapitation without
anesthesia.

For acute antioxidant treatment, 29-day-old-rats received a single i.p.
injection of vitamin E (40mg/kg), vitamin C (100mg/kg), L-NAME
(2mg/kg), melatonin (10mg/kg) or saline (control) and 1h later the
animals received a s.c. injection of Pro (18.2 umol of Pro/g body weight)
or saline.

After decapitation, the brain and the blood were rapidly removed. The
cerebral cortex was dissected, homogenized (1:10 w/v in 0.5 M potassium
phosphate buffer, pH 7.5) and centrifuged at 1000 x g for 10 min. The
supernatant was used for the enzymatic (AChE) analyses. Protein concen-
tration was 0.5-0.7mg/ml. After collection, blood was rapidly centri-
fuged at 1000 x g for 10 min and the serum was separated and used for
the enzymatic (BuChE) analyses.

AChE and BuChE were measured by the colorimetric method of
Ellman et al. (1961) with some modifications. Protein was measured by
the method of Lowry et al. (1951).

Animal care followed the official guidelines in compliance with the
Federation of Experimental Biology Societies Policy and was approved by
the Ethics Committee of the Universidade Federal do Rio Grande do Sul,
Brazil.

Results and discussion

Figure 1A shows that rats subjected to acute administration
of Pro significantly reduced (32%) AChE activity [t(10) =
5.30; p<0.01], whereas chronic administration of Pro did
not alter this parameter [t(14) =0.72; p>0.05]. Figure 1B
shows that BuChE was significantly increased (22%) in
acutely [t(10)=2.51; p<0.05], but not in chronically
[t(10) = 0.96; p>0.05] Pro-injected animals.

Considering that a similar decrease of AChE activity
was demonstrated to provoke brain damage, as observed
in cerebral ischemia (Perry et al., 1978; Wang et al., 2000;
Saéz-Valero et al., 2003), it is feasible that our results may
be of pathophysiological significance. These results are in
agreement with other studies showing that in advanced
Alzheimer’s disease, AChE activity is reduced, in contrast
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Fig. 1. Effect of acute and chronic administration of proline on cerebral
cortex homogenates acetylcholinesterase (AChE) (A) and serum butyr-
ylcholinesterase (BuChE) (B) activities of rats. Data are mean + S.D.,
for 5-8 independent experiments performed (animals) in duplicate. Dif-
ferent from control, *p <0.05, **p < 0.01 (Student’s t-test)

to BuChE, whose activity is increased (Perry et al., 1978;
Giacobini, 2003). It may be therefore presumed that the
increase of BuChE activity after Pro administration may
have occurred to compensate the reduction caused by Pro
on AChE activity, since both enzymes are able to hydro-
lyze ACh, being critical to cholinergic transmission. On
the other hand, considering that chronic administration of
Pro caused no effect on these parameters, it is likely that
the presence of Pro is necessary for its action since in the
acute treatment the animals were sacrificed 1 h after injec-
tion when Pro levels were high, whereas in the chronic
treatment they were killed 12 h after the last Pro injection
when the levels of this amino acid returned to normal
values. On the other hand, the results showing that chronic
Pro administration did not alter AChE and BuChE activ-
ities indicate that long term Pro treatment does not alter
the transcription (the number of enzymatic molecules) of
the involved genes.

We also examined the effect of pretreatment for 7 days
with antioxidants on the inhibitory effect of acute Pro
administration on AChE activity. As can be observed in
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Fig. 2. Effect of acute administration of proline, vitamins E and C,
vitamin E, proline plus vitamins E and C, and proline plus vitamin E
on acetylcholinesterase activity in homogenates of rat cerebral cortex.
Data are mean £ S.D., for five independent experiments (animals) per-
formed in duplicate. Different from other groups, *p <0.05 (ANOVA).
Pro, proline; Vit, vitamins

Fig. 2, vitamins E and C combined or vitamin E alone
per se did not alter the enzyme activity, but prevented the
reduction of AChE activity [F(5,18)=3.59; p<0.05]
caused by Pro-treated rats. We also verified that acute
pretreatment with vitamin E, vitamin C, L-NAME or mel-
atonin did not alter AChE activity, but prevented the inhi-
bition of this activity caused by Pro [F(9, 30)=3.82;
p < 0.01] (control: 1.54 £ 0.14 ymol ACS Ch/h/mg pro-
tein; Pro: 1.11 4+ 0.07**; vitamin E: 1.40 + 0.08; vitamin
C: 1.47 £0.09; L-NAME: 1.52 £+ 0.09; melatonin 1.43 £
0.11; vitamin E+Pro: 1.394+0.09; vitamin C + Pro:
1.36 £0.09; L-NAME + Pro: 1.43 4+ 0.04; melatonin +
Pro: 1.40 £0.24).

These data are in agreement with previous findings
reporting that this activity is decreased by free radicals
and prevented by antioxidants (Tsakiris et al., 2000; Melo
et al., 2003). Therefore, it is feasible that oxidative stress
is elicited by reactive oxygen and nitrogen species and
involved in the inhibitory effect of Pro on AChE.

Regarding the effect of ascorbic acid preventing the
alteration of AChE induced by acute Pro administration,
we cannot rule out that at least part of the effect occurred
because Pro was unavailable to AChE, since ascorbate is a
cofactor of Pro incorporation into polypeptide precursors
of collagen. It is well known that, in the presence of ascor-
bate, Pro incorporation into collagen is increased several
fold (Tajima and Pinnell, 1982). Furthermore, in the pro-
collagen polypeptide (precursor to the mature collagen),
proline is converted to hydroxyproline by the enzyme
proline hydroxylase, which also requires ascorbic acid as
a cofactor (Nietfeld and Kemp, 1981).

If these findings also occur in human hyperprolinemia,
and considering that the cholinergic system is essential for

normal brain functioning, it is feasible that reduction of
AChE activity may contribute to the neurological symp-
toms characteristic of hyperprolinemia type II.
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