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Summary
We examined the effects of exogenous choline (30, 60, 120 mg/kg, i.p.) on basal
and scopolamine-evoked
acetylcholine (ACh) release in awake animals, using in
vivo microdialysis.
After collection of 3-4 baseline dialysate samples (15 min
each), rats received either saline or choline chloride and 4 additional samples
were collected. All animals then received scopolamine hydrochloride (0.5 mg/kg,
i.p.) and 6 additional samples were collected. Basal ACh release in animals
receiving choline did not differ from that in rats given saline, nor from ACh
release prior to choline administration. Scopolamine alone increased average ACh
levels in dialysates from 1.22 + 0.54 to 11.18 f 3.07 pmol/l5 min (mean f
SD; p = 0.001); administration of 60 mg/kg or 120 mg/kg of choline chloride
significantly enhanced maximal scopolamine responses by about 55%. These
results suggest that supplemental
choline enhances evoked ACh release in
hippocampus of freely-moving rats.
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Brain acetylcholine (ACh) levels are maintained within relatively narrow limits, indicating
that the rate of ACh synthesis is adequate for sustaining the neurotransmitter’s
release under
normal conditions. However, when ACh release is sustained, its levels can decrease significantly
as shown in whole brain (1,2) and brain slices (3,4), indicating that synthesis is then unable to
keep up with demand. Some (3-8) but not all investigators (9-13) have observed that choline
supplementation can increase brain ACh concentrations in vivo, and can prevent the depletion
of ACh tissue levels otherwise observed in brain slices subjected to prolonged stimulation.
Moreover, preincubation of hippocampal slices with choline can significantly increase the release
of ACh evoked by incubation with potassium (14) or with aminopyridines
(15).
We now report that choline, given peripherally, causes a dose-dependent
scopolamine-evoked
ACh release in hippocampus of awake, freely-moving rats.
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Methods
ANIMALS:
(Wilmington,

Male Sprague-Dawley rats (250-300 g) obtained from Charles River Laboratories
MA), were housed in groups of three and kept in a 12: 12 hour light/dark cycle.
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Water and food were provided ad libitum.
SURGERY AND DIALYSIS: Rats were anesthetized with equithesin (chlornembutolO.3
ml/100
g, i.p.) and placed in a Kopf stereotaxic small animal frame. Concentric 3 mm microdialysis
probes with a molecular weight cutoff of 5000-6000 g were chronically implanted in the
ventrolateral aspect of the right hippocampus. Implantation coordinates used with reference to
bregma and dura were: P = 5.8 mm, L = 5.5 mm and V = 6.0 mm (16). Probes were
permanently implanted using dental cement and jeweler screws anchored to the skull. Prior to
probe implantation,
a polyethylene tube (0.51 mm internal diameter and 1.56 mm outer
diameter) was implanted chronically within the peritoneal cavity and allowed to exit the body
at the top of the head, along with microdialysis tubing. Animals were allowed to recover from
anesthesia and surgery for 24-36 h. Approximately 3 h prior to collecting dialysate samples for
basal choline and acetylcholine determinations, probes were perfused with artificial cerebrospinal
fluid (containing,
in mM: NaCl, 121; NaHC03, 25; KCl, 3.5 CaCl,, 1.2; MgCl,,
1.2;
NaH,PO,,l;
Neostigmine, 10 PM: bubbled with 95% O2 and 5% CO2 for 15 min, pH 7.4) at
a rate of 2 $/min. During the experiment, animals were allowed to have free access to water
and food and were exposed to ambient air. All experiments were carried out between 11:OO am
and 6:00 pm. Dialysates were collected in fractions representing
15 min intervals. After
collection of 4 basal extracellular
samples, rats with chronically implanted hippocampal
microdialysis probes received choline chloride (60 mg/kg, i.p.). Four additional dialysate
samples were collected with animals then receiving scopolamine hydrochloride (0.5 mg/kg, i.p.)
and sample collection continuing for an additional 90 min.
Analysis
Dialysate ACh and choline concentrations were determined by HPLC with an enzyme
reactor containing acetylcholinesterase
and choline oxidase, coupled to an electrochemical
detector for hydrogen peroxide (Bioanalytical Systems Inc., West Lafayette, IN), as described
by Potter et al. (17). At the end of the experiment, the animals were sacrificed and their brains
removed to verify probe placement and to assess the condition of tissue surrounding the
implantation site. The percentage recovery of each microdialysis probe measured for Ach and
choline were determined to be 24% and 26%, respectively. Choline chloride was obtained from
the Sigma Chemical Company (St. Louis, MO).
STATISTICS:
Significance of difference between the saline control and choline groups was
determined by two-way analysis of variance (ANOVA) and Tukey test. Statistical tests were
performed with the aid of SYSTAT version 5 software (Systat Inc., Evanston, IL) on a
Macintosh IIci personal computer.
Results
Stability in baseline acetylcholine and choline levels was achieved prior to either saline
or choline supplementation. Each sample represented 15 min collection time (n =4, saline; n = 8,
choline); basal choline levels were determined to be 13.47 + 2.2 for saline and 12.01 + 1.28
for choline. Systemic administration of choline chloride (60 mg/kg, i.p.) elevated choline levels
in hippocampal dialysates maximally (almost 3-fold) 15 min post-injection (Fig. 1). Two-way
ANOVA followed by a Tukey test was used to determine the statistical significance of difference
between the two groups. Extracellular
choline levels were significantly
elevated 15 min
following choline administration compared with those of saline-treated control rats (P = 0.004).
No other statistically significant differences were found. These elevated levels returned to
baseline values (i.e., within 36% of pre-injection choline levels) by 60 min. Systemic injection
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FIG. 1
Effect of choline or administration (60 mg/kg i.p.) on extracellular hippocampal
choline levels. The results are expressed as means f SEM. *P = 0.004 Tukey
HSD multiple comparisons matrix of pairedwise comparison probabilities; Systat
statistical program.
of the muscarinic antagonist scopolamine decreased extracellular choline concentrations
in
choline-pretreated
rats, and in rats that had received saline (Fig. 1). Basal acetylcholine levels
ranged from 0.41 to 1.87 pmol/l5 min for choline groups and 0.71 to 1.96 pmol/l5 min for
saline control. Pretreatment of rats with 30, 60 or 120 mg/kg, i.p., choline chloride resulted in
no significant differences in basal ACh levels compared with those in rats receiving equal
volumes of saline (Fig. 2).
Administration of 30 mg/kg, i.p., of choline chloride 1 h prior to scopolamine, i.p., did
not potentiate scopolamine-evoked
ACh release (i.e., compared with that in rats receiving saline
prior to the scopolamine; Fig. 2). However, administration of 60 or 120 mg/kg choline chloride
did significantly (P <0.002 or P < 0.009; two-way ANOVA) enhance scopolamine-evoked
hippocampal ACh release; maximal release, observed 30 min after scopolamine injection, was
about 50% greater than in animals not receiving choline chloride.
Discussion
These data demonstrate that choline administration can potentiate scopolamine-evoked
ACh release in hippocampus of awake, freely-moving rats. Consistent with previous findings
(18,19), this treatment also elevated dialysate choline levels within 15 min of injection and, by
30 min, these levels had begun to return to preinjection concentrations. Providing supplemental
choline chloride did not appear to affect basal ACh release, as discussed previously (3,14). A
potential problem associated with using microdialysis techniques to measure ACh release is the
necessity of including a cholinesterase inhibitor in the dialysate medium in order to measure
basal ACh levels. These drugs can depress ACh release in slice preparations (20) as well as in
brain in vivo (21), perhaps via enhanced activation of muscarinic autoreceptors by the increased
synaptic levels of ACh. In the present study, the failure of choline chloride supplementation to
enhance basal hippocampal release may have been an artifact arising from the inclusion of the
cholinesterase inhibitor in the perfusion medium.
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FIG. 2
Dose-dependent
effect of choline pretreatment
on scopolamine-evoked
ACh
release within rat hippocampus. The solid arrows indicate when saline or choline
was administered and the clear arrows indicate when rats received scopolamine
(0.5 mg/kg, i.p.). Percent values were derived from the last basal ACh value
preceding choline or saline administration.
Values are expressed as means +
SEM.
In accordance with previous findings (22), peripheral administration of the non-selective
muscarinic antagonist, scopolamine, caused a pronounced enhancement of hippocampal ACh
release. Extracellular
ACh levels were maximally elevated 30 min following scopolamine
administration,
gradually returning to near-basal levels by 120 min. In the present study,
pretreatment with choline produced a dose-dependent enhancement of scopolamine-evoked
ACh
release. It was previously observed that atropine-evoked
release of ACh in the striatum is
enhanced by pretreatment with choline (13) and it is well established that presynaptic muscarinic
autoreceptors modulate ACh release (23,24).
In conclusion,
ACh release in the awake rat’s hippocampus,
autoreceptors are blocked, is affected by the availability of choline.
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