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The decline in serum choline concentration in humans during and
after surgery is associated with the elevation of cortisol,
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Abstract

Serum choline concentrations decrease during and after surgery. We undertook this study to determine whether the
decrease of choline is associated with an increase in stress hormones. In 16 patients undergoing abdominal surgery with
general anesthesia, circulating choline cortisol, prolactin, adrenocorticotropic hormone (ACTH) and B-endorphin levels
were measured before, during and after surgery. Choline levels decreased by 41% (P < 0.01) during surgery, remained
15-38% decreased for 48 h, and returned to preoperative values 72 h after surgery. The decrease in serum choline was
associated and inversely correlated with the increase in serum cortisol (P < 0.001; r = —0.642), prolactin (P < 0.001;
r = —0.756), B-endorphin (P < 0.001; r = —0.726) and ACTH (P < 0.01; r = —0.458). In conclusion, we found that abdom-
inal surgery induces a decline in serum choline associated with an increase in circulating cortisol, prolactin, ACTH and B-
endorphin. © 2002 Published by Elsevier Science Ireland Ltd.
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Choline is a biocation having roles in several vital physio-
logic processes. It is the precursor of phospahtidylcholine
and sphingomyelin, two phospholipids that are major
components of biological membranes and precursors for
intracellular messengers such as diacylglycerol or ceramide
[2,18]. Choline is also the precursor of signaling lipids,
platelet-activating factor and sphingosylphosphorylcholine,
and of a neurotransmitter, acetylcholine [2,12,18]. Further-
more, choline is enzymatically oxidized to betaine, an
important methyl donor. Circulating choline affects acetyl-
choline release [3,8,14] and cholinergic neurotransmission
[13], as well as phospholipid synthesis and levels [11].

Recently, we demonstrated that serum choline concentra-
tions decrease in humans after surgery, childbirth and trau-
matic head injury [16]. In light of this finding and of the vital
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role of choline in cell membrane synthesis and cholinergic
neuron function, in the present study, we measured changes
in serum choline levels during and after surgery in a larger
group of patients. We also sought to determine whether the
decrease in serum choline is related to intra- and postopera-
tive elevations in the stress hormones cortisol, adrenocorti-
cotropic hormone (ACTH), B-endorphin and prolactin [4—
7,9,10].

Following institutional approval (Uludag University
Ethics Committee) and written informed consent, 16
patients scheduled for elective major abdominal or gyneco-
logical surgery with general anesthesia were included in the
analysis. Anesthesia was induced with intravenous sodium
thiopental (5-10 mg/kg) administration and maintained with
either halothane/nitrous oxide or isoflurane/nitrous oxide.
All surgeries were performed at the Uludag University
Teaching and Research Hospital (Bursa, Turkey).

Venous blood samples were collected in glass Vacutainer

0304-3940/02/$ - see front matter © 2002 Published by Elsevier Science Ireland Ltd.

Pll: S0304-3940(02)00171-4



42 Y. Ozarda ilgél et al. / Neuroscience Letters 324 (2002) 41-44

tubes (for serum choline and cortisol) and in plastic Vacu-
tainer tubes containing ethylene-diaminetetraacetic acid (for
plasma ACTH and -endorphin) at the following time inter-
vals: before surgery (within 2 h of surgery); at the surgical
onset (5—10 min after incision); intraoperatively (45-90 min
after incision); upon admission to the recovery room; and at
1,6, 12,24, 36, 48 and 72 h postoperatively. Blood samples
were immediately placed on ice and centrifuged within 30
min at 4 °C at 1500 X g for 10 min. Serum and plasma
samples were stored at —20 °C until analysis. Serum choline
was measured radioenzymatically [17] as described
previously [16]. Serum cortisol and prolactin and plasma
ACTH were measured by a solid phase chemiluminescent
enzymeimmunoassay system using a commercially avail-
able kit (Bio DPC, Los Angeles, CA). Plasma (3-endorphin
was extracted and measured by radioimmunoassay (Incstar,
USA).

Preoperatively, the mean serum choline level was
11.3 = 0.9 pM (Table 1). During and immediately after
surgery, serum choline levels significantly decreased by
41 and 22%, respectively. Postoperatively, serum choline
levels remained decreased by 15-38% for 48 h (Table 1).
Serum choline levels returned the preoperative value 72 h
after surgery (Table 1).

Before surgery, mean values for stress hormones were:
serum cortisol, 12.9 £ 1.8 pg/dl (n = 16); serum prolactin,
9.6 £ 1.9 ng/ml (n = 16); plasma ACTH, 21.4 = 3.6 pg/ml
(n=16); and plasma B-endorphin, 14.6 = 1.7 pg/ml
(n = 10). As seen in Table 1, significant elevations were
observed in the concentrations of these hormones at several
time points during and after surgery.

Fig. 1 shows the relationship of serum cortisol, serum
prolactin, plasma ACTH and plasma 3-endorphin concentra-
tions to serum choline concentrations. Serum choline levels

Table 1
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Fig. 1. The relationship of serum choline concentrations to
serum cortisol, serum prolactin, plasma ACTH and plasma 8-
endorphin concentrations. Serum choline concentrations in
venous blood samples obtained before, during, and following
surgery were plotted against the concentrations of cortisol,
prolactin and B-endorphin collected at the same time intervals.
For choline and ACTH, serum choline concentrations in blood
samples were plotted against the plasma ACTH concentrations
obtained before surgery, and at 1 and 6 h after surgery.

Changes in choline, cortisol, prolactin, ACTH and B-endorphin concentrations intra- and postoperatively?®

Periods Choline (nM) Cortisol (pg/dl) Prolactin (ng/ml) ACTH (pg/ml) B-Endorphin (pg/ml)
Preoperative 11.3+0.9 129+ 1.8 96+1.9 21.4+ 3.6 14.6 +1.7
Incision 10.7 0.8 23.2+1.0° 9.0+0.8 ND 32.3+4.6°
Intraoperative 6.9 + 0.7¢ 33.2+1.0° 30.3+4.8¢ ND 59.1 = 5.19
Recovery room admission 8.8+ 0.7¢ 32.0+3.7° 40.7 =5.7¢ ND 43.4 +3.69
Postoperative

1h 8.8+ 1.0¢ 36.1 +5.0° 51.1 = 8.0¢ 245.6 + 70.0° ND

6h 8.0 = 1.2¢ 31.8+29° 31.1=3.7¢ 106.0 = 41.0° ND

12 h 7.0 = 0.9¢ 19.0 + 1.9° 255+ 3.1¢ 25.5 + 6.0 ND

24 h 7.8 +0.9¢ 17.5 + 1.6° 27.2 =359 145+15 9.2+0.7

36h 8.1 £ 0.9¢ 15.1+ 2.0 ND 15.4+25 ND

48 h 9.6 = 0.8° 97+25 24.8 + 3.59 16.8 +3.5 9.5+0.7

72 h 1.1+ 1.1 15.1+ 1.1 ND ND ND

@ Venous blood sample were obtained 0.5-1 h before anesthesia (‘preoperative’), 5-10 min after the incision (‘incision’), 45-90 min into
surgery ('intraoperative’), within 5 min of transferring patients to the recovery room (‘recovery room admission’), and 1, 6, 12, 24, 36, 48
and 72 h after surgery (‘postoperative’). Data are reported as the mean = SE. N= 10-16. Data were analyzed by analysis of variance with
repeated measures followed by Tukey’s procedures for pairwise comparisons. ND, no data.

b P < 0.001, when compared with preoperative baseline value.

¢ P < 0.05, when compared with preoperative baseline value.
4 P < 0.01, when compared with preoperative baseline value.
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were inversely related to serum cortisol, serum prolactin,
plasma ACTH and plasma (3-endorphin (Fig. 1). Regression
analysis revealed the following correlation coefficients:
choline to cortisol, —0.642 (P < 0.001); choline to prolactin,
—0.756 (P < 0.001); choline to ACTH, —0.458 (P < 0.01);
and choline to 3-endorphin, —0.726 (P < 0.001).

These results confirm and extend the previous finding that
serum choline levels decrease during and after surgery [16].

The decline in serum choline concentrations could reflect
a decreased entry of choline into the blood stream or its
accelerated removal. The known sources of circulating
choline are dietary phospholipids, hepatic synthesis of phos-
phatidylcholine, and presumably, the hydrolysis of acetyl-
choline and of membrane phospholipids. Our patients were
in fasting during surgery and had no oral food intake for 12—
24 h postoperatively. Also, most patients are fasted for at
least 8 h before surgery. In humans, fasting serum choline
concentrations are well maintained around 10 uM without
significant decrease unless dietary choline intake is
restricted for 2-3 weeks [19]. Thus, it is unlikely that the
8-36 h absence of dietary choline in our patients affected the
serum choline concentrations. Accelerated removal of
choline from the circulation and/or decreased release of
hepatic choline into the circulation may also explain the
reduced serum choline levels.

Surgery is physiologically stressful and produces a vari-
ety of neuroendocrine and metabolic changes [4—7]. In fact,
with surgery, stress hormones [5,6,9,10] such as cortisol,
prolactin, ACTH and -endorphin increase in the circula-
tion (Table 1). Our finding that the decline in serum choline
levels significantly correlates with an increase in serum
cortisol, prolactin and plasma ACTH and 3-endorphin is
of interest. These observations raise the possibility that the
decrease in serum choline levels results from the neuroen-
docrine-metabolic changes. This view is further supported
by the preliminary data showing that cortisone (5 mg/kg)
decreases the plasma choline levels in dogs by 40-60%
within 60 min after the subcutaneous injection (Ozarda
Hgbl and Ulus, unpublished observation). Nevertheless, to
determine a possible causal relation between the decline in
serum choline and the observed increases in the stress
hormones requires further investigation.

In summary, we have shown that the decrease in serum
choline concentrations in patients undergoing surgery is
associated with an increase in circulating cortisol, prolactin,
ACTH and B-endorphin. These results will stimulate further
research to elucidate the mechanisms involved in the altera-
tions of serum choline concentrations during stress. The
decline in serum choline could alter cholinergic neurotrans-
mission and membrane phospholipid synthesis. Cholinergic
neurons transmit signals for motor, preganglionic sympa-
thetic fibers, and pre- and postganglionic parasympathetic
fibers, as well as for neurons in the central nervous system
involving memory, awareness, analgesia, temperature and
blood pressure regulation. Restoring serum choline levels
to normal by supplemental choline administration may

increase resistance to acute hemorrhage [1,15], enhance
analgesia and relieve postoperative abdominal distension,
gastric atony and retention and urinary retention. In addition,
choline increases phospholipid synthesis [11] and has reticu-
loendothelial system stimulating activity [1], which might
confer trauma protection, wound healing and tissue repair.
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