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Production of butyrylcholinesterase by Caco-2 cells:
lack of relationship with triglyceride production
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Abstract. Elevated levels of butyrylcholinesterase activ-
ity occur under a number of hypertriglyceridemic condi-
tions, including diabetes and obesity. This study exam-
ines whether butyrylcholinesterase activity has a direct
effect on triglyceride production, using Caco-2 cells, a
human intestinal adenocarcinoma cell line. Caco-2 cells
were incubated with 500 mM oleate to stimulate triglyc-
eride production, and butyrylcholinesterase activity was
measured in the cellular homogenate. Butyrylcholinester-
ase activity was approximately 3 ¥ 10–3 mmol/min per
milligram protein. Although triglyceride production in-
creased by almost five-fold after 18 h of stimulation with
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oleate, butyrylcholinesterase activity was not increased.
Furthermore, inhibition of butyrylcholinesterase activity
using 1 mM tetraisopropylpyrophosphoramide did not
significantly affect triglyceride production or secretion.
Human insulin (100 mU/ml) increased the production of
butyrylcholinesterase without increasing triglyceride
production. This demonstrates that stimulation of fatty
acid production and butyrylcholinesterase activity occur
by independent mechanisms and suggests that their cor-
relation in hyperlipidemic conditions is not due to a direct
relationship in production in situ. 
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Butyrylcholinesterase (BuChE; E.C. 3.1.1.8), also known
as plasma cholinesterase or pseudocholinesterase, is dis-
tinguished from acetylcholinesterase (E.C. 3.1.1.7) by
being selectively and irreversibly inhibited by tetraiso-
propylpyrophosphoramide (iso-OMPA). While acetyl-
cholinesterase is important for the control of acetyl-
choline-mediated cholinergic function, the function of
BuChE has been the subject of controversy and to date its
precise physiological function remains unknown. Apart
from plasma, this enzyme is found in smooth muscle
cells, liver, adipose tissue, intestinal villi, kidney tubules,

and macrophages [1]. Plasma BuChE is secreted mainly
from the liver. 
A number of studies have documented a relationship be-
tween plasma BuChE and very low density lipoprotein
(VLDL) levels in obese, diabetic, or certain other hyper-
triglyceridemic patients. Plasma BuChE is elevated in the
majority of patients with high levels of VLDL [2–6].
Obese [3, 4] and diabetic patients [5, 6] with hyper-
triglyceridemia also have high levels of BuChE activity.
There is also a parallel decrease in BuChE and triglyc-
eride (TG) on treatment by diet or drugs. Levels of
BuChE are highly correlated with TG levels in diabetic
and obese children but not in non-diabetic or non-obese
children [7]. Similar observations have been made in an-* Corresponding author.



imals. Genetically obese (ob/ob) mice, diabetic (db/db)
mice [5, 8], and Zucker fat rats [9] all show increased lev-
els of plasma and liver BuChE activity and have altered
VLDL metabolism. Furthermore, streptozotocin-induced
diabetes in rats result in a concomitant increase in
BuChE, TG, VLDL, and glycerol levels [10]. Control of
the diabetes in these animals with insulin results in nor-
malization of glucose, BuChE, TG, VLDL, and glycerol
levels. These results suggest an intimate relationship be-
tween TG and VLDL metabolism and BuChE levels.
Nevertheless, the precise stimuli for plasma BuChE ac-
tivity remain unknown.
The purpose of this study was to investigate the relation-
ship between BuChE activity and TG production at the
cellular level in a cell line producing both TG and
BuChE. This study documents the presence of BuChE ac-
tivity in Caco-2 cells, a human intestinal adenocarcinoma
cell line, and examines its relationship with TG produc-
tion under hormonal stimulation with insulin and with
stimulation by fatty acids.

Materials and methods

Materials
Chemicals used for this study were of the highest grade
commercially available. Dibucaine, 5,5¢-dithiobis-(2-
nitrobenzoic acid) (DTNB), butyrylthiocholine iodide,
hexane, diethyl ether, glacial acetic acid, oleic acid,
bovine serum albumin (BSA, fatty acid free), iso-OMPA,
and N-[2-hydroxyethyl]piperazine-N¢-[2-ethanesulfonic
acid] (HEPES), were all purchased from Sigma (St.
Louis, Mo.) [2-3H]glycerol ( 37 GBq/mmol) was purchas-
ed from Amersham Life Sciences (Arlington Heights, Il).
Silica Gel G thin layer chromatography plates were
purchases from Alltech Associates Inc. (Deerfield, Il,
USA). Human insulin (Humulin) was purchased from Eli
Lilly Canada (Scarborough, Canada). Caco-2 cells, an in-
testinal carcinoma cell line, were purchased from the
American Type Culture Collection (Rockville, Md.). Tis-
sue culture medium and supplies were purchased from
Gibco-BRL (Burlington, Canada).

Cell culture
Caco-2 cells were initially grown in a-minimum essential
media (MEM) containing 4.5 g/l glucose and 1% non-es-
sential amino acids, supplemented with 20% fetal calf
serum, 4 mM glutamine, 50 mg/ml penicillin, 50 mg/ml
streptomycin, and 0.1% (v/v) fungizone. The cells were
grown in six-well plates (12.5 cm2/well) at 37 °C in a hu-
midified atmosphere of 95% oxygen, 5% carbon diox-
ide. Cell medium was changed every 2–3 days.
Subculturing was performed by first washing the cells
with Hank’s balanced salt solution and then adding
0.25% trypsin-EDTA solution. After a 2 to 3-min incu-

bation at room temperature, the trypsinized cell suspen-
sion was split at a ratio of 1:4 and fresh medium was
added to each plate. Confluence was reached in an aver-
age of 14–20 days for each plate. All cells were studied
between the 20–25th passage.

Oleic acid-albumin preparation
The oleic acid-albumin solution was prepared using the
method described by Ellsworth et al. [11]. Briefly, 83 mmol
of BSA was dissolved to 25 ml in M199 tissue culture
medium containing 10 mM HEPES buffer solution, pH
7.4. The solution was heated gently to allow the BSA to
dissolve. Oleic acid (250 mmol) was dissolved in 25 ml of
M199 medium by gently heating. The two solutions were
then mixed and the resulting oleic acid:BSA (3:1
mol:mol) solution was covered and stirred at room tem-
perature overnight. An 83 mmol BSA sample was carried
through the same procedure and finally diluted to 50 ml
with M199 media but without oleic acid. This solution
was used to treat cells in control experiments. Before the
solutions were incubated with the Caco-2 cells they were
filter sterilized using a 0.45 mm filter.

BuChE assay
Measurement of BuChE activity was carried out using a
modification of the method described by Dietz et al. [12]
using butyrylthiocholine iodide as a substrate. Briefly, as-
says were carried out in 0.423 mM DTNB-phosphate
buffer solution, pH 7.4, to which cell sonicates (200 ml)
were added with 7.5 mM butyrylthiocholine iodide in a
final volume of 600 ml incubated at 37°C. A blank con-
sisting of all reagents plus 200 ml of phosphate buffered
saline instead of cell sonicates was used to estimate buty-
rylthiocholine autolysis, which was subtracted from all
experimental results. Spectrophotometric readings were
taken at 410 nm at time 0 and 120 minutes after the pre-
incubation phase (60 min). Enzyme activity was ex-
pressed as mmol/min per milligram of cellular protein.
Protein concentration was measured by the method of
Lowry et al. [13].

Stimulation of TG synthesis in Caco-2 cells
Confluent Caco-2 cells were washed twice in Hanks bal-
anced salt solution and incubated with serum-free MEM
medium for 24 h prior to any experimentation. After 24 h
the serum-free medium was removed and the cells were
washed three times with M199. Cells were then incubated
with 2 ml of M199 buffered with 10 mM HEPES pH 7.4
at 37 °C containing 500 mmol/l oleate in a BSA-contain-
ing mixture and [3H]-glycerol (4.5 mM) under standard
tissue culture conditions. At selected time intervals cell
medium was removed and placed on ice. The cell mono-
layer was rinsed twice with M199, twice with phosphate
buffered saline and then scraped into 2 ml of phosphate
buffered saline on ice. The removed medium was cen-
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trifuged at 2000 g for 10 min to remove cellular debris.
The 2 ml cell suspension was sonicated at setting 50 in 3
consecutive 10 sec pulses in a sonicator (Sonic Dismem-
brator; Quigley-Rochester, Rochester, N.Y.) to achieve a
cell homogenate mixture. A 0.5-ml portion of the cell ho-
mogenate was removed for lipid extraction while the rest
was stored frozen at –20°C to be used to carry out
BuChE assays and to measure protein concentration [13].
Cell media was also stored frozen at –20°C for further
experimentation.

Lipid extraction and purification
Lipid extraction was carried out according to the method
of Folch et al. [14]. The triglycerides in the lipid extract
were separated using Silica G TLC plates. The plate was
then developed in a solvent system of hexane/diethyl
ether/acetic acid (35/15/1). Once developed, the plate was
allowed to dry and then stained using 2% phospho-
molybdic acid in a 95% ethanol spray followed by heat-
ing at 150°C for 5 min. The TG spots were recognized by
pure standards and scraped into scintillation vials, and 
10 ml of aqueous scintillation cocktail (Sigma) was
added. The radioactivity in the TG spots was measured
using a liquid scintillation counter.

Statistical analysis
Student’s t-test for unpaired groups was used to compare
data. Statistical significance was defined as p < 0.05.

Results

Stimulation of Caco-2 cells with an oleate-BSA (500
mM/l) complex resulted in increased TG production and
secretion compared with unstimulated cells treated with
fatty-acid free BSA. Figure 1 shows the time-dependent
increase in cellular TG content measured after 3, 6, and
18 h of incubation. After 18 h the TG content was in-
creased to 0.61 ¥ 106 cpm/mg protein in oleate-stimu-
lated cells compared with 0.12 ¥ 106 cpm/mg protein in
unstimulated cells. Less than 10% of TG was secreted
into the cell-free medium. After 18 h of incubation TG se-
cretion from unstimulated cells was 3.5 ¥ 103 cpm/mg
cellular protein and 3.27 ¥ 104 cpm/mg cellular protein in
oleate-stimulated cells.
No previous study has documented the production of
BuChE activity by Caco-2 cells. The presence of BuChE
activity in the cellular homogenate of Caco-2 cells at 
0 and 18 h of incubation is shown in table 1. There was no
significant difference in BuChE activity between unstim-
ulated and oleate-stimulated cells. Furthermore, there
was no evidence of BuChE activity secretion into the
medium. 
To determine whether BuChE activity is necessary for
production of TG in Caco-2 cells, cells were stimulated
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Table 1. Intracellular BuChE activity in Caco-2 cells. 

Treatment Cellular BuChE activity 
(mmol/min per milligram protein)

0 time unstimulated cells 0.0032 ± 0.0002
18 h unstimulated cells 0.0033 ± 0.0004
18 h stimulated cells 0.0031 ± 0.0002

Caco-2 cells were incubated for 0 and 18 h in the presence (stimu-
lated) or absence (unstimulated) of 500 mM oleate. The cellular
BuChE activity was determined following washing and sonication
of the cellular homogenate. Results are expressed as means ±SD of
three separate determinations. 

Figure 1. Production of TG Caco-2 cells. Caco-2 cells were incu-
bated for 3, 6, or 18 h in the presence or absence of 500 mM oleate.
Cell associated TG was determined by measuring the incorporation
of [3H]-glycerol following extraction. Data are means ± SD of three
separate determinations. * p < 0.005 for differences between un-
stimulated and oleate-stimulated cells. 

with oleate in the presence or absence of iso-OMPA (fig.
2). There was marked inhibition of BuChE activity in the
oleate-stimulated cells when they were incubated in the
presence of 1 mM iso-OMPA. After a 6 h incubation pe-
riod, no difference was observed in TG production be-
tween cells treated with or without 1 mM iso-OMPA.
Other metabolic and dietary factors may stimulate
BuChE activity. Figure 3 shows the effect of oleate and
insulin on TG and BuChE activity in Caco-2 cells. The
presence of insulin had no significant effect on TG pro-
duction in either unstimulated or oleate-stimulated cells.
In contrast, 100 mU/ml insulin increased the activity of
BuChE by about 100% in unstimulated cells. 



Discussion

Patients suffering from conditions like diabetes and obe-
sity resulting in increased production of TG and TG-rich
lipoprotein usually have increased plasma levels of
BuChE as well [2–7]. A number of hypotheses have been
put forward to explain this including the effect of hyper-
caloric intake [15], hydrolysis of plasma TG and choles-
terol esters by BuChE resulting in increased liver TG syn-
thesis [6], and a direct relationship between BuChE ac-
tivity and TG synthesis [16–18]. The production and

secretion of TG and TG-rich lipoproteins following stim-
ulation by free fatty acids in cultured hepatoma [11, 19]
and in intestinal tumor cells [20–22] has been well docu-
mented. Although the human hepatoma cell line Hep G2
has been extensively used to study lipoprotein metabo-
lism and this phenomenon, preliminary results have
failed to show production of BuChE by these cells [K. M.
Kutty, personal communication]. Others have shown evi-
dence to the contrary [23]. For this study we used an in-
testinal cell line, Caco-2 cells, which produce TG-rich
lipoproteins in response to oleate stimulation, to examine
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Figure 2. Effect of iso-OMPA on intracellular BuChE activity and TG production. Caco-2 cells were incubated in the presence of medium
containing 500 mM oleate and increasing concentrations of Iso-OMPA for 6 h. Results are for TG production (A) and BuChE activity (B)
and are expressed as means ± SD for three separate determinations. * p < 0.005 for differences between BuChE activity in iso-OMPA-
treated and untreated cells.

Figure 3. Effect of oleate and insulin stimulation on intracellular BuChE activity and TG production. Caco-2 cells were incubated in the
presence of medium with or without 500 mM oleate or 100 mU/ ml insulin for 6 h. Results are for triglyceride production (A) and BuChE
activity (B) expressed as means ± SD for three separate determinations. * p < 0.005 for differences between BuChE activity in insulin-stim-
ulated and unstimulated cells. 



the relationship between BuChE activity and TG produc-
tion. We hypothesized that if BuChE and TG production
occurred in a given cell type, a direct relationship may ex-
ist between them that could explain their correlation in
plasma. Thus, the production of TG would be dependent
on BuChE activity or vice versa. 
We confirmed increased production of TG by Caco-2
cells stimulated with oleic acid. Levels of TG production
were consistent with those previously reported [20–22].
However, despite an almost five-fold increase in TG pro-
duction and nine-fold increase in release after 18 h with
oleate stimulation, BuChE activity was unaffected. This
indicates that the increased availability of substrates for
TG synthesis alone is insufficient to cause increased pro-
duction of BuChE activity. 
The presence of BuChE activity in Caco-2 cells is a new
finding. The sensitivity of human BuChE to iso-OMPA,
however, is well known. Studies using HuH-7 cells
showed that the cholinesterase activity secreted into a
medium concentrate resembled plasma BuChE activity in
its response to known inhibitors and activators of plasma
BuChE [24]. That report did not comment on the levels of
BuChE secreted by HuH-7 cells nor if detectable levels
were present within the cells. Our studies indicate that the
BuChE activity in Caco-2 cells was sensitive to iso-
OMPA, but no release of enzyme activity into the cell-
free medium could be detected.
When Caco-2 cell BuChE activity was inhibited by iso-
OMPA, there was no effect on TG production or secre-
tion. This result seems contradictory to previous studies.
Nikkila and Kekki [25] showed inhibition of both BuChE
activity and TG secretion by iso-OMPA in diabetic rats.
That study, however, did not rule out toxic effects of iso-
OMPA on other physiological processes that may affect
lipid metabolism. Furthermore, patients with genetic ab-
normalities resulting in decreased levels of BuChE do not
show obvious abnormalities in VLDL or TG production
relative to the normal population. This suggests that other
factors associated with obesity and diabetes apart from
increased TG synthesis stimulate BuChE activity. Never-
theless, these results suggest that BuChE activity is not
required for increased production of TG in response to
oleate stimulation.
Insulin has no significant effect on TG production in
oleate-stimulated Caco-2 cells [26]. This present study
suggests that insulin may be one stimulus for BuChE ac-
tivity. This stimulatory effect of insulin may be mediated
by its receptor on Caco-2 cells [26, 27]. Previous studies
have reported a positive correlation between insulin lev-
els and BuChE activity in serum [9]. High insulin may
not be the only stimulus for increased activity since in-
duction of diabetes by destruction of pancreatic b-cells
using streptozotocin also results in high levels of TG and
BuChE activity [10]. These results do not support the no-
tion suggested by others [6] that insulin may inhibit

BuChE activity.  The increased availability of necessary
substrates for TG and BuChE production due to increased
levels of feeding may be yet another stimulus [15]. 
In summary, the results of these studies indicate that no
direct relationship exists between TG production and se-
cretion and BuChE activity in Caco-2 cells. If these re-
sults can be applied to the liver, previous studies [3–5]
showing that obese and diabetic patients have hyper-
triglyceridemia and increased levels of BuChE are more
likely to be explained by other factors, like excess food
consumption or hyperinsulinemia. Thus, increased avail-
ability of fatty acids in the liver [28] could promote the
synthesis of TG, and increased availability of amino acids
and/or the presence of insulin may increase BuChE activ-
ity.
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