0031-3998/00/4806-0735
PEDIATRIC RESEARCH Vol. 48, No. 6, 2000
Copyright © 2000 International Pediatric Research Foundation, Inc. Printed in U.S.A.

Parallel Secretion of Pancreatic Phospholipase A
Phospholipase A, Lipase, and Colipase in
Children with Exocrine Pancreatic Dysfunction

M. HOSSEIN NOURI-SORKHABI, BAGDAN E. CHAPMAN, PHILIP W. KUCHEL,
MARGIE A. GRUCA, AND KEVIN J. GASKIN

James Fairfax Institute of Paediatric Nutrition, New Children’s Hospital, Westmead, N.S.W., 2145,
Australia [M.H.N-S., M.A.G., K.J.G.]; and Department of Biochemistry, University of Sydney, Sydney,
N.S.W., 2006, Australia [B.E.C., P.W.K ]

ABSTRACT

The cosecretion of pancreatic lipase and colipase are imptiie pancreatic function test, pancreatic phospholipase is cose-
tant in normal fat digestion. As adsorption of phosphatidylchareted with lipase and colipase, and average colipase and phos-
line to the lipid substrate interferes with lipase activity, hydropholipase A secretion rates follow a similar or parallel pattern.
lysis to lysophosphatidylcholine with subsequent desorption ©ese findings are consistent with the important role of pancre-
also essential for fat digestion. There are some data regarding #tie phospholipases in intestinal phospholipid hydrolysis leading
secretion of pancreatic phospholipases in normal adults but ndoethe desorption of phospholipids from the lipid substrate and
in children or patients with pancreatic disease. In the presesthancing lipid hydrolysis and phospholipid absorpti@rediatr
study, we aime@) to develop an accurate fast assay method ®es48: 735-740, 2000)
measure phospholipase Andb) to determine the secretion rate
of pancreatic phospholipase, And whether it is cosecreted with
lipase and colipase in children with exocrine pancreatic dysfunc- Abbreviations
tion. Nine male patients aged 0.5 to 16 y (seven with cysticEH, carboxyl ester hydrolase
fibrosis, two with malabsorption) underwent pancreatic stimul&F, cystic fibrosis
tion tests. Their colipase and lipase secretion rates were m&RC, glycerophosphocholine
sured by titrimetric methods and phospholipaseahd A, by lysoPC, lysophosphatidylcholine
phosphorus magnetic resonance spectroscpyNMR). It was MCC, mucocutaneous candidiasis and polyendocrinopathy
found that the phospholipases, colipase, and lipase were abseMMR, nuclear magnetic resonance
the two patients with pancreatic insufficiency. In patients witRC, phosphatidylcholine
normal absorption, there were marked inter-and intrasubjegeLA ;, phospholipase A
variations of lipase, colipase, and phospholipase secretion ra®sA ,, phospholipase A
that were consistent with the degree of exocrine pancrealt, pancreatic insufficient
dysfunction. However, in the three 20-min stimulation periods d?S, pancreatic sufficient

Exocrine pancreatic function has been well characterizedpatients with normal fat absorption had a wide range of en-
children with pancreatic disease with the use of quantitatizgme/coenzyme secretion from less than 5% up to within the
pancreatic function tests (1-3). To determine the relationshiprmal control range; and the threshold for lipolytic failure was
between residual pancreatic function and fat absorption, sear 1% of average control colipase valuies, patients with
sitive titrimetric assays were developed for lipase and thalues below this level had fat malabsorption and above this
lipase cofactor colipase (4) and their secretion rates compategel normal absorption. These observations led to the cur-
with fecal fat excretions in children with CF, Shwachmamently accepted definition that patients with malabsorption are
syndrome, or controls (3, 5). These studies demonstrated thatand those with normal absorption are PS, indicating that
they have either insufficient or sufficient endogenous enzyme
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observations that lipase in the presence of supramicellar c@ancreatic juice was aspirated by low-pressure suction from the
centrations of bile salts is only active if colipase is present awiistal ports. Aspirates were collected in four 20-min periods,
remains inactive in the absence of colipase (4, 7, 8). one initial period without stimulation and three periods during
The exocrine pancreas also secretes another group of lipghich a continuous i.v. infusion of secretin and cholecystoki-
lytic enzymes, the phospholipid-hydrolyzing enzymes inclugvin was maintained as described previously (1, 6). The use of
ing PLA; (EC 3.1.1.32), PLA (EC 3.1.1.4), and CEH (EC the marker perfusion solution enabled precise determination of
3.1.1.1) (9). PLA and PLA, are secreted in their zymogenthe quantity of marker and, thus, pancreaticobiliary fluid that
form and activated by trypsin on entering the duodenum (1@)as not aspirated during the procedure (1, 6). All samples were
In intraluminal digestion, PLAis primarily responsible for collected on ice, and the fluid from each interval was aliquotted
hydrolyzing PC to 2-lysoPC. This reaction is important ifhto smaller samples and stored immediately-&0°C.
triglyceride digestion as the amphipathic PC, in a manner|jpase and colipase assayksipase and colipase concentra-
similar to bile salts, will adsorb to the surface of the lipidions were measured, and their rates of secretion were calcu-
droplets, preventing contact between the lipase-colipase cqgted as previously described (3, 4). The titrimetric enzyme
plex and its lipid substrate (11). Hydrolysis of PC by Pl a5says were carried out at 37°C with glycerol tributyrate as the
allow desorption of lysoPC, which is water soluble. The sulinig sybstrate. Colipase activity was determined in the pres-
sequent mucosal absorption of lysoPC is important in thce of 4 mM sodium taurodeoxycholate, and lipase activity
generation of enterocyte phospholipids (12) and lipoproteigs determined by using a saturating concentration of porcine
and, thus, chylomicron formation (13). _ colipase. Pancreatic function was defined as sufficient if co-
The above indicates an important physiologic function fqf,ase output was greater than 1% of the mean normal level
PLA2 However, although PLQ\haS been measured in duede(120 U_kgfl_hfl) and insufficient if less than 1% of the mean
nal juice in normal adult volunteers during a Lundh test meﬁbrmal level (3).
(14), there is no information regarding pancreatic Rls&cre NMR experiments Our previous work in measuring phos-

gpn rateslgw clinldr_en (Inr 'B pat'_%g;SNvl\\'/'ltlg exm;nne pa?crte?jtﬁwolipid concentration in samples of duodenal juice collected
isease (15). Previously, by usi » We demonstrated ring pancreatic stimulation indicated variable concentrations

that PLA, can be assayed in incubated duodenal fluid from Po PC and lysoPC therein (16). To standardize the procedure

patients by measuring the rate of 2-lysoPC formation from t . .
hydrolysis of PC (16). In the present study, we have modifig rmeasuring PLAand PLA, we used the pooled pancreati

the assay by using PC in the duodenal fluid of Pl patienCOb'"arycheS from five CF-PI patients with absent PLand

which lacks phospholipid-hydrolyzing enzymes as the su -LAl activ.ities. Samplgs fro.m. pancreaj(ic sti'm'ulation tests of
strate, and have assessed the secretion rate of PL#oth Pl patients with pancreatic sufficiency or insufficiency (1.2 mL)

. ) S . ; were added to the pooled pancreaticobiliary juice from CF-PlI
and PS patients during pancreatic stimulation tests in relation..
to lipase and colipase secretion. patients (1.3 mL) and transferred to 10-_mm NMR tubgs. The
volume was brought up to 3 mL by adding 0.5 mLMwith
5 mM EDTA and an internal standard (trimethyl phosphate) to
METHODS the NMR tube. The samples were then ready for incubation at
Materials. PC and 2-lysoPC were obtained from Sigm§7oc a_nd NMR measurements. Unless otherwise stated, all
Chemical Co. (St. Louis, MO, U.S.A.). 0 (99.75%) was incubations were performed at pH 7.44._Standard samples were
from the Australian Institute of Nuclear Science and EnginediréPared by adding a known concentration of lysoPCJ0
ing (Lucas Heights, N.S.W., Australia). All other chemicalS@MPles of pancreaticobiliary secretions from PI-CF patients.
were analytical grade. Quantitative anaIyS|s.of the concgntratlons of phospholipids
Patients.Nine male patients aged from 0.5 to 16 y undet¥@s performed as pre3\i|0usly described (17-20).
went pancreatic stimulation tests: seven were PS and two wer&MR spectroscopy-"P NMR spectra were recorded on a
PI. Of the PS patients, five had CF (CF-PS), one MCC wifdruker DRX (Avance) 400 spectrometer operating at 161.98
persistent hypocalcemia, and one who was investigated Mz in the Fourier transform mode with the probe temperature
short stature with possible Shwachman syndrome and wiggtrolled to 37+ 1°C. Broadband proton irradiation was
ultimately shown to have normal pancreatic function. Both fPPlied to eliminatéH/*'P NMR coupling. All measurements
patients had CF (CF-PI). were performed on 3-mL samples in 10-mm NMR tubes with
Pancreatic stimulation testsPancreatic stimulation testsD-O as the internal field/frequency lock. Samples were spun at
were performed as previously described (1-3). Briefly, after &2 Hz. Rapid pulsing was used to acquire the spectra. Each
overnight fast (except the children undeeay and the MCC spectrum was derived by Fourier transformation of 600
patient who fasted for 4 h), a double-lumen catheter waymmed transients with a spectral accumulation time of ap-
inserted into the duodenum. One lumen for infusion hadpgoximately 5.5 min, and FID (free induction decay) were
single port located proximally near the ampulla of Vater, angrocessed with 3-Hz line broadening. Other NMR parameters
the second aspiration lumen had multiple ports at least 5 omere as follows: transient acquisition time, 0.256 s; data size,
distal to the ampulla and approximately 1 cm apart. A nonab6é k; 50° pulse, duration 1fs; intertransit delay, 300 ms.
sorbable marker solution [gentamicin 1@/mL in 5% man-  The present study was approved by the Ethics Committee of
nitol (wt/vol)] was infused at a constant rate of 1.25 mL/mithe Royal Alexandra Hospital for Children, and parents pro-
through the proximal port, and the mixture of marker andided written informed consent for pancreatic function studies.
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RESULTS (three 20-min periods) per kilogram of body weight. Table 1

31p NMR of pancreaticobiliary fluid. The 3P NMR spee lists the secretion rate of PL,Aand PLA together with the

. - . . retions of li n li from patients with pancreatic
trum obtained from a sample of biliary-pancreatic secretiong o o ons ot lipase a d colipase P P

from a CF-PS patient is shown in Figur@.IThe resonance atsufﬂmency and compares them with samples from those pa-

B . tients who had pancreatic insufficiency. As shown in Table 1,
0.'06 ppm was assigned to PC and those at 0.25 and 0.42 RE'total secretion of PLAand PLA per kg/h was remarkably
to its hydrolytic products, 1-lysoPC and 2-lysoPC, respecs .\ “oreen patients in the CF-PS group, despite some
tively. After incubation of the sample for 39 min at 37°C, theré P group, P

was substantial hydrolysis of PC and, thus, an increase in 1 ariation of their lipase, colipase secretion rates and regardless
! o oY tient’ . tantially lower levels of B
two lysoPC peak intensities as shown in FiguB: The same Of'the patient's age. Substantially lower levels of Rland

experiment in a CF-PI patient is illustrated in FigureCland PLA; were seen in the MCC patient, possibly related to

. ) hypocalcemia (serum & < 2 mmol/L) as calcium is re
e e e oot e for PLi and PLA sty Bih PLA and PLA
prolonged incubation ( ) and abs Y P ' ivities were absent from the two PI patients.

observations indicating the lack of phospholipase activities.*"
9 phosphotip " Parallel secretion of phospholipase, lipase, and colipase.

31 ; : ;

b ngdirf Nal\disst?g aﬁzgnr:gﬁnrgsmt%u;ﬁel ;vaer;e Izog?rgﬁ;jr As shown in Table 1, two age groups of patients with pancre-

y 9 THC PRoSphoTIpI pie ot b atic sufficiency were studied, three less than and four more than
pancreatic secretions and observing the corresponding incr

ease :
in signal amplitude and intensity. The resonance for 1-Iyso|%y of age. The three patients lessitfzy of age and the one

w ianed by subiecting a sample of biliarv-pancrea gnent with MCC underwent only a short fast4 h before
as assig y Je 9 mp y-p eir pancreatic stimulation tests; a more prolonged fast was
secretions to phospholipase B activity (16). Chemical shitt . : : . )
: . considered inappropriate for the younger patients or the patient
assignments were referenced relative to external 85% Or- o . . .
! : with MCC in view of his hypocalcemia. All other patients were
thophosphoric acid at 0.000 ppm. i
. fasted for more than 12 h. FigureA2presents the mean
PLA, and PLA, assaysNMR-based phospholipase assays . . :
I ..~ Secretion rates of PLAand colipase of patients more than 2y
were developed by subjecting the pooled pancreaticobiliar . . . . )
. . . - _-old (after 12 h fasting) during the three 20-min stimulation
fluid from CF-PI patients (substrate) to phospholipase aCtIVItle%riods As evident from Figure2the secretion of PLAand
by the addition of pancreaticobiliary fluid from a subject undé? ) 9

X j was in parallel. The mean retions of
study (enzyme source). The samples were then mcubatedml{pase as In parafe € mean secretions of PiaAd

37°C, and sequenti&P NMR spectra were acquired. It wag 0 Pase of pat_|ents less th2 y Ol_d (nonfasting) during the
: stimulation periods are shown in FigurB.2Although the basal
observed that the 2-lysoPC and 1-lysoPC concentrations pros . : .
. : . . . "values for PLA and colipase secretions were considerably
gressively increased with the time. Under the assay conditions

the lysoPC was not further hydrolyzed to GPC due to the C |_||gher than their stimulated ones, their stimulated mean values

ivi were in parallel.
activity. However, a small amount of GPC was produced afte'e In paralie

a prolonged incubation and only after complete hydrolysis of
the substrate (PC). PLand PLA activities were calculated DISCUSSION
from the initial slopes of 2-lysoPC and 1-lysoPC concentration Our results demonstrate that CF-PI patients had no phospho-

increase, respectively (16, 17). The total phospholipase secre- - : : . o
tion was expressed as the activity (mmol-mlh ) times the (ilpld hydrolyzing enzymes including PLAand PLA activities

total volume of duodenal aspirate duxi h of stimulation in their duodenal juice even after prolonged incubation time
P g (Fig. 1, C and D), consistent with their degree of exocrine

pancreatic dysfunction as evident from their absent lipase and
colipase secretion. In contrast, PS patients demonstrated sub-
stantial PLA and PLA, activities by incubation of samples for
B b 39 min as in Figure 1A andB, as well as lipase and colipase
secretions as listed in Table 1. In a previous study, normal
values of colipase secretion among a group of normal young
adult controls were more than 6500 Ukgh *, with an
average value of 12,740 U-kgh * (3). The values in the
current study were consistent with values obtained previously
A c in PS patients (2—4), noting that the one normal subject with a
value of 5100 U-kg*-h~* was younger than previous normal
controls. The patient with MCC had a lower output of colipase
activity but comparable to one of the CF-PS patients (Table 1).
He also had persistent hypocalcemia, a factor that may have
i ———. Impaired colipase activity in the titrimetric assay that was
Chemical Shift (ppm) Chemical Shife ( pprn) performed. The PLAand PLA, values were consistent in the

) L ) _PS patients except for the lower value in the patient with MCC,;
Figure 1. 3P NMR spectra of phospholipids in biliary-pancreatic secretions

(duodenal juice) from a PS patient with CR)(incubated at 37°C for 39 min 29alM, an observation that could be accounted for by hypocal-

(B), and from a PI patient with CFQ), incubated at 37°C for 167 mij. C€mia, as PLAand PLA activity is Ca|Cil_1m depen_dent. Both
NMR parameters are given in “Methods.” PLA; and PLA did not appear to vary with age, with some of

2-LysoPC PC

1-LysoPC
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Table 1. PLA,, PLA,, lipase, and colipase secretion rates in CF patients with pancreatic sufficiency* and insufficiency

PLA, Lipase [U-kg™*
Age [mmol-h~*-kg~*- (total period) ]
No. Subject (y) (total period) 1J** PLA, x 10° Colipase
1 Normal 1.3 18.7 1.7 7.5 51
2 MCC 11.7 7.5 0.5 4.9 3.4
3 CF-PS* 16.8 26.1 15 4.8 3.4
4 CF-PS 0.7 32.9 1.8 17.2 15.5
5 CF-PS 0.5 24.7 1.0 8.5 6.7
6 CF-PS 115 27.6 2.2 6.3 5.1
7 CF-PS 7 335 2.1 28.2 17.6
8 CF-PI 12.8 0 0 0 0
9 CF-PI 12.2 0 0 0 0

* Pancreatic function was defined as sufficient to prevent fat malabsorption if colipase output was greater than 1% of mean normal levkts (160
** The phospholipase secretion rate was expressed as the activity (minot-h~*) times the total volume of duodenal aspirate dgrinh of stimulation

(three 20-min periods) per kilogram of body weight. The phospholipase activities were calculated from sedtemilMR spectra of pancreaticobiliary
secretions during the course of incubation at 37°C.

the younger CF-PS patients who were less than 12 mo d¢klg. 2B) could reflect prior release at the time of formula or
having secretion levels comparable to older children or adiiguid meals and, thus, lack of stimulation at the time of i.v.
lescents and higher than the one normal patient in the studstimulation of the pancreas. This could be explained by the
In the two age groups, depending on the duration of fastingpnsiderable variation in gastric emptying times between indi-
the pattern of PLA secretion was very similar to colipasevidual children and the recognized slow intestinal transit times
secretion ¢f. Fig. 2,A andB), thus indicating the occurrence ofdescribed in CF-PS patients (28). Consequently, pancreatic
parallel secretion of PLAand colipase, a known marker ofstimulation could be delayed after a test meal, thus accounting
pancreatic lipolysis. The cosecretion of PL#ith other pan for the late or persistent appearance of the lipolytic enzymes.
creatic enzymes or coenzymes could have been predicted frohis phenomenon requires further investigation.
other studies demonstrating parallel pancreatic cosecretion ofn the present study, we did not assess the pancreatic secre-
lipase and colipase (3) and also of nonlipolytic enzyme8on of other phospholipid-hydrolyzing enzymes including the
proteases, and amylase (21, 22). This observation is aSBH responsible for intraluminal hydrolysis of lysoPC (9).
consistent with the role of phospholipases in intralumindlhis enzyme is of interest as it appears identical to the bile
phospholipid and triglyceride digestion and the subsequent rglat-stimulated lipase in human milk (29). The presence of this
of phospholipids in enterocyte lipid transport. In the smaéinzyme in the intestine from either the pancreas or human milk
intestine, amphipathic biliary and dietary phospholipidsndicates that a certain proportion of lysoPC remains unab-
mainly PC, are adsorbed to ingested triglyceride and caarbed in both normal breast-fed infants and older children/
impair the action of the pancreatic lipase-colipase complexiults. The physiologic reason for this incomplete absorption
during triglyceride digestion (11). PLA by hydrolyzing PC, of lysoPC remains unclear, but, of interest, lysoPC has a
results in desorption of phospholipids from the triglyceridknown toxic effect on epithelial cells (30). Although in normal
substrate and, thus, facilitates normal lipolysis. The majeubjects the lysoPC could be hydrolyzed in the presence of
product of PC digestion, lysoPC, is water soluble and readiGEH, the low activity of CEH in oral enzyme therapy given to
absorbed by enterocytes. It is a major source of enterocyResubjects (31) could allow toxic levels of lysoPC to accumu-
phospholipids for the generation of lipoproteins, and chylomliate in the intestinal lumen and account for some of the
cron formation as shown in the multidrug resistant Hntestinal disease seen in CF subjects. Further work is required
glycoprotein knockout mice (23), for transport of triglycerideo assess the pancreatic secretion and activity of CEH in CF
from the cell to lymph and for replenishment of membranand other patients with exocrine pancreatic dysfunction.
phospholipids used in exocytosis (12, 13, 24, 25). Lack of The NMR assay method for determining pancreatic PLA
cosecretion of PLA could substantially impair these pro and PLA secretion in this study represented an extension of a
cesses. Unhydrolyzed phospholipids substantially impair afethod that was introduced in our previous work (16). In the
sorption of fatty acids and cholesterol (26) and interfere witbrevious study, phospholipase activities were measured using
bile salt binding to the bile salt receptors in the terminal ileunthe pancreaticobiliary fluid as both substrate and enzyme
impairing its absorption and increasing fecal bile salt lossssurce, whereas, in the present study, the source of the PC
(27). The cosecretion of pancreatic phospholipase with otrmrbstrate was the pooled pancreaticobiliary juice from CF-PI
components of the lipolytic system is, thus, rational from patients. Use of the pooled human fluid in this study had the
physiologic point of view, noting that whereas its major role iadvantage ofl) satisfying all the necessary physiologic re-
hydrolyzing phospholipids in the intestine, by so doing it is aquirements for phospholipase activity including appropriate
adjunctive enzyme to triglyceride hydrolysis. bile salt concentrations an®) introducing additional PC to
The variation in the pattern of PLAand colipase secretion phospholipase exposure, thus avoiding product inhibition. We
dependent on the duration of fasting was not investigatbédd also previously observed in PS subjects that PAdiivity
further in the current study. The high basal levels beforgas remarkably fast and that a considerable amount of the
pancreatic stimulation of those with a short duration of fastirendogenous PC had already been hydrolyzed to lysoPC during
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A monitor both PLA and PLA activities simultaneously in a
complex mixture of body fluids such as duodenal juice (16).
20 —e—PLA In conclusion, we have developed a sensitive and noninva-
—O—Calipase sive assay method for measuring phospholipase activity by

using NMR spectroscopy. During pancreatic stimulation tests,
CF-PI patients had absent PLAnd PLA activities. In con
trast, those with pancreatic sufficiency had pancreatic lipase/
10 | colipase secretions up to and within the normal range, with
parallel phospholipase secretions.

156 -
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