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Distribution and release of epidermal growth factor
in man
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SUMMARY Epidermal growth factor (EGF) is localised in man to salivary and Brunner's glands. It is
present in large concentrations in saliva and duodenal contents but the mechanisms of its release
have been little studied. This study carried out on four groups of healthy subjects was designed to
determine the distribution and the release of immunoreactive EGF (IR-EGF) in salivary, gastric,
duodenal, and pancreatic secretions. Under basal conditions, the concentrations of IR-EGF in
salivary, gastric, duodenal and pancreatic secretions were; 2.7 (0.4), 0.42 (0.12), 21 (5) and 8.5 (1.2)
ng/ml, respectively. Chewing of Parafilm* significantly increased salivary but not gastric or
duodenal EGF output while atropinisation led to the reduction in basal salivary and duodenal EGF
output without affecting the increment in EGF release induced by chewing. Cigarette smoking
caused a marked reduction in basal salivary and duodenal EGF output. Infusion of pentagastrin
increased salivary and duodenal EGF output and this was blocked by the addition of somatostatin.
Injection of secretin lead to an increase in pancreatic output of EGF. We conclude that in man the
major sources of EGF are salivary glands, duodenum, and pancreas and that the release of EGF
remains under neurohormonal control.

Epidermal growth factor (EGF) originally isolated
by Cohen' from the mouse submaxillary glands is a 53
amino acid peptide structurally resembling uro-
gastrone, another peptide isolated from urine.'
Urogastrone was discovered after the observation
that the extracts of urine from pregnant women had
beneficial effect on healing of chronic ulcers in Mann-
Williamson dogs.3

Studies on animals showed that EGF, like urogas-
trone, displays many kinds of biological effects
including stimulation of proliferation and differentia-
tion of epithelial and non-epithelial tissues"4, stimu-
lation ofDNA synthesis4 through increasing ornithine
decarboxylase activity,' protection of the gastro-
duodenal mucosa against various irritants, enhance-
ment of healing of chronic gastroduodenal ulcer-
ation` and inhibition of gastric acid secretion."
Epidermal growth factor has been reported to be
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*(plastic filnt which cain hc chewed to stimulate salivary secrction)

present in human saliva, urine and milk" and to be
localised to the submandibular glands, Brunner's
glands in the duodenum and the Paneth cells of the
small intestine.'` ` Studies on the distribution of EGF
in human gastrointestinal tract have, however, been
limited mainly to immunocytochemistry and little
information is available regarding the distribution
and the release of EGF under various physiological
conditions. This study was undertaken to compare
the release of immunoreactive EGF (IR-EGF) into
the salivary, gastric, duodenal and pancreatic secre-
tions under basal conditions and after neurohormonal
stimulation and smoking in healthy subjects.

Methods

SUBJECTS
Male volunteers, aged between 20-24 years (mean
age 22) and weighing between 68-77 kg (mean weight
74 kg) entered the study after giving informed con-
sent. All subjects were in good health and without
gastro-intestinal disorders. Gastroscopy carried out
one week before the start of the study revealed no
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abnormalities or peptic ulceration. None of the
subjects showed any abnormalities in the orodental,
oropharyngeal and salivary gland areas. The study
was approved by the Institutional Human Research
Review Committee.

I.XIP RIMI.NINAI DES 1(N

Several series of experiments were carried out on
four groups (group A, B, C and D) of subjects with
five to seven day intervals between tests. Ten subjects
(group A) underwent studies with basal secretion and
Parafilm chewing without or with atropinisation;
10 subjects (group B) were used for studies with
pentagastrin and somatostatin, 10 subjects (group C)
were used for studies with cigarette smoking and six
others (group D) were used to obtain pure pancreatic
juice before and after secretin administration.
On the morning after 12 h fasting period, all

subjects refrained from smoking and did not use
tooth paste. Double lumen gastroduodenal Dreiling
tube with endotracheal cuff was inserted and posi-
tioned under fluoroscopic control with the cuff
inflated just distally to the pylorus to prevent any

Saliva
40- Duodenal content

4 16 40 8i0(l)
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EGF (pg/tube)
Fig. .Slandard (cIaIflbrationl (UrC'C for'/InaniW E(;F
U(ld fl tlfl tl .stl ll.istig (0) ?Sttalndar(t Izlttit( EG F, (0)

lv/llil,'l tillt ( A ) (duo(IetalI S(c('seion.

escape of gastric juice into the duodenum or any
reflux of the duodenal content into the stomach as
previously described.1' Subjects were instructed not
to swallow throughout the study and saliva, gastric
juice and duodenal contents were aspirated and
collected in 15 min aliquots. All samples were kept on
ice, their volume was measured and 1-2 ml aliquots
were taken into plastic tubes with Trasylol (500 IU/l
ml), adjusted to pH 70. centrifuged and supernatant
frozen at -20(C until radioimmunoassay of EGF. In
addition, the amylase concentration in the saliva,
acid concentration in the gastric juice and amylise
concentration in the duodenal aspirates were deter-
mined as described before' " and expressed in out-
puts per 30 min.

In tests on group A subjects, the salivary gastric
and duodenal secretions were collected for a one
hour period and then 15 min Parafilm chewing was
carried out followed by additional one hour collection
period. These tests were repeated after iv injection
of atropine ( 1()0g/kg) after 30 min of basal collection.

In tests of group B subjects, the saliva gastric and
duodenal secretions were collected for 30 min and
then pentagastrin (2 gg/kg/h) was infused for two h.
After one hour pentagastrin administration, sominato-
statin (2.5 gg/kg/h) was added to iv infusion for the
period of one hour. In control tests, pentagastrin
alone without somatostatin was infused for a two
hour period.

In tests on group C subjects, basal collection of the
salivary gastric and duodenal secretions was obtainied
for one hour and then one cigarette was smoked
during each 30 min period wlhile the secretory collec-
tion was continued for next one hour period.

In 10 subjects of group D, pure pancreatic juice
was obtained by endoscopic cannulation of the papilla
of Vater. A side viewing duodenoscope, Olympus
model JF-B, was used, through which a sterile Teflon
cannula was passed (external diameter 15 mm).
Only subjects with a normal retrograde pancreato-
gram without a separate opening of the duct of
Santorini into the duodenum, and with a pancreatic
duct system not communicating with the common
duct were included into the study. Consequently, a
contamination of pancreatic juice with bile was
avoided. Tests were done in the early morning after
an overnight fast, after local application of 20(%
benzocaine (Hurricaine, Bentlich Pharmaceutical,
Chicago, Ill.) on the oropharyngeal mucosa.
Subjects were allowed to be on the left side to
facilitate pooling of the gastric contents in the body of
the stomach. Gastric juice was continuously aspirated
during endoscopy through an additional tube with a
vacuum pump at a negative pressure of about 20 nm
Hg. Duodenal content was first aspirated through the
Teflon cannula, which was then inserted into the
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papilla to a depth of about 2 cm. Pure pancreatic juice
was collected during 10 min before and 10 min after
iv injection of 0-3 jig/kg of synthetic secretin (gift of
Prof E Wunsch, Max Planck Institute, Munchen,
Germany). Pure pancreatic juice were collected at
five to 10 min aliquots and the samples frozen at
-20(C for RIA of EGF.

ASSAYS

I R-EGF concentrations were measured in samples of
saliva, gastric juice, duodenal aspirate and pancreatic
juice in the tests on groups A, B, C and D. Radio-
immunoassay of EGF was performed using the EGF
antiserum (gift of Dr H Gregory, ICI, Alderley Park,
UK) raised in rabbits against human EGF and
employed in this assay in final dilution of 1:120(000
(Fig. 1). It showed no cross-reactivity with struc-
turally related rat EGF or with other gut peptides
such as gastrin, CCK, secretin, GIP or PP. lodinated
[3-(125)iodotyrosyl] peptide (purchased from
Amersham, UK) and calibration standards were
human EGF. The assay buffer was 0-)4 M phosphate
buffer, pH 7 2 with 0 5% BSA. The separation of the
antibody bound and free fractions of EGF was
achieved using dextran coated charcoal. Each sample
was assayed in duplicate. A typical standard curve for
authentic human EGF and serial dilution curves for
saliva and duodenal secretion prepared in this assay is
shown in Figure 1. Detection limit of the assay was

about 0-25 ng/ml, and intra-assay and interassay
precisions were about 10% and 14%, respectively.

STATISTICAI ANALYSIS

Results are quoted as means (SEM). Statistical
analysis of the differences in EGF concentrations and
outputs between means of basal periods and these
obtained after chewing or pentagastrin infusion and
between corresponding control studies and those
after administration of somatostatin, atropine or
smoking was carried out using Student's t test for
unpaired values or many sample one-way analysis of
variance and Duncan's multiple range test. The
difference between means were considered signifi-
cant at p <0*05.

Results

Figure 2 shows the outputs of IR-EGF in saliva,
gastric juice and duodenal secretion tinder basal
coniditions and after chewiing of Parafilm in subjects
of group A. Basal EGF outputs in saliva averaged
from 20 to 35 ng/15 min and its concentration was

about 2-7 (0.4) ng/ml. Chewing of Parafilm caused
significant increase in EGF output that was observed
only during 15 min period of chewing and accom-
panied by a significant increase in the volume of

Table 1 Vollume ofsali a and the concentrations ofEGFin
saliva in tests with parafilm chewving in siubjects ofgrolup A.
Meanis (SEM) of 10 tests oni 10 slubjects

Vollutme ((m1i/I mniim) IR-EGFI g(uIg/mt)
01elving C1(',luwmm,g Chwiung Ch(lu'ing
Aloniw +atropl'tie alotnet +altrof)ine

1-5in periodts
Ist Ih*8 (4.8) 16.2 (3.9) 2) (0.6) 3A2 (u.7)
2nd 148 (3.8) 12'0 (2'7) 2'5 (0.4) 2.8 (0.4)
3rd 123 (2.6) 70 (1 1)tt. 2.3 (0.8) 1 9 (0.3)t
4th 12 3 (2 5) 4A5 (() 4).t. 2'6 (0.6) 2'4 (0.4)
5til 29 0 (3.6) 8X8 (2.6) 16 (0.7) 3.4 (0.8)
6th 161 (3(0) 5'.9(11) 1I8 (0.6) 36 (0.8)
7thi 15. (3.3) 4.1 (1.0)j 14 (0.5) 4.2 (1.6)
8th 148 (3.6) 3.9(1.4):: 1.6(0.4) > 1 (1-7)
9th 157 (3.4) 4.2 (18): 17 (0.4) 46(1.7)

Period wshen parafilm-chewing was performed: tperiod when
atropine wats injected; *-significant (p <0.05) decrease helou the
value obtained in control tests wsith attropine.

saliva from basal value of about 12-5 (2.6) mlI5 min
to 29*0 (3.6) ml/15 min (Table 1). EGF concentration
during chewing tended to decrease but it was not
significant.
The concentration (0.42 (0.12) ng/ml) and the

output (5-4 (1.2) ng/15 min) of EGF in gastric juice
were several times smaller than in saliva (Table 1).
Chewing of Parafilm, pentagastrin or smoking failed
to cause anty alteration of these values in gastric juice
suggesting that EGF in the stomach may be produced
in negligible amounts or may originate from other
sources sutch as salivary glands or duodenum. The
concentrations and outputs of EGF in the duodenal
cotitents were, respectively, about five and two times
higher than in saliva. Chewing tended to increase
duodenal EGF outputs but this was not statistically
significant.

Injection of atropine ( 10 ,g/kg) caused significant
reduction in basal salivary and duodenal but not
oastric outtputs of EGF. This reduction was due to the
decrease in the volume of saliva and duodenal
contents (Table 1). Chewing in atropinised subjects
resulted in the increment in salivary EGF outputs but
no changes in EGF outputs were observed in gastric
or duodenal contents (Fig. 2).
Chewing significantly increased salivary amylase

outputs and this effect was almost completely
aabolished by atropine. No significant alteration in
gastric acid or duodenal amylase outputs were
observed during chewing but atropine caused signifi-
cant reduction in gastric acid and duodenal amylase
secretion (Table 2).

After infusion of pentagastrin (at a dose which
caused maximal gastric acid output) significant and
sustained increase in salivary and duodenal but not
gYastric EGF outputs were observed (Fig. 3). This
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Fig. 2 EGF outputs in saliva, gastric juice and duodenal
secretion under basal conditions and after parafilm c/iewing
witliout and witli administration ofatropine. Means (SEM)
of 10 tests in 10 healtliy subjects. *Indicates significant
increase above t/ie basal value and **indicates significant
decrease below t/ie value obtained in tests without atropine.

increase in EGF secretion was mainly caused by the
rise in the volume of salivary and duodenal secre-
tions. Somatostatin infused at a dose (2.5 1,g/kg/h)
which strongly inhibited gastric acid response to
pentagastrin, resulted in the decrease in salivary and
duodenal secretions to the basal (prepentagastrin)
level. No change in gastric EGF outputs were
observed in tests with pentagastrin and somatostatin
infusion. Pentagastrin infusion induced a significant
increase in salivary and duodenal amylase outputs
and in gastric acid outputs. Addition of somatostatin
resulted in significant decrease in all these secretory
parameters to the basal value (Table 2).
Smoking one cigarette per 30 min resulted in a

significant reduction in EGF concentrations and
outputs both in saliva and duodenal contents (Fig. 4).
This reduction was pronounced and observed
throughout the period of smoking.
Table 3 shows the concentrations and outputs of

EGF in pancreatic juice obtained during endoscopic
cannulation of pancreatic duct before and after
injection of secretin. The concentration of EGF in

Table 2 Salivary atd( (/odtletl/l out/)plts of (1it/isi,It.$e ilint/
gastric outputs ofHCI in tOests wit/i p)arafilit (chewving wit/iou
and witli administration ofatropi'ie in subje(ts of grouip A
an(/ witli pentagastrin infiusion vitlolt (anI wit/1 sotnaltostati
in subjects ofg-ouip B

T7pe)fa]test Salivarv ioita%vIa' Gastr( i HC D)uodenal
( u/30 1771in) t?tltit}o/ ]( t7ili1 ot?!'/Wast

((1/30 fill/)

Basal 52 (8) 074 ((022) 18 (3)
Chewing 129(14)* 1.02().45) 22(4)
Chewing 31 (4)t 126 (0.10)1 2 (2)1
+atropine
Pentagastrin 106 (12) 9.28 (1I48)1 8(4)'
Pentagastrin 44 (6)t 3.04 ( 1. 18)t 24 (2)1'

RSignificant (p <0-05) increase above basal Ievel: iSignific.ant
(p <(0.0)5) decrease below the value obtained with clheswing alone
or pentagastrin alone.

pure pancreatic juice before secretin injection was
about 8.5 (1.2) ng/ml and after secretin it tended
to decrease to about 6-2 (1.6) ng/ml. The outputs
of EGF in the pancreatic secretion after secretin
administration increased several fold but this was
mainly the result of the increase in the pancreatic
volume flow.

80-

40-

L Saliva i

P-Gastrin (2j,g/kg-h)

1 P-Gastrin alone

E

U-

1

u-

40-
P-Gastrin + somatoDuodenal

secretion

2
4 6 n4 i
15 min periods

8 10

Fig. 3 Effects ofpentagastr.in alone atid comtbinied wit/i
somatostatin on salivary, gastr-ic and duodetial EGF outputs.
Mean (SEM) of 10 tests on 10 liealtliv subject.s. *Indicates
significant increase above basal val/es and **indicate
significant decrease below tlie value obtained wit/
pentagastrin alone.
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Fig. 4 F,fect ofsmoking on EGF outputs in .

gastr-ic and duodenal secretions. *Indicates sig
decrease below the control value obtained in te
smoking. Mean (SEM) of 10 tests on 10 h1ealtli

Discussion

This study provides evidence that as
salivary glands, the duodenal muco
pancreas, are rich sources of IR-EG
gastrointestinal tract. Previous studies
EGF is localised mainly to salivary
Brunner's glands in the duodenum
into saliva.'
Our study shows for the first time

chewing, activating stimulatory me
salivary flow, increases also the output c

Table 3 Concentration and output ofEGF it
pancreatic jluice obtained bx' endoscopic canni
pancreatic duct in suibjects ofgrouip D. Means
tests on 10 subjects.

VolXtuc oJ juic( I(GF (concentrati(
(pit/Ill 0 miml ) (lig/mti?)

Basal 2'1 (0(7) 8.5 (1'2)
Secretin 19 2 (36)4 62t(1.6)

*Significant (p <0(05) increase abose the basal salu

the saliva. This is probably caused, in part, byking 'washout' of the peptide from the salivary glands
because of a marked increase in the volume flow but
the excitation of neural mechanism cannot be

)ntrol excluded because atropinisation which reduced basal
salivary volume flow and basal EGF output, failed to
affect an increment in EGF secretion induced by
chewing. It is of interest that chewing caused also
significant increase in salivary amylase output. Atro-
pine completely prevented the amylase response to
chewing suggesting that the secretion of this enzyme
is under cholinergic control. Previous studies on

mntrol salivary secretion of EGF in rats suggested that
activation of cholinergic pathway increased EGF
release, whereas stimulation of alpha-adrenergic
pathway inhibited this release.' It has been proposed
that VIP and acetylcholine coexist in the same nerve
terminals and cooperate in the stimulation of the

II T~t release of EGF.`' Further studies are needed to
determine whether the increment in salivary EGF
release observed after chewing in subjects without or

* * with atropinisation is mediated by non-cholinergic
< >* and VIP-ergic (atropine-resistant) pathways.

Chewing did not influence the release of EGF in
8r---~ | the duodenum but the hormonal stimulation with

pentagastrin was accompanied by a significant
increase in EGF release both in the saliva and the

salivary, duodenal secretion. This hormonal stimulation was
, ficant sensitive to somatostatin which almost completely
ty subjets. abolished pentagastrin induced increase in salivary

and duodenal EGF. A previous study in man has
revealed that pentagastrin stimulates salivary secre-
tion of amylase and that simultaneous administration
of somatostatin blocks the effect of pentagastrin on

well as the salivary flow but did not reduce the amylase concen-
isa and the tration.'` Our results with salivary amylase secretion
F in human in these tests were similar and they suggest that the
showed that mechanism exerted by pentagastrin and somatostatin
glands and on EGF release into saliva is different from that

and secreted involved in amylase secretion. It is of interest that
pentagastrin caused also a marked increase in the

that simple EGF in duodenum and somatostatin blocked this
,chanism of effect. This suggests that the control of salivary and
)f IR-EGF in duodenal EGF secretion may be similar. This is the

first finding suggesting the implication of a hormonal
mechanism in the release of salivary and duodenal

npure f EGF.
'dlation of EF

(SEM) of lO Pentagastrin was also potent stimulant of salivary
and duodenal amylase outputs and of gastric acid
secretion. These effects were strongly reduced by the

nm Output addition of somatostatin to pentagastrin infusion as
(1Ig/1O tmuitm) described before.`
18*4 ( 2.6) Smoking resulted in a significant decrease in EGF

117 8 (14.9)* outputs both in salivary and duodenal secretions. As
smoking is known to delay the healing of gastro-

e. duodenal ulcerations in man, it remains to be clarified

I
1
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whether the deficiency of EGF in the gastrointestinal
tract of smokers contributes to this effect. It is of
interest that the acute phase of peptic ulcerations was
accompanied by significant reduction in salivary EGF
outputs suggesting that EGF may be implicated in the
pathogenesis of peptic ulcerations."
The major finding of this study is the discovery of

high concentration of IR-EGF in duodenal and
pancreatic secretion. This duodenal IR-EGF
immunoreactivity might originate from the Brunner's
glands, as suggested before,' " as well as from the
pancreas. Previous studies on animals showed that
the pancreas contains as high a concentration of EGF
as salivary tissue.' It is likely, therefore, that
previously reported' and presently observed high
EGF content in the duodenum originates, at least in
part, from the pancreas. Our finding of high concen-
tration of IR-EGF in the pancreatic juice collected
directly from the pancreatic duct provides an evidence
that in man, as in animals, the pancreas is a rich
source of EGF and that the release of EGF is
stimulated by secretion. The rise in pancreatic EGF
output after secretin injection was mainly the result
of the increase in pancreatic volume flow and
probably represented the 'washout' of the peptide
from the pancreas. The role of pancreatic EGF is
unknown but previous studies showed that this
peptide may contribute to the stimulation of pan-
creatic secretion' and tissue growth.4"'-4 Whether
EGF secreted in the pancreatic juice in large amounts
has any protective, ulcer healing or growth promoting
action on the duodenal mucosa is unknown but
previous observations of increased production of
duodenal ulcerations after diversion of pancreatic
juice from the duodenum-' suggest that pancreatic
EGF may play an important role in the prevention or
healing of duodenal ulcerations.
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