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Abstract

pepsin as well as bile salts on trypsin activity was studied in vitro.

was not altered by incubation with bile salts at pH 7.4.

Introduction: Extra-gastric duodenal reflux carries proteolytic enzyme trypsin to upper aero-digestive and lower respiratory tracts and so
trypsin could be a reflux biomarker. The activity of trypsin, however, can be altered by gastric acidity and pepsin. This study aimed to measure
trypsin in gastric juice of reflux patients and to analyse the eligibility of trypsin as a biomarker for duodenal reflux.

Methods: Active trypsin was measured in 80 gastric juice samples, collected during gastroscopy, using a modified N-terminal assay. Total
trypsin was also measured by a sandwich ELISA developed in our laboratory and compared with trypsin activity. The effect of gastric acidity and

Results: Active and total trypsins were detected in 80% of gastric juice samples. Active trypsin progressively and irreversibly lost its activity
when incubated with pepsin at pH 2 for 6 hour whereas total trypsin reactivity was reduced by only 25%. The content of active and total trypsin

Discussion: Refluxed trypsin is likely to be partially or completely inactivated by the low stomach pH and pepsin and this could invalidate
the use of active trypsin as a reflux biomarker. Total trypsin is not significantly altered by gastric conditions and could then represent a more valid
marker for duodenal reflux. The sensitivity of sandwich ELISA, however, needs to be improved to detect extra gastric trypsin.

Conclusion: Total trypsin is a more stable parameter that, with refined techniques, could be used as a biomarker for duodenal reflux.

Abbreviations: DR: Duodenal Reflux; TNBS: Trinitrobenzenesulfonic acid; SA: Succinyl Albumin; SDS: Sodium Dodecyl Sulphate; RC: Routine
clinical; LTx: Lung Transplant; GJ: Gastric Juice; BALF: Broncho-Alveolar Lavage Fluid

Introduction

Duodenal reflux (DR) carries duodenal contents, including
trypsin and bile salts, to the intra gastric environment. Reflux
of small amounts of duodenal contents into gastric lumen can
be physiologic [1] whereas excessive reflux can lead to chronic
gastritis and gastric ulceration [2]. Gastric reflux, containing
duodenal contents can result in mucosal injury to the upper
aero-digestive [3,4] and lower respiratory tracts [5,6].

Trypsin is a proteolytic enzyme which reaches its maximum
proteolytic activity in an alkaline pH. Exposure of refluxed
trypsin to the gastric acidity and pepsin could alter trypsin
activity and subsequently reduce its injurious effect on reaching
the extra gastric mucosa [7]. However, the wide use of proton
pump inhibitors for treatment of reflux, by increasing gastric pH,
could preserve trypsin activity and therefore would maintain
its injurious effects.
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The detection of trypsin in the extra gastric environment
could provide a solid proof of the occurrence of DR as trypsin
is not normally present in the upper aero-digestive or lower
respiratory tracts in higher concentrations than what can be
attributed to diffusion from blood [8]. This would represent an
objective non-invasive test for the occurrence of DR which would
help to identify the extent it reaches in extra oesophageal areas.
It can also serve as a prognostic post-treatment parameter.

The pharmacologic treatment of reflux has been based on the
suppression of gastric HCl production, the sole determinant of
gastric acidity necessary for pepsin activity. However, this does
not reduce reflux episodes or protect from the injurious effect
of other reflux components including trypsin [5] the potential
damaging effect of which and the appropriate way to measure
its levels in gastric juice have not been fully explored yet.
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The overall aim of this study was to measure and analyse
trypsin contents in gastric juice of a cohort of patients with a
variety of upper gastrointestinal diseases and lung transplant
patients assessed for anti-reflux surgery. We measured trypsin
activity by using a proteolytic activity assay and developed a
sandwich ELISA for the measurement of total trypsin protein
including its active and inactive forms in gastric juice. The effect
of gastric environment and bile salts on trypsin activity was also
studied.

Materials and Methods

Ethical approval was obtained from County Durham &
Tees Valley 2 Research Ethics Committee. Fasting gastric juice
samples were obtained during gastroscopy from 70 patients
with a variety of upper gastrointestinal diseases and 10 lung
transplant patients assessed for anti-reflux surgery. Unless
stated otherwise, reagents used in this study came from Sigma-
Aldrich UK Ltd., Fisher Scientific UK Ltd. or BDH Merck Ltd.

Measurement of active trypsin in gastric juice

This was performed at pH 7.4 using a modified colourimetric
assay [9] based on the production of new N-terminal amino
groups which react with trinitrobenzenesulfonic acid (TNBS)
generating trinitrophenyl derivatives that can be measured
spectrophotometrically. 500 pl of 8mg/ml succinyl albumin (SA)
was added to test tubes each containing 200 pl of sample or
standard pig trypsin (0-2.5pg/ml) and tubes were incubated at
37¢°C for 30 minutes. Proteolysis was stopped by the addition of
500 pl of 4% (w/v) NaHCO3followed by 500pl of 0.05% (w/v)
TNBS and 10 minutes incubation at 50°C. 500ul of 10% (w/v)
sodium dodecyl sulphate (SDS) was then added followed by
500pl of 1M HCI acid. Absorbance was read at 340nm. Negative
controls were made by adding the substrate and immediate
addition of NaHCO.,.

The effect of gastric pH (2.2 and pH 4.0) and pepsin (0.5 mg/
ml) at 37°C on trypsin (2.5 pg/ml) activity was monitored at
several time points over 6 hours (extended to 7 days with pH
4.0). The effect of bile salts was also assessed, incubating 2.5ug/
ml trypsin at pH 7.4 overnight with 10 mM of a physiological bile
salt mixture containing 50% cholic acid, 30 % chenodeoxycholic
acid, 15 % deoxycholic acid and 5 % lithocholic acid [10]
dissolved in methanol using trypsin activity at pH 7.4 as a
standard in both experiments.

Development of ELISA to measure total trypsin in
gastric juice

In initial experiments we used rabbit polyclonal antibody
raised to bovine trypsin (Abcam ab1879) as the primary
antibody. The large range of dilutions (1:8000 to 1:30000, in
0.1% BSA in PBS) suggested by the manufacturers was tested
and we found that the optimal dilution 1:5000 was the best.
Native trypsin has a significantly higher reactivity than heat-
treated trypsin (at 100°C for 5 minutes). However, trypsin levels

in gastric juice obtained with this ELISA were too high (~4mg/
ml) to be physiologically possible suggesting interference in the
assay. We then tried a mouse anti-trypsin monoclonal primary
antibody (Abcam ab17263). However no colour development
was obtained.

Development of a sandwich ELISA to measure total
trypsin in gastric juice

We used the same mouse monoclonal antibody as the capture
antibody bound to the ELISA plate and the rabbit polyclonal
antibody (Abcam ab1879) as the detection antibody. For colour
development a secondary (horseradish peroxidase conjugated
polyclonal anti-goat, Sigma A6777, UK) antibody was used. The
assay sensitivity was improved by increasing the concentration
of detection antibody from a 1:5000 to a 1:2000 and this was the
final version of sandwich ELISA used to measure total trypsin in
gastric juice. 100 pl capture antibody (1:2000 dilution in 0.1%
BSA in PBS) was coated onto a 96-well plate (Maxisorp, NUNC),
covered and incubated at room temperature for 5 hours. The
plate was then aspirated, blotted dry and blocked with 1% BSA
in PBS overnight. After aspirating the plate and blotting dry, 100
ul of sample (1:25 dilution) or standards (rang 0-100 ng) made
up in PBS were added to the wells and the plate was covered
and incubated for 1.5 hours. The plate was then aspirated,
washed three times with 0.05% Tween 20 in PBS followed by
two changes of PBS and blotted dry.

Detection antibody (100 pl, 1:2000 dilutionin 0.1% BSA
in PBS) was added to each well and the plate was covered and
incubated for 1.5 hours. The wash step was repeated and 100
ul of secondary antibody (1:5000 dilution) was added to each
well. The plate was then covered and incubated for 1.5 hours.
After washing again 100 pl of substrate solution 2, 2"-Azino-bis
3-ethylbenzothiazoline-6-sulfonic acid was added to each well
and the plate was covered and developed for 20 minutes. The
reaction was stopped with 100 pl of 1% SDS and the absorbance
measured at 405 nm with a plate reader (Bio-Tek EL808).
Negative controls were made for standards and sample dilutions
by omitting the detection antibody and incubating in antibody
diluent instead. As previously done for the activity assay, we
assessed if the reactivity of total trypsin to the antibody could
be altered by gastric acidity, pepsin or bile salts. To test if long
incubation times with pepsin at pH 4 could result in further
loss of activity the inactivation experiment was extended up to
7 days comparing incubation at 4°C and -20°C, the temperature
conditions gastric juice samples would be stored at after
collection.

Results
Trypsin activity of gastric juice samples

Using the N-terminal activity assay, the minimal detection
level for trypsin was 0.2 ug/ml and the linear segment of trypsin
standard curve extended up to 2.5ug/ml (Figure 1). One routine
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clinical (RC) patient’s sample was too small to be analyzed for
active trypsin. Trypsin activity was detected in 55 of 69 RC
and in all the lung transplant (LTx) patients. The 2 groups had
a similar distribution of active trypsin levels. Median trypsin
activity was 7pg/ml (range 1 - 300) and 11pg/ml (range 1 -
300) for RC and LTx patients’ samples respectively (Figure 2).
The majority (52/65, 80%) of samples, had low concentrations
of <30 pug/ml and 38% contained <2.5 pg/ml active trypsin. A
positive correlation was found between active trypsin and pH
levels (r = 0.36, p <0.001).
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Figure 1: Proteolytic activity of porcine trypsin at pH 7.4 with 8
mg/ml SA measured by N-terminal activity assay (mean + SD;
n=2).
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Figure 2: Gastric juice active trypsin levels in 69 routine clinical
(RC) and 10 lung transplant (LTx) patient samples (n=10, range,
median).
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Figure 3: Activity of 2.5 pg/ml porcine trypsin in presence of 0.5
mg/ml pepsin at 37°C over 6 hours of incubation at pH 4 and pH
2.2. Activity assay was carried out as standard at pH 7.4 (mean
+ SD; n=4).
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Incubating trypsin with pepsin at pH 2.2 resulted in
irreversible loss of 74 +/- 7% of trypsin activity after 2 hours
and complete loss of activity after 6 hours. No loss of activity
was observed when incubated at pH 2.2 or pH 4.0 without
pepsin. Incubation at pH 4 with pepsin caused only 12 +/- 10%
loss of activity after 6 hours (Figure 3) and 20-25% after 2
days. No further loss occurred up to 7 days and no significant
difference was seen for incubation at 4°C or at -20°C. Trypsin
activity was not altered by overnight incubation with 10 mM of
a physiological bile salt mixture at pH 7.4 (results not shown).

Analysis of total gastric juice trypsin with indirect
ELISA

Bovine trypsin was tried as a standard and produced a linear
standard curves for trypsin contents up to 0.21pg/ml. Comparing
the reactivity of standard native bovine trypsin and heat-treated
trypsin, the native trypsin showed a significantly higher assay
response than the heat-treated trypsin (results not shown).
Therefore native trypsin was used for further experiments. With
the developed sandwich ELISA, the minimum detection level was
20 ng (0.02 pg) contained in 100pl, which correspond to 200 ng/
ml of tested samples. The standard curve was linear between 0
and 2.0 pg total trypsin above which the curve deviated from
linearity and demonstrated saturation (results not shown).
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Figure 4: Gastric juice total trypsin levels in clinical routine
(CR) (n=67, range, median) and lung transplant (LTx) patient
samples (n=8, range, median).
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Three RC and 2 LTx patients had insufficient samples to be
analysed for total trypsin leaving a total of 75 samples tested for
total trypsin by sandwich ELISA. Total trypsin was detected in
63 samples (55/67 CR samples, range 30 - 580, median of 70
ug/ml and 8/8 LTx, range 40 - 210, median of 60 pg/ml) (Figure
4). Active trypsin was positively correlated (r = 0.4877, p <
0.0001) with total trypsin contents. In contrast to active trypsin,
pepsin at pH 2.2 and 37°C reduced total trypsin reactivity by a
maximum of 25% after 2 h and the reactivity remained stable
in the following 4 hours (Figure 5). Incubation with physiologic
mixture of bile salts at pH 7.4 did not affect trypsin reactivity
(results not shown).

0048 How to cite this article: M S Ali, Shruti P, Jeffrey P P. Total Trypsin and Active Trypsin: could they be used as a Biomarker for Duodenal Reflux. Glob J Oto

2017; 3(3): 555611. DOI: 10.19080/GJ0.2017.03.555611.


http://dx.doi.org/10.19080/GJO.2017.03.555611

Global Journal of Otolaryngology

75K % E

50+

25+

Trypsin reactivity (%)

c L] L v L) Ll

0 1 2 3 4 5
Time (hours)

o -

Figure 5: Total trypsin reactivity with the antibody under gastric
juice conditions. 2.5 ug/ml bovine trypsin was incubated with
0.5 mg/ml porcine pepsin at 37°C and pH 2.2 for 6 hours.
Trypsin reactivity to mouse monoclonal antibody at 1:2000 was
measured with the developed sandwich ELISA (mean + SD;
n=6). 25% reactivity was lost over 2 hours; no further loss was

detected up to 6 hours.
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Discussion

This study aimed to assess trypsin as a biomarker for
duodenal reflux by a cross-sectional analysisof trypsin contents
in gastric juice (GJ) of reflux patients. Applying the modified
proteolytic activity assay we obtained active trypsin content
in gastric juice of reflux patients comparable with figures
obtained from previous studies on pancreatic trypsin [11] and
duodenal juices [12]. These studies used radioimmunoassays
for trypsin measurement, in contrast to our study which used
spectrophotometry and ELISA.

Trypsin activity was positively correlated with the gastric
pH; the lower the pH is than trypsin’s optimum of pH 7.4 the
lower the trypsin activity suggesting that low pH inactivates/
denatures trypsin. The majority of samples contained low levels
of active trypsin and samples with no trypsin activity had an
acidic pH level of <3. These observations could be explained by
the inhibitory effect of pepsin and/or low gastric pH. We noted
a progressive inhibition of trypsin activity up to complete loss
after 6 hours when pepsin was added at a low pH. Murthy et al.
[13] have noted that acidic pH denatures trypsin and the lower
the pH the faster the rate of trypsin denaturation. This suggests
that the inhibitory effect of gastric/duodenal acidity on trypsin
activity could be indirect by altering pepsin activity.

It is necessary to take into account the attenuating effect
of gastric pepsin and pH on trypsin activity when looking at
trypsin as a potential reflux biomarker. Samples could be stored
at pH 24 and the measured trypsin activity multiplied by 1.2 to
correct for the effect of pH 4 and average 2 hour storage and
other correction factors can be suggested according to the
storage pH and duration. However, this information is difficult to
obtain practically, and calculations could be incorrect and it can
be concluded that active trypsin alone would be a less suitable
reflux biomarker.

The mechanism and degree of mucosal injury induced by
refluxed trypsin on the upper digestive and airway mucosa,
and the interaction with other reflux constituents, needs
to be studied. Some animal model studies have reported a
synergistic damaging effect between gastric and duodenal
reflux in on oesophageal mucosa [14,15], whereas other studies
have postulated a protective effect of gastric juice against
the development of adenocarcinoma in oesophageal mucosa
exposed to duodenal contents [16]. This could, at least in part,
be due to reduced trypsin activity by the action of gastric
pepsin and acidity. In addition, the widespread use of PPI to
treat reflux could have a detrimental effect protecting trypsin
and preserving its activityby increasing gastric pH allowing a
more mucosal damaging effect of trypsin whilst reducing that of
pepsin [17,18].

In this study, bile acids did not alter trypsin activity and in
a previous study, we found that bile acids did not alter pepsin
activity [19]. This suggests that the presence of bile acids beside
trypsin in the duodenal reflux does not directly or indirectly
alter trypsin activity. Previous in vitro studies have suggested an
enhancing effect of bile acids on trypsin proteolytic activity at
neutral pH [20]. The different results could be due to different
methodology as we used a different protein substrate and we
incubated bile acids with trypsin alone. Bile acids and trypsin,
however may augment mucosal damaging effect of each other
and this requires further studies.

We therefore postulated that total trypsin protein, including
itsactive and inactive forms, could be studied as a gastroduodenal
reflux biomarker and an ELISA for this could represent a suitable
method for measuring trypsin levels. As a proteolytic enzyme,
trypsin could digest the primary antibody used in the ELISA.
This was ruled out by comparing the antibody reactivity of native
and heat treated trypsin. We found that native trypsin had a
significantly higher reactivity to the binding antibody compared
to heat treated trypsin.

This could possibly be because coating trypsin onto the plate
did not allow the enzyme active sites to digest the antibody or
because the antibody was binding to trypsin at a site away from
the active site of the enzyme. Heating trypsin decreased trypsin
reactivity possibly by modifying or destroying trypsin epitopes.

In the initial ELISA the values we obtained for total trypsin
were higher than those previously reported for duodenal and
pancreatic trypsin [11,12] and the levels we obtained were 250-
fold higher than the median levels for active trypsin. These high
results could be due to cross reactivity of the primary antibody
to other components of gastric juice with structural similarity
to trypsin such as chymotrypsin. These results were considered
physiologically impossible and were therefore rejected. We then
decided to try a sandwich ELISA which reduces nonspecific
binding of other components in the test sample and allows
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leaving the protein epitopes of the test sample exposed to bind
with the other 2 primary (capture and detection) antibodies.
The mouse monoclonal antibody was used as a capture antibody
and capture and detection antibodies were specific to human
trypsin.

In this cross-sectional study, both active and total trypsins
were detected in ~80% of G] samples and only ~20% of samples
would be negative for this marker. This agrees with previous
studies which have shown that DGR is common in healthy
individuals [21,22]. The high incidence of presence of trypsin in
GJ] suggest that DGR could be physiological possibly occurring
along with gastric reflux. However, it is not possible from these
data to draw a line between physiological and pathological DGR.

Total trypsin measured by sandwich ELISA could be
employed as a reliable alternative biomarker of DR with
detection sensitivity of 0.2 pg/ml. However, this is unlikely
to be adequate to detect refluxed trypsin in the oesophagus.
Considering the known levels of total bile acids and pepsin in the
oesophagus [23,24] compared to those in the stomach [25,26],
refluxed GJ into the oesophagus could be diluted ~1000 times.
Extrapolating this to trypsin level in GJ found in our study, we
would expect trypsin levels in the oesophagus to be 0 - 70 ng/
ml which is below the minimal detection level of total trypsin
measured by sandwich ELISA. This applies also to trypsin in
the broncho-alveolar lavage fluid (BALF) that would be much
lower given further dilution made during the BALF collection.
To improve the sensitivity of sandwich ELISA, more specific
monoclonal antibodies would need to be developed.

As trypsin reactivity was not significantly lost by pepsin,
its measurement in GJ along with the active trypsin could give
more in-depth information about the load of refluxed duodenal
trypsin and the impact of gastric environment that would reflect
the level of gastric pepsin and gastric pH. The co-assessment of
the various reflux biomarkers, including both total and active
trypsin and other duodenal contents, rather than depending
on a single biomarker could be the ideal approach to diagnose,
evaluate and manage duodenal reflux [27].

Conclusion

Total and active trypsin can be utilized as biomarker of DR
reflecting total load of refluxed trypsin and the attenuating effect
of gastric pH and pepsin. This study demonstrates that trypsin
could survive in gastric juice, particularly if the pH is higher than
2.2. When the gastric juice is then refluxed into the oesophagus/
upper airways and the pH is elevated into the range for trypsin
activity, tissue damage could occur, particularly if it has been
present in the stomach for less than 2 hours. The sensitivity and
specificity of the existing detection methods for trypsin need
to be improved and standard collection methods have to be
established in order to obtain comparable results. In order to
develop a non-invasive test trypsin levels could be measured in

sputum/saliva.
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