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Abstract

Vondrakova K., J. Klime§: Diagnosisof ExocrinePancreatic InsufficiencyintheDog Using
Radial Enzyme Diffusion. ActaVet. Brno 2002, 71: 223-228.

Exocrine pancreatic insufficiency (EPI) is an important cause of chronic diarrhoea in dogs,
which should bereliably excluded before proceeding to the more invasive diagnostic methodslike
endoscopy. Theaim of the present study wasto validate theradial enzyme diffusion (RED) asone
of the diagnostic techniques for canine EPI based on measurement of faecal proteolytic activity.
The modification of RED is described where awater solution of skim milk is used instead of Ca-
paracaseinate as a substrate for pancresatic proteases. Serum trypsin-like immunoreactivity (TLI)
with 100% specificity and sensitivity was used as a reference technique. The RED was validated
in 24 dogs mostly with chronic diarrhoea. Dogs of various breeds were examined with German
shepherds over-represented. Ten clinically healthy dogs were used as controls. In each dog, 3
consecutive faecal samples were examined. In all dogs, serum samples were examined for TLI.
Sensitivity of 100 % and specificity of 75 % were calculated for RED. Possible causes of falsely
positive and falsely negative results of RED and TLI are discussed. The RED has proven to be
aquick, cheap and easy-to-perform method suitablefor reliable exclusion of those caseswherethe
diarrhoeaisnot caused by EPI. However, regarding itslower specificity, positive results should be
confirmed by TLI assay.

Pancreas, dog, faecal proteolytic activity, trypsin-like immunoreactivity

Exocrine pancregticinsufficiency (EPI) isanimportant cause of malassimilationand chronic
diarrhoeaindogs. Themost frequent causeof EPI ispancregtic acinar atrophy whichisinherited
in an autosomal recessive manner in German shepherd dogs (Freudiger 1991; Hall et a.
1991; Rallis et a. 1999) and rough - coated collies (Westermarck et a. 1993; Fischer
and MUller 1994; Wiberg et a. 1999). The EPI can aso be aresult of chronic relapsing
pancrestitisand rarely of severeacute pancrestitisor neoplasia (Hall andHagemoser 1990;
Freudiger 1991; Spillmann 1996). Another potential cause could be an obstruction of the
pancreatic duct due to spasms, inflammation, calculi or parasites (Spillmann 1996).

The insufficiency of exocrine pancreasis clinically observable only after a 85-90% loss of
the functional tissue (Freudiger 1991; Westermarck et a. 1993; Fischer and Muller
1994). The clinical signs caused by small intestinal maldigestion and malabsorption include
polyphagia, coprophagia, weight loss, chronic diarrhoea with frequency 3-8 per day,
steatorrhoea, voluminous faeces with presence of undigested particles, poor condition of the
haircoat, flatulence and borborygmi (R&iha and Westermarck 1989, Freudiger 1991;
Fischer and M Uil 1 er 1994).

It is not possible to distinguish EPI clinically from other causes of malabsorption at an
early stage of thedisease. Although lesscommon than inflammatory bowel disease and other
enteropathies, EPI should first be excluded as a potential cause of chronic small bowel
diarrhoea before proceeding to the more invasive endoscopic examination.

Survey diagnosisof EPI isbased on several main principles. Nowadays, the gold standard
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iS measuring canine serum trypsin-like immunoreactivity (TLI) using radioimmunoassay
(RIA) (Hall etal.1991; Boari et al. 1994). Trypsin is specifically pancreatic in origin
(Simpson et a. 1991) and concentrations of trypsin and trypsinogen in blood expressthe
level of their production in pancreas. Williams and Batt (1988) reported a 100%
sensitivity and specificity of thistest.

Another approach invol vestechni ques based on measuring faecal proteolytic activity. All
these methods can provide the same kind of false results, because of the variability of
conditionsintheintestineincluding changesin bacterial colonisationwhich canrapidly alter
the amount and function of proteolytic enzymesin the bowel (Williams and Batt 1988;
Spillmann 1996). Radia enzyme diffusion (RED) is a semiquantitative method where
Ca-paracaseinate or a product of rennet precipitation of skimmed milk in the agar layer is
split down by proteasesfrom faeces (W estermarck and Sandhol m 1980). Similarly, the
concentration of trypsin and chymotrypsin in faeces can be measured colorimetrically
(Freudiger 1991; Fischer and MUller 1994; Spillmann 1996).

Theso called bentiromide-PABA test isafunctional assay, which also detectsthe activity
of chymotrypsin in the lumen of the small bowel (Williams and Batt 1988; Freudiger
1991; Spillmann 1996; Spillmann et a. 1998). A variety of other less accurate tests
exist, but due to their poor diagnostic val ue these tests are no more recommended.

Because of certain problems regarding TLI-based diagnosis of EPI (relatively high costs
of analysis, low number of samples, difficultiesin sending samplesabroad), we searched for
a cheaper and yet reasonably reliable diagnostic technique. The goal of this study was to
determine diagnostic value of our modification of RED in EPI diagnosis, in comparisonwith
serum TL| assay asareferencetechnique. Clinical signscompatiblewiththe diagnosiswere
also considered.

Materialsand Methods

Two different methods were used for diagnosis of exocrine pancreatic insufficiency in dogs, namely canine
trypsin-like immunoreactivity (TLI) and radial enzyme diffusion (RED). Radioimmunoassay of TLI was
performed in a human commercia RIA laboratory (Soukroma imunoanalytickd a mikrobiologicka laboratof,
Brno), using acommercia Canine TLI Assay (Double Antibody Canine TLI, Diagnostic Products Corporation,
Los Angeles, USA). The Double Antibody procedure is a liquid-phase radioimmunoassay, wherein 125 -|abeled
TLCK-inactivated trypsin competes with both trypsin and trypsinogen in the canine serum sample for antibody
sites. After incubation, separation of bound from freefraction isachieved by the PEG-accel erated Double Antibody
method. The antibody bound fraction is precipitated and counted. Patient sample concentrations are read from
acalibration curve. Obtained values of concentration between 5 - 35 ng/ml were considered as normal, valuesin
range 0 — 2.5 ng/ml as diagnostic for EPI and valuesin range 2.5 - 5 ng/ml asdubious (Hall et al. 1990).

Diagnosis of EPI using RED was performed by the first author in the laboratory of the Department of
Microbiology and Immunology, University of Veterinary and Pharmaceutical SciencesBrno, Czech Republic. The
techniqueisamodification of the classical procedure (W estermarck et al. 1980) where awater solution of skim
milk is used instead of Ca-paracaseinate as a substrate for pancreatic proteases. This modification was obtained
from Prof. M. Sandholm, Dept. of Clinical Sciences, Faculty of Veterinary Medicine, Helsinki University (personal
communication, 1999) and to our knowledge has not yet been published.

A water solution of skim milk (Oxoid) was mixed with agarose (Agarosa pro elektroforézu, Lachema, Czech
Republic) and Sodium Azide (Merck) dissolved in TRIS-HCI buffer (Merck). Prepared mixture was poured
between two (10 x 10 cm) glass plates. Six wells (diameter 6 mm) were punched out of the obtained agar layer and
these were filled with the supernatant. Supernatant was prepared by mixing 0.5 g of faeces and 4.5 ml of 4.2%
NaHCO; (Natrium hydrogencarbonicum, Léciva, Czech Republic) and subsequent centrifugation of the mixture.
The plates were incubated for 20 hours in humid chamber at room temperature. Subsequently, the radius of the
cleared zoneswas measured using slide callipers. The absence of cleared zonesinthe agar layer after theincubation
timeindicated presence of EPI. When cleared zones around the wells were found, the result was EPI-negative.

Twenty-four dogs of various breeds and ages with signs mostly of chronic diarrhoeawere examined using RED
and TLI assay. The dogs ranged in age from 3 monthsto 7 years. There were 17 malesand 7 females, 3 cross-breds
and 21 different pure breeds with German shepherds (8) most often represented. Among 10 clinicaly healthy
controls ranging in age from 5 monthsto 11 years there were 4 males and 6 females, 4 mongrels and 6 pure breeds.

Three samples of faeces from each dog were collected for three subsequent days and directly examined. Serum
samples were taken from every patient and control dog and stored at atemperature of —20 °C till analysis. Faeces
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Tablel
Evaluation of clinical signstypical of EPI using the numbered scoring system and comparison with the results
of RED and serum TLI

| weight | Presence | frequency | pogency| volume | 9762, RED TLI
Nr. | appetite | "2 oohron | of o | of Feenes look of | flatulence)  tota rc(agrjr:;s (r@;rlrfs
EPl - POSTIVE  CASES
1 3 2 2 2 3 1 2 1 16 0 0.67
2 3 2 2 3 3 2 2 2 19 0 0.55
3 3 2 2 2 3 2 2 2 18 0 0.65
4 3 2 2 3 3 1 1 2 17 0 0.73
5 3 1 2 3 3 2 1 2 17 0 1.89
6 3 2 2 2 3 1 1 2 16 0 0.70
7 3 2 2 1 3 1 1 1 14 0 1.03
8 3 1 2 3 3 1 1 2 16 0 1.25
EPl - NEGATIVE  CASES
9. 3 1 2 3 1 1 1 2 14 0 6.99
10. 3 2 2 3 3 1 1 2 17 0 8.86
11. 2 1 1 3 3 1 1 1 13 0 15.00
12. 1 1 2 1 3 1 1 2 12 0 1141
13. 1 2 2 3 3 2 1 2 16 0.25 7.76
14. 3 2 2 2 3 2 1 2 17 0.50 6.62
15. 1 2 2 1 3 1 1 1 12 0.60 | 11.18
16. 2 2 2 1 3 1 1 1 13 0.70 | 10.15
17. 1 1 1 1 3 1 1 1 10 0.70 6.57
18. 2 1 2 1 3 1 1 2 13 0.70 9.80
19. 1 1 2 1 3 2 1 2 13 0.50 | 14.04
20. 1 2 2 3 3 1 1 1 14 0.65 | 22.60
21. 3 1 2 1 3 1 1 1 13 0.60 | 11.97
22. 3 2 2 1 3 1 1 2 15 0.70 | 11.20
23. 1 1 1 1 3 1 1 1 10 0.60 8.72
24. 3 1 2 1 3 1 1 2 14 0.70 | 17.62
HEALTHY  CONTROLS

25. 1 1 1 1 1 1 1 1 8 0.7 15.75
26. 1 1 1 1 1 1 1 1 8 0.5 15.49
27. 1 1 1 1 1 1 1 1 8 0.5 9.08
28. 1 1 1 1 1 1 1 1 8 0.5 13.51
29. 1 1 1 1 1 1 1 1 8 0.3 11.9

30. 1 1 1 1 1 1 1 1 8 0.75 | 15.96
31. 1 1 1 1 1 1 1 1 8 0.75 | 15.01
32. 1 1 1 1 1 1 1 1 8 0.7 14.05
33. 1 1 1 1 1 1 1 1 8 0.7 13.23
34. 1 1 1 1 1 1 1 1 8 0.7 10.13

Characteristicsignsof EPI wer eassessed by theowner s. Signswer escor ed in such away that themor etypical
the symptom of EPI, the higher the score.

appetite weight loss chronicdiarrhea frequency of defecation consistency of faeces
1=norma 1 =not present 1 =not present 1=lessthan 3timesaday 1=norma

2 = poor 2 = present 2 = present 2=morethan 8timesaday 2=watery

3 =excessive 3=3-8timesaday 3=pulpy, maldigested
volume of faeces greasy look of faeces flatulence

1=norma 1= not present 1= not present

2 = copious 2 = present 2 = present
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and serum sampleswere either sent for analysisby private veterinary practitioners or obtained from the patients of
the Small Animal Clinic, University of Veterinary and Pharmaceutical Sciences Brno. In every examined dog,
a gastroenterology history questionnaire has been completed by referring veterinarian or the author. Information
from the gastroenterological history questionnaires was evaluated regarding an occurrence of the clinical signs
most typical of EPI; itwaspresenceof chronicdiarrhoea, volume of thefaeces, frequency of defecation, consistency
of faeces, greasy look of faeces, weight loss, polyphagia and flatulence. Presence or absence of these signs was
assessed using the " numbered scoring system”, asisshown in Table 1. Summing up the pointsin each case we got
adefinitive number, which characterised the possibility of occurrence of EPI - the higher score the case achieved,
the higher was the probability of EPI. These datawere used for completing the diagnosis.
The specificity and sensitivity of RED was calculated.

Results

Using RED, 12 animals out of 24 examined dogs with chronic diarrhoea were EPI-
positive and 12 dogs EPI-negative. All 10 controlswere negative (Table 1).

Thediagnosis of EPI was confirmed by meansof TLI. EPI wasdiagnosed only in 8 dogs.
Theremaining 14 animal swith diarrhoeaand all 10 healthy controlswerenegative (Tablel).

The calculated sensitivity of RED was 100% and specificity 75%. Results of the
evaluation of clinical signs using the numbered scoring system are shown in Table 1.

Discussion

In the present study, TLI was used as a reference technique due to its exceptionally high
sensitivity (100%) and specificity (100%), as determined by Williams and Batt (1988).
There was a difference between RED and TLI resultsin 4 dogswith diarrhoea. These RED
resultswere considered asfal sely positive decreasing thusthe specificity of RED, whichwas
calculated to be 75%. The severity of clinical signsinthese4 patientswas variable; dogsNo
11 and 12 (Table 1) showed only few signstypical of EPI and both dogsimproved on adiet
based on asingle protein source. Theother two dogs, especially No 10, clinically correspond
to EPI quite well. Unfortunately, in these two cases it was not possible to proceed with
diagnostic work-up because the contact with the owners had been lost.

All the methods used for detecting faecal proteolytic activity including our variant of
RED have certain advantages - they are cheap, easy and quick to perform and can describethe
situation in the bowel with regard to the status of pancreatic proteases and their lytic activity.
However, all of them a so produce the samekind of errors. The cause of falsely positiveresults
can be binding of hydrolases of pancreatic origin on the intestinal surface glycocalyx
(Sandholm and Scott 1979; Williams and Batt 1988). Thiscan be excluded by dietary
supplementation with soybean test meal. Soybean contain plant lectins, which can effectively
release pancrestic proteases from the glycocal yx so that they are subsequently flushed into the
intestind content (Sandholm and Scott 1979). The lectins can protect pancreatic
hydrolases from proteolytic damage in the bowel aswell (Westermarck and Sandholm
1980). Unfortunately, it was not possible to use this soybean stimulation in all dubious cases
in our study, because of poor owner compliance. To avoid discrepancy among the results of
RED in our study, values obtained after the soybean stimulation were finally excluded.

Other possible reasons for falsely positive results of RED are low neurohumoral
stimulation of the pancreas (due to anorexia), lack of disposable proteins used for synthesis
of pancreatic enzymes, low concentration of enzymes in the lumen of the bowel due to
dilution (diarrhoea), prolonged persistence of the intestinal content in the bowel and
subsequent destruction of the enzymes, presence of small intestinal bacterial overgrowth or
intestinal parasitesetc. (Williams and Batt 1988; Spillmann 1996).

Thereis also a possihility of falsely negative results of RED; in theory some species of
enteric bacteria (e.g. Clostridiumspp.) may produce substantial quantities of peptidase with
a chymotrypsin-like substrate specificity (Williams and Batt 1988). Another cause can
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be oral enzyme substitution (Fischer and Muller 1994; Spillmann 1996), which
should be interrupted at least 3 days before taking samples. The risk of falsely negative
resultsis neglected after interruption of enzyme replacement therapy.

Eventhough theresults of TLI have aways been described asvery reliable, we could discuss
someexceptiona situationswith ahigh probability of falsely negativeresults. Thesemay include
theobstruction of thepancreaticduct (Williams andBatt 1988; Spillmann 1996), inherited
deficiency of intestinal enteropeptidase or pancrestic enzymes excluding trypsinogen (but these
Stuationshavenever beendescribedinthedog sofar) (Williams andBatt 1988; Spillmann
1996). The same appliesto EPI caused by chronic recurrent pancrestitis (Williams and Batt
1988) or acute pancrestitiswith high serum TLI and presenting asEPI (K eller 1990), EPI with
concurrent renal insufficiency without azotemia (Spillmann 1996), in cases of extreme
malnutrition (Hall and Hagemoser 1990) or feeding the dog shortly before taking the serum
sample (Williams and Batt 1988; Fischer and M till er 1994). Changesin dietary protein
content also have significant effect on serum TL I concentration, where higher content of protein
inthediet caused anelevationof TLI levels (Williams andBatt 1988; Carro andWilliams
1989). Increased levels of serum TLI in dogs were found after dexamethasone administration
(Lucena etal. 1999). Methods assessing the faecal proteolytic activity or bentiromide PABA
test would be probably more valuablein these rare Situations.

Our modification of RED thusrepresentsaquick, cheap and easy method that can exclude
the cases where the cause of chronic diarrhoeais not EPI. However, as some of these cases
can result as RED positive, it is necessary to confirm the positive RED results by means of
serum TLI determination.

Diagnostika exokrinni pankreatické insuficience u psa
metodou radialni enzymodifuze

Exokrinni pankreatickd insuficience (EPI) je zdvaZnou pficinou chronického prijmu
u psd, kterou je nutno spolehlivé vyloucit jesté pred provadénim endoskopického vySetfeni
stteva. Cilem prace bylo ovéfit diagnostickou vyuZitelnost radidlni enzymodifuze (RED)
jako jedné z metod zaloZenych na stanoveni proteolytické aktivity féces u psii. V préci je
popsédna modifikace RED, kde byl jako substrat pro pankreatické protedzy pouZit namisto
Ca-parakaseinitu vodny roztok suSeného mléka. Jako referencni metoda bylo pouZito
stanoveni imunoreaktivity trypsinu a trypsinogenu (TLI) s uvddénou 100% specifitou
i citlivosti. Metoda byla ovéfena u 24 psii pievazné s chronickym priijmem, a to u riiznych
plemen s pfevahou némeckych ovcaki. Jako kontrola slouZilo 10 klinicky zdravych psi.
U kazdého psa byly vySetfeny 3 vzorky trusu. Soucasné bylo u vSech pst vySetfeno krevni
sérum pomoci TLI. Byla vypoctena 100% citlivost a 75% specifita RED. Jsou diskutovany
mozné prfiCiny faleSn€ pozitivnich a faleSné negativnich vysledkt RED a TLI. Radiilni
enzymodifuze se osvédcila jako rychld, levna a snadno proveditelnd metoda vhodnd ke
spolehlivému vylouceni téch pifipadd chronického prjmu, kde pfi¢inou neni EPI.
S ohledem na niZ§{ specifitu je vS§ak nutno pozitivni vysledky RED potvrdit pomoci TLI.
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