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In recent years, electrophoretical studies of proteins in gastrointestinal juices 
have attracted increasing interest. Saliva was studied, mainly in relation to dental 
problems 1--7 ; gastric juice in relation to the intrinsic factors-lo or physiological and 
pathological problems ]2-21; bileZ4p 25, especially in relation to bile stone formation 22y 23 
and the pancreatic juice of animals 2~~0 for its protein composition and enzyme dis- 
tribution. Separation of the fractions by means of paper electrophoresis was described 
in the papers 1, 2, 9,12, 13, 15, li--20, 22--26, 29, 30. Technical difficulties proved to be of 

major importance, therefore, the results of many investigations were incomparable, 
or contradictory as far as numbers, significance and the quantitative ratio of the pro- 
tein fractions were concerned. Thus it is hardly possible as yet to describe the “normal 
pictures”. With few exceptions (e.g. 21), changes under pathological conditions have 
received little attention. Comparative studies on human material are practically 
lacking. 

This paper deals with the results of more than 5000 paper electrophoresis dia- 
grams of human gastrointestinal juices. We tried to find the optimal conditions for 
the separation of the fractions. A number of detection methods were developed and 
compared with various existing techniques. The discussion of the results will be 
restricted mainly to the qualitative aspects of the diagrams. 

NATERIAL AND METHODS 

The choice of methods was restricted to such simple procedures as could eventu- 
ally be used for clinical routine purposes. 

Collection of samples 

Fresh samples, obtained at room temperature, were compared with those col- 
lected in ice. We collected whole saliva under various conditions; gastric juice with 
and without stimulation, carefully avoiding contamination with saliva; bile from 
postoperative fistulas only, from the gall-bladder only by puncture of the gall-bladder 
during surgery; pancreatic juice from postoperative fistulas only, and from extracts 
of fresh pancreas. The material was always filtered or centrifuged. 

Concentration 

This was done in small cellophane tubing (Dialysier Schlauch, Kalle 8r Co, Wies- 
baden-Biebrich), against 25 76 solutions of carboxymethyl cellulose or polyvinyl pyr- 
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rolidone, in the refrigerator at 4’, mostly during 48 to 72 h. A number of samples 
were freeze-dried and before use, they were made up to solutions of suitable concen- 
tration. When labelled with radio iodine, concentration was unnecessary, and the 
juices could be used directly or after dilution. 

Electrophoresis 

This was performed in horizontal strip cabinets, carrying IO strips pro run. Strips 
of 24 x 4 cm were used at 180 V, resulting in a potential gradient of about 7.5 V/cm. 
The time for electrophoresis was z to 4 h. This proved to be sufficient in practically 
all cases. 

Buffer solutions used were: barbital buffer PH 8.6 and ionic strength 0.06, or 
borate buffer PH 9.0 and ionic strength 0.12 as suggested by GLASS et akzl. Filterpaper: 
Whatman No. I and 3, and Nagell & Macherey i%o. F 214 papers, the latter of which 
had relatively large pores. 

Staining procedures 

Proteins were stained either with azocarmine or with amido black. The latter 
was preferred, giving more distinct patterns. 

Carbohydrate stain. The periodic acid stain of Koi’w AND GR~~NWAI_L~~ was used, 
as modified by LAURELL AND SKOOG~~. 

Lipids and lifioproteins were stained with the common Sudan Black B stain of 
Swahn. For bilirubin a spray with diazo reagent was developedZ2. 

For bile acids we developed a stain with vanillin-phosphoric acidz2. 
Amylase may be detected directly on the paper strips in the following way. After 

completing the run, the wet filterpaper strips are placed horizontally and allowed 
to dry at 37’. They are then sprayed lightly and evenly with an amylum solution 
containing 2 mg/ml, kept for about IO min at 37’ and subsequently sprayed with an 
iodine solution of 0.05 N. The strip stains dark blueish. A white band marks the place 
were the amylum was digested by amylase. The width of the band depends partly 
upon the time given for digestion. By shortening this time if the band is too board, 
a narrow band may be obtained, allowing accurate location of amylase in relation 
to other constituents. After marking the place of the amylase band with a pencil, the 
diagram may be used in the ordinary way for protein stain, The method is sensitive. 
Application of 3 U amylase (Wohlgemuth) to the filterpaper suffices for a positive 
result (Fig. 3 d). 

Lipase activity may be detected in a way, similar to amylase. The wet paper 
strips are dried horizontally at room temperature. They are then dipped in a 0.1:; 
solution of olive oil in petroleum ether (b.p. 60-80”) and dried at room temperature. 
After allowing about 30 min for digestion, the diagrams are stained with Swahn’s 
lipid stain. A light band in the blueish strip marks the place of lipase activity (Fig. 3 e). 
The limit of sensitivity lays at 0.45 U lipase on the strip. 

Proteolytic actzvity. A suitable method for direct detection on the strip could 
not be developed. Various procedures were not sufficiently sensitive. 

Labelling of proteins with Is11 

Active iodine is prepared by oxidation of iodide with iodate, using the procedure 
of VEALL et aZ.33 as modified by Foss 33 for use in cerebrospinal fluid. 
R‘@W~ces p. qj 
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Reagents. So. I : I “A human albumin in barbital or borate buffer. No. z : Carrier- 
free Na1311, obtained from “Isotopen Lab. Philips-Roxane” Amsterdam. No. 3: 
I::, KI solution in aqua dest. No. 4: I”; KIO,, solution in aq. dest. No. 5 : 0.2 A’ HCI. 
So. 6: 9”,, NaCl solution in aq. dest. No. 7: 0.1 X Na,S,O, solution. 

Directly before labelling proteins, a solution with free I311 is prepared by mixing 
0.7 ml No. 2, 0.1 ml No. 6,o.o1 ml No. 3 and 0.025 ml So. 4 whereafter 0.05 ml reagent 
No. 5 is added and after mixing, the solution is allowed to stand for 5 min. The pro- 
tein solutions to be labelled are brought to a pH value between 8 and IO. The best 
results were obtained by titrating with 0.1 A’NaOH to pH 8.5. This step is essential. 
0.1 ml of the protein solution is then mixed with 0.1 ml of the freshly prepared L311 
solution and kept at room temperature for j min. The escess of 1311 is bound by adding 
0.05 ml reagent No. 7 and mixing. From this final solution 0.01 to 0.04 ml are applied 
on the filter paper strips, the volume depending mainly upon the protein concentra- 
tion of the solution to be analysed. From various methods of iodinations5, the ontl 
described here gave the hcst results with gastrointestinal juices. The results were well 
reproducible. 

Variation of virtually every experimental condition tinally led to 4 different 
methods, the results of which will be shown. 

Method I. Routine method as used for serum electrophoresis, adapted for gastro- 
intestinal juices. The juices had to be strongly concentrated (often 50 to roe times). 
Whatman No. I cr 3 was used as filterpaper. Electrophoresis was performed in bar- 
bital buffer as described. The strips were stained with amido black or azocarminc. 

Method 2. The procedure of GLASS et al. 21 was followed exactly. However, we used 
cabinets for horizontal strips and for practical reasons the time of electrophoresis was 

4 h. 
Method 3. The juices were used directly without concentration. They were Ia 

belled with radio-iodine as freshly as possible. With this method diagrams could bc 
made with only 3-j pug of protein. Electrophoresis was carried out on Whatmann 
No. I filterpaper, the paper was dipped in buffer solution with I”,, human albumin 
in order to avoid adsorption of labelled proteins on the filter paper. Barbital buffer 
of pH 8.6 was used. The air-dried diagrams were used to ma!te radio autograms. 

,Vethod 4. The juice was unconcentrated but otherwise the cond.itions were those 
given by GLASS et aLzl (preliminary dialysis, buffer of pH 9.0, etc.). The proteins were 
labelled with radio-iodine as described above. 

Saliva 
KESCLTS ASD DISCI:SSIOS 

The diagrams obtained with whole saliva from normal adults are shown in Fig. I. 
With Method I, poor diagrams were obtained. The material at the base line is 

mainly visible mucus. Two or three fractions are noted. Method z (GLASS) gave a 
much better separation and five fractions are visible. Method 3, using fresh, uncon 
centrated saliva, labelled with radio-iodine, gave results superior to those obtained 
with the other methods. Nine fractions are generally found, besides smaller disconti- 
nuities in the densitometric readings, that might originate from subfractions. The 3 
fractions under z (Fig. IC) are rather variable. The fractions I, 3, 4 and 5 are much 
more stable. Fraction 6 is missing in various samples. Some of the fractions under 2, 
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and also fraction 6 are lost after preliminary dialysis of the saliva sample. They might 
be dialysable polypeptides. This fact, together with denaturation at higher pH values 
may explain the poor results with Method 4. Method 3 was used exclusively in our 
further studies. 

Technical notes. No differences could be found between samples kept in ice and 
those kept at room temperature, even for 24 h. Frozen samples at pH 8.5 could be 
stored at least a fortnight without detectable deterioration. For Methods I and 2, 
freeze-dried samples gave better results than those concentrated with the aid 
of strong colloid solutions. Filterpaper having larger pores gave slightly better 
results than \Vhatmann No. I, but the loose structure presented more difficulty at 
staining. 

No quantitative conclusions may be drawn from the diagrams of Fig. I c, because 
the density of the bands not only depends upon the protein concentration but also 
upon the tyrosine (and histidine) content of the protein fractions, because iodination 
takes place mainly at these sites. The dotting at the base line is mainly due to dust 
particles, loaded with radio active iodide and difficult to avoid. 

a b C d 

Method I 
(serum 
routine) 

Method 2 
(GLASS) 

Method 3 Method 4 
(radio-iodine 

labelled 
pH 8.6) 

With carbohydrate stain, 3 fractions are revealed. The one at the base line repre- 
sents the visible mucus; the sec,snd one coincides with the place where the amylase 
activity is concentrated (Fig. 3d). 

Finally it was noted that increasing concentration of the saliva sample gave a 
decrease in the number of bands. At high concentration, only two fractions were 
seen. This suggests the association of the protein molecules. 

Plzysiological and pathological data. Although absolute quantitities of the various 
components could not be studied, changes in the concentrations under various condi- 
tions may be followed if the technique is standardised. The relation between the 
various constituents may be measured as relative densities of the bands. These may 
be translated into relative protein concentrations as soon as the binding capacity 
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for 1311 of each component is known. With method 3, in this way 15 samples of whole 
saliva of normal adults were measured. The samples were taken about 2 h after break- 
fast. They are compared with the results of 4 samples, collected in the early morning 
after IO h fasting. Another 6 samples were studied, that were obtained after stimula- 
tion (chewing on some quartz sand). The results are given in Table I. 

-.. -__ ______I.- ., .._____. .__.__.~ ~~~~ __ .__--_._____~~ 
Fraction No. I 2 3 4 5 

_._ _._-____ _ ___._..._.__._ ~_~__ 
Mean of I5 “fasting” saliva samples 35 ZI II 25 8 rel. 7; 
Standard deviation 5.3 3.2 2.1 j.1 4.0 
Early morning saliva samples. Mean of 4 rg 26 II 35 10 rel. 9’ 
“Rinsing” saliva, mean of 6 samples 38 20 II 23 8 ;P rel. io 

Fraction o (Fig. I c) was disregarded in the measurements owing to the distur- 
bances at the base line. In some instances (5 times in zj samples) 2 of the fractions 
were not adequately separated and were taken together. From Table I it is clear that 
the protein fractions of saliva are not as stable as those of the blood serum. Standard 
deviations are much greater than those found with serum proteins in comparable 
solution, by the same method. ~~Ithough the numbers are still small, the results 
strongly suggest that “fasting saliva” during the day has a constitution that closely 

a b C d 

Method I 
(serum 

routine) 

Method L Method 3 Method 4 
(GLASS) (radio-iodine 

pfl 8.6) 

Fig. 2. Gastric juice. 

resembles that of the “rinsing” saliva and differs significantly from the “resting” saliva 
taken early in the morning before breakfast, and before talking or other activities. 
This is especially clear for the fractions I and 4. 

The study of the pathology of saliva proteins is at an elementary stage. We noted 
changes in the proportion of the 5 main fractions, the appearance of extra bands and 
of split bands in cases of stomatitis, acute pancreatitis, hepatitis, obstructive jaundice 
Refemm~ p. 4.5 
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and pernicious anaemia. Much work has yet to be done before definite conclusions 
may be drawn. 

Gastric juice 

The data in this paper are restricted to normal fasting gastric juices. Diagrams, 
obtained with the 4 methods are given in Fig. 2. 

Method I, with strongly concentrated gastric juice, gives blurred broad bands, 
showing 3 to 5 fractions. In our hands, Method 2 did not give as good results as those 
obtained by GLASS himself, although the diagrams were much better than those of 
Method I. Association of proteins at higher concentration, as had already been 
noticed in saliva, was obvious in both Method I and 2. Method 3 again gave the best 
separation and was less time consuming. Special care must be taken to bring the juice 
at PH 8.5 directly before iodination. This must be done with 0.1 LVNaOH. 8 to II 

fractions can be distinguished in most of the diagrams. A very small portion of the 
material moves towards the anod, as has already been noted by GLASS. This quantity 
is too small to be seen in the reproduction of the diagram in Fig. z c. Method 4 gave 
disappointing results and was abandoned. 

Technical notes. Contamination of the gastric juice with saliva interferes greatly 
with the results and had to be avoided by draining the saliva, e.g. by dental tampons. 

a b C d e 

Method I Method L Method 3 Amy&e Lipase 
detection detection 

Fig. 3. Pancreatic juice. 

The most important observation seems to be that concentration of the gastric 
juice results in a decrease of the number of bands that may be found, which intimates 
the association of proteins. This drawback is avoided by Method 3, as the labelling 
of proteins with radio-iodine allows very small quantities of proteins to be separated. 
Thus, a protein concentration of about 25 mg% is sufficient. 

With the carbohydrate stain, 2 to 3 fractions are found, one at the base line with 
the appearance of coagulated mucus and one at the place of fraction 2 (Fig. z c). Often 
a third fraction is present with somewhat higher mobility. 

The lipid stain gives negative results. Peptic activity was found to be strongest 
in the faster moving fractions. 
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Bile 
The diagrams of bile samples differ essentially from those obtained with saliva 

and gastric or pancreatic juice. The results were reported in separate communica- 
tions 22, 2j. 

Pancreatic juice 

A number of samples of human pancreatic juice from two patients with pan- 
creas fistulas were studied. Comparative results with various methods are given 
in Fig. 3. 

With Method I, in unconcentrated samples 5 very faint bands are barely visible. 
Concentration up to z(;& p roteins shows diagrams with 3 bsnds. Stronger concentra- 
tions, up to I0 Sd or even 2596, give diagrams with only 2 strongly stained broad 
bands, once more giving evidence of protein association. Method 2 lacks the ability 
of adequately fractionating, apparently as a result of the above mentioned protein 
association. With Method 3, in strongly diluted solution (the juice was diluted with 
I or 2 vol. water), good resolution is found and 7 fractions are seen. Diagrams 3d and 
3e show the results of the detection methods for amylase and lipase. The main pro- 
teolytic activity is found before the lipase activity. The mucus component at the base 
line is practically missing in the pancreatic juice. The carbohydrate stain is much 
weaker than in the saliva and gastric juice diagrams. Only in concentrates of ~5”~~ 
total salutes is a faint positive stain obtained. The lipid stain is negative. 

Physiological ddz. The dry weight of 23 portions of human pancreatic fistula 
juice varied between 0.75 and 1.57 g”/o with a mean value of 1.30 glk. No constant 
difference between day and night portions was found. However, amylase production 
during the day was somewhIt higher than during the night. In 23 portions it was 
found to lie between 3072 and 12288 U (WOHLGE>IV~H). The lipase content was T-q 
inconstant, varying between 0.9 and 28 U. 

The total protein contents in 19 portions varied between 35 and 220 mg”,,, with 
a m?an ~r~lue of 130 rngob (by nephelometry and the micro-Kjeldahl method). 

C,onditions were studied for the optimal routine separation of the proteins in 
saliva, gastric juice, bile and pancreatic juice by paper clectrophoresis. From an 
experiment with more than 5000 electrophoresis diagrams, a method was developed 
(Method 3), using \-cry small samples of fresh unconcentrated or even diluted juices, 
in which the proteins were labelled with 1:nI before paper electrophorcsis. A quantity 
of 3 to 5 ,LL~ proteins is sufficient for each separation. The method is described in 
detail. Results are shown in saliva, gastric juice and pancreatic juice. 9, II and 7 
fractions respectively, were generally found. Comprzrison with methods in which the 
juices have to be concentrated considerably suggest strongly that such high concen- 
tration may give rise to the association of the protein molecules, thus invalidating 
more or less the results of the separation. 

After having worked out a standard method, patterns were obtained that were 
sufficiently constant to give “normal values”. This is demonstrated for saliva. How- 
ever, split bands, small subfractions and small extra bands frequently appeared. The 
significance of such changes is not yet clearly understood. 
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The protein patterns of saliva, gastric and pancreatic juice have much in com- 
mon. The mucus and mucoid substances are richest in the juices that come into con- 
tact with solid foodstuffs, suggesting that they have a mechanical function. 
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