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INTRODUCTION

Trypsin, the proteolytic enzyme derived from pancreatic 

tissue, has long been a common agent used in tissue culture 

work« It is used to separate cells, either: 1» from intact 

animal tissue for primary explants or 2 » from the bottom of 
culture flasks for further investigation, In fact, many workers 

use trypsin for both procedures and its use could easily be 

called widespread in the tissue culture field.

While trying to improve the method of separating cells 

from intact tissue for primary explants as mentioned above and 

using cellular respiration as an indication of viability, we 

observed that the respiration of trypsin treated cells was 

consistently higher than the respiration of our controls. The 

tissue we were using was rat kidney. The controls were merely 

slices of tissue from the second half of the same kidney which 

had not been exposed to trypsin,, This observation and because 

of the widespread use of trypsin in tissue culture work led us 

to study the effect of trypsin on the respiration of tissues,

A survey of the literature pertaining to the use of 

trypsin in tissue culture showed us that apparently no one had 

previously observed this stimulation of respiration by trypsin. 

In the literature, however, we did find some work which may be 

related to our findings, Anderson (1) in attempting to isolate
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liver cells, perfused the organ in vivo with the chelating agents 

citrate, versene (E.D.T.A.), A.T.P. and pyrophosphate. He then 

ground the tissue with a loose pestle and filtered the suspension 

through silk. Laws and Stickland (2) prepared liver cells in this 

manner and stated that there was no endogenous respiration. They 

did, however, note that the cells had succinoxidase activity 

greater than that of untreated liver slices. Kalant and Young (3) 

prepared kidney and liver cells by the method of Anderson and also 

found no endogenous respiration, however respiration could be 

restored by the addition of succinate. Perfusion of the liver with 

saline did not affect respiration of the slices, with succinate, 

but perfusion with citrate increased it.

Kaltenback (4) prepared liver cells by forcing the tissue 

through graded screens and stated that respiration of intact cells 

could be measured in isotonic NaCl or sucrose. Zimmerman, Devlin 

and Pruss (5) reported that liver or kidney cells prepared by 

mechanical disruption of the tissue showed a negligible endogenous 

respiration. Respiration was restored by addition of succinate. 

These observations agree with those of Branster and Morton (6) 
who found that washing dispersed cells decreasing respiratibn, but 

cell respiration could be partially restored by adding back wash 

solution.

Swingle, Axelrod, and Elvehjim (7) report that respiration
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can be changed by introducing calcium. Succinoxidase activity of 

tissue was increased by addition of calcium chloride if the calcium 

was added before succinate, however respiration was not stimulated 

when the calcium was added after succinate.
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STATEMENT OF PROBLEM

In view of our original observations and the aforementioned 

literature, our problems then appeared to be;

1. Is trypsin actually stimulating tissue 
respiration?

2« Is the stimulation, if any, due to some 
contaminant in the trypsin which we were 
using (Nutritional Biochemicals 1:300)?

3. Is the trypsin molecule itself stimulating 
respiration?

4o Is the stimulation, if any, due to some 
effect of the trypsin such as an increase 
of membrane permeability?

5. Is there a possible optimal condition for 
obtaining respiratory stimulation?

6. Is the stimulating effect found in all 
tissues?

7. What is the mechanism of action for the 
stimulation of respiration?

In attempting to determine the answers to the above 

questions, we outlined the problem as shown on the following

page:



I. Determination of respiration with addition of Nutritional 
Biochemicals 1:300 trypsin.

II. Is the effect due to trypsin, contaminant or physical effect?

A. Purified trypsin, inhibitor and major 
contaminants

1. Crystalline trypsin (Armour Tryptar)

2. 2X Crystalline (Nutritional Biochemicals)

3. Boiled trypsin 

4« Dialyzed trypsin

a. Dialysate

b. Residue

5. Trypsin and trypsin inhibitor (soybean)

6 . Lipase

B. Is the effect due to a physical increase of area 
available for respiration because of cell 
separation?

1. E.D.T.A, (Versene)

2. Collagenase 

3« Citrate

C. Is the effect due to release of ammonia from 
protein breakdown by trypsin?

III. What are optimal conditions for obtaining effect?

A. Saline

1. pg4
2. HC03

5
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B. pH

1o pH 6.6, 6 .8 , 7.0, 7.2, 7.4
C. Concentration of trypsin 

1. Optimal concentration?

D. Sex of animal

E. Age of animal

IV. Is the effect only on kidney tissue?

A. Other tissues (liver, etc.)

V. What is the mechanism of action?

A, Is it due to chelating ability of trypsin? 

1. See above (II B - 1,2,3)

2 Remove Ca from Warburg solution
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MATERIALS AND METHODS

The tissue primarily used was rat kidney tissue. This 

tissue was obtained from white rats on a normal rat diet. As we 

needed tissue, we merely decapitated an unanesthetized rat, quickly 

opened it, removed the kidneys and placed than in tris-buffered 

saline (see table #1). The kidney capsules were removed and 

discarded. The kidney was sliced in two, along the long axis 

through the calyces which were also removed and discarded. The 

Stadie tissue slicer was used to slice the kdiney into slices of 

uniform thickness (0.5 mm). These slices were again cut into smaller 

N pieces and washed three times in the tris-saline. These pieces 

were blotted on filter paper and weighed on a Roller-Smith balance 

in lots of about 100 mg. The weighed pieces were immediately 

placed into 7 ml. Warburg reaction vessels which had been previously 

prepared (center well rimmed with Aquaphor (lanolin) and pleated 

filter paper squares placed into it to increase surface area).

The control vessel had been filled with 2.2 ml.of the previously 

mentioned tris-saline, the experimental vessels had . 2 ml. of 0.257. 
trypsin (or a similar amount of whichever material was being in

vestigated for stimulation of tissue respiration) in addition to 

2.0 ml. tris-saline to bring the total volume to 2.2 ml. The 

trypsin (etc.) was placed either directly into the reaction vessel, 

or into the side-arm for dumping during the course of the experi

ment. Every vessel also had .2 ml. 207. KOH in the center well to
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absorb CC^® The vessels were then placed on their manometers and 

placed in a constant temperature water bath (37° C). After a 

fifteen minute incubation period in the water bath, the manometers 

were closed and respiration was determined by the Direct Method of 

Warburg (8 ). The respiration as mentioned above, was determined on 

the Warburg constant volume respirometer with 7 ml® reaction 

vessels. The flasks were calibrated for K02 with mercury as 
described in Manometric Techniques (9). Eleven flasks were usually 

used, employing 3-thermobarometers at positions one, six and eleven, 

four flasks were experimental and were at positions two, four, seven 

and nine. The remaining four flasks served as controls at positions 

three, five, eight and ten. This order was used exclusively in all 

runs except for exchange of positions between experimentáis and 

controls giving an even distribution of all flasks.

Readings were taken at 30 minute intervals for one to two 

hours depending upon the speed of the reaction. These readings 

are expressed as uM O2 uptake per gram wet weight after correcting 
for flask constants and thermobarometer readings (10).
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RESULTS

Tissue slices obtained from freshly decapitated unanes

thetized rats were washed in a tris-buffered saline solution 

(Table I) and placed in a Warburg Constant Volume Respirometer« 

Respiration was then determined by the direct method with KOH in 

the center well« Increase of respiration of the experimental 

groups over the control groups was recorded.

As stated in the introduction, we originally noted an 

increase in respiration of cells which had been separated from 

kidney tissue by the use of trypsin« Since our controls, which 

were kidney slices, showed a respiration of .15 uM Og/ mg. dry wt*/hr 

and our experimentáis showed a respiration of .51 uM C^/mg. dry wt./hr 

this increase was in the order of 3-4 times.

At the same time, we ran glycolysis by determining increase 

in Lactic Acid (14) production under N2 atmosphere. With an increase 

of cellular respiration, we found a decrease in glycolysis (11) in 
the order of .050 uM Lactate/mg. dry wt./hr. Our figures for 

of the slice were: .144 uM Lactate/mg. dry wt./hr and forLA

*Dry weight was used in our initial experiments, but we later 
switched to wet weight when we found as good a correlation using 
the latter method.
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suspension of cells: »095 uM Lactate/mg. dry wt./hr.

Dispersing the tissue was not expected to be necessary to 

show the effect of trypsin, so we merely used kidney slices with 

trypsin added to it as the experimental and plain slices as 

controls.

Setting an arbitrary figure for the concentration of our 

trypsin solution which was similar to that used in trypsinization 

for tissue culture (.257. final concentration), we repeated the 

initial experiments using slices as stated above. This time, we 

also obtained a stimulation. Our values were: 0^53 uM O^/mg. dry 

wt./hr. for the trypsin treated slices versus &24 uM C^/mg. dry wt»/ 

hr. for the controls. Having done this repeatedly we were satisfied 

that we could obtain the “trypsin effect* without resorting to making 

a suspension of cells each time. Henceforth we used only slices in 

experimental and control vessels.

We then began to ascertain the optimal condition for the 

•trypsin effect". We wished to measure Qq  ̂by the Direct Method of 

Warburg because of its simplicity. We did not know if the absence 

of CC>2 affected the reaction. We were able to measure respi-ration 

by the Direct Method in the presence of CO2 by using Pardee’s 
solution (Table II) in the center well (in lieu of KOH) which merely 

creates an equilibrium of CO2 (12) in the media with CO2 in the 
atmosphere. We determined Qq 2 po4 and HCO3. The "trypsin effect"
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was the same in both determinations» For both PO^ and HCO^ the 

increase was 5 uM C^/gm. wet wt./hr., indicating to us that CO2 
was not necessary for the reaction» This allowed us to use the 

simpler Direct Method with KOH in the center well rather than the 

Indirecta: Differential Methods (8)»

We next determined the pH at which trypsin would give us 

a maximal effect. The pH of our original solutions had arbitrarily 

been set at about 7.0, which corresponded to our working trypsin» We 

made up solutions of pH 6,6, 7,0, 7.4, and 7,8 and using these, found 
a relationship between pH and respiration (Table III) with maximal 

respiration between pH 7.0 and pH 7.4»

All of the above findings were determined with a concentration 

of .257. 1:300 trypsin (Nutritional Biochemicals). This was 27.7 mg7. 

when added to the reaction vessel. Not knowing whether the "trypsin 

effect" was dependent upon“ trypsin concentration, we tried 17 mg.7. 

and 34 mg.7. which would give us an indicator on either side of 27.7 mg.7.. 

There was slight increase with 34 mg.7. but it was not significant.

We continued using 25 mg.7. trypsin.

Having roughly determined the proper saline (PO^ buffered 

or HCO3 buffered), pH and trypsin concentration for our effect, we 
then tried to determine whether our "effect" was actually being 

caused by trypsin. The other possibilities being:
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1« The possibility of some contaminant causing 
the "effect"

2. The physical effect of increasing surface area
available for respiration by separating the cells.

To eliminate the possibility of a contaminant, we first 

added the major contaminant of our trypsin, that is lipase, and got 

no stimulation from it. (Table IV) We then tried to boil the 

trypsin to inactivate it and found no stimulation using the boiled 

trypsin. Finally, we used Tryptar, a crystalline trypsin, and 

obtained a stimulation. (Table V). We therefore concluded that 

trypsin was the cause of the stimulation of respiration.

That trypsin was not stimulating respiration by increasing 

the area available for respiration by separating individual cells 

from a large mass of cells was determined by treating the tissues 

with solutions of E.D.T.A., Citrate, (1) and collagenase (13) which, 

as mentioned in the introduction, have the ability to separate cells. 

Neither of these solutions elevated respiration significantly above 

the control (Table VI). This was particularly true of collagenase.

At this time, we noticed that we were not getting as great 

a stimulation of respiration as we had originally gotten even on 

repetition of the original experiments. Reviewing our methods and 

materials, we could find only one difference from our original 

method. The rats we were using were much larger and older than the 

ones used for the original observation* We therefore suspected that
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the age of the rat used was a factor in our results and so we 

obtained young rats and compared the respiration of their kidneys 

plus trypsin with the respiration of the kidneys (plus trypsin) 

of old ratSo The results proved our suspicions to be correct, 

for the respiration of the young rat kidney tissue was stimulated 

10 uM 02/gm. wet wt./hr. as to no stimulation for the old rat 
kidney tissue«, (Table VII).

Heretofore we had been working exclusively with rat kidney 

slices and therefore we began to wonder if this effect was specific 

for kidney«, Accordingly, we ran rat liver, rabbit W.B.C. and a 

tissue culture line (derived from Bovine Kidney) for "trypsin 

effect" and found a stimulation for both types of cells, 11«1 
versus 13.3 for rabbit W.B.C. and 17.9 versus 19.7 for rat liver. 

The cell line, however, showed no stimulation, 4.6 versus 4.4 

(Table VIII).

We were able to obtain a series of tumors of human origin. 

These tumors were diagnosed as Adenocarcinoma of the caecum,

Pleural tumor, Adenosquamouscarcinotna of the cervix and a bladder 

tumor. The average respiration for the controls in this series 

5.5 uM 02/gm. wet wt./hr. and that of the trypsin treated being 
5.1 uM 02/gm. wet wt./hr. (Table IX) showing no stimulation but
rather an inhibition
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DISCUSSION

Viewing the data which we have obtained, one is sorely 

tempted to start speculating as to possible explanations of the 

phenomena whether in support of or denying their validity»

Perhaps one of the first objections raised would be the 

observation that by treating a tissue with trypsin we cause a 

breakdown of that tissue from one piece into many pieces and that 

this physical breakdown would increase the surface area available 

for respiration. This consequent increase in area could possibly 

give us an increase in respiration by facilitating diffusion of C>2 
into and CG2 out of the cells. With this possibility in mind, we 

treated our tissues with other agents which we knew to have the 

same physical effect (tissue breakdown and cell separation) as 

trypsin and found possibly an increase in respiration on one hand 

(E.D.T.A. and Citrate) and a decrease on the other (Collagenase)

(Table VI). These results left us with some doubt, but we dispelled 

this doubt by testing the influence of trypsin on rabbit White Blood 

Cells which since they were in their smallest integral unit initially, 

would have a maximum of respiratory surface from the onset. As 

mentioned in the previous section, the respiration of W.B.C.’s 

increased after being exposed to trypsin. This we feel surely rules 

out the surface area explanation of our effect. If we cannot explain 

the phenomena simply, as above, what then is the explanation? The
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work which has been done to date by us does not tell us, but 

perhaps it can give us some clues» All of the agents used to 

stimulate respiration are chelating agents or react with calcium. 

This would lead us to investigate the possibility of trypsin tying 

up some ion or ions, such as calcium, either in the membrane or 

in the media. One of the theories of cellular membranes shows a 

Ca-protein complex as an integral part of the membrane (14), these 

agents may be pulling this Ca-protein plug out of the cellular wall 

thereby increasing the permeability of the wall and as a consequence 

stimulating respiration. Another possibility presented by chelat

ing agents is the altering of the ratio of ions, and thereby 

effecting reactions which might be catalyzed by such ions. The 

above possibilities, however, are merely speculations and possible 

lines of further work on this project.

Since we were initially using a trypsin preparation that 

was quite crude, we thought that we should determine whether our 

effect was actually being caused by trypsin, or whether it could 

be attributed to a contaminant of the original preparation or a 

by-product of the reaction. To ascertain this, we ran a series 

of experiments using lipase, the major contaminant of crude trypsin 

and observed no stimulation of respiration, we boiled trypsin to 

inactivate it and received no stimulation and finally we obtained 

crystalline trypsin and this did give us an increase of respiration.
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One of the by-products of proteolysis is NH^ and \<*e 

considered it a possible factor in stimulation of respiration®

To eliminate this possibility from consideration, we put 207» HC1 

in the side arm of the reaction vessel, to absorb all NH^ released, 

and got no change in our degree of stimulation which excluded this 

possibility« With these observations behind us, we felt sure that 

trypsin was the cause of our respiration increase. The mechanism 

we still do not know.

As in most cases when a tissue has a high respiration, we 

found decreased lactic acid production which we use as a measure of 

glycolysis, perhaps this is not significant, but at least our 

stimulation seems to be following a normal pattern of abnormality.

As stated in the previous section, we have done quite a bit 

of work on the optimal conditions to obtain our effect including 

the buffer necessary and pH* of concentration of trypsin. We also 

eliminated the possibility of sex differences and found an interest

ing difference between young and old animals as manifested by 

decrease in "trypsin effect" with increase of age. This factor 

alone,I think, opens up an area of study on the effect of aging 

on cells.

Having used several other tissues, we are fairly certain 

that our effect is not found only in kidney tissue and this line 

may have opened the door to a non-histologicai assay for malignant
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tissues in that the small amount of work we have done so far, 

shows a definite difference between the "trypsin effect" on 

normal and malignant tissue*
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CONCLUSIONS

Trypsin apparently stimulates respiration of normal 

young tissue slices. No stimulation is found with malignant 

tissue growths or with tissue obtained from older animals.

The conditions which provide maximal stimulation using 

1-300 trypsin (Nutritional Biochemicals) are pH from 7.0 to 7.A 

in a PO^ buffer, using a concentration of 3A mg.% trypsin.

We have not determined where or how the stimulation 

takes place.

Note: We made some comparisons of respiration levels in the 

paper which may not be valid because of the effect of 

age on our respiration. Since we did not discover this 

effect until late in the research, we did not have the 

time to rerun all previous observations using animals of

known age
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SUMMARY

The respiration of rat kidney tissue and several other 

tissues including some human tumor tissue was studied while 

under the influence of trypsin. Respiration was determined by 

the Direct Method of Warburg. Normal tissues derived from rat 

and rabbit exhibited an increase in respiration when in the 

presence of trypsin. The one cell strain and the tumor tissues 

studied showed an inhibition of respiration.

Optimal conditions for the "trypsin effect" were deter

mined and it was noted that the mechanism of action may be 

related to a chelating ability of trypsin.



TABLE I

TRIS-BUFFERED SALINE FOR WARBURG

1. Into 1,000 ml. flask add:
Water (H2O) . . . . . . . . .  ..a...e«.ooo...o... 500 ml*
Sodium Chloride (NaCl) ***.*0.00****«*»** 6*90 gm*
Potassium Chloride (KC1) ........... 0.29 gm.
Magnesium Sulfate (MgSO^IH^O) ......... 0.21 gm.
iris 0 0 « . . . . . . . . . o o o . o . . o . o . . . o . « . . . o . o o  2.40 gm.

Check pH of above, should be 7.0 to 7.2o

2. Into a 50 ml. flask add:
Water (H2O) ............................ 50ml.
Calcium Chloride (CaC1^ o . * . . o . o o .  0*10 g m •

3. Into 300 ml. flask add:
Water (H^O} o o . . * . . . . . . . » . . . . . . o . . o . o . « .  300 ml o
Sodium Phosphate Monobasic ............. 0.05 gm.

(NaH2P04)
4. Into 100 mlo flask add:

Sodium Bicarbonate (NaHCO^) ............. 0.15 gm.
Water (H2O) .............oo............. 100 ml•

To mix the above:
A. Add #2 to #1.
B. Mix #3 and #4.
C. Add mixture above (#B) to above #A.
D. Bring volume to 1,000 ml. with H2O.

Check pH, should be 7.0 to 7.2
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TABLE II

PARDEE•S SOLUTION

Pardee’s Solution is for maintaining C09 equilibrium in the 
atmosphere of the reaction vessels0

1. Diethanolamine 6 ml
2, Thiourea 15 mg

3. Potassium Bicarbonate (k h c o3) 3 gm

4« 6 Normal Hydrochloric Acid (6N HC1) 2 .2 ml
5. Water (H20 ) • 6 .8 ml

Mix in order
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TABLE III

OPTIMAL pH FOR "TRYPSIN EFFECT"

pH Mean
(ul 02/mg.wet wt./hr.)

Number of 
Determinations

6 .6 .78 12
7.0 .91 12
7.4 1̂-COc 12
7.8 .80 12

Converting ul 02/mg.wet wt./hr. to uM 02/gm.wet wt./hro
we get means of:

PH 

6.6 

7.0 

7.A

Mean

35.7 uM 02/gm.wet wt./hr. 
41.1 » » "

40.6 " " "

7.8 36.6 11 tt !»



TABLE IV

MAJOR CONTAMINANT (LIPASE)

Mean
(ul O9/mg.dry wt./hr.)

Number of 
Determinations

Control A.91 8
Lipase ................. 4.00 .................. 12

Trypsin ................. 6.27 .................. 12

Converting ul Og/mg.dry wt./hr. to uM 02/gm.dry wt./hr.

Mean

Control ................. 0.20 uM 0 2/gm.dry wt./hr.
Lipase ..... . 0.18 " » »

Trypsin  ........ . 0.28 " " '»



TABLE V

EFFECT OF CRYSTALLINE TRYPSIN

Mean
(ul 0 0/mg.wet wt./hr.)

Number of 
Determinations

Control •  0 » « 0 0 » 0 0 0 0 « 9 « « » 9 61 12

Crystalline .. 68 12

Nutritional ............. 68
Biochernicals 1;300

12

Converting ul 02/mg.wet wt./hr. to uM O^/gm.wet wt./hr.

Mean

Control ...... ........... 27.2 uM 02/gm.wet wt./hr.
Crystalline .............. 30.4 ,f " *'

Nutritional ............. 30.4 " " "
Biochemicals 1;300
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TABLE VI

EFFECT OF OTHER AGENTS

Effect of other agents used to separate cells* on cell

respiration

(ul
Mean

0o/mg.wet wt./hr.)
Number of 

Determinations

Control 77 12
Citrate 83 12
Versene (E.D.T.A.) 74 12
Collagénase 70.5 12

Converting ul 09/mg.wet wt,/hr. to uM O^/gm.wet wt./hr.

Mean

Control 34.4 uM 0 2/gm•wet wt./hro

Citrate 37.1 It it it

E.D.T.A. 33.0 It it tt

Collagenase 31.7 It t? h

*Citrate and Versene are also chelating agents.
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TABLE VII 

AGE OF ANIMAL

The effect of age of the animal on cell respiration stimulated 

by trypsin«

Mean
(ul 0 9/mg.wet wt./hr.)

Determinations

Young rat 
control 64 6
trypsin 87 6

Old rat
control 67 6
trypsin 68 6

Converting: •

ul 02/mg.wet wt./hr. to uM 02/gnwwet wt. /hr.

Mean

Young rat 
control 28.8 uM 02/gm,,wet wt./hr.

trypsin 38.3 " It I*

Old rat
control 29.9 " t? tt

trypsin 30.4 IJ 11
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TABLE VIII

OTHER NORMAL TISSUES

Tissue Mean Determinations

Rat liver
control 40.0 ul 02/mg.wet wt./hr. 12
trypsin 44.4 » " » 12

Rabbit W.B.C.
control 11 .1 ul 0 7/10°cell/hr. 6
trypsin 13.3 " » » 6

Cell strain (BK)
control 4.6 ul 02/10°cell/hr. 8
trypsin 4.4 »* " » 8

Converting: ul 02/mg.wet wt./hr0 to uM 02/gm.wet wt ./hr.
Rat liver

control . 17.9 uM Oo/gm.wet wt./hr.

trypsin 19.7 » » "

Converting: ul 02/10°cell/hr. to uM 02/lO^cell/hr.
Rabbit W.B.C.

control 2.2 uM 02/10öcell/hr.
trypsin 2 . 6 »• »' »«

Cell strain
control 2 .1 " *' »

trypsin 1.5 " " "
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TABLE IX 

TUMOR TISSUES

Effect of trypsin on respiration of malignant tissues obtained 

from humans.

Tissue Mean Determinations
(uM O^/gm.wet wt./hr.)

Adenocarcinoma 
of caecum:

control

trypsin

Tumor of the Pleura: 
control

trypsin

Adenosquamouscarcinoma 
of the cervix: 

control

trypsin

Bladder tumor: 
control

trypsin

Average tumor respiration: 
control

trypsin

A.2 6
6.2 6

7.1 4

6.7 4

6.2 6

4.0 6

4.4 5

3.4 5

5.5

5.1
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