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some of them have been couverted into a homogenous hyaline mass,
with distinct inward and outward boundary. Not that the external
portiens Lad become hyaline bubbles, their shape seemed little changed,
but they were in a way “verquollen” as the German histologists say.

We must refrain from expressing an opinion whether these outer
limbs are present in all epitheliumeells or not. It is quite possible that
they are much more widely spread than we suspect and that they ave
frequently destroyed by imperfect fixation. Manipulating correctly and
applying the same methods, we were not successful in obtaining' a
view of them on the surface of the stomach of a small suckling cat.

J

In studying the literature of the subject, we have found out that
at the early date of 1856 a man of KorLiker’s importance has seen
globules of fat in the epithelinmeells of fresh gastric mucous mem-
branes of young cats, dogs and mice. KOLLIKER communicated on the
28th of June 1856 to the Wiirzburger physikalisch-medicinische Gesell-
schaft (VII p. 175) in a small paper entitled: “Einige Bemerkungen
iber die Resorption des Fettes im Darme, iiber das Vorkommen einer
physiologischen Fettleber bei jungen Sdugethieren und iiber die
Function der Milz” that in his opinion he had seen globules of fat
and also rather distinct indications-of pores. With these pores he
meant the openings in the “Porenmembran”, the sieve-shaped, pierced,
thickened wall of the cell, which we now call “striated border.”

As far as we know no attention has been paid to this communi-
cation of Konuixer’s, except by Oexew (Biologischer Centralblatt XII,
S. 689, 1892) who has also seen the structures of Carumr. To our
mind it is indisputable that thestomach can resorb fat from the
food, although it be in small quantities and it is also probable that
this excellent naturalist has been able to discern with simple means,
what cannot, with the methods of the present time, be effccted without
difficulty : namely to point out the striated border-shaped outer limbs

of the stomach cells.

Physiology. — “On the liberation of trypsin from trypsin-zymogen.”

By Dr. E. Hexua. (Communicated by Prof H. J. Hanpurcrr).

1. Onthe influence of acids on the liberation of trypsin from trypsinogen.

As is well-known, trypsin, the proteolytic digestive ferment of the

pancreas, does not appear as such in this gland, but in the form of

an inactive precedent stage, which HrmusHAIN, to whom we owe this
discovery ') has named “zymogen”

1) R. Hewcygawy, Beitrige zur Kenntniss des Pankreas. Priicers Archiv 18735,
pag. B57..
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As besides trypsin, other enzymes have come to our knowledge
which are also secreted when in a preliminary stage, it is preferable,
as is frequently done now, not to speak here of “zymogen”, but of
‘“{rypsinogen” or ‘protrypsin”. ,

From the very beginning the question arises whether the liberation
of the ferment takes place in the gland or in the intestine. Accor-
ding to researches made by Camus and Grey ') and DirezeNne ), the
latter is usually the case; according to Poriuiski®) always.

Then the second question arvises: In what way does the Lberation
m the indestine take place?

Until a few years ago this liberating action was solely ascribed to
the acid of the gastric juice.

Influenced by researches made in Pawrow’s laboratory, attention
has of late been drawn to the intestinal juice ®).

As there appeared to be two ways that might effect the liberation
of trypsin, it was important to know, what relative value conld
be ascribed to each of them. [ have therefore made the action of
acids, amongst others also of hydrochloric acid, a subject of close
investigation.

Tracing the communications in literature in respect to the influence
of acids on the liberation of trypsin, one is always being directed to
the publication of R. HemrNHAIN, just mentioned. When we examine
these writings we find that scarcely a page has been dedicated to this
problem. Only the method, by means of which HemrNsay has
obtained the result, is shortly referred to, positive experiments are not
described however. He only mentions, that, when he had arrived at
the end of his investigations, he found that glycerine-estracts from
pancreassubstance  operate much more effectively when the gland-
substance s muved with acetic acid, before glycerine s added; an
observation which never failed in any of the cases when he applied
thes method.

When a man like Huwexraixy publishes bis observations, we have
to take them into account, even although the experiments are not
published along with them. In different text- and handbooks and
monographs, we find related that acids possess the power to effect

1) Camus and Guey; Decezesne. G. R. Soc. de Biol. LIV. (1902).

?) L. Porieskl, Ucber die Grundeigenschaften des Pankreassaltes. Centialbl. fur
Physiol. 9 Mai 1903.

3 N. P. Scuerowarmikow, Diss. Petershurg 1899; Pawrow, Das Experiment.
Wiesbaden 1900, p. 15; Warraer, Archives Ital. de Biol. 1901.

H. J. Havsureer and 1. Hekma, “On intestinal juice of man.” Report Royal
Academy of Sciences 1902, p. 713.
3*
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the transformation of trypsinogen into frypsin, resp. of promoting it *).

I have been perfectly able to confirm HEIDENHAIN'S tnvestigations, but
systeinatic researches have shown-me, that they are only avadable for
Jlycerine-entracts from the gland, but in no wise for watery extracts
or for the pressed out juice of the pancreas.

From the great number of experiments which I have made to this
end, and which always led to the same results, I shall state herea
single series. -

First a repetition of HumprNHAIN'S experiment. The method which
Hemexaay indicates is as follows:

To every gram of pancreassubstance, which has been cut into
small pieces and subjected to pressure, is added 1 c.c. acetic acid of
1°/,. The mass is again rubbed for 10 minutes, and the thus obiained
compound then mixed with 10 grams of glycerine. After 3 days this
compound is filtered. I now composed a glycerine-extract according
to this prescription and, along with this, other glycerine-extracts
whereby instead of 1 cc. acetic acid of 1°/,, Itook respectively 1 c.c.
acetic acid of 2'/,°/,, 1 c.c. acetic acid of 0.5°/, and 1 c.c. water.

The hereby obtained extracts 1 allowed to act on white of egg
without water (Col. II) and also after addition of water (Column III) ?).

It is seen that where the glycerin-extracts of Col. I are brought
to act on white of egg no digestion appears after 3 days (Col. 1I).
This had to be expected. Even if trypsin had been set free, it conld
not have worked actively in the pure glycerine; for it is well-known
that trypsin is not soluble in pure glycerine. Trypsin is liberated
however when the glycerine-extracts are diluted with water (Col. 1II)
and more svo with those extracts which are composed with acetic
acid (1, 2, 3) than in those where ordinary water was wsed 4). The
acetic acid therefore furthers the liberation of the trypsin in glycerin-
mixtures with water. A proportion between the concentration of
the acetic acid and the cxtent of its operative power, does not exist
however. .

It could now be suggested that the trypsin from Col. 111 in Table I,
which was at fivst inactive being in an indissoluble condition, now

1) I only mention here: Hamvawsrew, Lelubuch der physiol. Chemie, 1899, 4er
Druck, pag. 295.
A. Gamory, (Deutsche Ausgabe von Asmcr und Buyer), Die Physiol. Ghemie
der Verdauung. 1897, pag. 231,
C. Oppunnemck, Dic Feimenle und ilwe Wirkungen, 1900, p. 74 and 116,
2 For the guantitative delevmination of the proleolylic digeslion the mcihod of
Merr was followed. The experiments were only made with pig’s pancreas. The
temperature ot the incubator varied fiom 37 o 39° G
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TABLE L
. 1. Im - 1.
Millimeters of Millimetgr@ of white of egg
: consumed after addition of
white of egg (5 cc. water on 1 cc. extract,
consumed. after the first 3 days.
After 3 days. |Afier the following 3 days.
1). Pancreas substance 4 gram
4 50 4 4.70
Acetic acid of 4%, 1 c.c. [ 3er 0 18.70
%70 3 4 80
Glycerin 10 c.c.
2). Pancreas substance 1 gram
4 40 4 4.60
Aceticacid of 21404,1 ce.  ;3cc 0 18.30
' 4 70 4 4.60
Glycerin 10 c.c.
3). Pancreas”substance 1 gram
4.80 45
Acetic acid of 05% 1 c.c. {3ce 0 19 70
490 45
Glycerin 10 c.c.
4). Pancreas substance 1 gram
2.10 4~ 2 80
Water 1ee ;3cc 0 8 50
220 - 2.80
Glyeerin 10 c.c.

became active becanse of the addition of water. Table IT shows
however that in the oviginal glyccrin-extract, not diluted with water,
no trypsin whaterer was present.

In the experiments mentioned in Table II, a Na,CO, sol. of 1.2°/,
has namely been added to the glycerin-extracts. Tf indeed {rypsin
had been set free, we might here have expected digesiion of white
of cgg. The trypsin operates very effectively in presence of Na, CO,
of 1.2 °/,, whereas -the laiter entirely prevents the transformation of
trypsinogen info trvpsin; a fact, alveady proved by Huiprxpax and
which 1 have taken advaniage of in all my experiments to prove,
whether in cerfain cases I had {o deal with maferial containing
trypsin or tfrypsinogen.

From these figures we notice that 1 cc. acelic acid in concen-
trations of resp. 1, 2/, and 0.5°/, has not the power, just like 1 ce.
water, to liberate trypsin from 1 gram of pancreas substance in the
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TABLE U

. Millimeters of white
of egg consumed.
After 3days|AfterGdays
1) Pancreas substance 1 gram
Acetic acid of 194, 1 ce, 3ecc ~f-12ce Na,CO,opl.v 1.29) 0 0
Glycerm 10 cc.
2). Dancreas subsiance 4 gram
Acetic acid of 2!}, 9,1 cc. ‘3cc. +-12¢c. Na, COy0pl. v. 1,28, 0 0
Glycerin 10 ec
!
3). Pancreas substance 1 gram
Acetic acid of 05041 ee.  [3ee.4-12cc.Nay CO,opl. v 1,28/, 0 0
Glycerin 10 cc.
4). Pancreas substance 1 gram
Water 1 cc. [3ce.4-12cc.Nay GO, opl. v.1.20/, ] 0
Glycerin 10 ce.

time (mentioned by HrmrzrAly), during which these liquids had
come info contact with the pancreas subsiance, before glyeerin was
added®) It is however possible, as has been proved from Table I,
to liberate tvypsin jrom the glycerin-extracts by means of waler,
afler having been brought into contact with ii for a lengthened
period and this process is aided by acetic acid being present. But
the action of acelic acid is only of indivect naluve, it enly seems
to neutralize in some degree the unfuvourable action which glycerin
everts on the lileration of trypsin.

Then I thought, if this be the case, the favorable action of the
acetic acid must fail to be effective in walery cxiracts and pressed
out juice of the pancreas. This proved {o be irue, as table III and
IV wwill show.

1) 1t should be observed that | cc. acelic acid, resp. water and 1 gram pan-
greas subslance only give the velative proportions, In veality 35 ce. liquid on

5 grams pancreas subslance was always taken and of course 50 ce. glycerin.
o p o
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TABLE III,
Directly After 18 hours. After 40 hours.
Tresh Pane. juice. A ; )
Reaction|Reaction Millimeters of Reaction Millimeters of
Two drops. Iittmus- | litmus-| white of egg | litmus- | white of egg
paper. | paper. consumed, paper consumed
| |[fresh P.juice --5ec. acetic acid21, %, 1 acid acid 0 acid 0
2 » +5cc. 1 % » » 0 » 0
3 » +5ee.  » 059/, » » 0 » 0
& » ~+5ce.  » 0.1 %, » » 0 » 0
5 » +5ce.  » 005°4, » » 0 weak ac. %38_‘;:} 20)
6 » -5 cc. water neutial | neutral 0 weahalk, }{fg 1 28;‘“)
Tl > 4B Na,CO' sol 019, |alkaline | alkaline 0 alkaline i%gi}?lgg
8 » ~}-5ee. » 0.5"f, » » 0 » 0'18:1:8'1030.20
9 » —+5ece, » 1 9, » » 0 » 0
0 » —+5cc, » 1.5%, » » 1] » 0
1 » “+3Jce. » 2 0, » » 0 » 0
2 » +5ece. » 3, » » 0 » 0
3 » -+ See. Bxtract from the
mtestinal mucosa )| neuiral [weakalk, { g(l)_i'lj §8;7.30 wenkalk ,f l 2'10316 10

Table IIT shows us, that when a few drops of fresh, pressed out
pancreas juice, wlieh according to fig. 9, 10, 11 and 12 contained
no f{rypsin, are mixed with acetic acid of 2'/,, 1, 0.5 and 01 °/,,
there is no digestion of whiie of cgg. But when the acetic acid is
used more diluted, viz. 0.05, then after a long time, formation of
frypsin takes place, but not to a greater extent than when wafer
is taken instead of acelic acid.

It could now Dbe supposed that the trypsin would, under the
influence of the acetic acid be liberated, but could not operate actively
in the present acid reaction. Table IV shows that this is pavtly the
case. For when an old pancreas is {aken, in which according 1o 9,

1) Exiract from the inteslinal mueosa may be used for the hiberation of Lrypsin
instead of the mnalural intestinal juice, In a following communicalion we expect
to treat this subject more fully.
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TABLE IV,

Directly.| = After 18 hours. After 40 hour;
Juice of a pancreas which has been ex-
posed for 24 hours to room-tomperatnre, Reaction Reaction} w000 oo \Reaction) prr e oo o
litmus- | litmus-} white of egg | litmus-| white of egg
Two drops. paper. | paper. consumed, paper. consumed,
1 | old P juice +4-5 cc.aceticacid2l/,%, | acid acid -0 . acid 0
2 » +5ce. » 1 9 » » 0 » 0
3 » “+5¢c. » 0579 » » 0 » 0
4 » e » 019 | » > }ﬁgjjﬁgg A0 | gﬁ 1
5 » +5ee. »  005% | » » 1138:!:1 ;8; 6.80 ‘weak ncgggiggg) 13.20
6 > -+ water neutral [weakall. % :1238)) 7.90 |weakalk, ggg:‘:%gg; 15
7] % +bce NaCoysl04 % |alkaline | alkatine [} 2011 803620 |alkatine 3015 573 12.0
- B50H1.50) - .9°-1-9,80
8 »  dBee » 05| » » 1.?%-1:1.283 90 | » %goig_?o;ﬂ 2
= 1. i . 9.7
o » e » 1 9| o> » [k | > 2E0TeT 100
- 20-+1.30) - 4 40424
10 » 45 » 159, | » }%ﬁjgg; 0 | » g,go‘*_"l_zgggs.gn
M| > FBee » 2 9| > v P Mes0 | 30T n) 0
0 50-4+0.50 141.20) , -
12 » +5¢cc. » 3 Y, » » 0.5 0.503 2 » 110 l.f..%U; %30
13 » <5 ce. Extract from the] neutral {weakalk. %ggiggg 3’10.[() wealkalk, j:gﬂ fgg; 1740

intestinal mucosa
t

10, 11 and 12 free trypsin is found and according to Table I,
acelic acid has been added of 2'/,, 1 and 0.5 ,/°, therc is no action
whatever. The acid in these concenirations prevents the trypsin from
acting. When however acetic acid of 0.1°/, is used, then the action
of the tryvpsin is not ncutralized as is shown in Table 4, fig. 4.
Thevefore in fig. 4, Table IIl, the liberation of trypsin must hawe been
prevented by acetic acid of 0.1°/,.
Moveover Table IIT teaches us that in no single case digestion of
white of egg was oblained with fresh pancreasjuice afier 18 hours,
except in fig. 13.
Hereby is clearly shown that water and acetic acid of 0.05 °/, are
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far behind intestinal mncosa, resp. intestinal juice, with regard fo
their influence of liberating {rypsin from.frypsinogen.

Equal vesulis as with acetic acid were obtained with lu/(lroc]dor}c
acid, lactic acid and hutyric acid. Fov hydrochloric acid this may
appear from the following summary.

TABLE V,

Fresh pancreasjuice, two drops.

Py

Millimeters of white of egg

consumed.

After having been
allowed to stand for
4 hours in the incu-
bator, so much of a
Na CO sol.wasadder
to 6and7 until the
propor tion of the Na,

€O, amounted to

about 19/,.

After 17 hours.

After 41 hours.

Digest. of white egg
after once more R4

hoursin 6 and 7.

1) pancreasjuice-} 3 ec, water 0 1'§0 }gg $ 7.0
2) » -+ 3 ce. Na, CO, opl. 1 9. 0 0

cc. extr. from the in-| 1.6044.50 .20
3) > + 3 testinal mucosa. | 1.501.50 }6'1 0 ﬂj.ioz 16.30

. 1.7 R

H > 3ee HCI0.02Y,% 0 1701170 690
5 . »  +3cc HC1005% o | 1EEE les0
0) » -} 3 ce. HCI1 0.1 %. 0 0 0
7) » 4 3 cc. IIC1 0.5 %, 0 0 0

These figures show that hydrochloric acid in exiremely weak con-

centrations (0.02'/,
set free.

The effect is not favourable however.

and 0.05°/,) does noil hinder the trypsin from

Somewhat

being
stronger concentrations of hydrochloric acid (0.1 °/, 0.5°/,) prevent
the liberation of trypsin entirely. That no trypsin has been set free
in 6 and 7, the action of which may have been prevented by the
hydrochloric acid, has been proved from the fact that no digestion
of while of egg had occurred, even after 2> 24 hours, when afier
41 honrs a solution of Na, CO, had been added {o the liguids named
in 6 and

7, until the proportion of Na, CO, amounied to circa1 ?/,.

From these rescarches we may with certainty draw the following
conclusions.

I

1) HemexsAN’s opinion, which has been current since 1875 and
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widely accepted, as if acids could have the power of liberating
trypsin from trypsinogen is not correct; on the contrary, they prevent
this liberation. -

2) That HrmrnuAIN came to this conclusion must be ascribed to
the accidenf{al occurrence, that instead of using the pressed out juice
or walery extracts of the pancreas, he had taken glycerin-extracis
from the gland. The favorable action caused by the presence of
acelic acid in his experiments and which I have been able to confirm,
is to be ascribed to the fact that acetic acid decreases the injurious
action of the glycerin on the liberation. \

3) As it has now been proved that the gastric juice does in no
wise further the liberation of trypsin, but rather opposes it, we may
therefore draw the conclusion, that in this process of liberation all
the work falls lo the intestinal juice; a fact sti'l incrensing i im-
portance where the investigations of PoPELSKI have proved, that no
Jree trypsin whatever appears in the pancreassecreta, but that it s
only there in the shape of trypsinogen.

Having arrived at the end of my communication, I beg Prof.
HampureEr to accept my warm thanks for the opportunity afforded
to me to make these researches and also for the useful hints kindly
given to me.

Plysiological laboratory of the State University at
Groningen. May 1903.

Physics. — “Some remarks on the reversibility of molecular motions.”
By Dr. A. Paxyrkork. (Communicated by Prof. H. A. LorunTz).

1. The following consideraiions deal chiefly wiith the question
whether a mechanical explanation of nature is possible. Mechanics
treat the motion of discrete particles or of continnous masses; now
the question may be raised, whether all natural phenomena can be
cxplained by means of such a motion. In other words, it is the
question, whether or no we know particular properties of these pheno-
mena, which exclude the possibility of a mechanical explanation of
general application. A particular property which scems io do so, is
the irreversibility of the natural phenoniena, the change in a definite
direction. When investigating whelher this is really the case, we need
only consider the simplest form in whieh the irreversibility of natural
phenomena occurs: the second law of the mechanical theory of heat.
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