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Physiology:' - - "1n'l!est~qations into the internal sec1'etion 0/ -tlte 
pancreas". By N. WA'l'ERMAN M. D. (Communicated by 
Prof. C. A. P!<]KELBARlN<?). 

(Communicated in the meeting of l<'ebruary 22, 1913). 

In the following paper we Jshall attempt _ to summarize sorne series 
of expel'imellts in connecLion with the internal secretion of the pancreas, 
which, though highly probable, is still· a matter of conjecture. 

1 yt Se1,ies (A). -
U pon evidence witb whirh we need not here concern ourselves, 

it has been concluded that rhe pancreas slIbserves the carbohydrate 
metabolism through some product of internal secretion,. This being 
admiited it is q'uite natm'al that we should be induced to ascel'tain 
whether stimulants that increase the activity of this organ, also exert 
an action on the carbohydrates of' the organism.' 

Among the agents that considerably pr~mote. the function- of the 
p!t,n'creas we selected the most potent, viz. 'secl'etin, discovered by 
B.\Yuss and STARJ.ING. Our experiments shÇlwed results that gave rise -
to the question whether we conld trace any influence of secretin on 
the amount of sugar in the blood. The flu'ctuations in this amount 
were taken 'as an index of the changes in the carbohydrate meta
bóli'sm as 'tlle latter mauifest themselves in the fOl'mer.-

, Expel·irnents. 
t. Pdpa1'atidn óf t!te secl'etin. , ' ,_ 
Dogs, kindl~' procured IJy the "Society tOl' the pl'evention of cruelty 
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to animaIs" were, immediately aftel' being killed, deprived of tbe 
duodemum and the proximal 'part of the jejunum ; the mucous mem
brane of these organs was l'uQbed up in the ordinary way and 
mixed with 0.45° /0 HOI, glacerated for half an hour, then boiled, 
neutralised with sodiurn and finally acidnlated with some drops of 
acetic acid. 

2. The laboratory am:mal. 
My first experiments were made on l'abbits. I nsed tbis animal 

because its amount of blood-sugar both in nOl'mal and abnormal 
condition was pretty weIl known to me from earliel' researches, in 
which also the technique of the opel'ation (ligature of the earotid), 
presented hardly any difticulty .. Aecording to the size of the animal 
from 8-15 e.c. of secretill were given intravenously (pel' auricular 
vein); at different intervals of time aftel' the injeetion the amount 
of sllgar in the blood was estimated. 

3. Estirnation of blood-sugaT. 
The estimation was perfornied by cantlOus titration aftel' FEHLING. 

Beforehand the Fehling-liquid had been aecnrately tested on invert
su gal'. Of the eopper test solntion 10 e.c. were diluted to 100 e.c. 
and rhe l'edncing power of the bl'ood-sugar solution was repeatedly 
tested on 5 cc., until the liquid being passed through a wet double 
filter, gave no longer a red discoloration with an ace tic acid solution 
of potassium fel'roeyanid.' 

4. Removal of proteins. 
Proteins were separated from the blood aftel' the old method of 

BERNARD (Na2S04 etc.). 
T~e following table shows the results obtained in this mannel' : 

Num-I D Secretin ~, ate 
) 

12 cc 

2 ' 12 

3 14 
" 

4 
l Dec. 1911 

15 

5 12 

6 8 
" 

7 10 " 

8 15 

TABLE I. 

Blood-sugar 

I after 45 min. 0.14 OIo 

60 0.082" 

90 
" 0.077" 

I 
120 " 0.032" 

11 120 0.087" 

" 
115 0.071" 

195 0.078" 

120 0.076" 

'I 

Remarks 

With absolute alcohol 
substances lowering the 
bloodpressure were ex
tracted from the mucous 
membrane. 

1* 
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The following val nes obtained witli norm al animals without 
in.jection of secretin are given for pUl'poses of comparison:-

TABLE Il. 

Numberl Date Secretin ~ 1 

Bloodsugar Remarks 

I ---
9 27 Nov. 1911 0.14 010 

I 

10 1 Dec. 0.11 " 

11 3 Dec. 0.091 " 

Tn some othel' expel'iments the effect of seeretin on the amount 
of sugar in the blood was determined while the animal was sub
jected to the action of levo-l'otatory suprarenin (HöcHsrr). 

It is weIl known, that suprarenin has the property of produring_ 
an excessive formation of sugar in the blood by splitting the glycogen -
in the liver and of exciting gJucosuria. By extensive experimentation 
it has already been pointed out that the rise of the sugar-contènt in 
the blood of a rabbit, injected subcutaneously witn l/~ mgr. of 
supl'arenin, amounts to about 100 0

/ 0 , i.e. the percentage content of 
the blood-sugar l'ises fl'om ± 0.12 % to 0.25-0.30 °10 in 1 1

/ 2 hom. 
The fol/owing table illustrates fhe l'esults obfained, alter ! had 

given the animal secretin infravenously fi ve minutes before a sub
cutaneous injection of 1/2 mgl·. of levorotatory sllprarenin. 

TAB L E 111. 

I1 Date Secretin I Suprarenin I Bloodsugar Urine 
in 24 hours 

12 I Jan. '12 11 cc 0.5 mg. 90 min. after secr. 0.205 0/01 58 cc ad 0.3% 

13 16 " 0.151 " 120 
" " 

0 u 

14 13 
" " 0.181 " 60 

" " 0.6_" 

In the next series I extracted the distal portion of the ileum 
instead of the duodenum and tbe proximal portion of the jejunum -
and tried io detect whethel' this extmet, whieh ShOllld he devoid of 
secretin, none the less keeps down tbe percentage of glucose in the 
blood, as wel! by itself as when acting concomitantly with supra
renin. The results of four experiments, carried out in this way, 
implied that this was altogethel' out of tbe question. 

Fl'om the fOl'e~oing eXpel'llllents (18) we arrive at the following 
conelusions : 
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Injection of secretin in most cases lowers the amount of sugar in 
the blood, the average fall being 30 %

, This faculty of secretin 
aS':lerts itself even -in cOllnteraction to supl'al'enin,' which of ilself 
pro duces an increment of 100 % at the end of 11

/ 2 hours, but only 
50 % under the given circumstances. 

However, glllcosllria appeared in all cases but one. That the 
results communicated here are due to the sole action of secretin has 
been distinctly shown by the experiments, which yielded negative 
results with injection of other intestinal extracts. 

These experimental investigations led me to endeaVOlll' to tind out 
whether an internal secretum of the pancreas could actually be 
elicited and whether injection of secretin excited its acrivity. 

Second series (B). tJ 

IJ 
It has often struck m9, that only fe'Y wOl'kers have stt'enuously 

exerted themselves to obtain in vivo tbe intel'nal seCl'etum of tlie 
pancreas, putting aside of course BIEDL'S 1) and DE :M.EYER'S 2) expéi
mentation. The former examined the anti-glucosurian action of the 
lymph from the thol'acic dnct. The lattel' the effect of pancreatic 
extracts or of fluids which had been made to pass throngh the 
pancreas artificially, on the glycogenesis of the liver. These researches 
constitute the best work that has been done in th is field, as the 
other investigations were l'estl'Ïcted 10 biological experiments with 
blood from the pancrealic vein, especially as regards its fermentative 

, \ 

properties. 
OUI' purpose was rather to flll'nish large l1uantities of blood fi'om 

the pancreatic-duodenal vein 1'01' fUl'thel' experimentation on cal'bo
hych'ate ~etabolism. Let it be stated beforehand, that in large dogs 
such qnantities are not diffirult to pl'ocnre from this vein. 

Met/lOd. In large dogs of 10-15 K.G. an incision is made 
through the abdominal wall parallel to the arcns costalis 10 get 
access to the pancreas, which is drawn out by the hook-shaped 
tingel' and immediately wrapped in J c10ths son.ked with a warm 
physiological common salt solntion. 

It is then easy to find the panrreatic-duodenal vein, which is 
ligatured as neal' the trunk of the portal vein as possible. Subse
qllently a cannula is inserted, which cannot always be managed. In> 
case of failure the vein is simply cut through. At the same time 

1) BIEDL. Wiener Kl. Wochensch. 1907. 

!Ij 'OE MEYER. Archiv. Intern. de Phy~. 1910. 
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20-40 cc. of secretin IS mjected intravenously or subcutaneously. 
Most times the blood is dischargecl l'aplrlly, sometimes it i&sues in 
a 'jet, the blood flow can stIll be accelerated by kneading 1he pan~ 
rreas with the full hand and by massage. In this way 80-250 cc. 
of blood can be collected in about 3/4 hour. In some of om experi~ I 

ments the blood was allowed to coagulate and we used the serum - ~ 

separated in the clotting . .Most aften, however the blood was defi
bl'inated at once. 

With this blood or wIth this serum the following experiments 
were performed: 

Specimens of this blood varying from 5- 20 cc. were used upon 
l'abbits 1) subcutaneously, m WhiCh also 1/~ mgr. of suprarenm 2) was 
mjected. Aftel' the lapse of 11

/ 2 houI's the blood~suga,r percentage was 
determined. The experiments however val'led iu some detaIls according 
to the vadol1s treatment of the pancreas blood that had been admin
Istered. Hsually th ree speCImens of dog's blood we re given separately _ 
to thl'ee rabbits of equal weight. The specimens, however, were all 
different masmuch as either tbe blood had flowed from the vein 
prior to the injection of secretln, or this had occurred concomitantly 
with the mjection, or the blood had been heated for half an hour at 
56° 0., or finally the blood had been libel'ated from its -protems oy 
addition of three times it& volume of alcohol, the alcoholic filtrate 
having been evaporated down to its original volume. _ 

We subjoin a table illustratmg the results of some of our most 
successful experiments. 

By the side of these experiments others were made upon I'abbIts 
with homologous serum. It being, however, very difficult to draw 
an adequate ql1antity of blood from the rabbit's pancreatic "ein, we 
have to content omsel ves with reporting only one satisfactory test. 
Fl'om the pancreatic vem of a rabbit, weighing 3 K.G., 8 cc. of 
blood was obtained. Four cc. of serum were separated. Subsequently 
12 rc.· of secl'etin were injected pel' vena aU1'icularls; and 15 rc. of 
blood, furnishlllg 7 cc. of serum, were drawn fi'om the pancreatic vein. 

Next day 2 rabbIts, welghing 1300 grms were mjected intravenously. 
The first got the 4 cr. of serum of the first sample and immediately 
aftel' 1 mgl'. of levorotatory suprarenin. The perrentage uf sugar in 
the blood was 0.297 aftel' 11/~ hours. The urine passed in 24 hrs . 

• was 15 cc. with 0,6 D/o ?f sugar. 
J 

1) In order to avoid eomplieations the foreign serum was injeeted only one,e 
into eac,h rabbit. 

2) ru this experiment as in all Gthers only fresh suprarenin was used from 
vlals that had just heen opened. 
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TAB EL IV 

I Pancreas blood Sup~a. Blood· Teight Urine in 24 hours 

I 
Details injeded remn sugar 

5 

5 

J' 

KG. 5 cc serum 0.5 m.g. 0.195% 40 cc à 6 1/2% glucose Serum from pancreas 
aded upon bysecretin. 

I 

Blood from pancreas be. JI 5 JI (blood) 0.5 
" 0.183 JI not colleded 

fore injedion of secretin. 

JI 4.5 JI JI '0.5 JI 0.156 JI contains much glucose Blood from pancreas 

I 
acted upon by secrehn. 

\ 

" 
!O ,. 

" 
0.5 

" 0.134 " 40 cc à 0.12010 glucose Blood under the mflu· 
ence of secretin. 

JI 10 
" " 

0.5 
" 0.189 " presence of glucose Blood from pancreas be. 

, fore injecbon of secretin. 

" 
10 

" " 
0.5 

" 0.177 " 40 cc + Blood from pancreas 
aded upon by secretin. 

" 
10 

" 
serum 0.5 I, 0.153 " > 30 cc à 0.3010 Blood under the tnflu· 

ence of secrehn. 

" 
20 

" 
blood 0.5 

" 0.185 " 50 cc à 1.8010 Blood under the influ· 
ence of secrebn. 

" 
20 

" 
heated 0.5 " 0.145 JI 30 cc a 1. 68010 Blood under the influ. 

for half an hour en ce of secretm. Next 
at 56° C. day hemoglobinuria apo 

pears. 

" 
23 cc. Iiberated 0.5 

" 0.151 " 70 cc à 1. 5010 Blood under the influ. 
from protein ence of secretin. No 
with 3 X its derangements. 
volume of alco· 
hol 96% and 

evaporated down 
'-

to its original 
volume 

The 2nd rabbit got 2 cc. of the serum obtained l{nder the influence 
of secretin, also intravenously. A few bubbles of air, injected along 
with the substance were responsible fol' a slight degree of dyspnoea 
in the animal, which, ho wever, disappears within a qual'ter of an 
hour; 5 minutes aftel' this intravenous injection 1/2 mgr. of levOl'utatory 
supl'al'enin was administered subcutaneously. At the end of P/2 hrs. 
the amonnt of sugal' in the blood is 0,178 %' Aftel' 24 hrs the 
quantity of urine is 55 cc. with tracE'S of sugar. 

From the experimental evidence above stttted it would seem 
permissible to conclllde with a high degree of probability: 

1. that together with the blood, a substance is secreted through 
, the pancreatic vein, which, in rablJits, is capable of neutra-
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lising to some extent tbe action of levorotory ~uprareriin' on 
the Sugar-content in the blood, but th at, on the other hand, 
this does not apply to the glucosllria, which, judging from the 
values above mentioned, has a tendency to be rela~ively higher 
with a reduced than wUh ail increased amount of blood sugar. -

2. that injection of secretin seems to stimulate the activity' of 
the blood from the pancreatic vein. 

3. thu,t, to judge by some experimellts, heretofore presented, 
(others werè made which shaH be dealt with in a later publi
cation) the snbsrance producing this action ia thermostabile 
and is soluble in 75 % alcohol. 

T!ti?Yl Series (C.). 

In connection ,vith the preceding experiments the question sllggested 
itself as to whether the ~ntagonism between sllprarenin and the 
blood from the pancl'eatic vein was to be looked up on as the out
come of the action of a substance, which exalts the glycogenesis or 
of one ülhibiting the glycogenolysis. 

Ooncel'lling this point I pllrpose to publish some data afterwards. 
For the present I feel called up on to bring forward two experi
ments demonstrating the action of the blood from the pancreas on 
the glycogen in the liver. It may be taken for granted that with a 
dog in nitrogenous equilibrium every derangement in the process of 
carbohydrate metabolism will also affect the N .metabolism in one 
way or other. Two successful experiments are available (others were 
performed, which, however, did not always yield conclusive evidence) 
actllally pointing to a change in the N-metabolism. It was also evi
dent fr(i)m all these tests th at glllcosllria is likely to appeal" and that 
in some cases traces of sugar occurred aftel' the injection of blood 
from the panrreatic \'ein 

We present the data of the tests reported here in the following 
tabie: (see table page 9) 

N°. 36. The urine of a dog in N. equilibrium and weigbing 
51

/ 2 KG. was tested fol' sllgal' every day, invariably with a negative 
; result. On the 23d of Dec. 30 cc. of blood fi'om the pancreatic vein 

was injected. W ithin 24 brs two portions of urine were collected 
(80 cc. reduced FEHUNG and yielded a positive fermentation test; 
60 cc. reduced and yielded a positive fermentation test). 

N°. 37. 30 cc. of blood ft'om the panm'eatic vein, liberated from 
pl'otein by 96 cc, of alcohol and evaporated down to its original 
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E Date 
::l 
Z -

34 11 June '12 

-
12 

" " 

I 

13 
" " 

14 
" " 

15 
" " 

, 

16 
" " 

17 - " " 

18 
" JI 

I 

9 

TAB LEV. (Dog 7 KG.) 

I 

Diet N. per 24 hrs Urine 

-
100 gr. horse- ~ 12 a.m. } 1.695 30 

flesh 11 p.m. 

100 " milk t 11 p.m. } 3.729 75 
50 " bread 12 a.m. -

Total 5.424 105 

150 gr. horse- 112 am·1 2.31 33 
flesh 11 p.m. 

100 
" 

milk 11 p.m. ~ 4.22 110 50 bread 
" 12 a.m. --

Total 6.53 143 

112 a.m. I' 068 60 
same diet 

11 p m. . 

11 p.m. ~ 2.214 49 
12 a.m. -

i 
samen 6.282 109 

112 a.m·I UI3 48 
11 p.m. 

" " 11 p.m. ! 4.208 , 78 
12 a.m. -

Total 8.221 126 
----

\ 12 a.m. ~3.706 11 p.m. 44 

" " /11. p.m. ~ 4.407 75 
12 a.m. -

Total 8.113 119 

12 a.m. ~ 1.864 
11 p.m. 20 

" " 11 p.m. ~ 3.254 50 22 a.m. -
Total 5.118 70 

. ~ \ 12 am. }2.612 11 p.m. 34 

" " , 11 p.m. ~ 1.85 21 12 a.m. -. Total 4.462 55 

12 a.m. ~ 3.823 
11 p.m. 47 

" JI \ 
p.m. (3 084 

12 am. L_'_ 78 

Total 6.907 125 

-
Remarks 

/ 

At 8 p.m. a subcutaneou 
injection of 20 e.c. 

s 
f 0 

blood from the pancreat 
ie vein under the influ 
ence of secretin. 

At 11 p.m. the first hou 
of a new period of 2 

r 
4 

hrs 20 e.c. of dog's blood 
from the jugular vein 
IS used subcutaneously. 
Two weeks before par 
of the pancreas had been 
extirpated without evo 
king diabetes. 
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T A'B L E VI. Dog 11 K.G. 

Dale 
Q) 

I 0 Diet N. per 24 uur t:: Remarks .t:: 
::J I -N 

-
5 30 Aug. 300 gr. horseflesh lIst portion 4.236 gr. 117 

100:t milk 
50,. bread 2d» 5.92,. 150 

3 

-
Total 10.156 gr 267 -

31 
~ 1st portion 4.143 gr. 138

1 

At 9 p. m. an injection 
» same diet 

2d,. 7.167 l> 210 of 20 cc. of blood- from 
the jugular vem of a 

Tota! 11.31 gr. 348 I 
norrnat dog. 

- -
\lst portion 6.7 

1 Sept. 
gr. 294 

:t 
12d ,. 3.791 ,. 112 \ 

~ -
Tota! 10.491 gr. 316 -

lIst port. 

1 
urine 

2 ,. ,. only 
/ 2d » once 

10.27 gr. 262 -
~ 15t port. I 

urine 
3 l> ,. on!y 

2d ,. once 

Tota! 7.494 gr. 202 -
lIst port. 11:289 gr. 280 \ 

At 8 p. m. a subc. inj. of 

4 
28 cc. of blood from the 

" » pan creatie vein under 
2d » 4.845 » 

114/ 
the intluence of secretin. 

Tota! 16.134 gr. 394 
Tlze urine oftlze2dport-
ion reduces FEHLlNQS 

\ 
so/ution. 

5 » 
lIstport. ( ,. 
2d» 4.173 gr. 94 

- Outside circuntstances 
, 4.I73gr. 94 are responsib!e for the 

\ Ist porti on 9.18 
- fact that the N·determin· 

average = 9.7 
gr. 225 ation occurred only once 

in 24 hrs, so that the 

/2d » 
6.283 ,. 154 average of the two values 

- should be taken. 

6 Tatal 15.463gr. 379 -
7 in 24 hrs 9.395gr. 238 

--- -
yolume, was injected into a' dog, weighing J KG. Next day the 
1 st pOl'tion ot' urine gave a positive l'ednction with FERUNG, fermen
taLion test positive. The third day no reduction. 

\ 
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These experiments show, that' the blood from the pancreatic vein 
at fil'st exalts the .N. metabolism and then lowel's H again. Under 
these rircumstances it would not be proper to dweIl any longer on 
these contrary effects, as we are unable to accoun L for them satis
factorily. 

It also appears that thc _blood favours the permeability of the 
kidney tnbules for sugar. 

This experience thl'OWS light on lhe contraL'y 1'es111ts in OUl' pl'eceding 
series of expedments in which the glucOSlll'ia wa~ displ'oportionate 
to the stïgal' content in the blood. It wouJd seem then that the 
secretum of the pancreas subseL'ves the fllnction of the kidney as 
weU as the glycogenesis of tbe liver. Indeed, this has albo been 
admitted by DE MEYER and othe1's, however, on a different basis 
and just the otber way about. DE MEYER held that the intern al 
seCl'etum of the pancreas prevenied sugar from passing thl'ongh the 
kidney. lt must be borne in mind, hOVlever, that DE MEUR experi
mented with adificial renal circulations, which readJly lead to para
doxical phenomena. 

Summa1'Y· 
1. Secretin decreases the amount of sllgal' m the blood. 
2. The blood that has passèd throllgh the pancreas, is capable 

of neutralising the action of levorotatol'y sllp1'arenin on the sugal' 
content in the blood. In this study no eff01't has been made to detect 
whether this action is due to a 'diminished splitting of the glycogen 
in the liver or pe1'haps to an illcrease in the fOl'mation of glycogen. 
Presllmably the activity of this blood (internal secretum) is furtherecl 
by the injection of secretin. The seCl'etum is thel'mostable anel is 
soll1 bIe in alcohol. These reslllts are pel'fectly concordant with 
DE MElJER'S experience. 

3. OUl' experience th at tbe sec1'etum fiwours the pa1'meability of 
the kiclney for glucose instead of lebsening it, clashes vvith the l'es1tlts 
of DE iVIEIJER'S investigations. 

Rotterdam, Dec, 1912. ' r' 

Botany. - "()n t/te nucleolus and kal'yolcinesis in Zygnema". By 
Prof. ç. VAN WISSELINGlJ. (Oommnnicated by Pt'of. J. W. lVIOLL). 

(Commllnicated in the meeting of April 25, 1913). 

Whilst Spi1'OgY1Y(' has very often been usecl for the investigation 
of' the nucleus anel nucleal' division, Zy,qnema has so fal' as I know, 
up to the Present only been stuclied fol' this purpose by two ill\'es
tigatol'S. It sh01.lld be no cause fol' surprise that the Jatter alga has 


