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It is generally accepted that the Golgi-apparatus is participating in 
some way in the process of formation of pro-enzyme granules in the 
exocrine pancreas cello This has been concluded from the marked tope- . 
graphical connection. which can be observed between Golgi-apparatus and 
pro-enzyme granules but it has never bee'n définitely proved for instance 
by experimental or quantitative data. 

In a previous paper (SLUITER. 1948) it could be shown that special 
small vacuoles are lying in close connection with the Golgi-apparatus. 
which vary considerably in number. 

The aim of the present paper has been to find out. whether th is 
phenomenon could be a structural manifestation of the functional activity 
of the Golgi-apparatus. 

Experiments. 

The pancreas eells of a white mouse do not function synchronously 
under norm al conditions. Sections of the pancreas of this animal show. at 
anygiven moment, cells in several different stages of their activity. This 
wellknown circumstance is not favourable for a statistical investigation 
into the physiological sequence of these stages and of the functional 
changes. which may go on in the Golgi-apparatus. Therefore. the method 
of pilocarpine injections has heen used for this investigation. 

Although several of the previous authors on the subject (NASSONOV 
1924. MORELLE 1927) have used this method. the most important results 
have been obtained by HIRSCH (1932). Applying his "Stufenzählmethode" 
on living pancreas material. partly af ter injection of pilocarpine. th is au thor 
could show the following facts. Under normal conditions the eells of one 
pancreas are functioning asynchronously (i.e. less than 30 % of the eells 
have reached the same functional stage). In starving animals the cells 
work hemisynehronously (i.e. 30-60 % of the eells are at the same stage). 
Injection of pilocarpine alter a sta'rvation period forces most of the cells 
to extrude their aèeumulated products and to begin at the same moment 
with the restitution of pro-enzyme granules. This causes the hemisynchro
nous activity to be altered in a synchronous one (i.e. more than 60 % of 
the cells are at the same stage). 

This state of affairs is mueh more favourable for the aim of the present 



504 

investigation. Therefore, a number of white mice, with body weights 
varying from 5,3 to 25,5 gr; were injected with 0,3 to 0,7 mgr pilocarpine. 
At different moments after the injection two injected anima Is (one juvenile 
and one adult) were killed for autopsy at the same time. Pieces of their 
pancreas were fixed , impregnated with osmic acid, sectioned and coloured 
as has been described in a recent paper (SLUITER 1948). 

Of each pancreas 100 median cell sections were selected and classified 
according to the "Stufenzählmethode". This number can be considered to 
be sufficient, since HIRSCH (1932) actually observed that data, which 
are obtained from a little part of the pancreas, are representative for the 
organ as a whoie. Objectivity in selecting the cell sections is sufficiently 
guaranteed by the condition that thëy must contain the median plane of 
the cello This can be easily recognized as the ce lIs are conical and as the 
positions of the nucleus, the mitochondria and other cell components in 
the sections are very characteristic. 

Moreover, the "Stufenzählmethode" has been applied here for the first 
time to cell components by counting the Golgi~vacuoles and by estimating 
the nu mb er of pro~enzyme granules in the 100 cell sections mentioned 
above. 

Considering the reliability of the method used here, it must be taken into 
account that according to HIRSCH (1932) circumstances like food, general 
condition, age and other on es may influence the results. Moreover, it was 
not possible to observe the Golgi~vacuoles in living cells. Fixation of the 
material implies in th is case that the data of several different mice have 
to be used to reconstruct processes, which are supposed to go on in one 
pancreas cell, while HIRSCH (1932) studying the living pancreas could use 
the same anima I during 10 hours after pilocarpine injection. 

In order to test the reliability of material and method, used for the present 
paper, the mode of functioning of the pancreas cells has been reinvestigated 
on Eixed sections and compared with the results, which HIRSCH (1932) 
obtained by counting living total cells. 

Results. 

It is impossible to count all stages of restitution which may occur, 
separately, because these stages are passing gradually into each other. 
Therefore, HIRSCH (1932) selected 4 stages which are lying far enough 
apart to be distinguished and to be count'ed separately. They are character~ 
ized by the amount and the position of the pro~enzyme granules to be 
found in one cello 

In the present paper the restitution period will be dividedinto 4 phases. 
These phases are defined by the following properties of the eell sections: 

I. One cell section contains from 0 to 1 0 pro~enzyme granules, which 
are mostly lying in the extreme apex of the cell (cf. fig. 1). They originate, 
probably, from a previous restitution period. 
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n. One ceU section contains from 10 to 30 pro~enzyme granules, which 
form little groups in the region of the Golgi~apparatus (cf. fig . 2). 

111. One cell section contains from 30 to 50 pro~enzyme granules. 
They form a compact ma ss with a convex base line, which extends 
downwards to about half the height of the cell (cf. fig. 3). 
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Fig. 1-4. Exocrine panc·reas ce lIs in different phases of the restitution period. X 900. 
Only the outlines of pro--enzyme granules and nuclei have been drawn. Fig. 1: phase I; 
fig. 2: phase 11; fig. 3: phase lIl; fig. 4: phase IV. (cf. the definitions on page 5(4). 

Fig. 5. Graph showing extrusion and restitution af ter pilocarpine injection in. starving 
animais. Abscissae: time. Ordinates: percentages I, 11, lIl, IV; phases cf. text. Ouring the 
first hour the extrus.ion prevails causing a drop of 111 and IV and a rise of I. Thereafter, 
restitution begins causing a drop of I and a rise of 11, 111 and IV, successively; 11 and 

111 obtain a maximum at about 3~ and 11 hours after the injection, respectively. 
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Fig . 6. Reproduction of HIRSCH' Abb. 4 (1932, p. 3(0) showing similar results 
(cf. fig. 5), obtained by counting of living ce)]s. 
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IV. One c-ell section contains from 50 to 70 pro-enzyme granufes 
forming a mass, whose of ten straight or concave base. line is situated 
further downwards than half the height of the cell (cf. fig . -4) . 

a) Counting of stages on fixed material. 

Fig. 5 demonstrates the results, which were obtained by counting 100 cell 
sections in the pancreas of 20 animals killed at different moments af ter 
pilocarpine injection, and by classifying these sections ,according to the 
restitution phases I to IV, as defined above. 

Comparing these graphs with those obtained by HIRSCH (1932, Abb. 4, 
p. 300) which are reproduced here in fig. 6, the folIowing similarities can 
be observed. 

1) The mean values found in starving anima Is differ very little. This 
causes the curves to begin at about the same points. 

2) In consequence of the sudden extrusion caused by pilocarpine the 
curves III and IV reach their lowest and the curve I reaches its highest 
point between 1 and 2 hours af ter the injection. 

3) In consequence of the beg inning of the restitution of pro-enzyme 
granules the curve I reaches a very low and the curve 11 reaches its highest 
point between 3 and -4 hours , followed by a peak of curve 111 between 9 
and 11 hours af ter the injection; the peak of curve IV is, probably, not yet 
reached between' 14 and 16 hours aEter the... injection. 

The principal differences are: 

1) The peaks of the curves in the present paper (fig. 5) are lower 
. than those obtained -by HIRSCH (fig. 6). This difference is notessential; 

it may be caused by the dose of pilocarpine in the present investigation 
!:?eing lower than that administered by HIRSCH (1932). 

2) The way of crossing of the curves 11 and III in th is paper (fig. 5) 
differs from that of HIRSCH' curves 2 and 3 (fig. 6). But th is also may 
be a fact oE 1·ess importance, as it is caused. probably, by the phases Il 
and 111 being delimited in not quite the same way as has been done by 
HIRSCH (1932, Abb. 2, p. 296) with respect to his "Stadium" 2 and 3. 

It may be concluded, then, that it is actually possible to reconstruct the 
restitution process, as it is going on in the pancreas cells of one anima!. 
with the aid of data, obtained Erom the 20 white mice, which have been 
used here. Therefore, it will also be allowed to reconstruct quantitatively 
the changes in number oE Golgi-vacuoles and pro-enzyme granules during 
tbe restitution process by counting them in the pancreas material of these 
20 mice. 

b) N u m b ers 0 f G 0 1 9 i - v a c u 0 1 e s dur i n 9 t her est i t u
t ion per i 0 d, 

The Golgi-vacuoles have been counted in each of the 100 celI sections 
of each of the pancreas glands, which have been used for the composition 
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of fig . 5; in fig . 7 the means of these numbers have been plotted against 
the times af ter pilocarpine injection. 

This graph shóws the following quantitative variations of the Golgi~ 
vacuoles in' the pancreas as a whoIe. 

1. With the sudden extrusion of pro~enzyme granules some vacuoles 
disappèar too. 

2. From the beginning of the restitution period on the mean number 
of Golgi-vacuoles begins to rise and reaches a maximum at about 7 hc;>urs 
af ter the injection. This is a point. where nearly all the cells are in phase 11 
or 111 of the restitution period (cf. fig. 5) . 

3. From 7 hours af ter the injection on the mean number of Golgi~ 
vacuoles beg ins to decrease and reaches a lower level at a time. when most 
cells are in phase 111 and IV of the restitution period (cf. fig. 5). 

In order to analyse these phenomena more in detail. the numbers of 
Golgi-vacuoles have been counted separately in each phase of the restitution 
period and at different points of time af ter pilocarpine injection. as is 
shown in fig . 8. From this figure the following conclusions can be drawn: 

ad 1. The disappearing Golgi-vacuoles have been extruded not only 
from cells. which were in phase 111 and IV. but also from cells. which 
were in phase 11 of the restitution period at the moment of the injection. 

ad 2. Already during phase I th ere is a distinct increase in number 
of the Golgi-vacuoles. which is continued during the first part of phase 11. 
At 7 hours af ter the injection this increase ends and during the remaining 
part of phase 11 the number of Golgi-vacuoles is kept nearly constant on 
a high level. 

This means that the number of Golgi-vacuoles beg ins to increase before 
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Fig. 7. Graph showing the changes in average number of Golgi-vacuoles during extrusion 
and t'estitution period after pilocarpine injection in starving animaIs. 
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any pro~enzyme granules worth mentioning can be observed in acelI; the 
vacuoles are most numerous at the time, wh en the first 'granules have 
appeared in the cello 

ad 3. The decline of the curve of fig. 7 is caused according to fig. 8 
bya rather sudden decrease in number of the Golgi~vacuoles on the moment 
that the cell passes over from the restitution phase 111 to phase IV (in a celt 
r,eaching th is last phase, the restitution of granules has come to an end). 

This means that the number of Golgi~vacuoles in a celI is maintained 
on a high level, as long as the restitution of pro~enzyme granules in the 
celI is going on, but decreases as soon as the end of the restitution period 
is reached. 

Conclusion. The points ad 2 and ad 3 are strong arguments for the 
hypothesis that the formation of pro~enzyme granules in the exocrine 
pancreas cell depends on the formation of vacuoles by the Golgi~apparatus 
of this cello 

These processes are going on iIi one cell simultaneously, but not at the 
same speed at every moment. In the following chapter this phenomenon 
will be investigated more closely. 

Numbers of Golgi~vacuoles and pro~enzyme 
9 r a n u les dir e c t I y c 0 m par e d. 

The numbers of pro~enzyme granules were estimated by multiplying 
the mean numbers of granules, which are present during phase 11, 111 and 
IV respectively (cf. the definitions on page 504) with the numbers of 
the cells, which have reached these phases at a given moment (cf. the 
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Fig. 8. Graph showing the changes in number of the Golgi-vacuoles, wh en counted in 

each restitution phase separately, and at different moments af ter pilocarpine injection in 
starving animaIs. 
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numbers of fig . 5) . By summing up the 3 products. obtained in this way. 
the total number of granu].es. which is present at this moment in 100 cells 
can be calculated. 

In fig . 9 the mean numbers of granules of cells at different moments of 
the restitution period have been plotted against the mean numbers of Golgi~ 
vacuoles. which are present in the same cells at the same moments. These 
numbers of vacuoles have already been used before for fig. 7. Each point 
of fig. 9 represents the data of two animals which have been killed at the 
same time after pilocarpine injection. 

Considering the curve on fig. 9 one must realize that each new~formed 
granule is probably remaining in the cell during the entire restitution period. 
whereas it is most probable that each vacuole doesexist much shorter. 
Therefore. the values for the granules represent the total numbers. which 
have been formed on a given moment, whereas the values for the vacuoles 
represent. probably. only the difference between the total numbers. which 
have been formed by the Golgi~apparatus. and the numbers. which have 
been consumed for the formation of granules. 
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Fig. 9. Graph showing that the quantitative relationship between Golgi-vacuoles and 
pro-enzyme granules during the restitution period can he expressed by an optimum curve. 

From fig . 9 it may be concluded that the quantitative relationship 
between Golgi~vacuoles and pro~enzyme granules can he expressed hy an 
optimum curve dividing the restitution process into two parts. During the 

. first part. the regeneration of vacuoles by the Golgi~apparatus is 'going on 
at a higher rate than the consumption of vacuoles in behalf of the process 
of granule formation ; this causes the curve to rise. However. during the 
second part the reverse is happening. causing the curve to decline. 
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From th~ results of fig. 9 this conclusion may only be drawn for the 
pancreas gland as a whoIe. But considering the nu mb ers of Golgi~vacuoles 
in the 4 restitution phases separately (cf. fig. 8) and the frequency of 
the cells, which are in these phases on different moments after pilocarpine 
injection (cf. fig. 5). it may be concluded that the optimum curve of fig. 9 
is valid also for each pancreas cell separately. 

Discussion. 

Hitherto noting has been said about a physiological interpretation of 
the phenomena described. 

According to the "Systemtheorie" of HIRSCH (1939, 1940) the function 
of the Golgi~apparatus in the exocrine pancreas cell would be to attract 
and to concentrate the raw materiaI. which the cell has taken up from the 
blood, and to transform the molecules of th is material into the "Golgi~ 
Produkte", which are, in this case, the pro~enzyme granules. These 
processes should be reflected in the following structural phenomena (cf. 
fig. 10). rnside the Golgi~substance ( " Golgi~Präsubstanz") vacuoles 
("Golgi~lnterna") are formed; originally they are very small but they 
grow gradually and become visible microscopically. In this phase of the 
process HIRSCH (1939, 1940) calls the Golgi~substance , which can be 
blackened with osmic acid "Golgi~Externum". One "Internum" forms 
together with the surrounding " Externum" a "Golgi~System". The 
"Externum" attracts raw material, which is transformed into the "Golgi~ 
Produkt" in the "Internum". This produces a condensation of substances 
in the " Internum" , which causes the original vacuole to be transformed 
into a granule. The "Golgi~Produkt" releases itself from the Golgi~ 
substance and is identical, then, with a pro~enzyme granule. 

JÄRVI (1940) 3 is fundamentaHy in accord with the hypothetic 
reconstruction of HIRSCH (1940) as far as the structural changes are 
concerned, which are reproduced in fig. 10 of the present paper. However, 
JÄRVI considers conceptions as used by HIRSCH (1940, p. 378) in the 
following scheme: 

Golgi~Externum ! ~ vielfach Golgi~Rest 
Präsubstanz < Golgi~System 

Golgi~lnternum ~ Produkt 

to be incorrect and deceptive. For a discussion of the further conflicting 
points of view of both authors on these questions I may refer to my recent 
paper (SLUITER 1948). 

As I pointed out before (SLUJTER 1948) it is doubtful whether either 
HIRSCH or JÄRVI have actually seen the vacuoles, which I have counted 
here, or even whether they have seen any real vacuoles at all in connection 
with the Golgi~apparatus in the exocrine pancreas cello 
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. Considering the diagrammatic reconstruction hy HIRSCH (1940) (cf. 
fig. 10 of the present paper) with respect to the results of~y own 

Praesubstanz in 
form elnes kurz 
yerzweigten Balkens 

der PraesubStanz 

etwas angewacllsene 
Inferna, aber noch 

ohne erkennbar~ 
froduld 

fxternum nur 
noch unvollkommen 

das halbfertige Produkt 

Fig. 10. Reproduction of fig. 1-7 of HIRSCH (1940, p. 382) showing a hypothetic 
reconstruction of the functional changes in the GoIgi-apparatus of the exocrine pancreas: 

cell according to the "Systemtheorie". 

investigations on the suhjçct, only the following conclusions can he. 
definitely drawn: 

1 ) There are indeed vacuoles, which are in close connection with the
Golgi~apparatus. 

2) The formation of pro~enzyine granules depends, actuaIly. on the 
formation of these vacuoles hy the Golgi~apparatus. 

3) The quantitative relationship between vacuoles and granules is not 
in conflict with the assertion of HIRSCH thateach vacuole would be a 
pro~enzyme granule in statu nascendi. 

4) The pro~enzyme granules, which appear first, . are indeed lying in the 
region of the Golgi~apparatus. 

However, in accepting this diagrammatic reconstruction, the following: 
restrictions must he made: 
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ad 1) The vacuoles cannot be observed lying in. the centre of the Golgi
threads and growing gradually (SLUITER 1948). 

ad 3 and 4) A gradual condensation of substances within the vacuoles 
cannot be observed; I have nev'er seen pro-enzyme granules to be 
surroundëd as completely ~md as closely by the blackened Golgi-substance 
as has been drawn by HIRSCH (1940). 

Summary. 

The following results have been obtained by counting ofexocrine 
pancreas cells of the white mouse in different phases of their functional 
activity and of the Golgi-vacuoles and pro-enzyme granules in these cells 
according to the "Stufenzählmethode" (HIRSCH 1932) af ter pilocarpine 
injection. 

It is actually possible to reconstruct the restitution process, as it is going 
on in the pancreas cells of one mouse, with the aid of data, obtained from 
20 mice, which have been killed at different times af ter pilocarpine injection 
(cf. fig. 5). 

The formation of pro-enzyme granules depends on the formation of 
vacuoles by the Golgi-apparatus (cf. fig. 7 and 8). 

The number of Golgi-vacuoles, which can be observed in one cell on a 
given moment, is the resultant of two processes: regeneration of vacuol~s 
by the Golgi-apparatus and their consumption by the process of ,granule 
formation . In the first part of the restitution period the regeneration 
surpasses the consumption. In the second part the reverse is happening 
(cf. fig. 9). 

The "Systemtheory" of HIRSCH (1939, 1940) could be confirmed in 
some respects , but not in other ones, as fas as the exocrine pancreas cell 
is concerned (cf. fig. 10). 
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