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ABSTRACT 

This paper deals with electron microscopic changes in the acinar cells of 
the pancreas after the injection of antibiotics. Chloramphenicol and tetracycline 
therapeutic doses 25 mg/ kg body weight/day respectively were administrated to 
guinea pigs for 10 or 20 days and the two same overdoses 250 mgfkg body 
weight/ day for 5 days. Pancreozymin 3 units/ kg body weight was administered 
singly or combined with chloramphenicol therapeutic dose and overdose. The 
changes found in these series with special emphasis upon zymogen granules, 
rough-surfaced endoplasmic reticulum, mitochondria and Golgi complex wer e 
compared. 

The two antibiotics therapeutic dose series show some slight but not signifi
cant changes- in relation to rough·surfaced endoplasmic reticulum- in the acinar 
cells. 

The two overdose series reveal different serious changes- a marked decrease 
in number and vacuolisation of zymogen granules, and a decrease in number of 
intracisternal granules and vesiculation of rough-surfaced endoplasmic reticulum, 
large vacuoles surrounded by mitochondria or by a single mitochondrion-like 
structure occur. The Golgi complex is somewhat dilated. 

Pancreozymin singly induced accelerated secretion of zymogen granules and 
increase of dense material in the Golgi complex and intracisternal granules in 
the rough-surfaced endoplasmic reticulum, but pancreozymin combined with over 
dosed chloramphenicol does not turn the rough-surfaced endoplasmic reticulum 
disturbed. 

By comparing these changes found in the different series, the role and signifi
cance of the organellae in the acinar cells are discussed in relation to secretion 
of the pancreas and enzymatic protein synthesis. 

INTRODUCTION 

Electron microscopic studies of the acinar cells of the pancreas have been 
reported in different animals and also repeated experimentally as such-fasting
refeeding_ change following pilocarpine injection1121 , change injured by neutral red 
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injection31 , changes stimulated by secretin4>5>, and changes induced by protein 

metabolism inhibitors such as ethionine' 17 >819 > and 8-3-thienylalanine101111 , and by 
non-protein-feeding12l. 

Inhibitory effects of antibiotics on intracellular protein synthesis have been 

differently discussed. Chloramphenicol does not affect intracellular glycolytic 

and respiratory systems, but rather intracellular protein synthesis131• It does 

not disturb metabolism of ribonucleic acid14l. Obstructive action of chlor

amphenicol on protein synthesis takes place at the level of the arrangement 

of amino acids by inhibiting adhesion of messenger-RNA on the ribosomal 

surface1511' 1• Furthermore, protein synthesis not disturbed by chloramphenicol 

is probably the protein synthesis in which the messenger-RNA does not par· 

ticipate17l . Tetracycline also inhibits mitochondrial phosphorylation, influences 

RNA or DNA metabolism18l 19l 201 and affects ribosomes21). 

Straub et al.221 found in the pigeon pancreas that the transformation of 

the precursor protein into amylase consists of two processes, one of which 

is inhibited by chloramphenicol. Newly produced enzyme proteins in acinar 

cells have been understood to move from their original site to zymogen granules 

which are the final product of intracellular secretion. From this, the abnor· 

malities of the zymogen granules must be considered as a result of unusual 

changes occurring in different stages of the protein synthesis. 

The present study is concerned with electron microscopic observations of 

the formation of zymogen granules after the treatment with chloramphenicol 

and tetracycline partly in combination with pancreozymin, using the pancreas 

of guinea pigs, to elucidate the roles of different organellae in the pancreatic 

exocrine secretion as the backgrounds for biochemistry. 

MATERIALS AND METHODS 

Sixty guinea pigs, weighing 350 to 400 g, were given semisynthetic balanced 

diets three times a day at 6 hour intervals. Tetracycline and chloramphenicol, 

together with pancreozymin, were administered according to the schedule as 

shown in Table 1. The animals were generally fasted overnight before sacrifice. 

The animals received daily intramuscular injection of tetracycline (hosta

cycline, pyrrolidinmethyl tetracycline Hoechst) and chloramphenicol (chloro

mycetin Sankyo) . The therapeutic dose means 25 mg/kg body weight/day 

and the overdose 250 mg/kg body weight/day. A half of the chloramphenicol 

animals were treated with pancreozymin 3 units/kg body weight shortly before 

sacrifice. Based upon the Hunt's experiment521 , they were sacrificed at 10, 20, 

30 and 60 minutes after the injection at the sixth day of experiment after 

overnight fasting. Twelve received a single intracardiac injection of 

pancreozymin 3 units/kg body weight and were sacrificed at 10, 20, 30 and 60 

minutes. 
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TABLE 1. Schedule of Experiments 

I Days of I Pancreo- -~-Period of 
adminis- zymin experiment 
tration treatment (days ) 

I No. of" I Antibiotics and 
guinea pigs their doses 

used 
Experimental group 

----------- - ------
Tetracycline-therapeutic/1 3 I Tetracycline 

dose series 3 / 25 mg/ kg body 
weight/ day 

10 11 
20 21 

Tetra_cycline-overdose I 
senes 

Chloramphenicol-thera I 
peutic dose series 

Chloramphenicol
over dose series 

Chloramphenicol- - I 
therapeutic dose 
pancreozymin series 

- Chloramphenicol
overdose pancre
ozymin series 

3 

3 
3 

3 

I Tetracycline 
250 mgJkg body 

weight/day 

I Chloramphenicol 
25 mg; kg body 

weight/ day 

5 6 

10 11 
20 21 

5 6 I 
Chloramphenicol 

250 mgjkg body 
weight/day 

----~ Chloramphenic- o..,l-.--------------7------'-------
12 25 mgjkg body 20 21 

weight I 

I C~l~;a~~~ni~~~y 5 +---~----6--
weight/day 

12 

Pancreozymiti series 12 + I 6 

Control series 6 + 6 

Pancreatic tissues for electron microscopy were removed immediately after 
sacrifice, cut into small pieces and immersed in chilled 1% osmium tetroxide 
solution buffered with verona! acetate to pH 7.2. After fixation for two hours 
at 4°C, the specimens were dehydrated with ethanol within one hour and were 
embedded in n·butyl-metacrylate and styrene with 2% benzoyl peroxide. 
Sections were cut on a microtome JUM (Nippon Densi Co.) with glass knives 
and stained with 1% solution of uranyl acetate in 50% ethanol. The stained 
sections were examined with an electron microscope JEM 5 G. (Nippon Densi 
Co.). Electron micrographs were taken at original magnifications of 3,000-
50,000 and subsequently enlarged photographically. Tissues for light micro
scopy were fixed in 10% phosphate-buffered formalin solution and embedded 
in paraffin. The sections prepared were stained with hematoxylin and eosin, 
and partly with PAS technique. 

OBSERVATIONS 

Control series 
Acinar cavities were filled with homogeneous substances similar in density 

to zymogen granules. Some were empty (Fig. 1 ). 
Acinar cells: The apical surfaces formed a varying number of finger-like 

microvilli which were on an average 0.10 t-t in length and 0.5 t-t in maximum 
(Fig. 2). The basal surfaces ran fairly straightly. Immediately below them, 
there were moderately dense basement membranes which were 150 to 400 A. 
The lateral surface was relatively smooth. Interdigitations and terminal bars 
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were observed here. 

Zymogen granules were accumulated in the apical zone and some were 
seen immediately beneath the apical plasma membrane. The zymogen granules 
were homogeneous dense round granules and were 0.3 to 1.0 fJ. in diameter. 
They had a distinct single membrane. 

The endoplasmic reticulums were found in the basal zone and consisted 

of many cisternae, lamellae and tubes. They were associated with numerous 
RNP particles which have been believed to be exceedingly abundant in ribo
nucleic acid 351 (Fig. 3). The membranes of reticulum had almost the same 

thickness (60 to 80 Al as that of the plasma membrane and nuclear membrane. 
Large dense granules which corresponded to the intracisternal granules of 

Palade23 l were found in the cisternae (Fig. 4 ). 

The mitochondria were randomly distributed. Their double membranes 

were 5 to 8 mfJ. in thickness. The inner and outer layers were respectively 
about 70 A. Their matrix contained sometimes granules which were denser 
than the surrounding cytoplasmic matrix. The cristae mitochondriales were 
in parallel and rectangular to the long axis of each mitochondrion. 

The Golgi complexes were found in the supranuclear zone. Their lamellae 
were composed of paired membranes, each of them being 70 A in thickness 
and the interspaces were also 70 A. The vesicles had different sizes, forms 
and density. They were 40 A in diameter and almost as large as zymogen 
granules. The vacuoles were more dilated sacs, some of which contained clear 
or slightly flocculent materials (Fig. 5) . 

The nuclei were found in the basal zone and usually round. The nuclear 
envelopes were a double membrane of 250 A thickness. The inner layer was 
thicker than the outer. The outer layer sometimes projected towards the 

cytoplasm 

Experimental series 

Chloramphenicol- and tetracycline-therapeutic dose series: 

No significant changes took place in these series. The rough-surfaced 
endoplasmic reticulums remained almost unchanged, but segmental dilatation 

of the cisternae and slight scattering away of RNP particles from the reticulum 
surface occurred. Intracisternal granules remained almost unchanged but were 
slightly reduced in number and size (Fig. 6). 

Mature zymogen granules were seen in the apex and immature zymogen 
granules near the nucleus. Most of the mitochondria were of normal size and 

appearance, but some were swollen, some of the cristae mitochondriales lost their 
original parallel arrangement (Fig. 7). The Golgi complex remained almost 

normal and intact. The nuclei were almost intact. Centroacinar cells did not 

show any change (Fig 8). 
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Chloramphenicol- and tetracycline-overdose series: 

Different significant changes occurred in some organellae. The rough
surfaced endoplasmic reticulums were decreased in extent and were in frag
mentation and vesiculation. The distribution of RNP particles upon the reticu
lum surface became sparse. The RNP particles scattered away were often 
found in the neighborhood of the reticulums (Fig. 9). Intracisternal granules 

were markedly decreased in number and size (Fig. 10). Zymogen granules also 
decreased in number and size in the apical zone. Some were vacuolated. 
Others were almost as large as those of the control but inhomogeneous. Still 
others contained slightly flocculent materials at their centers (Fig. 11 ). The 
Golgi complexes showed no significant changes but became somewhat dilated 
(Fig. 12). The mitochondria did not show any conspicuous changes but some 
of them indicated an interesting picture. A number of the mitochondria sur
rounded a large vacuole completely or incompletely (Fig. 13 and 14 ). Further, 
a small number of them appeared to fuse with each other and form a single 
structure which encircled completely the large vacuole. In the structure, 
many long cristae were found arranged radially around the central vacuole 
and connected with each other forming a meshwork. 

The central vacuole was round but sometimes irregularly serrated in its 
outline and was sometimes empty and sometimes contained slightly flocculent 
material or amorphous osmiophilic substance. The central vacuole was feebly 
stained with PAS technique. 

Strongly dense crystal like bodies were seen near the nuclei (Figs. 15 and 
16 ). 

Pancreozymin series: 

Ten minutes after the injection, movement from the apical zone to the 
acinar cavity of zymogen granules was observed. The acinar cavity began 

to be filled with high electron dense material. The zymogen granules appeared 
homogeneous and of uniform size. Twenty and thirty minutes after the 
injection, a large number of zymogen granules disappeared in the apical zone 

while the acinar cavity was filled with dense material which corresponded to 
mature zymogen granules (Fig. 17 ). The limiting membrane of zymogen 
granules was often in contact with the apical plasma membrane. In the Golgi 
vacuoles, amorphous material which was somewhat less dense than zymogen 
granules was often observed (Fig. 18 ). Sixty minutes after the injection, a 
few zymogen granules only were seen in the apical zone. Amorphous dense . 

materials were often seen in the growing Golgi vacuoles. The rough-surfaced 
endoplasmic reticulum became dilated and came to accumulate dense homo
geneous spherical bodies-intracisternal granules-of different sizes (Fig. 19). 
The mitochondria showed very slight changes in their shape, size, distribution, 

density and internal cristae. The nuclei did not show any significant change. 
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Chloramphenicol-therapeutic dose pancreozymin series: 

A marked discharge of zymogen granules was found at 10 to 20 minutes 
after the injection. At the same time, the acinar cavities were filled with 
materials which were slightly less dense than the zymogen granules found in 
the control series. Microvilli remained as many as and as large as those in 
the control series. 

Chloramphenicol-overdose pancreozymin series: 

A marked discharge of zymogen granules was not found at 10 to 20 minutes 
after the injection and even later (Fig. 20). The central large vacuoles sur· 
rounded by a number of mitochondria completely or incompletely or those 
surrouded by a single mitochondrion-like structure occurred in the same manner 
as that found in the two antibiotics overdose series (Fig. 21 J. Amorphous 
osmiophilic substance was also found here but not changed by pancreozymin. 

DISCUSSION 

By cell fractionation and CH labelled leucine, Palade and Siekewitz 27128 1 

postulated that digestive enzymes were synthesized by attached ribosomes in 
endoplasmic reticulum, transferred into its cisternae and finally packed and 
stored in the form of zymogen granules. According to Zamecrick et al.29130 >. 

enzymatic and structural materials are carried on the surface of the ribosomes, 
to which messenger-RNA adheres in order to guide the arrangement of amino 
acids. The materials are released from the ribosomes and transferred across 
the membrane of the endoplasmic reticulum into the cisternal spaces. This 
may correspond to Palade's first stage31 >. Subsequent intracellular transport and 
storage can be observed at the level of electron microscopy, and electron 
micrographs must be reflected merely as secondary, tertiary or quartery 
structures of primary amino acid configuration. The effect of antibiotics upon 
the acinar cells must be observed within the limit of this level. 

The attack site of chloramphenicol has been explained as follows: chlor
amphenicol inhibits the transfer of amino acids from soluble RNA to ribosomal 
protein (Nathans et al,251 ), or disturbs the formation of the inducible enzymes 
and indirectly alters their regulation mechanism ( Sypherd 26 1 ). The synthesis 
of all proteins can be inhibited by chloramphenicol of high concentration 
(Aronson et al.16P 71 ). Chlortetracycline has been observed to depress phos
phorylation in mitochondrial preparation of mammalian tissues (Loomis 191 ) 

or to inhibit oxidation (Van Meter et a/. 20> ). Further, chlortetracycline has 
been reported to affect the RNA metabolism and oxytetracycline the DNA 
metabolism. 

The ribosomes are the morphological units of protein synthesis, which link 
into the molecular biology, while the role of the endoplasmic reticulum mem
brane has been not definititely elucidated 291 311 • Some authors postulated that 
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the endoplasmic cisternae were a dynamic circulatory system serving as an 
initial site of enzymatie protein synthesis and storage of secretory products1132 1. 

However, some protein precursors must be incorporated · through another way 
into the protein skeleton of the endoplasmic reticulum itself. From the obser· 
vations of its high susceptibility in ethionine intoxication, Ekholm6 1 explained that 
synthesis of structural proteins-replacement of amino acids in their peptide 
chains-appeared to be rapid in the endoplasmic reticulum. Slight and serious 
changes of the endoplasmic reticulum observed respectively in the two anti
biotics therapeutic dose and overdose series may support his explantation 
(Fig. 9). 

Palade et al.411 demonstrated biochemically that dense granules of the endo
plasmic reticulum-intracisternal granules-contained amylase, trypsin and ribo
nuclease in a high concentration comparable with that in zymogen granules 
and concluded that the intracisternal granules meant rapid segregation of 
enzymatic protein without passing through the Golgi complex. The intra
cisternal granules are demonstrated in all of the antibiotics series but found 
decreased in number and size and smaller than those reported by Palade23 1, 

especially observed least in the two antibiotics overdose series (Fig. 10). The 
intracisteranal granules decreased here may be interpreted to be in the first 
disturbed stage of the pancreatic secretion cycle. 

Protease and ribonuclease have been observed to be abundantly distributed 
and of high concentration in zymogen granules (Palade et al.'11 421 ) . This is 
comparable with the result examined by cell fractination of Hokin34 1 and that 
examined by fluorescent -labeled antibody method of Marschall361, and supports 
Heidenhain's concept that zymogen granules contain future enzymes- enzyme 
precursors of pancreatic juice. The comparison of chromatographies of bovine 
pancreatic juice37i and zymogen granule preaparation38' 391' 01 also supports this. 
Hokin et al.33 1 postulated two different possibilities of secretion following ribo
somal protein synthesis in fasted animals, one to pass through zymogen 
granules and another in a soluble form invisible by electron microscopy. 
Indeed, 60% of chymotrypsinogen in whole homogenate is contained in zymogen 
granule fraction and only a negligible portion in the final supernatant411 • The 
marked decrease of zymogen granules found in the two antibiotics overdose 
series see~s to depend upon the change of the equilibrium between the two 
secretory pathways or upon the decrease of digestive enzymes during the 
normal equilibrium. This decrease, further together with affected changes of 
zymogen granules is fairly consistent with the decrease of amylase and lipase 
in the homogenates of experimentally injured pancreatic tissue observed in 
our laboratory'91 • The inhomogeneous zymogen granules observed here may 
be the granules of incompletely synthesized labile proteins affected by the 
two overdosed antibiotics and be comparable with those fotnld in the (1-3-T .A 
pancrea,s101, 
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The vacuoles found in the apical cytoplasm of acinar cells has been differ

ently explained. Many authors have considered it to be autolysis'3' 44 ' ' 5 ' ' 6> follow

ing rupture of zymogen granules. However, the two antibiotics overdose series 

did not show any rupture of zymogen granules in acinar cells. Furthermore, 

our laboratory'9' revealed that zymogen granules were absent in sequestered 

areas and strongly resistent against homogenization. 

The vacuoles, on the other hand, may be interpreted to be cast-off skins 

of zymogen granules which left their membrane after discharge of their 

content 31). However, electron-lucid vacuoles found deep below the apical 

plasma membrane remain undetermined whether they are, pathologically, in

completely formed zymogen granules or cast-off membranes. 

Several investigators3' 6' 7' 8' 10111 ' have observed the change of the Golgi complex 

of acinar cells exposed to protein synthesis inhibitors. Hruban10 > found the 

slight hyperplasia of the Golgi materials in the 11-3-T A pancreas and said that 

the formation of secretory protein was inhibited to a greater extent than the 

synthesis of lipoprotein. Others10' 11 1 stated that two kinds of synthesis were 

simultaneously inhibited by a large amount of the inhibitors. In the ethionine 

pancreas, Ekholm6' indicated lesser susceptibility of the Golgi materials which 

did not participate directly in enzyme synthesis. Haguenau and Bernhard 47 ' 

reported that the Golgi complex of tumor cells of high elevated pathological 

protein synthesis was not different in appearence from that of normal cells except 

for its slight hypertrophy. From the observations of the slight dilatation only, it 

is presumed that the resistance against abnormalities of protein synthesis exposed 

to the two overdosed antibiotics may be to exist in the Golgi complex. 

The mitochondria of acinar cells have been understood to take no direct 

role in forming secretory substances but rather work indirectly as a supplier 

of energy necessary for protein synthesis and possibly for its transport. The 

fact that the mitochondrial fraction has an enzymatic activity and radioactive 

chymotrypsinogen after in vivo labelling22 ' are explained by contamination with 

microsomes and zymogen granules. Ekholm6> suggested in the ethionine 

pancreas that the disturbance of protein synthesis induced a change of 

permeability to alter osmotic conditions of the surface membrane of the 

mitochondria. On the contrary, Herman et al.7' 8' observed no significant 

changes of the mitochondria in the ethionine pancreas and non-protein-feeding 

pancreas, and Hruban10' also in 11-3-TA pancreas. On the other hand, Loomis19 ' 

and van Meter et ai.2°' reported that chlortetracycline of considerably high 

concentration depressed oxidative phosphorylation in the mitochondrial prepa

ration of acinar cells. Our laboratory indicated that the mitochondria showed 

no significant changes in succinic dehydrogenase activity as well as in electron 

micrographs after experimental charges">. This supports that the mitochondria 

is insusceptible to the two antibiotics or reveals that the concentration of these 

antitibiotics is not enough. 
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Palade481 observed lipid droplets encircled by mitochondria in the acinar 
cells of starved guinea pigs. The vacuoles surrounded completely or incom
pletely by mitochondria or encircled by a single mitochondrion-like structures 
found in the two antibiotics overdos series correspond to the lipid droplets of 
Palade (Figs. 13 and.14). A gradual transition from the surrounding mitochondria 

to the single structure is well demonstrated in the chloramphenicol overdose 
pancreozymin series (Fig. 21). Palade explained lipid droplets of this complex to 
be reserved fat oxidized for energy source in connection with fat oxidative 
enzymes contained in the mitochondria. Similar findings have been reported 
in rats121'41. The vacuoles observed here also contain amorphous osmiophilic 
material which corresponds to Palade's droplets. It may be said that the 
content of the vacuoles is of lipid nature and the mitochondria and mitochon

drion-like structure oxidize fat in the vacuoles. Lipid droplets have been 
known to be produced by ethionine and other amino acids which inhibit 
protein synthesis7H31 . It is supposed that the osmiophilic material contained is 
lipid formed due to protein synthesis disturbed by the two antibiotics. The 
PAS positive staining of these vacuoles suggests a possibility of the presence of 
mucosaccharides, which may be also related to the disturbed protein synthesis. 

Dalay et al.501 reported that DNA or RNA content and total protein of the 
nuclei of acinar cells remained unchanged during secretion. By radioautography, 
Palade et a/. 31 '' 3> suggested that the direct participation of the nuclei in pro
ducing digestive enzymes was of little importance. All of the antibiotics 
experimental series confirmed this and revealed that nuclear material of acinar 
cells was not affected by the two antibiotics. 

Pancreozymin brings about considerable reduction of zymogen granules in 
the apical zone and accumulation of dense material in the acinar cavity. This 
means accelerated secretion of acinar cells. The chromatographic similarity 

of zymogen granules and pancreatic juice provides a bioch~mical background 
for this finding38139 >. Furthermore, this reduction of zymogen granules is con
sistent with the decrease of enzymatic activity (trypsin, amylase and lipase) 
in the homogenate of pancreatic tissue after the pancreozymin injection49 >. 

Pancreozymin has been believed to participate in transferring digestive 
enzymes across the acinar cell membrane but not directly in enzymatic synthe

sisH>. In fact, the pancreozymin series does not induce any significant changes of 
the rough-surfaced endoplasmic reticulum and nuclei. but the increased release 

of zymogen granules to stimulate protein synthesis indirectly. Watanabe'> 
reported that the protein synthesis began again 4 hours after the release of 

zymogen granules. Pancreozymin has been found to induce a transient vaso
dilation55> and an increased blood flow in the pancreas5"'· This is not observed 
within 60 minutes in the pancreozymin series. The frequent occurrence of 
modified zymogen granules and large vesicles communicating with the acinar 

cavity ( Aermodsson531 ) is not observed in the pancreozymin series, 
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On the other hand, the pancreozymin series showed the increase in number and 
size of vacuoles containing amorphous osmiophilic material in the Golgi complex. 
Generally, the secretory process of the acinar cells, although active participation 
of the Golgi complex remainsundetermined, has been understood as follows: 
Secretory proteins formed in the rough-surfaced endoplasmic reticulum, losing 
RNP particles, move to the Golgi region and make an initial stage of zymogen 
granules here57>58 ' 59>. Radioautographic studies showed that the rough-surfaced 
endoplasmic reticulum segregated and condensed secretory material only in 
hindered transport from here to the Golgi complex31>60 >61 >63l, while the obser
vations of hypertrophy of Golgi materials in acinar cells stimulated with secretin 
(Suzukij>) suggested a possibility that digestive enzymes might be synthesized 
not only in the rough-surfaced endoplasmic reticulum but also in the Golgi 
region in the abnormal conditions. The change observed in the pancreozymin 
series may support the active participation of the Golgi complex. T he chlor
amphenicol overdose pancreozymin series showed no marked release of zymogen 
granules into the acinar cavity. This may suggest that pancreozymin can not 
repair the rough-surfaced endoplasmic reticulum of enzymatic protein synthesis 
disturbed by overdosed chloramphenicol and takes an indirect role in this kind 
of synthesis. 
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EXPLANTATION OF FIGURES 

FIG. 1. Survey picture of exocrine pancreas cell of control guinea pig. x 8000 

FIG. 2. The apical region of pancreatic acinar cells. The apical plasma membrane 

shows microvilli (MV) projecting toward the cavity. Zymogen granule (ZG). 

Control. x 28000 

FIG. 3. The basal region of acinar cells. Cell boundaries ( CB) between the exocrine 

pancreas acinar cells. At lower right, mitochondria (Mt) are seen. Control 

X 18000 

FIG. 4. Large dense intracisternal granules (lc) are seen within distended cisternae of 

the rough-surfaced endoplasmic reticulum. The granules are not bounded by a 

proper membrane, but appear as a homogenous structure which has a relatively 

thick outer shell. Control. x 36000 

FIG. 5. The Golgi complex. Golgi vesicles (GVes) are seen. Control. x 25000 

FIG. 6. Intracisternal granules (lc) in the 20-day treatment with chloramphenicol thera· 

peutic dose (25 mg/kg/day). Their size and distribution are slightly diminished. 

N (nucleus). x 17000. 

FIG. 7. In the 20-day treatment with chloramphenicol (25 mg/ kg/day), mitochondria 

(Mt) are fairly rounded. The cristae lose the paralell disposition and are 

shorter and sparser than in control group. Their branching is also seen. Intra

cisternal granules ( Ic) are seen surrounded by cisternae of rough-surfaced endo

plasmic reticulum. x 33000. 

FIG. 8. Survey picture of the apical zones of 4 acinar cells ( AC) and a cetroacinar cell 

(CAC). In the centroacinar cell, endoplasmic reticulum are sparse and the 

mitochondria (Mt) are comparatively few and small. Significant changes are 

not seen. Same condition. x 15000. 

FIG. 9. Survey picture of acinar lumen ( L) and acinar cells. In the apical zones, zymo

gen granules (ZG) are diminished in number and vesiculation of the rough-sur

faced endoplasmic reticulum are markedly seen throughout the cell body. 5·day 

treatment with chloramphenicol (250 mgfkgfday). x 11000. 

FIG. 10. Intracisternal granules ( Ic) are decreased in number and size, and are rarely 

seen within distended sacs of rough-surfaced endoplasmic reticulum (ER). Mt 

(mitochondria) 5-day treatement with chloramphenicol (250 mg/kgjday). x 13600 

FIG. 11. The electron-lucent zymogen granules (arrow) are seen in the apical portion 

just beneath the microvilli ( MV ). These granules are limited by the single 

smooth membrane and contain ~lectron·dense core and electron-lucent zone. 5· 

day treatment with chloramphenicol (250 mg/kg/day). x 22000. 

FIG. 12. Survey picture of Golgi complex in acinar cell in the 5-day treatment of chlor· 

amphenicol (250 mg/kg/ day). Wide extension of Golgi membrane. x 36000. 
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FIG. 13. A large vacuole (V) is completely encircled by a mitochond.r on·like structure 
(Mtn). The cristae are arra nged radially around the central vacuole and often 
branching connecting with each other. Its long and numerous cristae are 
posed in fusion partially and form the bifurcations but not gather in cluster. On 
the whole. the matrix is not vacuolated. A central vacuole is limited by a dense 
zig·zag membrane. CB (cellular boundary) 5-day treatment with chloramphenicol 
(250 mg/ kg/ day ). x55000. 

FIG. 14. A large vacuole ( V) is incompletely surrounded by a few mitochondria ( Mt ). 
The vacuole contains amorphous, osmiophilic materials and is not limited by 
a zig-zag membra ne. The inner membrane of the mitochondria is slightly de
pressed and irregularly arranged. CB (cellular boundary) 5 day treatment of 
chloramphenicol (250 mgjkg/day ). x 46000. 

FIG. 15. Five dense bodies in plaque (arrow) are seen near the nucleus (N). The nuclear 
envelope shows a double membrane. Its interspace is partially enlarged and 
several nuclear pores are seen. 5-day treatment with chloramphenicol (250 mg/ 
kg/day). x 18000. 

FIG. 16. The endoplasmic reticulums (ER) with diminished RNP particles appear vesicu
la ted within which lie lipid droplets (arrow) with an empty periphery. Same 
condition. x 26000. 

FIG. 17. An acinar lumen (L) is filled with dense material which is comparable with 
mature zymogen granules (ZG) and is continuous with the apical zone. 5-day feed
ing with balanced diet, 20 minutes after pancreozymin injection. x 10000. 

FIG. 18. The vacuole of Golgi complex are markedly dilated and contains amorphous 
materials (arrow). There are large mature dense zymogen granules (ZG ) near 
the Golgi complex. 5-day feeding with balanced diet, 60 minutes after pancre
ozymin injection. x 26000. 

FIG. 19. Intracisternal granules (Ic) are seen in few cisternae of the rough-surfaced 
endoplasmic reticulum. Same administration. x25000. 

FIG. 20. The acinar lumen (L) is not filled with dense materials. 5-day treatment with 
chloramphenicol (250 mgfkg/ day). 20 minutes after pancreozymin injection. 
X 14000. 

FIG. 21. Vacuole (V) encircled by mitochondrion-like structure (Mtn) do not disappear 
a nd show no significant changes. Other mitochondria (Mt) are observed. Same 
administration. x 30000. 
















