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INTRODUCTION 

l!utophagocytosis 

Autophagocytosis is a process in which cells digest their own 

organelles. Together with heterophagocytosis it forms the 

lysosomal digestion system of the cell. Novikoff (1959) formu

lated the concept of autophagocytosis as understood today. He 

combined de Duve's (1959) idea of lysosomes with the electron 

microscopic findings of membrane-limited, degenerating cyto

plasmic organelles and proposed that those might together ac 

complish cell autolysis. l-lruban et al. (1963) conducted the 

first studies on drug-induced autophagocytosis, using the term 

"focal cytoplasmic degeneration". Since these findings, auto 

phagocytosis has boon observed in various tissues under both 

physiological and pathological conditions. 

Tc:"'mino logy. The most commonly used terminology for the various 

components of the lysosomal system ,�as propose<l hy de D11ve and 

\Vattiaux (196()): Pr•e-lyDouomi:::s are membrane limited organe:lles 

which do not co11taln lyso3omhl 

contain n1aterial destined to 

zymcs. 

egradecl 

On the cJthe1· hand they 

lysosom2l enzyn1es 

'J'l1e 1:1aterial can be either of extracellular origin, in which 

case the structure j s termed a heterophuJOBGin!.::
1 

or of intracc 

lular origin, in whicJ1 case the structure is 8n 

somes acq11irc lysosoma1 enzymes presumabl by fusi�g 

with pr/mo:r•y and/or seeondary lyr;o.somes. Primary lysosomcs 

thought to be derived from Golgi vesicles containing only ly

s0s01nal enzymes. Pre-lysosomes which acquire Jysosomal enzymes 

become secondary lysosornos, either hetero1,ysosomes or auto/,ysosomcs, 

If hetero- and autolysosomcs are fused, they form an ombilysosome, 

During destruction of their contents by hydrolases, hetero-, 

auto- and arnbilysosomes are converted to /teloJlysosomr!s. In 

residual bodies or post-lysosomes the degradation of the internal 

material is incomplete, The term outophogie vaeuole (AV) refers 

to both autophagosomes and autolysosomes (de Duve 1963). It is 
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frequently used when it is nuL k11uw11 wl1eLlie1 or not lysosomal 

hydrolases are present. The components of the lysosomal system 

are presented in Text-fig. 1. 

HE TE ROPHAGOCYTOSiS AUTG P'H AG OCYTOSlS 

PRE-LYSOSOMES 

L YSOSOMES 

(TELO)LVSOSOME 

-------------------------l-----------------------+------

• POST-!.. YSOSOMES 

RESiDUAL BODY 

Text-fig. l. The components of the lysosomal sys tern Uuring pre-lysosomal, 
lysosomal and post-lysosornal phases. 

Prc-Zysosomal pha.se. The ori.gin of the membrane surrounding an AV 

is still unknown. Two possible sources of AV membrane material 

have been proposed: 1) Membrane formation by de novo synthesis 

(Ashford & Porter 1962, Pfeifer 1971) or 2) the utilization of 

pre-existing cytoplasmic membranes. Most previous studies have 

suggested that the membranes of an AV originate from pre-exist

ing membranes within the cell, most probably from the endo

plasmic reticulum (Novikoff e/; al. 1964, Novikoff & Shin 1964, 

Ericsson et al. 1965, (;l insmann l\ csson 1966, Arstila & Trump 
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1968, Holminen & Ericsson 1971, Kov&cs & R§z 1974, McDowell 

1974). The utilization of plasma membrane has also been sug 

gosted (Qua taker 1971). 

The transformation from AV without enzyme activity to autolyso

somes may occur by fusion with pre-existing lysosomos as has 

been proposed by de Duve and Wattiaux (1966). Another opinion 

is that lysosomal hydrolases may he acquired directl from the 

cavity of the surrounding membranes without a pre-lysosoma 

phase. According to this theory the membranes of an AV or gi

nato from lysosome (Saito & Ogawa 1974), from a istorna of 

endoplasmic ret ulurn containing lysosomal hydrolases (\ovikofr 

et al. 1964, t-;ovikoff & Shin 1964, de Prieste 19721 or from 

Golgi apparatus (Frank & Christenson 1968, Trout K Vi os 19 9) 

o Golgi-associated endoplasmic rot culum related to lysosomes

(GERL) (Holtzman et al. 1967, Paavola 1978b, Trout & Viles 1')79). 

The existence of a pre-lysosomal phase has, however, been indi 

catcd by histochemical studies [Arstila & Trump 1')68) and by 

labelling the pre-existing lysosomes with iron (Deter 1975b). 

Beginninu of" the lysosomal pha.se. The newly formed AV are 1 

smooth, single, doub e (ArstiJ &- Trump 

(�1a zella & Glaumrrnn 1980b l membranes 

mation occt1rs in the memhranes of a ncwl 

19681 

C '--,omc 

fo dcubi 

hrane-limite<l �V, since its mernh appears to thic 

shortly afte jon 1v ith lyso 

also thicken and then the inner memb 

appearance occur probably as a 

lysosoma hydrolase [Ars la & 

the out 

d sappears 

t of di tion 

1968, 1969). 

The 

the 

r 

has been propu to occur '.ly 

f;y 

The fusion of AV 1vith lysosomcs 

ranclom collision (Deter 1975a). J1owevcr, the uneven distrih11-

tion of lysosomes and AV found in liver parenchymal cells 

[Ericsson & Glinsmrrnn 1966) and in kidney tubule ce ls (Pfeifer 

& Scheller 1975) does not support this hypothesis. 



10 

In biochemical studies the free activity of lysosomal hydrolases 

increases after increased autophagocytosis. The reason is ob

viously that the newly formed AV are larger than the pre-exist

ing lysosomes, having smaller osmotic resistance and being more 

easily disrupted during the homogenization (Deter 19 l). 

Destruct?:on and degradation. The destruction of the engulfed mate

rial within AV occurs to a certain extent without lysosomal 

hydro lases (Arstila et al. 1972, Pfeifer 1972, Deter 19 Sb), but 

degradation to the molecular level does not occur unless hydro

lytic enzymes are present (Tappel 1969, Deter 1975h). The ly

sosomal hydrolases are capable of degrading proteins, carbo

hydrates, ribonucleic acids and lipids (Tappel 1969). The 

proteolysis to the level of amino acids and dlpeptides 1s a 

rapid process (Coffey & de Duve 1968), whereas lipid degrada-

tion occurs more slowly (Glaumann & Trump 19 S). 

The average half-life of an AV is estimated to 8-9 min 1n the 

liver (Mortimore & Scl1worer 1977 Pfeifer 1978). However, the 

degradation times of various cytoplasmic components may vary 

(G1aumann et al. 1975a, 19 Sb, Claumann K Trump 1975) and pTob

ably depend on the physiological or pathological state of the 

eel 1. 

When the degradation of the engulfed material is not complete, 

the end product of an AV is ca11ed a residual body (de Duve & 

Wattiaux 1966). Tn non-dividing cells such as neurons (Ericsson 

1969) and cardiac muscle eel l (Brandes 1965), these bodies ac

cumulate in the cytoplasm during aging. The aging pigment of 

human liver is apparently also a result of autophagocytosis 

(Essner & Novikoff 960). By contrast, rat hepatocytes are 

capable of excreting their residual bodies by exocytosis of 

lysosomal material into the bile canaliculi and the space of 

Disse (Kerr 1970, Jacques 1975, Marzella & Glaumann 1980h). 

Signif1'.canee norrmal and pathologically alteY'cd eeU.s. Ericsson (1969) 

has categori ed the occurrence of autophagocytosis in different 
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physiological and pathological conditions as follows: Auto

phagocytosis occurs 1) in normal cells; 2) during physiological 

remodelling of cells as i.n, e.g., metamorphosis; 3) as a physio

logical survival mechanism fo example during starvation and 

4) in response to pathological stimuli such as the administra

tion of high doses of various inhibitors, hormones and other 

physiologic lly potent chemicals. 

Autophagocytos s s a common phenomenon in most normal cells. 

However, the number o AV in normal physiological condit ons 

is small. It has been proposed that autophagocytosis represents 

a mechanism whereby old organelles and portions of cytoplasm 

are degraded for reutilization within the cell (Ericsson 1969). 

This hypothesis seems improbable because the newly engulfed 

mitochondria within AV do not show any morphological or h sto

chemical a1 terations or other signs of "aging" (Ars ila et 

197 2). 

At present, the significance of autophagocytosls in normal eel 

i not quite clear. It probably represents an imp□ mecha-

nism for intracellular breakdown of cytoplasmic constituent 

(Mortimore & Schworer 1977, Pfeifer 1978), possibly contributin,; 

about SO % of the intrac llular protein degradat on n liver 

(Seornik & Botbol 1976, Pfeifer 1978). Extra-lysosomal hydro

lases are also apable of degrading soluble cytoplasmic mater 

or membrane-bound organelles (Ballard 1977). 

Autophagy follows a circadian rhythm for example n rat liver 

kidney and pane The volume fraction of AV is lowest du 

the time of ctiv ty and feeding in the niglit, and appears to 

be highest during the day at the time of lowest activity 

(Pfeifer 1976). 

De Uuvc and Wat iaux (1 66] have suggested that the scgre 

o eel ul r material is random process and that its control 

is dependent on tatisti al factors''. However, it has been 

shotvn thu L segrega l.iun of cyLoplasrnic cornponenL;:,, 1s to a cert<:1-, 
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extent selective in both physi.ulog.ical (Lucke 21 iv1cJv1ahu11 1971, 

Pfeifer 1978) and pathological conditions (Bolender & Weibel 

1973). More quantitative research is needed for the elucida

tion of this problem. 

Increased autophagocytosis represents a common sublethal re

action to a variety of injurious stimuli in the cell. The 

classification of these stimuli is difficult because very dif

ferent kinds of pathological stimuli can increase cellular auto

phagocytosis. For example x-ray irradiation (Hugon & Borgers 

1966, Volk rd al. 1966), hypoxia (Abraham et al. 1967), excess 

of glucagon in the liver (Ashford & Porter 1g62, Arstila & 

Trump 1968), amino-acid deprivation in perfused liver (Mortimore 

& Schworer 1977) and various toxic chemicals (for a review see 

Ericsson 1969) all increase cellular autophagocytosis. Most 

older observations on increased autophagocytosis after injurious 

stimuli are rather subjective because they are based on quali-

tative electron microscopical studies. Recently, some quanti-

tative studies on increased autophagocytosis have also been 

published (Deter 1971, Bolender & Weibel 1973, Mortimore & 

Schworer 1977, KovAcs & Kov�cs 1980). Stereological methods 

are needed in order to obtain more knowledge on the mechanism 

of autophagocytosis. 

The mechanism of pathological induction of autophagocytosis is 

not clear. The best studied is the glucagon model in the liver, 

in which the inducer of autophagocytosis may be the elevated 

level of intracellular cyclic adenosine monophosphate (cAMP), 

which mediates the effect of glucagon in the hepatocytes 

Cyclic AMP lone is also capable of inducing autophagocytosi 

in rat liver (Shelburne et al. 1973) and kidney (Pfeifer & Guder 

19 S). The question to be answered s whether the intra llular 

mechanism of induction o autophagocytos s 

regardless of the nature of the stimulus, or 

fferent pathways by which d fferent kind of 

increased autophagocytosis. 

a 1 \Mays the same 

the 

imu1i induce 

1st 
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Vinblastine 

Vinblastine-induced autophagocytosis. The most widely used model in 

studies on autophagocytosis is the glucagon-induced autophago

cytosis 1n rat liver (Ashford & Porter 1962, Deter & de Duve 

1967, Arstila & Trump 1968, Deter 1971). However, the number 

of AV formed is relatively small in this model. The microtubule 

inhibitor vinhlastine (VBL) is a more potent inducer of auto

phagocytosis in the liver than glucagon (Arstila et al. 1974, 

Hirsimaki & Pilstr6m 1979). VBL also induces autophagocytosis 

in neurons (Terry et al. 1970), in pancreatic acinar cells 

(Kova.cs et al. 1975, Nevalainen 197S), in Ehrlich ascites tumor 

cells (Hirsimaki et al. 197S), and in seminal vesicle cells 

(Kovacs & Kovacs 1980). VBL-induced auto.phagocytosis offers a 

good model for studying autophagocytosis in pathologically al 

tered cells. The mechanism by which VBL induces autophagocyto

sis is unknown. 

Other effects of vinblastine. VBL is a plant alkaloid which has 

been isolated from the plant v1:nca msea Linn. It is a highly 

effective oncolytic agent against certain forms of human cancer. 

Its effects have therefore been well studied. Toxic doses of 

VBL cause reduction of food intake, loss of weight and leuko

penia in mice. The intraperitoneal LD50 dose in mouse is

3.2 ± 0.02 mg/kg and the cause of death is bacterial diseases 

secondary to leukopenia (Johnson et al. 1963). VBL arrests cell 

mitosis at the metaphase. This effect seems to be media 

a reversible interaction with the subunits of the mitotic 

spindle (Malawista et al. 1968). VBL also causes precipitation 

of cytoplasmic microtubules, which then form paracrystals in 

the cytoplasm (Bensch & Malawista 1968, Krishan & !lsu 1971, 

Bunt 1973, Tyson & Bulger 1973). Intact microtuoules are 

needed in the transport and secretion of the secretory produc s 

of various cells, and microtubule disruption prevent for e:,> 

ample the transport and secretion of very low density lipopro

tcins (VLDL) from the liver (Orci et al. 1973, St in 2, Stei 

1973, Reaven & Reaven 19801. 
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AIM OF TllE STUDY 

The general aim of this study was to investigate the mechanism 

of autophagocytosis, especially the AV formation and the intra

lysosomal degradation of cell organelles in pathologically al

tered cells. For this purpose autophagocytosis was induced in 

mouse liver parenchymal cells by intraperitoncal injection of 

VBL. 

The following specific problems were investigated: 

l) The qualitative morphological 

cytes after VBL treatment and the 

doses of VBL. 

changes occurring 

ir1jur·ious effects 

in hepato-

2) The quantitative morphological changes of the volume density

of AV, of AV contents and of other cell organelles and hepato-

cytes after VBL treatment. 

3) The effect of increased autophagocytosis on the total and

free activities of lysosomal hydrolases and the role of micro

tubules in the acquisition of acid phosphatase to AV. 

4) The origin of AV membranes.

5) Possible similarities in the init ation of a1ttophagocytosis

in liver after VBL treatment as compared with some known effects 

of glucagon. 

MATERIALS AND METHODS 

Experimental am:mals 

Male NMRI mice, 2-3 months old and weighing 27-34 g, were used 

the experiments. The imals were 1vcn standard laboratory 

chow ( , Astra-Ewos, Sweden) and tap water, ad lib. during the 

experimental periods unless otherwise specified. The animals 

lived in controlled relative humidity (40 1 and cage tempera

ture (21-22
°

C) and in 12-1 h controlled light-dark rhythm

(lights on 6 am - 6 pm) at least two weeks before the experi

ments. All experiments were conducted between 10 am and 2 pm. 
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470 animals were used for this study. 

Vinblastine administration 

Vinblastine sulphate (Velbe, E. Lilly & Co., Indianapolis, 

U.S.A.) was dissolved in 0.9 % saline and injected as a single 

intraperitoneal dose of 10, 25 or 50 mg/kg body weight (VBL 2, 

5 or 10 mg/ml) prior to killing. Control animals were given 

corresponding volume of saline. 

Qualitative microscopy 

Light microscopy. Hematoxylin-eosin staining was performed in 

order to estimate the injurious effects of VBL (10 and 50 mg/kg) 

on liver. Immediately aftGr killing, pieces of liver were fixed 

in 10 % formalin in 0.15 M phosphate buffer, pH 7.0. The speci

mens were embedded in paraffin, sectioned, and the sections 

were stained with hematoxylin and eosin. 

Periodic acid-Schiff (PAS) staining was performed in order to 

follow the changes in liver glycogen after VBL injection 

(10 mg/kg) as compared to the control. All the animals starved 

after VBL or saline injection before killing. Small pieces of 

liver were removGd and frozen. Sections, 10 urn thick, were 

cut on an Ames Microtome-Cryostat II, preincubated in a mixture 

of ethanol, chloroform and acetic acid (16:3:1) and stained 

with the PAS technique. 

Electron microscopy. Specimens for electron microscopy were taken 

simultaneously with those for light microscopy and biochemical 

assays. Specimens from at least five animals injectGd with 

VBL and from corresponding controls were examined fifteen 

or thirty minutes and one, two, four, twelve or twenty-four 

hours after the injection. Three fixing techniques were 

used in routine electron microscopy. In the first technique, 

small cubes of liver tissue were fixed by irnmers on in l % 

0s0
4 

in 0.1 M sodium cacodylate bu±fer, pH 7.4, for two hours 
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at +4
°

C. After fixation, blocks were taineci with 2 uranyl 

acetate" dehydrated in an 0scending series of ethanol, :-Jncl cm--

heddcd in Epon 812. 1n the second technique, small cuhes of 

liver were fixed l1y i1nmcrsior1 in � % cli ti.lled glutaraldehydc 

in O. l ii! sodium cacodyiate buf Cer, pH 7 .4, for four hours 

either at +4
°

C or at room temperature (in order to preserve

the microtubu1e ) 1 postf.ixed in l 1b 0s04 in the same buffer

for one hour , stained 

and embedded as Jesc r.i hcd abo\.re. 

itt1 uranyl acetate, del1yJrated, 

ln the third tecl1niquc, sma1] 

cubes l. iver �•Jere fj xecJ hy .immersion at room tcrnpcra t!1re 

us1-ng the forrnaldehyJe-g1utarJ.1Jehyds f]xative dssc:ribcd by 

Karnovsky (1965) in or<lcr to preserve� the 1Jicrotuhules on 

possible paracrystallinc inclusions-

with diamond knives o� Sorval Portcr-8Jun1 �1·-1 ultramicrotomc, 

etate (Watson 1958) ::1nd leaJ citrate stai11ed wi�:h uranyl 

(Venable & Coggeshall 19b5) :Jnd examined with a JE\I !i!O-lJ clcc-

trcn microscope. 

1-'or lcctron microscopic histochemistry } the un1 .l.s 1-'i'ere 

kl J..J cd fifteen minutes (6 animals) } thj rty minutes (6 anirn,:1 ls) 

two hours (l? ani1nals) fter VBL injection (5 rng/kr,i in 

01·dcr to study lioth the formation 01 and tl1e newly forincd 

Six anin10Js were includcll in cacl1 cont1·0] grot1p. T11 ree 

acid phospf1atase tivj_ty 1.\1as loca1izcd 1:n order to follow "!=h 

tr311 forn1ation c1f non-cnzym� containing tc) �utol sesames. 

S1nall pieces of l·i 

nd 

s 

ta, n J. , 

T 0 

I I 
l '

p·no.spha t(-' 

r tis�uc from the n1cdian lobe were fixed 

1. u ta r a _l d ,, h yd t in (l .

t j the 

tanC" c i1.l \\:ith liquid nit gen. Sect.I 

ffer at pil 

for .2 

r yu:,, Lal J 

_1_ead rned i 

rng 
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Essner (1973). Control sections were incubated in a medium to 

which l□-
2

M NaF had been added or from which the substrate was 

omitted. The sections were washed in cold 0.1 M sodium caco

dylate buffer, pH .4, containing .5 sucrose, postfixed in 

1 % Oso
4 

in the same buffer at +4
°

C for one hour, stained en

block with 2 % uranyl acetate, dehydrated and embedded as de-

scribed above. Sectioning and double staining were performed 

as already described. 

In the second histochemical technique, inosine diphosphatase 

activity was localized in order to study the origin of the AV 

membranes. Fixation and sectioning of frozen sections were 

performed as described for the localization of acid phosphatase 

activity. The sections were incubated in a medium containing 

10 ml 0.2 M Tris-maleat� buffer at pH 7.2 and 25 mg Na-inosine 

diphosphate (Sigma) as substrate, 7 ml distilled water, 5 ml 

0.025 M manganese chloride and 3 ml 1 % lead nitrate (final 

concentration 3.6 mM) (Novikoff & Goldfischer 1961) for 15 min 

at +37
°

C as described by Essner (1973). Control sections were 

incubated in a medium from which the substrate was omitted. 

After incubation, the further preparation of the specimens for 

electron microscopy was performed as already described. 

In the third histochemical technique, 0s0
4 

impregnation was 

used in order to study further the origin of AV membranes. 

Pieces of liver tissue not more than l mm in thickness were 

immersed in 2 % Os□
4 

in distilled water (pH 6.2-6.8) at +4 

for twenty-four hours. The 0s0
4 

solution was then changed and 

immersion was continued for twenty hours at +4o
0
c (Friend 19691. 

The tissue was then drained, treated for one and a half hour 

with U.S % uranyl acetate, dehydrated and embedded in Epon 812 

Sectioning and double staining were performed as already de

sc1·ihed. 
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quantitative mieriot�eopy 

F:; _r:perimental an1:mals :1 7-)inb Zas /;ine adm✓inistra:tion and tissue pY-epar'at1:on� 

In this study the VBL dose used was 25 mg/kg. This dose pro

voked more AV in the cytoplasm than the lowest dose used 

( 0 mg/kg) but was not so toxic to the hepatocytes a the 

highest dose (50 mg/kg). The VBL was injected to twenty mice, 

while twenty controls were injected with the corresponding vol

ume of saline. The mice were not fed after the injection and 

were killed after one, four, twelve or twenty-four hours in 

order to follow the glycogen disappearance from the hepato

cytes. Five animals were included in each te_t or control 

group. After killing, fifteen about 1 pieces were cut at 

random from the median liver lobe of each animal. The speci

mens were immediately fixed by immersion in 1 % buffered 

with 0.1 M sodium cacodylate, pH 7.4, at +4
°

C for two hours.

Block staining, dehydration and embedding were performed as 

described in qualitative electron microscopy. 

Morphometric studies. Morphometry stage I: 0.5 µm thick sections 

were cut with glass knives on a 1KB Huxley ultramicrotome from 

five different blocks from each animal. The sections were 

stained with toluidine blue. From the best section of each 

block 10 micrographs were taken at random with a light micro-

scope at 1000 x primary magnification. Fifty micrographs were 

thus taken from each animal. These constituted the morphometry 

stage I. The micrographs were transferred with mm-calibratiJn 

scales to diapositive films. Counting was performed by pro

jecting the image on the test screen with the aid of the mm

calibration scale 1n each slide and on the test screen. 

Morphometry stages II and III: From five other blocks from 

each animal ultrathin sections, having an interference colour 

of silver to grey (about 600-900 A thick), were cut on a 

Sorval Porter-Blum MT-1 tilt ramicrotome with diamond knives and 

stained as described in qualitative electron microscopy. In 

the electron microscope the best section from each ribbon was 
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selected, from which 8-10 micrographs were taken a random at 

5300 x primary magnification. Additional 8-10 micrographs were 

taken at 10 000 x prima magnification from the same section. 

Randomization was performed by taking advantage of the holes 

in the grid. The micrographs at 5300 x magnification were 

taken from one corner of each grid hole and at 10 000 x magnifi 

ation from the opposite corner. The micrographs at 5300 x and 

10 000 x magnification constituted the morphometry stages II and 

III, respectively. The micrographs were transferred to dia

positive films with mm-calibration scales and the counting pro

cedure was performed as described for stage I. 

The morphometric analysi was performed by the point counting 

method as desc ibed for liver by Rohr et aZ. (1976). Stereo

logical estimates were expressed as densities o volume, sur

face area or number (Weibel & Bolender 1973). These densities 

are relative measurements and can be related to volume of tis

sue, cell or cytoplasm. Table 1 I sts the compartments and 

primary parameters determined at the individual magnification 

levels at stages '1, II and III. 

The primary data determined at stages II and III were converted 

into effective values of stage I (reference system liver) by 

multiplying the corresponding data of the primary parameters 

by the appropriate conversion factors (Rohr et al. 1976). 

The test lattices used were a 56-point multipurpose lattice at 

stage I, a 1:9/121:1089 doubl square lattice at stage II (l.9 

signifies the ratio of coarse to fine points, 121:1089 the ac
tual number of coarse and fine points) and a 100-point multi

purpose lattice at stage III (Weibel & Bolender 1973). 

The mean volume (�) of AV and lysosomes was obtained by divid

ing the volume density by the number of the corresponding 

organelles (Weibel 1969). 
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TABLE, lo Compartments examined in the morphometric study of mouse liver, and 
pr·tmary parameters calculated dt morphometry stages I, II und 111 

Compartments 

Excracell.ular compartm!2nts 
(EC): 

Kupffer cells 
Endothelial cells 
Fat storing cells 
Sinusoids 
Blood capillaries 
Bile. canaliculi 
Space of Disse 

Liver parenchymal cell 
Nucleus (NUCL) 
Cytoplasm (CYT) 

Mitochondria (MIT) 
Microbodies (MB) 
Lysosomes (dense bodies) 
(LY) 
Autophagic vacuoles (AV) 

Fat droplets (FD) 
VLDL-ves1cles (VLDL) 
Rough endoplasmic 
reticulum (RER) 
Smooth endoplasmic 
reticulum (SER) 
Ribosomes (RI) 
Glycogen fields (GLYC) 
Ground substance (GS) 

�-------�---- Primary parameters 
Stage I 
X 1 000 

vvc 
VVNUCL, NVNUCL 

Stage 11 
X 5 JOO 

VVNUCL 
V

VCYT 
V

VMIT ' N
VMITl) 

V 
VMB ' NVMB 

l)
V

VLY' N
VLY

Z) 

V
VFD' N

VFDZ) 
V

VVLDL 

Stage III 
X JO 000 

V
VMIT' 5VOBM' 5

VCM 

VVMB 

V
VLY 

V
VFD 

VVVLDL 

V VRER' 8vRER 

Vv = volume density, Nv=numerical density� Sv=surface density� OBM=mitochondrial 
outer boundary membrane, CM= crista membrane 
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No corrections were made for systematic errors in section thick-

ness or for compression of the tissue by sectioning. In corn-

parative works such corrections are unnecessary since it can be 

assumed that all experimental groups are affected to the same 

extent by systematic errors (Staubli et al. 1969), 

Evaluation of autophagic vacuoles. The volume density of AV was esti

mated both as a single group and by dividing them into three 

different groups representing AV at different stages of devel

opment: The first group consisted of obviously newly formed AV 

which were in general double membrane-limited with clearly re

cognizable internal material (AV
2

). The second group consisted 

of apparently older single membrane-limited AV with partly di

gested engulfed material (AV
1

). The third group consisted of 

obviously old AV with unrecognizable contents showing trans

formation to residual bodies (RB). Examples of the three dif

ferent types of AV are seen in Fig. 6. 

The contents of the AV were analysed at stage II by point 

counting. For the analyses, the AV were classified into the 

following groups: 1) AV containing ERGS, comprising endoplasmic 

reticulum, ribosomes, Golgi complex and cytoplasmic ground sub

stance, 2) AV containing mitochondria, 3) AV containing micro 

bodies, 4) AV containing fat, 5) AV containing VLDL vesicles 

and 6) AV containing glycogen (Fig. 8). The percentages o 

the various cytop asmic componen in AV were calculated 

compared with the corresponding mean values in the hepatocyte 

cytoplasm. Double o singl membrane-limited AV were included 

in the evalua ion only i their contents could be isfactor iy 

denti.fi ed. 

In thes experiments the VBL doses 

50 

ed were 10 mg/k or 
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Liver. In the assays of the activities of the lysosomal hydro

lytic enzymes the animals were starved overnight hefore the 

experiment. Immediately after the mice were killed, the livers 

were rapidly removed, weighed, and a JO % (w/v) homogenate was 

made in ice-cold 0.25 M sucrose using a Potter Elvehjem homo-

genizer with a Leflu11 pestle rotating 3t about 2000 rpm th 

three complete strokes. This homogenate was used for the esti-

mations of the activities of lysosomal enzymes. 

samples were taken for protein estimations 

Simultaneously, 

The total activities of lysosomal enzymes were estimated from 

homogenates treated with 0.1 i Triton X-100 (final concentra

tion) for 20 min before the analyses. The activities of lyso

somal enzymes not bound to particles (free activity) were esti

mated after centrifugation of the homogenates in a MSE super

speed 50 ultracentrifuge for one hour at 100 IJ00 g with an 

Bx 25 ml rotor. The supernatant was used for the enzyme analy

ses. 

Acid phosphatase (EC 3.1.3.2) activity was assayed by incubat

ing homogenate in 0.1 M sodium acetate buffer, pH 5.0, at +3 C 

using 10 mM (final concentration) B-DL-glycerophosphate (Sigma), 

as substrate. After 30 min incubation, the reaction was stopped 

by adding 10 trichloroacetic acid (Barrett 197 ) . fter the 

precipitate ha<l been allowed to f]occul te 15 min at ±0
°

C the

mixture was centrifuged and the supernatant was used for the 

determination of inorganic phosphate accord ng to the method 

desc ibed by Fiske and Subbarow (1925) at 6 5 nm. 

0-Galactosidase (EC .2.l.23) activity was assayed in C.l M 

sodium cl t tt' h11ffer, pH , a + 3 7 with S mtl (final con-

cent ion) p-nitrophcnyl ro,-n-galactopyranoside (Sigma), as 

substrate. tivity 

p- trophenol from the substrate. 

after .,;o mln b�7 cl i 

measured as lihcr�1tion of 

The reaction wus stopped 

loroacctjc ciJ. The mixture 

incubated for a further 5 rnin, centri Cuged
1 

0nd the supcr

nata11t was removed :1n<l mixed wlth 0.5 �1 hicarbonate-carbonatc 



23 

buffer, pH 10.0. The extinction of this mixture was measured 

at 420 nm (Barrett 1972). 

B-N-acetylglucosaminidase (EC 3.2.1.30) activity was assayed in

0.1 M sodium citrate buffer, pll 4.8, using 5 mM (final concen

tration) p-nitrophenyl-N-acetyl-S-glucosaminide (Sigma), as sub

strate. The procedure was similar to that in the B-galacto

sidase activity assay, except that the incubation time was 10 

min (Barrett 1972). 

Glycogen phosphorylase a activity (EC 2.4.1.1) was determined 

by measurement of the rate of liberation of inorganic phosphate 

from glucose I-phosphate in the presence of glycogen, i.e. in 

the direction of synthesis of glycogen (Sutherland 1968, 

Stalmans & Hers 1975). Pieces of liver were rapidly removed 

and weighed and a 10 % (w/v) homogenate was made in ice-cold 

0.1 M glycylglycine buffer, pH 7.4, also containing 0.15 M NaF 

in order to inhibit phosphorylase phosphatase activity. Homo

genization was performed using a Potter-Elvehjem homogenizer 

with a teflon pestle. To a sample of the homogenate NaF (final 

concentration 0.15 M) and caffeine (final concentration 0.5 mM; 

inhibits phosphorylase h activity) were added. The reaction 

was started by adding the substrate solution, pH 6.5, which 

contained l % glycogen, 50 mM glucos I-phosphate and 0.15 M 

NaF. The incubation was performed at +3 for 10 min and the 

reaction was stopped by adding ice-cold O % trichloroacetic 

acid. The mixture was centrifuged and the supernatant was used 

for the determination of inorganic phosphate (Fiske & Subbarow 

1925) at 625 nm. 

Serum. Bleed samp cs 1,ere taken by decapi tion. The ac iv1-

tics of acid phosphatase, S-galactosida c and i3 N-acetylglucos

aminidase in serum were assayed using the same methods a those 

described above. The scra were dilut<:d to 10 I with 0.9 

s l before the ns uy � The incubation t ]_mes 1� ll mi n fo 

B �-acetylglucosami idaso and one hour for 

13-gal ctosiclasc

id phosphatase nd 
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Serum creatine phosphokinase (CPK, EC 2.7 3.2) activity was 

assayed using the reagents and instructions of Boehringer GmhH, 

Mannheim, FRG. The results are expressed as milli-international 

CPK units per ml serum (Oliver 1955). 

Serum L-aspartate-2-oxogulatarate aminotransferase (GOT, EC 

2.6.1.1) activity was assayed with the reagents and instruc

tions of BDH Chemicals Ltd, England. The results are expressed 

as milli-international GOT units per ml serum (King & Camphell 

1961). 

Other biochemical methods 

In these experiments the VBL doses used were the same (10 and 

50 mg/kg) as in the enzyme assays. 

Blood glucose. The experimental animals were divided into two 

groups for blood glucose estimations. The first group had free 

access to food during the entire experimental period. The 

second group was starved overnight before the blood samples 

were taken. Blood glucose was determined by the o-toluidine 

method as described by !lyvarinen (1972). 

Liver glycogen. For liver glycogen estimations the experimental 

animals were divided into three groups. The first group had 

free access to food during the entire experimental period, the 

second was starved after the injection ith VBL o saline, and 

the third was starved overnight prior to the injection. Small 

30-40 mg pieces frllm the 1ncJia11 liver lobe were rapidly removed,

weighed, and glycogen was estima ed u ing anthrcnc reagent as 

described by Br1xov� � OzGrikovd (1972). 

Cyclie AMP. For cA0lf-' cstim3tions, liver samples were taken from 

animal feeding tl1rougl1011t the experin1c11tal periods. 

Cyclic Al,IP was detc1·mined by the binding of ( )-cA,\1P to a 

cAJ\'[l'-dependent protein kina5e as described hy Cilman (1970), 

using tl1c reagent and instructions of 11oehringcr GmbH, 
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Mannheim, FRG. Tissue extracts were prepared as follows: The 

median lobe of the liver was rapidly removed and frozen in iso

pentane chilled with liquid nitrogen. About 50 mg of tissue 

was weighed and homogenized with 1 ml S % (w/v) trichloroacotic 

acid in a pro-cooled mortar. The insoluble residues were cen

trifuged off at 3000 rpm for 10 min. HCl was added to the 

supernatant to obtain a final concentration of 0.05 M. The 

trichloroacetic acid was removed by extracting four times with 

8 volumes of diethylether saturated with water. The ether was 

removed in a rotary evaporator and the precipitate was dis

solved in 1 ml of water for determination of cAMP. Radioactiv

ity was determined with an LKB 81 000 (Wallac) liquid scintil

lation counter. 

Protein estimation. The protein contents of the liver homogenate 

samples were estimated by the method of Lowry et al. (1951). 

Statistical methods 

Standard methods were used to calculate means, standard error 

and standard deviations with a Monroe 1930 electronic display 

calculator. Student's t-test was used for testing of the 

significance between the means 

RESULTS 

Effects of 1JinbZcwtine on thP exper-imental animals 

Shortly after VBL injection (10 in the experimental an 

mals developed d arrhea The body temperature fell about 

within two hours to 35.0 ±O.z
0

c as comparecl to .38,1 +o.1
°

c in

the controls (n = OJ In add tion, the animal were eatl g 

poorly. Their body weight decre ed about l g within two hou1 

being 31 8 a O. 6 g before and 30. 7 _1: D. 8 g two hours after the 

injection, prohah1y due to dehydration. In spite of the fact 

that the VBL c1rJses used in the experiments were higher than 

the () dose, all z1 imals survived the imental 
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Qualitative morphological changes after vinblastine in.jection 

Liver tissue. Ilematoxylin and eosin staining: Four hours after 

injection with the lowest dose of VBL (10 mg/kg) very few 

changes were observed in the liver lobules (Fig. la) as com

pared to the controls. In a very few cases slight vacuolation 

and granulation of the parenchymal cells were observed. In 

some cases there was also a slight mesenchymal reaction and 

some diffusely scattered cells were observed in the tissue. 

With the highest VBL dose (SO mg/kg) all the parenchymal cells 

were vacuolated and some were also necrotic, while inflammatory 

cells and mesenchymal r·eaction were observed in the liver lob

ules (fig� le)� There also appeared to be an accumulation of 

fat droplets, particularly in areas near the central veins, 

which were dilated. 

Twelve hours after VBL injection with the lo,1est dose, the 

vacuolation was prominent in all the cells. There were also a 

few necrotic cells with pycnotic nuclei scattered throughout 

the liver lobules. The mesenchymal reaction and the inflam

matory cells observed four hours after injection had almost 

disappeared [Fig. lb). With the highest dose, the changes were 

similar to those found after four hours with the same dose 

except for the occurrence of small, foc:il necrr>tic .1-r0.1� Clif-

fusely scattered in the liver lobules (Fig. ld). Pycnotic 

nuclei and sometimes karyolysis were observed in the necrotic 

cells. 

VinblasL'ine-induced autophagoeytosis� A normal ultrastructure was 

observed in the hepatocytes of the control animals (Fig. 3). 

�V were seen only occasionallv and microtubules were rare, 

occurring most frequently near the Colgi apparatus (Fig. 4) 

and the bile canaliculi. 

The injection of provoked a wave of autophagucvtosis within 

one hour ith all the doses used (Figs. 5 and 6). Four hours 

after injection the number of AV seemed to be much greater 
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(Fig. 7), varying however in different cells. AV were seen 

everywhere in the cytoplasm, although they were more numerous 

in the vicinity of the Golgi apparatus and the bile canaliculi. 

The two highest doses of VBL seemed to provoke more AV than the 

lowest dose. Some AV were limited by smooth, double or only 

occasionally by multiple membranes containing clearly recogniz

able engulfed material (Figs. 6 and 7). These were the newly 

formed AV. Their contents were variable, representing all cyto

plasmic components such as ERGS, mitochondria, microbodies, fat 

droplets, vesicles containing VLDL, glycogen etc. (Fig. 8). 

Nuclear material was never seen in AV. In addition, there were 

many, probably older AV, limited by a single membrane, with en

gulfed material at different stages of degradation (Figs. 6, 7 

and 10). 

Twelve hours after VBL injection with the lowest dose the num

ber of AV had decreased remarkably from the number observed 

after four hours. In many parenchymal cells, no AV were ob

served at all (Fig. 9). With the highest VBL dose there were 

still numerous AV in the cytoplasm, most of which were limited 

by a single membrane or resembled residual bodies (Fig. 10). 

ln some cases, material resembling that found in AV seemed to 

be present in the space of Disse and in the sinusoidal lumen. 

Similar material was sometimes seen in Kupffer ce l phagosomes 

(Fig. 11). 

Twenty-four hours after injection with the two highest 

VBL there were still many AV in the cytoplasm. The appearance 

of the AV was the same as twelve hours after the injection. 

Othef' effeet.s of vinblastine on hepatoeyte.s. In addition to inc ed 

autophagocytosi , other ultrastructural changes were also ob 

served in the hepatocytes after VBL injection The most promj-

nent of the e was the apparent accumulation of secretary ves1 

clcs, conta VLDL, in the cytoplasm (Figs. 10 and 12). 

Their number appeared to be dose-dependent. The Golgi ci ternae 

a so appeared to be d latcd anJ disorganized after VBL injection, 
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especially with the two highest doses. The Golgi cisternae 

usually contained a secretary product, apparently VLDL (Figs. 

10 and 13). The microtubules normally observed in the cyto

plasm had disappeared after VBL injection with all the doses 

used. Paracrystalline inclusions were never observed after 

VBL injection. The cisternae of the endoplasmic reticulum 

seemed to be sometimes partly vesiculated, especially with the 

highest dose of VBL (Figs. 7 and 13). Fat accumulation in the 

cytoplasm was observed in both the control and the VBL treated 

animals (Fig. 10). 

Nuclei, mit-nrhnnr1ri�1 and micrnhodi2s harl. a normal ultrastr11c

ture except in a few cells in livers of animals treated with 

the two highest VBL doses, in which different stages of cellular 

necrosis were observed. 

Origin of autophagi'.c vacuole membranes. Osmium impregnation: The dis

tribution of osmium deposits in parenchymal cells after VBL or 

saline injection is shown in Table 2. No differences were ob

served in stain distribution between the test and control 

groups. In almost all cells the outermost cisternae on the 

forming face of the Golgi apparatus and some adjacent vesicles 

were evenly stained (Fig. 14). After VBL injection, the c1s

ternae were extensively dilated and the staining pattern became 

therefore less distinct (Figs. 15 and 16h]. The heavy homoge

neous staining of the cavity between the two membranes surround

ing an apparently newly formed AV was a common staining pattern 

(Figs. 14 and 16h), as was also the staining of the cavity 

between the memhrancs of partly open vacuoles (Fig. 16a). In 

cases the cisterna surro11ndjng an AV remained unstained 

(Fig. 15). 

(Fig. 15). 

In some AV the stain was scattered in the matrix 

Some 1111i<lcnti ied 1resic1es r·c heavily tained in 

L.l'im of 11 ccJls (Figs. l and LC,). The vesic1 

mull i ve i.cu la r· ic lso stained (Fig. 15). 

cyto

.i thin 

Staining 

o the dop1asrnic reticulum ed from cell to cell. The 



29 

TABLE 2. Osmium impregnation and cytochemical distribution of acid phospha
tase and inosine diphosphatase in mouse liver parenchymal cells 
after injection of VBL (50 mg/kg) or 0.9 % saline. (From the paper 
of Hirsimaki, P. & Reunanen, H. 1980: Studies on vinblastine
induced autophagocytosis in mouse liver. II. Origin of membranes 
and acquisition of acid phosphatase. - Histochemistry 67: 139-153. 
By permission of Springer-Verlag) 

Lysosomes 

AV 

Golgi cisternae, 
forming face 

Golgi cisternae, 
maturing face 

Golgi vesicles 
and vacuoles 

Cytoplasmic 
vesicles 

Nuclear envelope 

ER 

Mitochondria 

Microbodies 

AV Autophagic vacuole 

Osmium 
impregnation 

++ 

+++ 

++ 

++ 

+ 

++ 

ER Endoplasmic reticulum 
+++ Stained in all cells 
++ Stained in most cells 
+ Stained in a few cells

Not stained

Acid 
phosphatase 
activity 

+++ 

++ 

+ 

++ 

Inosine 

diphosphatase 
activity 

+ 

+++ 

ined srnootr, most common pattern was unstained or negligibly 

and rough surfaced endoplasmic reticulum [Fig. 

1 the endoplasmic reticulum was sta ned 

7 a) " 

(Fig. 17b). In he 

o ten

bJ. 

1atecl ncl 

The nuclear 

The deposits witnin 

ined cells the endoplasmic· 

mitochondri were swell 

vclope was on} OCC8 ic1na11y Jightly 

cisternac of tl1e endopl 

and the r envelope re ,; t J y en r E' and 

17a 

y- incd



30 

Localization of inosine diphosphatase activity: Inosine diphos

phatase activity was localized in the rough and smooth surfaced 

endoplasmic reticulum of the parenchymal cells in both saline 

and VBL treated mice (Table 2). Enzyme reaction product was 

present within the cisternae and on the membranes of rough and 

smooth surfaced endoplasmic reticulum (Figs. 18a, b and c). 

The membranes enclosing AV did not show any inosine diphospha

tase activity (Figs. 18a, b and c). Weak enzyme activity was 

sometimes observed in the engulfed membranes within the AV 

(Fig. 18b). ln a few cases, the innermost cisterna on the 

maturing face of the Golgi apparatus showed inosine diphospha

t.c1se activity. 

Acquisition of ac:id phosphatasr::. The hepatocytcs of both VBL treated 

and control mice showed a similar cytochemical staining pattern 

with the Gomori method (Table 2). Weak lead deposits were oc-

casionally observed in the innermost cisternae on the mnturing 

face of the Colgi apparatus, in some adjacent vesicles and in 

the lysosomes of the parenchymal cells. The amount of GERL 

membranes associated with the maturing face of the Colgi appa

ratus appeared to be very small and the membranes were only oc

casionally acid phosphatase positive. There were three types 

o AV discernable after VBL injection· One group, showing no

enzyme 1ctivity n� 11, l�mi�0� h,, a double membrane and 

the eng111 fed material was cloarly recop,nizahle (fi?,. 1lJ;iJ. The 

second group of AV was limited by a double membrane and the re

action product of acid phosphatase activity was locali ed in 

the space between the membranes (Figs. 19a and b). The thi rci 

group s limited by a singl membrane, and the lead deposits 

were s tter·ed throughout tl1e matr 

rn a feh' case � these 11acl no ac 

x of these AV (Fig. 19c). 

phosphata e activity. 

Fusion of AV with primary or secondary lysosomes was ell i ticul t 

to di ern (Fi 19a). The cisternac of the rough and smooth 

surfa ed endoplasmic retie um did not show ny acid phospha

trts act l.ty. 
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TABLE 3. Combined results of morphometry stages I, II and III in mouse liver 1, 4, 
12 and 24 hours after VBL injection (25 mg/kg) as compared to controls 

Symbol of Dimension Treatment 
parameter 

V 
VGLYC 

VBL 

Saline 

VBL 
Saline 

VBL 
Saline 

VBL 

Saline 

VBL 

Saline 

VBL 

Saline 

VBL 
Saline 

VBL 

Saline 

VBL 

Sa 1 i ne 

VBL 
Saline 

VBL 

Sa 1 i ne 

VBL 
Saline 

VBL 
Sa 1 i ne 

VBL 
Saline 

VBL 
Saline 

0 .163±0. 006 
0.164±0.007 

0.055±0.003 
0.061±0.003 

0.782±0.006 
0.775±0.003 

0.147±0.008 
0.160±0.007 

0.010±0.001 
0.014±0.001 

••• 

0.011±0.001 
0.006±0.001 

•• 

0.028±0.004 
0.006±0.001 

0.005±0.001 
0.008±0.001 

0.008±0.026 

0.005±0.001 

•• 

0.021±0.003 

0.001.+±0.00l 

0.174±0.009 

0.217±0.026 

0.096±0.007 
0.096±0.01 l 

0.070±0.005 
0.082±0.0'0 

• 

0.006±0.003 
0.016±0.001 

0.206±0.010 
0.161±0.023 

Time since injection (h) 
4 12 

0.221±0.008 
0.222±0.013 

0.058±0.002 

0.058±0.003 

0.721±0.007 
0.720±0.017 

0. 136±0.004 
o. 132±0 .006 

0.010±0.001 
0.010±0.001 

* 
0.014±0.001 
0.010±0.001 

*** 

0.032±0.001 
0.006±0.001 

0.003±0.001 
0.005±0.001 

0.012±0.004 

0.017±0.002 

** 
0.031±0.004 

0.001±0.001 

0.199±0.008 
0.195±0.007 

0.101±0.005 
0. [37±0.012 

•• 

0.028±0.002 
0.046±0.004 

• 

0.004±0.001 

0.218±0.013 
0.182±0.0ll 

0.061±0.001 
0.056±0.002 

o. 721±0 .013 
0. 762±0. 005

0.137±0.007 
0.154±0.003 

0.010±0.001 
0.013±0.001 

** 

0.014±0.002 
0.007±0.001 

• 

0.025±0.006 

0.003±0.001 

* 
0.001±0.001 
0.005±0.001 

0.055±0.008 
0.088±0.012 

* 

0.027±0.007 

0.002±0.001 

0.157±0.011 
0.200±0.014 

0.058±0.011 
0.052±0.005 

0.068±0.001 
0.078±0.006 

0.011±0.002 0.001±0.000 

0.151±0.007 

0.i50±0.007 

0. 169±0.rJI l 
0.160±0.006 

24 

0.241±0.008 
0.258±0.012 

0.060±0.002 
0.060±0.002 

0.699±0.005 
0.682±0.008 

0.135±0.004 
0.131±0.003 

0.009±0.001 
0.007±0.001 

0.013±0.002 
0.009±0.001 

•• 

0.029±0.004 

0.002±0.001 

0.004±0.001 
0.004±0.001 

••• 

0.078±0.010 
0.142±0.006 

• 

0.007±0.002 

0.002±0.001 

0.146±0.008 
0.175±0.017 

0 .071±0 .005 
0.069±0.005 

0.048±0.005 

* 

O.lo0±0.00\ 
0. 111 ,o. 008 

Results are expressed as volume densities (V
V

) per ] iver tissue" For symbols see 
Table l. Values gi_ven are the means frorr. five animals ± standard error. Levels uf 
significance as comparE:-d to control: 

* p < 0.050 

** p < 0.010 
••• p < (). 001 
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Quantitative morphofogical changes after vinblast1:ne inject1:on 

Liver tissue. No changes were observed in the volume densities 

of the extracellular compartments or in the volume densities of 

the hepatocyte nuclei or cytoplasm after VBL injection as com

pared to the respective controls (Table 3). The numerical den

sities of hepatocyte nuclei were also unchanged during the 

entire experimental period (Table 4). 

TABLE 4. Numerical densities (Nv) of mouse hepatocyte nuclei (NUCL) in liver 
tissue, mitochondria (MIT), microbodies (MB), lysosomes (LY). autophagic_ 
vacuoles (AV) a.nJ fat <lropl€ts (FD) pc-r ;:rn3 hcp.::::.tccytc, 3r!d rr:e."!.n '.'c�!urr:e (V) 
of hepatocyte lysosomes and autophagic vacuoles 1, ,4, 12 and 24 hours 
after VBL injection (25 mg/kg) as compared to controls 

Symbol of Dimension Treatment Time si nee injection (h) 
parameter 4 12 24 

NVNUCL 106 •/cm 3 VBL 145.2±21. 7 149.4±18.1 138.0± 8. 8 143.8±11.3 
Saline 147 .1±10.5 159.9±15.3 156 .3±12.4 141.9±1].5 

NV)IIT /wm 
J VBL 0.279±0.037 0. 310±0.045 0. 286±0. 036 0.]2]±0.025 

Sa 1 i ne 0. 309±0. 022 0.!+34±0.038 0. 294±0. 031 0. 273±0. 033 

NV:.tB /µm 
3 VBL n_1'J1.+n.n11 0.085±0.010 0. 090±0. 009 0.0%±0.015 

Sa 1 i ne 0.136±0.010 0.082±0.002 0. 102±0. 009 0.127±0.010 

3 NVLY /wm VBL 0. 265±0. 012 0.218±0.026 0. 355±0. 060 0.350±0.038 
Sa 1 i ne 0.213±0.039 0. 219±0. 017 0. 268±0. 033 0.221±0.027 

VLY 
3 VBL 0. 042±0. 006 0.06 4±0.008 0.039±0.003 0.037±0.011 wm 

Saline 0. 028±0. 050 0.046±0.005 0. 026±0. 004 0.041±0.004 

1 •• ..

NVAV /wm VBL 0,040:tOoOO/ 0.063:t0.014 U.07U:r:0.000l O.USi±0.007 
Sa 1 i ne 0. 020±0. 002 0.012±0.001 0.015±0.007 0.009±0.002 

J 
lJm VBL 0. 70 ±0.128 0.508±0. 152 0.357±0.074 0. 569±0. 059 AV Saline 0. 30 J-0.093 0. 50 ±0. 089 0. 20 ±0. 142 0. 222±0 .156 

NVFD /urn 
3 VBL 0.017±0.003 0.042±0.008 0.129±0.023 CL 166±0.022 

Sa 1 i ne 0.017±0.005 0 .051±0 .005 0.117±0.013 0. 231±0.034 

Values g.Lven are the mean values from five animals ± standard error. Levels of sig·
ni [icance compared to cPntL,l: 

• p<0.050 
** p < 0.010 

Vir,i; 'fl1e comlJi11cd 1·es11lts of various 

prima1·y parameters at morpl1omctry stages I, 11 and l�T are pre-

scnted in Table 3 A remarknbl.e change occurred in the vol.umc 
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densities of the lysosomal system including the AV, the lyso

somes and the Golgi apparatus after VBL injection. The volume 

density of the AV increased during the entire experimental 

period (Table 3), being 4.7 times greater one hour (p<0.010), 

5.3 times greater four hours (p < 0.001), 8.3 times greater 

twelve hours (p <0.025) and 14.5 times greater twenty-four hours 

after injection (p <0.005) than in the corresponding controls. 

This increase of the volume densities of the AV was to the 

greatest extent due to the increase in their number, which was 

two times greater one hour, 5.3 times greater four hours 

(p <0.025), 4.7 times greater twelve hours (p <0.005) and 5.7 

times greater twenty-four hours after VBL injection (p < 0.010) 

than in the controls (Table 4). One hour after VBL injection 

the mean volume of the AV was 2.3 times greater (p < 0.050) than 

the control value (Table 4). 

The appearance of the AV at different stages of development 

during the experiment is presented in Text-fig. 2. The volume 

density of the single membrane-limited AV
1 

was the greatest of 

the three types of AV throughout the experimental period in VBL 

treated mice. Their volume density differed significantly from 

the volume densities of the RB one hour (p < 0. 050) and four 

hours (p < 0.025) after VBL injection, and from the and RB 

twelve hours (p <0.050 and p <0.050 respectively) and twenty

four hours (p <0.005 and p <0.005 respectively) after injection. 

The volume density of the AV
2 

was at its greatest at the 

beginning of the experiment. 

The percentages of the contents of the AV 111 the VBL injected 

mice are compared with the percentages of the corresponding 

cytoplasmic compartments in Table 5. There were only a few 

s gnificant changes regarding the contents of the AV as com

pared to the corresponding cytoplasmic compartments: The per-

centage of icles containing VLDL particl was higher 

< 0 0 OJ 1n the cytoplasm one hour after VBL injecti.on than 

n AV, whil the amount of fat jn AV was lowe1· twenty-four 

hours (p <I). 01 ll) after VBL inj tion as compared to the cyto

plasmic fat. 
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0.010 

0.005 N 

4 12 

Text-fig� 2. vo1ume densities 
phagic vacuoles (AV) at various 
in mouse hepatocytPs 

O =Av2control 
@ =AV2VBL 
□ =AV1 control 
Ill =AV1VBL 
*=RB control 
*=RB VB L 

24 h 

compared to controls. AV2: An AV surrounded by a double 
membrane. : An AV surrounded by a single membrane. 
RE: rcoidu�l £3ch symbol is the mean value from 
five anim;_d and the bars indicatE.:. the standard error. 
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Other effects of vinblastine on hepatocytes. The volume density of 

lysosomes (dense bodies) was 1.8 times greater one hour 

(p < 0. 001), 1. 4 times greater four hours (p < 0. 050) and 2 times 

greater twelve hours (p < 0.010) after VBL injection than in the 

corresponding controls (Table 3). However, their number was 

only slightly but not significantly greater from the correspond

ing controls until twenty-four hours after VBL injection when 

it was significantly increased (p < 0.050). No differences were 

observed in the mean volumes of the lysosomes in the VBL in

jected animals (Table 4). 

The volume density of the Golgi apparatus was significantly 

smaller (p < 0.025) twelve hours after VBL injection than in the 

control (Table 3). 

The volume densities of the vesicles containing VLDL particles 

were greater in the VBL injected mice during the entire experi

mental period: 5. 3 times greater one hour (p < 0. 005), 31 times 

greater four hours (p < 0.005), 13.5 times greater twelve hours 

(p < 0.025) and 3.5 times greater twenty-four hours (p < 0.050] 

after injection (Table 3) than in the controls. 

The glycogen granules disappeared from the hepatocytes of both 

the control and VBL injected mice during the experimental 

period. The disappearance was faster in the VBL injected mice, 

the volume densities of the glycogen areas being smaller one 

hour (p < 0.050) and four hours (p < 0.050) after injection than 

in the controls Twelve hours after injection, no glycogen 

could he discerned in the hepatocytes of the VBL inj ted mice 

(Table 3). In several sections, glycogen was stained weak] 

interfering the es imation of glycogen areas. 

There 1-,.1ere ome ngle significant change in the volume den-

i ics of c tain cytoplasmic compartments during the experi-

n1enta per od: 1'hc volume densi of fat drop c was sjgr1i 

cant] smaller twenty-four hours fter VBL 

the volume densi o ribosemes sign f i 

ion (p < 0.0011, 

iy smalicr four 



TABLE 5. The percentages of the volune densities (Vvl of cytoplasmic compartments in hepat:ocyte cyto
plasm and in autophagic vacuoles (AV) 1, 4, 12 and 24 hours after VBL injection (25 mg/kg) 

l h 4 h 12 h 24 h 

Cytoplasmic V in VV in V in Vv in Vv in Vv in VV in
compartments A� cytoplasm A� cytoplasm AV cytoplasm AV 

Mitochondria 19 .49±1.10 20.17±2.99 19.74±0.57 17.28±3.46 19.68±1.03 11.24±7. 77 20 .15±0. "i9 19.36±8.43 

:Micro bodies 1.33±0.15 l.97±C .51 1. 45±0. 21 2.32±0.57 1.44±0.19 1.66±1.66 1. 34±0 .15 2.83±2.05 
** 

Fat droplets .06±0.35 0.99±(.50 1.74±0.61 1.80±0.78 7.90±1.17 2.74±2.04 11.65±1.64 3.80±1.61 

VLDL-vesicles 2.79±0.35 0.86±C. 4.50±0.58 3.68±0.83 3.88±1.02 1.60±1.01 1.04±0.29 3. 36±1.84 

Glycogen 0.80±0. 1,6 3.37±2. 22 0.58±0.15 0.52±0.47 

ERGS 74.53±1,.41 72.64±:,.80 n.99±1.97 74.40±3.83 67.10±5.23 82.76±9.71 65.82±3.88 70.65±8.86 

Total (%) 100 JOO 100 JOO 100 100 100 100 

Values given are means for five �nimals ± standard error. Level of significance compared to correspond
ing cytoplasmi� value: 

** p < 0.010 

V, 

°' 



37 

hours after VBL injection (p < 0.010) and the volume density of 

ground substance was significantly greater twenty-four hours 

after VBL injection (p < 0.025) than in the corresponding con

trols (Table 3). 

The volume densities of mitochondria, microbodies and rough 

surfaced and smooth surfaced endoplasmic reticulum after VBL 

injection did not differ significantly from the corresponding 

control values (Table 3). 

The surface density of the rough surfaced endoplasmic reticulum 

was significantly greater twelve hours after VBL injection 

(p < 0. 050) than in the control. The surface density of the 

smooth surfaced endoplasmic reticulum was significantly smaller 

(p < 0.025) four hours after VBL injection than in the corre

sponding control (Table 6). The surface density of mitochon

drial outer boundary membrane was significantly smaller one 

hour after VBL injection (p < 0.050) than in the control. The 

surface densities of the crista membranes or the inner mito

chondrial membranes did not differ significantly from the 

corresponding control values (Table 6). 

TABLE 6. Surface densities (Sy) of rough surfaced (RER) and smooth surfaced (SER) 
endoplasmic reticulum, mitochondrial outer boundary membranes (OBM), inner 
mitochondrial membranes (IMM) and crista membranes (CM) in mouse hepatocytes 
1, 4, 12 and 24 hours after VBL injection (25 mg/kg) as compared to controls 

Symbol of Dimension Treatment Time since injection (h) 
parameter 4 12 24 

SVRER µm
2 

/µm
3 VBL 3. 280±0 .150 2. 795±0. 088 4.028±0.240* 3 .130±0 .145 

Saline 3.977±0. 370 3. 096±0 .107 3 .110±0. 249 3.075±0.152 

µm
2

/pm
3 SVSER VBL 1.436±0.070 1. 262±0.059 1. 3 15±0. 325 0.955±0.079 

Saline 1.627±0.170 1. 905±0 .162 0.924±0.151 1.163±0.073 

µm
2

/µm
3 * SVOBM VBL 1.049±0.065 1.040±0.066 1. 237±0 .073 1.062±0.049 

Saline 1. 301±0.051 1.118±0. 042 1.047±0.102 1.051±0.032 

SVIMM µm
2 

/µm
3 VBL 5.043±0.662 4.450±0.227 5. 367±0.219 4.637±0.358 

Saline 5. 414±0. 235 4.471±0.178 4.509±0.431 4.580±0.107 

SVCM µm
2 

/µm
3 VBL 3.995±0.67 3 3.410±0.172 4 .130±0.169 3.575±0. 310 

Saline 4.11 3±0.228 3. 353±0 .143 3.463±0. 331 3 .584±0.073 

Results are expressed_a� surface densities per µm3 li ver tissue. Val ues gi ven are 
the means from five animals ± standard error. Levels of si gnificance as compared to 
control: 

• p <0.050 
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Lysosomal hydrolase activities in liver 

The activities of the three hepatic lysosomal hydrolases four 

and twelve hours after VBL injection are presented in Tables 7, 

8 and 9. As indicated in the tables, there were no significant 

changes in the total activities of either acid phosphatase 

(Table 7), B-galactosidase (Table 8) or B-N-acetylglucosamini

dase (Table 9) in liver homogenates after injection with two 

doses (10 mg/kg and SO mg/kg) of VBL. The free activities of 

the enzymes did not differ significantly from the control values 

until twelve hours after injection with the highest VBL dose, 

when the free activity of acid phosphaLase was significantly 

lower (p < 0�005) than that of the controls (Table 7). By con-

trast, the free activity of B-N-acetylgluccsaminidase was in

creased significantly (p < 0. 001) as compared to the control 

value (Table 9). 

TABLE 7. Acid phosphatase act1v1ty in mouse liver homogenate (total activity) 
and supernatant (100,000 xg 1 h, free activity) after VBL injection. 
(From the paper of Hirsimdki, P., Trump, B.F. & ,_t.._rstila, A.U. 1976: 

VBL 
Juse 

10 mg/kg 

50 mg/kg 

Results 
Values g 

Studies on vinblastine-induced autophagocytosis in the mouse liver. 
1. The relation of lysosomal changes to general injurious effects.
- Virchows Arch. B Cell Path. 22: 89-109. By permission of
Springer-Ver lag)

Time since 
injection 
(h) 

4 

12 

4 

l 2 

Treatment 

VBL 
Saline 

VBL 
Saline 

VBL 
Saline 

VEL 
Saline 

n Total 

prot.) 
pnJ t.) 

8 5.76±0.43 
8 6.37±0.43 

8 5.18±0.43 
8 5.59±0.42 

12 5.10±0.23 0.81±0.04 
12 5 38±0 24 0.89t0.0I, 

5.33±0.63 0.81±0 
12 6.23±0.43 0.98±0.0J 

liberated inorganic phosphate/rain/mg protein. 
Levels of sigr,_ificance as c01:1p2.reG 

to control: 

** p <o.cno 



39 

TABLE 8. B-Galactosidase activity in mouse liver homogenate (total activity) 
and supernatant (100,000 xg 1 h, free activity) after VBL injection. 
(From the paper of Hirsimaki, P., Trump, B.F. & Arstila, A.U. 1976: 

VBL 
dose 

10 mg/kg 

50 mg/kg 

Studies on vinblastine-induced autophagocytosis in the mouse liver. 
I. The relation of lysosomal changes to general injurious effects. 
- Virchows Arch. B Cell Path. 22: 89-109. By permission of 
Springer-Verlag)

Time since 
injection 
(h) 

4 

4 

12 

Treatment 

VBL 
Saline 

VBL 
Saline 

VBL 
Saline 

VBL 
Saline 

n 

12 
12 

9 

9 

12 
12 

11 

11 

Total 
activity 
(nmoles/min/mg 
prot.) 

0.98±0.09 
1.00±0.11 

0.92±0.09 
0.96±0.07 

1.03±0.12 
1. 23±0 .17 

0.88±0.12 
1.07±0.15 

Free activity 
(nmoles/min/mg 
prot.) 

0.06±0.01 
0.04±0.01 

0.06±0.01 
0.05±0.01 

Results are expressed as nmoles liberated p-nitrophenol/min/mg protein. 
Values given are means ± standard error. 

TABLE 9. B-N-Acetylglucosaminidase activity in mouse liver homogenate 
(total activity) and supernatant (100,000 xg 1 h, free activity) 
after VBL injection. (Jrom the paper of Hirsimaki, P., Trump, B.F. 
& Arstila, A.U. 1976: Studies on vinblas.tine-induced autophago
cytosis in the mouse liver. I. The relation of lysosomal changes 
to general injurious effects. - Virchows Arch. B Cell Path. 22: 
89-109. By permission of Springer-Verlag)

VBL Time since Treatment 
dose injection 

(h) 

10 mg/kg 
4 

VBL 
Saline 

12 VBL 
Saline 

50 mg/kg 
4 

VBL 
Saline 

12 VBL 
Saline 

n 

12 
10 

12 
12 

12 
12 

12 
12 

Total 
activity 
(nmoles/min/mg 
prot.) 

16.51±1.58 
14.22±1.20 

13.14±0.80 
14.30±0.68 

13.56±1.49 
11. 98±1. 29

16. 04±1. 23
14.53±0.53

Free ac ti vi ty 
(nmoles/min/mg 
prot.) 

0.19±0.02 
0.15±0.02 

*** 

0.30±0.02 
0.18±0.02 

Results are expressed as nmoles liberated p-nitrophenn1/min/mg protein, 
Values given are means ± standard error. Levels of significance as compared 
to control: 
*** p <0.001 
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Enzyme activities in serum 

The activities of the three lysosomal hydrolases in serum four 

and twelve hours after VBL injection are presented in Table 10. 

There were no changes in the enzyme activities after injection 

with the lowest VBL dose. However, with the highest VBL dose 

the activities of the three enzymes were significantly in

creased after injection as compared to the controls. Acid 

phosphatase activity was significantly increased four hours 

(p < 0.025) and twelve hours (p < 0.005) after injection, while 

13-galactosidase and 13-N-acetylglucosaminidase activities were

significantly increased only twelve hours after injection

(p < 0.010 and p < 0.010, respectively).

TABLE 10. Acid hydrolase activities in mouse serum after VBL injection. 
(From the paper of Hirsimaki, P., Trump, B.F. & Arstila, A.U. 
1976: Studies on vinblastine-induced autophagocytosis in the 
mouse liver. I. The relation of lysosomal changes to general 
injurious effects. - Virchows Arch. B Cell Path. 22: 89-109. 
By permission of Springer-Verlag) 

VBL Time since Treatment n Acid phos- 13-Galacto- 13-N-Acetyl-
dose injection phatase sidase glucosami-

(h) (nmoles/ (nmoles/ nidase 
min/ml) min/ml) (nmoles/ 

min/ml) 

10 mg/kg 
4 

VBL 8 8.29±1.0l 2.41±0.'.>U 121±27.l 

Saline 8 10.21±2.66 1.69±0.52 130±53.0 

12 
VBL 8 10.67±0.50 2.99±0.44 144±28.8 
Saline 8 8.22±0.95 3.00±0.71 123±37.2 

* 

50 mg/kg 
4 

VBL 12 14.82±1�99 3.22±0.37 199±21.7 

Saline 12 8. 43±1.63 2.50±0.56 180±17.8 

** ** ** 

12 
VBL 12 19.88±2.73 4.63±0.64 287±27 .8 
Saline 12 8.52±1.58 2.25±0.37 166±22.9 

Results are expressed as 
case of acid phosphatase 
cases of 13-galactosidase 
means ± standard error. 

nmoles inorganic phosphate liberated/rain/ml in the 
and as nmoles nitrophenol liberated/minim! in the 
and 13-N-acetylglucosaminidase. Values given are 
Levels of significance as compared to control: 

* p<0.050 
** p < 0.010 
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The serum GOT activities four and twelve hours after injection 

with two doses of VBL (10 mg/kg and 50 mg/kg) are presented in 

Table 11. The GOT activity increased significantly with both 

doses of VBL both four hours and twelve hours after injection. 

The serum CPK activity increased significantly four hours after 

VBL injection with both doses used. No significant differences 

were observed twelve hours after injection (Table 11). 

TABLE 11. GOT and CPK activities in mouse serum after VBL injection. 
(From the paper of Hirsimaki, P., Trump, B.F. & Arstila, A.U. 
1976: Studies on vinblastine-induced autophagocytosis in the 
mouse liver. I. The relation of lysosomal changes to general 
injurious effects. - Virchows Arch. B Cell Path. 22: 89-109. 
By permission of Springer-Verlag) 

VBL Time since Treatment n GOT n CPK 
dose injection (mU/ml) (mU/ml) 

(h) 

*** 

10 mg/kg 
4 

VBL 6 160.8±10.45 8 3 462±140 
Saline 6 81.0±11.45 8 2 307±203 

*** 

12 
VBL 6 157.1± 9.91 8 2 151±216 
Saline 6 77 .1± 6.31 8 2 005±219 

** 

50 mg/kg 
4 

VBL 8 381.3±50.08 8 3 103±425 
Saline 8 109.1± 5.51 8 2 011±309 

*** 

12 
VBL 8 930.6±45.93 8 2 262±147 
Saline 8 103.8± 9.02 8 2 439±152 

*** 

* 

Results are expressed as milli-international GOT units/ml in the case of GOT 
and as milli-international CPK units/ml in the case of CPK. Values given 
are means ± standard error� Levels of significance as compared to c-ontrol: 

* p<0.050 
** p < 0.010
*** p < 0.001 

Blood glucose and liver glycogen 

Blood glucose was significantly elevated one hour after VBL in

jection (10 mg/kg) both in the mice which had free access to 

food throughout the experimental period and in those which were 

starved overnight (p < 0.050 and p < 0.050 respectively) as com

pared to the corresponding controls (Text-fig, 3). This ele-
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vation was reversed after two hours in the former group, so that 

the blood glucose level of the VBL injected anima1s was signifi-

cantly lower (p < 0. IJSO) than the controls. This significant 

difference remained and became even more apparent at four and 

twelve hours (p < 0.010 and p < O.O(ll respectively). In the 

starved groups, no significant differences were found between 

VBL injected and control groups two, four or twelve hours after 

injection (Text-fig. 3). 

m�Aoom1 

200 

10 

Text-fig. 3. Blood glucose levels in mice after vin
blastine (10 mg/k�; r:irc,les) or scdine (squares) iniec
tion. Open sy111bul� J2G0te that th0 nnimnlG h3d free 
access to food througl1out the experiment. Filled sym
bols denote that the animals were starved overnight 
before kil.ling. Each symbol is the mean value from 
animals and the vertical bars indicate ttie standard er
ror� tevels of sig-;;ificance as co:n_pared to controls: 

p < 0.050 
p<0.0lO 

*** p 0.001 
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No differences were observed in the PAS staining in the livers 

of the animals one hour after VBL injection as compared to the 

controls. Almost every hepatocyte contained large amounts of 

PAS-positive material presumed to be glycogen (Fig. 2a). Two 

hours after injection, the livers of the VBL treated animals 

showed clearly smaller amounts of PAS-positive material, espec

ially around the central veins (Fig. 2d), than the controls 

(Fig. 2c). This difference became even more pronounced four 

hours after injection (Figs. 2e and f), when the VBL injected 

animals had very little PAS-positive material in the liver. 

The heaviest staining was seen in the portal areas, while the 

areas around the central veins were unstained. Twelve hours 

after injection, no PAS-positive material could be discerned 

in either the VBL treated or in the control livers (Fig. 2b). 

Liver glycogen values one, two, four and twelve hours after VBL 

injection (10 mg/kg) are presented in Text-fig. 4. In the 

m¾ww 

rn 
*** 

*** 
** 

Jt 

I ,ii 

fastod,ih,ew inj-action 

Text-figu 4. Mouse liver glycogen levels 1, 2, 4 and 
12 hours after VBL (10 mg/kg, black columns) or saline 
(white columns) injection� Each column represents the 
mean value from four animals and the vertical bars 111-
dicate the standard error. Levels of significance as 
compared to controls: 

* p<0.050 
** p<0.010 
*** p < U.001 
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first, fed group of animals, the glycogen content was signifi

cantly decreased two hours after VBL injection when compared to 

the control (p < 0.005). The difference became more pronounced 

with greater elapse of time since the injection. In the group 

of animals which was starved after the injection, the liver 

glycogen was already lower (p <0.050) one hour after VBL in-

jection than in the corresponding control. This difference 

persisted up to twelve hours, when the difference between the 

test and control groups was no longer significant. No differ

ences were observed in the glycogen contents between VBL in

jected and control animals in the groups which were starved 

overnight (Text-fig. 4). 

Cyclic AMP and glycogen phosphorylase a 

The liver cAMP level did not differ significantly from the con

trol value 15, 30 or 60 min after VBL injection (10 mg/kg, 

TahlP 12). 

No differences were observed in glycogen phosphorylase a activi

ties 15, 30 or 60 rnin after VBL injection (10 mg/kg, Table 13 )  

as compared to controls. 

TABLE 12 

Treatment 

pmoles/mg 

n 

Cyclic AMP content mouse liver 1.5, 30 and 60 min afte:r V.DL 
injection (10 mg/k3) AR rompared to controls 

Time since injection (min) 
15 30 60 

Saline VBL VBL VBL 

0 423±0.007 0 386±0.039 0.408±0 020 0.416±0.039 

6 6 6 6 
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TABLE 13. Glycogen phosphorylase a act1v1ty in mouse liver 15, 30 and 60 
min after VBL injection (10 mg/kg) as compared to controls 

Time since injection (mi n) 
15 30 60 

Treatment Saline VBL VBL VBL 

µmol/min/g prot 122±6.56 113±6.39 119±3.91 120±5.27 

n 8 8 8 8 

Results are expressed as micromoles liberated inorganic phosphate/min/g 
protein. Values given are means ± standard error 

DISCUSSION 

Effects of vinblastine on liver 

The present study showed that all the doses of VBL used had an 

injurious effect on liver. Tissue injury could be detected by 

both light and electron microscopy and unspecifically also by 

biochemical studies. The effect of VBL appeared to be dose

dependent. In the light microscopical morphometrical study, 

however, no significant differences were observed in the volume 

densities of the extracellular compartments or hepatocytes as 

compared to controls when the middle VBL dose was used. 

Both serum GOT and CPK activities were elevated after VBL in-

jection. Elevated serum GOT activity has been shown to he a 

fairly good indicator of liver injuries (Korsrud et al. 1972). 

The elevated serum CFK activity need not, however, be entirely 

due to the liver injury since vinca alkaloids cause for example 

skeletal muscle injury (Clarke et al. 1972). The elevated ac

tivities of the three Iysosomal hydrolases in the scrum twelve 

hours after VBL injection with the highest dose might have orig

inated from the necrotic parenchymal cells and/or from other 

t.issucs. To what extent the elevated activities were due to 

the possible exocytosis of AV contents from parenchymal cells 

remains to be solved. 
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Effects of vinblastine on hepatocytes 

Induction of autophagocytosis. The results show that injection of 

VBL induced a wave of autophagocytosis in the hepatocytes 

during twenty-four hours. The number of AV appeared to be dose 

dependent in qualitative studies. The morphometric analysis 

confirmed that the significant increase of the volume density 

of AV was mainly due to the significant increase in their 

number from four hours to twenty-four hours after injection. 

Pfeifer (1979) summarized several reports which show that 

changes in the number of AV observed morphometrically correlate 

with changes in protein degradation measured biochemically. 

This observation is also in agreement with the concept of VBL

induced autophagocytosis, since it has been shown that VBL 

causes an i,1creased degradation of liver proteins and lipids 

measured in vitro by the release of trichloroacetic acid-soluble 

products (Marzella & Glaumann 1980a). These results and the 

results of the present study suggest that VBL injection causes 

an increased formation of AV within four hours. This in turn 

leads to an increased degradation of the cytoplasmic components 

of the cell. 

Appearance of autophagic vacuoles and acquisition of acid phosphatase. The 

apparently newly formed AV were mainly surrounded by smooth 

double membranes resembling those of Lhe smooLh surfaceJ enJo

plasmic reticulum, as has been previously described in rat 

liver after glucagon administration (Arstila & Trump 1968). 

These AV had clearly recognizable contents containing all cyto

plasmic components except nuclear material as also previously 

has been described (Ericsson 1969, Pfeifer 1978) and usually 

showed no acid phosphatase activity. The lack of enzyme activ

ity suggests the existence of a pre-lysosomal phase as has been 

described by de Duve and Wattiaux (1966). Some double membrane

limited AV contained acid phosphatase activity between the 

limiting membranes. The single membrane-limited older AV were 

also in general acid phosphatase positive, containing enzyme 

activity in their matrix. The latter two types of AV with acid 
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phosphatase activity can be considered as autolysosomes (de Duve 

& Wattiaux 1966). 

It was apparent from the results obtained in the present work 

that the acid phosphatase activity appeared in a stepwise manner 

from the space between the double membranes to the matrix of 

the AV. During this process the inner membrane disappeared, 

obviously being digested by the lysosomal enzymes. A similar 

mechanism has also been suggested by other authors (Arstila & 

Trump 1968, Arstila et al. 1972, Pfeifer 1976, Paavola 1978b). 

The process in which lytic enzymes become associated with the 

AV is a separate question. It has been proposed that both 

primary and secondary (Arstila & Trump 1968) or secondary lyso

somes (Deter & de Duve 1967, Deter et al. 1967) fuse with AV. 

Biochemical and morphometrical studies on liver fractions 

(Deter 1971) and previous labelling of secondary lysosomes with 

iron (Deter 1975b) support the latter alternative. In the pres

ent study the fusion of lysosomes with AV was difficult to dis

cern in the histochemical studies on the localization of acid 

phosphatase activity. 

It has been speculated that VBL may interfere with the fusion 

of lysosomes with AV (Pfeifer 1976), suggesting a dependence of 

lysosomal movements on intact microtubules. The histochemical 

results with localization of acid phosphatase activity suggest 

that disruption of microtubules by VBL did not prevent the 

fusion of lysosomes and AV, since acid phosphatase positive AV 

were frequently found after VBL injection. Further studies are, 

however, needed to determine whether this process is slowed by 

VBL. 

The morphometric analysis showed that the volume density of the 

apparently newly formed AV was highest at the beginning of the 

experiment (one hour after VBL injection), decreasing thereafter 

to a relatively low level. This double membrane stage is ob

viously the shortest period in the "life cyc1e" of an AV. 
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Later on, twelve hours after VBL injection, the volume density 

of the single membrane-limited AV was elevated, probably re--

fleeting their accumulation in the cytoplasm. Similar accumu-

lation of "older" AV in the cytoplasm has been described in 

mouse seminal vesicle cells after VBL treatment ·in vitro (Kovacs 

& Kovacs 1980). Pfeifer (1978) has calculated that the average 

half-life of AV in the liver is 8-9 min. In VBL-induced auto

phagocytosis it may however be longer, since in in vitro experi

ments on liver mitochondrial-lysosomal fraction VBL caused re

tarded degradation of the AV contents for two hours. It was 

proposed that this was due to an overloading of the lysosomal 

compartment (Marzella & Glaumann 1980a). These results could 

be one explanation for the increase in the volume density of 

the single membrane-limited AV twelve hours after VBL injection 

observed in the present study. Other explanations are the dis

turbance of fusion of the older autolysosomes with other AV 

and/or the interference of their transport to the sinusoidal 

border anrl the bile canaliculi, for the possible exocytosis of 

their contents due to the disruption of microtubules by VBL. 

This kind of exocytosis has been demonstrated in rat liver 

after VBL treatment [Marzella & Glaumann 1980h). In the pres

ent study, however, destroyed cellular material was seen in the 
cinncoid�l lumen but exocytosis of AV contents was difficult to 

observe in the electron microscope prepararions. 

The mean volumes of the AV (0.357 ± 0.074 - D. 70 ± 0.128 mp
3

)

after VBL injection in the present study correlated fairly well 

w i. t h n e t e r 1 s ( 1 7 l ) o b s er v a t ions ( 0 , 3 6 4 ± Q • 0 l - 0 . 4 9 3 ± O 3 4 m i1 .) )

SO min fter glue gon administration in rat liver. The corres 

ponding values after phenobarb tal treatment [Bolender & Weibel 

l '::JI J) CJ r rt tomy ( jfcr 97 rat li 

about one third of the results of thP pre ent y 

The mean lurne of the AV 

VBL jnjec ion in the 

;.�_v in incre2s 

sed signific 

A re.a

ly one hour afte1· 

in the mc�1n 

u�ophagocyto is has also been

r (Deter 1971, Bol nder 8, ibel 1973]. 
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No analysis of the mean volumes of the AV at different stages 

of development was made in the present study. It can, however, 

be assumed that the reason for the increase in the mean volume 

of AV was that the volume density of the newly formed, large 

AV was at its greatest one hour after VBL injection. Later on, 

when the volume density of the smaller, apparently older AV 

with partly degraded contents was greater, the mean volume 

became smaller. 

Origin of autophagic vacuole membranes. Staining with unbuffered Os0
4 

has been used as a marker for the Golgi apparatus in many tis

sues. As a rule Os0
4 

stains the outer cisternae and adjacent 

tubules and vesicles on the forming face of the Golgi apparatus 

(Dalton & Felix 1956, Friend & Murray 1965, Friend 1969, Kalima 

1971, McDowell 1974). In addition, staining of the cisternae 

limiting an AV has been described (Friend 1969, Arstila et al. 

1972, McDowell 1974, Hirsimlki & Reunanen 1978) and also of the 

vesicles within multivesicular bodies (Friehd 1969, Kalima 19 l, 

McDowell 1974). By contrast, lysosomes have been reported not 

to be stained in several tissues (Friend & Brassil 1970, Kalima 

1971, McDowell 1974). The cisternae of the endoplasmic reticu

lum are stained in some tissues (Dalton & Felix 1956, Friend & 

Murray 1965, Friend & Brassil 1970, Kalima 1971, Arstila et al. 

1972, McDowell 1974). 

In the present study unbuffered Oso
4 

stained the outermost cis

ternae and vesicles on the forming face of the Golgi appa tus 

and also the cisternae of most forming and newly formed AV, the 

matrix of most apparently older AV, small cytoplasmic vesicles 

and vesicles within multivesicular bodies. The staining of 

endoplasmic reticulum varied from cell to cell. 

The exact nature of the staining with unbuffered Os 1s un-

known, but is has been suggest 

tions of intermediates of chol 

that sites o high concentrn

terol and/or other steroids are 

evenly stained with unbuffered Os0
4

, whereas chol tero1 itself 

and neut1·a lipids are not stained (Friend & ass il 
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Griffiths & Beck 1977). The heavy staining of the cisternae on 

the forming face of the Golgi apparatus, AV cisternae in all 

cells and the endoplasmic reticulum cisternae of some cells ob

served in the present work might well result from high concen

trations of unsaturated precursors of cholesterol or other 

steroids synthetized from cholesterol. 

There are two supposed sites of membrane transformation in the 

cell: The Golgi apparatus and the membranes limiting a newly 

formed AV. Membranes of the Golgi cisternae thicken across the 

stack from forming face to maturing face (Morre et al. 1971, 

Whaley 1975). The transformation process from the thinner 

endoplasmic reticulum-like, endoplasmic, to thicker more plasma

membrane-like, exoplasmic, membranes may be a function of the 

Golgi apparatus (de Duve 1969, Morre et al. 1971 ). Endoplasmic 

reticulum membrane is thought to be important in the maintenance 

and continuity of Golgi cisternae (Beams & Kessel 1968, Favard 

1969, Morre et al. 1971 J. Precursor material for this membrane 

thickening is apparently synthetized within the endoplasmic 

reticulum, transported to the Golgi apparatus and stored there 

in high concentrations (McDowell 1974). 

The cisterna around an AV has been thought to be derived from 

the smooth surfaced endoplasmic reticulum in rat liver (Arstila 

& Trump 1968, 1969). The thickening of the outer membrane in 

the latter stage of AV formation from endoplasmic to exoplasmic 

type has been suggested to originate from the addition of exo

plasmic membrane resulting from fusion with primary and/or 

secondary lysosomes. At this stage dense osmium deposits have 

been observed in the space between the double limiting membranes 

(Arstila et al. 1972). These deposits gradually penetrated jnto 

the matrix of the AV. However, the staining pattern of AV mem

branes with unbuffered Os□
4 

observed in the present study dif

fered from that described by Arstila et al. (1972) so that the 

cisterna was already heavily stained in the very early stages of 

AV formation, before the vacuole completely surrounded the en

gulfed internal organelles. This stage qf AV formation precedes 
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the fusion with lysosomes (de Duve & Wattiaux 1966, Arstila & 

Trump 1968, 1969). Thus the results of the present study show 

that the staining of the space between the AV membranes is evi

dently not a result of fusion of AV with the lysosomes. Similar 

results have also been reported in rat kidney tubule cells 

(McDowell 1974). 

In the present work the source of AV membranes stained with un

buffered Os□
4 

appears to be the smooth surfaced cisternae of the 

endoplasmic reticulum. The thickening of the membranes limiting 

an AV can be considered as analogous to that occurring in the 

forming face of the Golgi apparatus. The similar staining 

pattern of these two membrane populations suggests that analo

gous metabolic processes occur within them. The transformation 

process in AV membranes occurs independently of lysosomal 

fusion. Similar results have also been reported by McDowell 

(1974) in kidney tubule cells. 

Some newly formed AV were not stained with unbuffered Os□
4

.

One explanation could be that their membranes have a different 

origin to that proposed above. A possible origin could be the 

GERL membranes, which are not stained with unbuffered 0s0
4 

(Novikoff et al. 1971, Paavola 1978a, 1978h). The reason for 

the paucity of this kind of newly formed AV would be that the 

GERL seemed to be weakly developed in mouse hepatocytes. In 

the present study the corresponding membranes showed only faint 

or no acid phosphatase activity, suggesting a very sma 1 : , c ,-

the GERL. GERL has heen shown to be an acid phosphatase posi 

tive network of membranes in cells in which it is well developed 

(1-lol tzman et al. 1967, Novikoff e/; al. 1971, Paavola 1978b). 

Similar observations of the size of the GERL as in the present 

study have been reported by Essner and Oliver (1974) for normal 

mouse liver. 

Variatlons in the staining of the endoplasmic reticulum with un

buffered Os0
4 

are normally seen within a single cell or between 

adjacent cells in many tissues ( iend Jg�g µrienJ & Brassil 



52 

1970, Kalima 1971, Novikoff et al. 1971, McDowell 1974). This 

has been supposed to be due to technical factors or to be a re

flection of the different physiological state of cells at the 

time of fixation (Friend & Murray 1965). In hepatocytes par

ticipating in bile acid synthesis the endoplasmic reticulum may 

be stained by unbuffered OsO
4 

(Friend & Brassil 1970). In the 

present study the ultrastructural changes in mitochondria and 

endoplasmic reticulum observed in the cells in which the endo

plasmic reticulum was stained suggest that technical factors 

may also have affected the cells during incubation. 

Inosine diphosphatase activity has been considered as a useful 

marker for the endoplasmic reticulum (Essner 1973). In the 

Golgi apparatus reaction product of inosine diphosphatase ac

tivity is round within the cavities of the innermost cisternae 

of the maturing face (Novikoff et a?,,. 1971, Essner 1973). In 

the present study, enzyme activity was observed within the cis

ternae and on the surface of the endoplasmic reticulum and 

only occasionally within the inner Golgi cisterna. A similar 

localization of this enzyme has been observed in rat liver 

(Arstila & Trump 1968), in human liver (Ma & Biempica 1971) 

and in rat neurons (Holtzman et al. 1967). 

In the present study, no inosine diphosphatase activity was ob

served in the membranes of eithAr newly formed double membrane

limited AV or older single membrane-limited AV. However, some 

AV contained fragments of engulfed endoplasmic reticulum having 

this enzyme activity. The results of the present study differ 

from the results of Arstila and Trump (1968) who reported 

inosine diphosphatase activity between the membranes of newly 

formAd AV in rat liver. This was proposed to indicate an ori

gin of the AV from the endoplasmic reticulum membranes. 

From the results of the present study two possibilities con

cerning AV formation can be proposed: 1) Some kind of trans

formation occurs in endoplasmic reticulum membranes during AV 

formation, as a result of which the inosine diphosphatase 
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activity of these membranes disappears. The results with un

buffered OsO
4 

staining support this alternative. 2) AV mem

branes could also originate from the GERL membranes which do 

not have inosine diphosphatase activity (Novikoff et al. 1971, 

Essner & Oliver 1974). Because the amount of GERL membranes 

appeared to be very small in mouse liver in the present study, 

the first alternative seems more probable. 

Contents of autophagic vacuoles. Autophagocytosis has been proposed 

to be a random process (de Duve & Wattiaux 1966). However, 

some quantitative evidence exists which suggests that this is 

not the case. In a morphometric study of the removal of pheno

barbital-induced membranes from hepatocytes after cessation of 

treatment it appeared that AV were formed in a non-random 

fashion by specific removal of the excess endoplasmic reticulum 

membranes (Bolender & Weibel 1973). Selective autophagocytosis 

of mitochondria and microbodies has been described by Pfeifer 

(1978) in normal rat liver. In the present study the most re

liable results of the AV content analysis were those obtained 

one and four hours after VBL injection because the number of 

newly formed AV with clearly recognizable contents was the 

greatest in these samples. Later their number decreased. One 

hour after VBL injection the percentage of the volume density 

of vesicles containing VLDL was significantly greater in the 

cytoplasm than in the AV but this difference disappeared four 

hours after injection. No selective autophagocytosis of the 

other cytoplasmic compartments was observed during the :irst 

twelve hours. Although the analysis was ess re iable twenty

four hours after VBL injection, it was interesting to note that 

the percentage of the volume density of the fJt droplets was 

significantly greater n the cytoplasm than in AV. The results 

indicate that the VLDL vesicles one hour :rnd the fat droplet 

twenty-four hours after VBL injecti.on are segreg,cited in a 

smaller quantity than the other cytoplasmic components, ug

gesting that autophagocytosis is to some extent a selective pro

cess. The selectivity may depend on the physiological or patho 

logical state cf the cc l� as has been indicated by l,ockc nnd 
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McMahon (1971), Bolender and Weibel (1973) and Pfeifer (1978). 

Lysosomal hydrolase activities. The total activities of the three 

lysosomal enzymes, acid phosphatase, S-galactosidase and S-N

acetylglucosaminidase, were estimated in order to investigate 

whether the increased autophagocytosis also had the effect of 

increasing their activities. No increase was, however, ob

served after VBL treatment as compared to the controls. The 

results show that the amount of lysosomal hydrolases was appar

ently sufficient for the increased degradation of cytoplasmic 

components during the experimental period (twelve hours). 

These results are in general in agreement with the total activi

ties of lysosornal hydrolases obtained in other short-term ex

periments after VBL treatment (Marzella & Glaumann 1980a) and 

also after glucagon treatment (Arstila & Trump 1 968, Deter 1971) 

in rat liver. 

Although the total activities of the lysosomal enzymes did not 

change� the volume densjty of the lysosomes increased after VBL 

injection. This might reflect a swelling of the lysosomes. A 

direct fusion of lysosomes with vesicles containing VLDL (crino

phagy) has been described by Reaven and Reaven (1980). This 

may lead to an increase in the volume density of the lysosomal 

the mean volume of lysosomes was observed although it increased 

slightly during the twelve hours after VBL injection. The in

crease in the number of lysosomes twenty-four hours after VBL 

�11j0Lc.�uu might re.fleet the inc sed turnover of to te1o-

lysosomes due to the increased autophagocytosis. 
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than that of the control. Whether these results might reflect 

the effect of VBL on the lysosomes or the different localization 

of the investigated enzymes inside the lysosomes (Beck & Tappel 

1968) is not clear. 

Other changes in hepatocyte.s. In addition to increased autophago

cytosis VBL administration also affected parenchymal cells in 

other respects. The most pronounced ultrastructural changes in 

all cells were the disappearance of microtubules, accumulation 

of VLDL filles vesicles and the disorganization of the Golgi 

cisternae. Although the disappearance of microtubules was com

plete after VBL treatment, it was striking that no paracrystal

line inclusions were observed as has been reported for some 

other tissues (Bensch & Malawista 1968, Krishan & Hsu 1971, 

Bunt 1973, Tyson & Bulger 1973). Similar results to those ob

tained in the present study have also been reported by other 

authors. Stein et al. (1974) did not observe paracrystals in 

the parenchymal cells in vincristine- or vinblastine-incubated 

rat liver slices. Le Marchand et al. (1973) have described 

amorphous masses in vincristine perfused mouse liver, which may 

have been precipitated microtubular proteins. Such masses were 

not observed in the present study. One explanation for the 

lack of paracrystalline inclusions in the liver may be the pau

city of microtubules in the liver tissue (Bruni & Porter 1965). 

Hepatocytes synthetize and secrete triglycerides primarily in 

the form of VLDL. The increase in the volume densit} 

secretary vesicles containing VLDL in the hepatocytes in the 

present study indicated that VBL interfered with the secretion 

of VLDL from the liver. The reason might be the dis ggregation 

of the microtubula protein caused by VBL. Microtnbules arc 

needed in the transport and release of VLDL from the parenchymal 

eel (Le :,!arc hand et . 197 3, Orci et al. 1973, Stein & Stc•in 

1973, Stein et al. 1974, Reaven & Rcaven 1980). 

The disorganization of the Golgi complex appeared as a swelling 

of the cistcrnac. The nu1nbcr nnd/or the size of t11c cister11�e 
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was reduced, since the volume density of the Golgi apparatus 

was significantly decreased twelve hours after VRL injection. 

Similar observations have been made in rat liver after colchi

cine injection (Reaven & Reaven 1980) and with VBL and colchi

cine in other eel types (Moskalewski Pt al. 1975, 19 6). The 

disorganization of the Golgi apparatus observed after treatment 

with antimicrotubular agents might result from the disruption 

of the microtubulcs, suggesting that microtubules may be im

portant in the maintenance of the Golgi apparatus (Reaven & 

Reaven 1980). 

The other changes observed in the qualitative and quantitative 

morphological studies of the hepatocytes indicated the injuri

ous effects of VBL. These changes included partial vesiculation 

of the endoplasmic reticulum and both decrease in the surface 

density of the smooth surfaced endoplasmic reticulum four hours 

after injection and increase in the surface density of the 

rough surfaced endoplasmic reticulum twelve hours after injec-

tion. The volume density of cytoplasmic rihosomes was also 

decreased four hours after VBL injection. On the other hand, 

the volume density of ground substance was significantly greater 

than the control value t1venty-four hours :ifter VBL injection. 

The reason for this might he the significant increase in the 

volume density of fat drop1ets observed in conlrul anlma1s at 

Lhc, sa111t' time, e0h tc li in turn might resul from the starving of 

the animals during the experiment. Fat accumulation in hep:ito

cytes has been described for example in starved cows (Rei 1973). 

VBL lso affected mitochonclri The surface density of the mito-

chondrial ot1ter bot1ndary mPmhranc was signi ficant1y decreased 

one hour after injec ion. Since the changes dE�scr hcJ l .. 1ere 

�y of of utcph:ign 

c os is they 1vi l l not be discuss.eel here in ma 

r glycogen content, cAMP lo and s:lycogen phosphor 

a �ctirity here estimated in orci0r to ccmpare thf' effects of VBt 
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with the known effects of glucagon on liver glycogen degrada

tion. The hlood glucose level was estimated simultaneously. 

The injection of VBL was followed by a loss of glycogen from 

the liver. This was observed in PAS staining, in quantitative 

morphological studies and in the biochemical estimations of 

glycogen. The greatest difference in liver glycogen content 

between the VBL treated and the control animals in biochemical 

estimations was in the group which was fed during the entire 

experimental period. This difference could at least partly 

have arisen from the indisposition of the VBL treated mice, 

which did not show normal eating behaviour. However, the dif

ference was also evident in those experiments in which all the 

animals were starved after VBL or saline injection. On the 

other hand, starvation for twelve hours lowered the liver 

glycogen content of the control animals so much that no dif

ferences between VBL treatment and controls could be discerned. 

In the quantitative morphological studies the volume density 

of liver glycogen was significantly lowered one and four hours 

after VBL injection. Twelve hours after VBL injection no 

glycogen at all was ohserved in the liver. This result and 

also the relatively low volume densities of liver glycogen ob

served in the present study (about 2 % in the cytoplasm of the 

control animals one hour after saline injection) as compared 

to the corresponding value (about 21 %) in rat liver cytoplasm 

(Pfeifer 1978) might be a reflection of the variations in 

glycogen staining observed in the thin sections during the 

present study. 

The blood glucose values were elevated half an hour after VBL 

injection. The elevation resembled the sharp rise in blood 

glucose typical for glucagon stimulated glycogenolysis (Miller 

et al. 1959). One hour after VBL injection, the hlood glucose 

level of the fed group was lower than the control value. This 

ifference was retained during the entire experimental period. 

A similar hypoglycemic effect of vinca alkaloids has been de

scribed by Svohoda rt al. (1964). 
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There are two principal enzymatic pathways by which glycogen 

can be degraded to glucose in the liver; by glycogen phosphory

lase in the cytoplasm and by a-glucosidase in the lysosomal 

system. Phosphorolysis is involved in the rapid breakdown of 

glycogen when glucose or glucose phosphates are required for 

the energy needs of the body. The lysosomal a-glucosidase is 

necessary when glycogen is engulfed in an AV (Hers & de Barsy 

1973). Ir1 the hereditary Pompe's disease this enzyme is lack

ing, and glycogen therefore accumulates inside AV (Hers 1963, 

Baudhuin et al. 1964, Hers 1965). 

According to the results of the present study, increased glyco-

gen degradation due to the activation of glycogen phosphorylase 

appeared to be improbable, because this enzyme is activated by 

elevated cAMP levels in the liver. Glucagon increases the cAMP 

content in isolated perfused rat liver within a few minutes 

(Exton & Park 1967, Exton et al. 1971a, 1971b). In the present 

study, however, neither the ci\Jv!P level nor the glycogen phos

phorylase a activity changed after VBL injection. Furthermore, 

Bos and Emmelot (1974) have found that VBL and colchicine in

hibit glucagon-stimulated adenylate cyclase and cAMP-phosphodi

esterase in rat iver plasma membrane. Unchanged cAMP levels 

have also been observed in autophagocytos s induced by amino-

acid deprivation in perfused liver. Simultaneously glycogen 

frequently found in AV (Mortimore & ScL1.1,Torer 1977) � 

rding to the results of the present tudy ncreased 

<legraJation of glycogen VB.L injcc occur in the 

system by scd autophagocytosi 

resul s also show tha VBL induces autoph2gocytos independ-

ent alterations level liver 
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SUMMARY AND CONCLUSIONS 

Vinblastine-induced autophagocytosis and other injurious effects 

were studied in mouse liver parenchymal cells during twenty

four hours after intraperitoneal injection with three doses of 

vinblastine (10, 25 and 50 mg/ks:;). Both qualitative (all doses) 

and quantitative (25 mg/kg) light and electron microscopical 

methods and biochemical (10 and 50 mg/kg) methods were used. 

The main results obtained were: 

1) Vinblastine induced an increased formation of autophagic

vacuoles with all the doses used. The quantitative studies 

confirmed that the increase in the volume density of autophagic 

vacuoles from four hours to twenty-four hours after injection 

was due to the significant increase in their number, which was 

5.3-fold four hours, 4.7-fold twelve hours and 5.7-fold twenty

four hours after injection as compared to the controls. The 

mean volume of the autophagic vacuoles increased significantly 

one hour after vinblastine injection, at which time the forma

tion of new autophagic vacuoles was at its greatest. The 

number of autophagic vacuoles appeared to be dose-dependent. 

The appearance and contents of the newly formed autophagic 

vacuoles was similar to that described earlier in the hepato

cytes. There was an accumulation of single membrane-limited, 

obviously older autophagic vacuoles in the cytoplasm Their 

volume density was t its maxirrwm twelve hours after i�jection. 

suggesting a retarded turnover of autophagic vacuoles. There 

may be exocytosis of autolysosomal material into the sinusoidal 

lumen and the space of Disse. 

2 I Using osmium impregnation, very intense staining ivas fre 

quently observed in the cavity between the douhl membranes 

destined to forw autophagic vacuoles, in the avity between 

double membranes of apparently newly formed autophagic vacuoles 

as well as in the outer cisternae on the forming face of the 

Golgi apparatus. The results suggested that the mcmbrAnes of 

most autophagic vacuoles might be derived from smooth surfaced 
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cisternae of the endoplasmic retuculum, in which a kind of 

transformation process occurs during autophagic vacuole forma

tion. The transformation may be analogous to that observed at 

the Golgi cisternae and occurs independently of fusion with 

lysosomes. The membranes of the autophagic vacuoles did not 

contain inosine diphosphatase activity, which is a generally 

used marker of the endoplasmic reticulum. 

3) The segregation of cytoplasmic components appeared to be

selective to some extent after vinblastine injection. Vesicles 

containing very low density lipoprotein particles one hour after 

injection and lipid droplets twenty-four hours after injection 

were segregated in smaller quantities than the other cytoplasmic 

components. 

4) Acid phosphatase activity was localized between the double

membranes of a few apparently newly formed autophagic vacuoles 

and within most obviously older single membrane-}imited auto

phagic vacuoles. The absence of enzyme activity from several 

newly formed autophagic vacuoles suggested the existence of a 

pre-lysosomal phase. Although the microtubules disappeared 

from the cytoplasm after injection, vinblastine did not prevent 

the fusion of newly formed autophagic vacuoles with the pre

existing lysosomes. 

5) The total activities of the three lysosomal hydrolases,

acid phosphatase, B-galactosidase and B-N-acetylglucosaminidase, 

did not change four and twelve hours after vinblastine injec

tion, suggesting that the amount of lysosomal hydrolases was 

adequate in the liver in spite of increased degradation of 

cytoplasmic components by autophagocytosis. The labilization 

of the autolysosomal membranes, as measured by the free activi

ties of these enzymes, was not so clear as earlier described in 

rat liver after glucagon treatment. 

6) The level of liver cyclic adenosine monophosphate did not

change after vinhlastine injection, suggesting that the induc-
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tion of autophagocytosis was not mediated via an elevated level 

of intracellular cyclic adenosine monophosphate. Although 

liver glycogen disappeared from vinblastine injected animals 

faster than from the controls, glycogen phosphorylase a activity 

did not change. The loss of glycogen might occur via increased 

autophagocytosis. 

7) The injurious effects of vinblastine were evident both in

light and electron microscopical and in biochemical studies 

and seemed to be dose-dependent. Diffuse necrosis of the liver 

lobules and inflammatory cells were observed, especially with 

the highest dose used, within twelve hours. In the parenchymal 

cells the microtubules disappeared, while the Golgi cisternae 

were dilated and disorganized and the volume density of the 

Golgi apparatus was significantly decreased twelve hours after 

vinblastine injection. The volume density of lysosomes was in

creased during the twelve hours after vinhlastine injection. 

Vesicles containing very low density lipoprotein particles ac

cumulated in the cytoplasm so that their volume density was 

significantly increased during the entire experimental period. 

Vinblastine apparently interfered with the transport and secre

tion of the very low density lipoproteins from the parenchymal 

cells. Furthermore, the endoplasmic reticulum was partially 

dilated and vesiculated after vinblastine injection. The ele

vated activities of serum L-aspartate-2-oxoglutarate amino

transferase, creatine phosphokinase and the lysosomal hydro-. 

lases acid phosphatase, B-galactosidase and B-N-acetylglucos

aminidase, especially with the highest dose, also provided evi

dence for the injurious effects of vinblastine. 
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LEGENDS FOR FIGURES 

Fig. 1. Light micrographs of mouse liver stained with hematoxylin and eosin. 
a) Four hours after VBL injection (10 mg/kg). Almost no changes have oc
curred as compared to control livers. C, central vein, P, portal area.
Magnification (M): 175 x. b) Mouse liver 12 hours after VBL injection
(10 mg/kg). Almost all parenchymal cells are vacuolated. Single necrotic
cells are seen in the liver lobule (arrow head). M: 175 x. c) Mouse liver
4 hours after VBL injection (50 mg/kg), showing vacuolation of the hepato
cytes and lipid droplet accumulation around the central vein (arrows). 
M: 175 x. d) Mouse liver 12 hours after VBL injection (50 mg/kg). The 
parenchymal cells are vacuolated and there are focal necrotic cell groups 
(arrow heads) diffusely scattered in the liver lobule. The central vein is 
dilated. M: 175 x. (From the paper of Hirsimaki, P., Trump, B. F. & Arstila, 
A. U. 1976: Studies on vinblastine-induced autophagocytosis in the mouse 
11ver� I. 1ne relacion of lysosornal cha11ges to general injurious effects. 
- Virchows Arch. B Cell Path. 22: 89-109. By permission of Springer-Verlag) 

Fig. 2. Mouse liver after VBL injection (10 mg/kg), stained with the PAS
technique. a) One hour after VBL injection. The hepatocytes contain large 
amounts of PAS-positive material, presumed to be glycogen, in all parts of 
the liver lobules. The animal starved after the injection. P, portal area, 
C, central vein. M: 70 x. b) Twelve hours after VBL injection. PAS-posi
tive material is absent from both portal and central areas. The animal 
starved after the injection. A similar appearance is seen in overnight 

starved mice given only saline and in non-starved mice given VBL. M: 175 x. 
c) Two hours after saline inJection. Little PAS-positive material is seen 
around the central veins, but large amounts are still left around the portal 
area. The animal starved after the injection. M: 70 x. d) Two hours after 
VBL injection. PAS-positive material has disappeared from around the 
central veins and diminished around the portal areas. The animal starved 
after the injection. M: 70 x. e) Four hours after saline injection. PAS
positive material is seen around the portal areas but very little is left 
around the central veins. The animal starved after the injection. M: 70 x. 
f) Four hours after VBL injection. Only hepatocytes around the portal areas 
show some PAS-positive material. The animal starved after the injection. 
M: 70 x. 

Fig. 3. Control mouse hepatocytes after saline injection. Mr. e:. 11 +-Aphagic 
vacuoles are seen in the cytoplasm. N, nucleus, M, mitochondria, MB, 
microbody, RER, rough surfaced endoplasmic reticulum, SER, smooth surfaced 
endoplasmic reticulum, BC, bile canaliculus. M: 20 000 x. 

Fig. 4. Control mouse hepatocyte after saline injection. Microtubules 
(arrows) are seen near the Golgi apparatus (Go). M: 39 000 x. 

Fig. 5. Mouse hepatocytes 1 hour after VBL injection (10 mg/kg). Auto
phagic vacuoles containing glycogen (arrow heads), pieces of endoplasmic 
reticulum and cytoplasmic ground substance are seen in the cytoplasm. 
Glycogen is also seen in the cytoplasm (large arrows). Ly, lysosome 
(dense body). M: 20 000 x. 
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Fig. 6. Mouse hepatocyte 1 hour after VBL injection (25 mg/kg). Autophagic 
vacuoles (AV) at various stages of development are seen in the cytoplasm: 
AV2: an apparently newly formed large AV with clearly recognizable contents
limited by a double membrane, AV1: a smaller single membrane-limited AV with
still recognizable contents, RB: an AV with unrecognizable contents showing 
signs of transformation to a residual body. Vesicles containing VLDL par
ticles are also seen in the cytoplasm (arrows). M: 16 000 x. 

Fig. 7. Mouse hepatocyte 4 hours after VBL injection (50 mg/kg). Numerous 
autophagic vacuoles (1-14) are seen in the cytoplasm. Most of these are 
limited by a double membrane with clearly recognizable contents such as 
mitochondria (6 and 13) or cytoplasmic ground substance containing pieces 
of endoplasmic reticulum (1-5, 7, 12 and 14). Some of the autophagic vacu
oles contain digested material (8-11) and are limited by a single membrane 
(8). Rough surfaced endopiasmic reticulum (RER) is vesiculated and partly 
degranulated. M: 16 000 x. (From the paper of Hirsimaki, P., Trump, B. F. & 
Arstila, A. U. 1976: Studies on vinblastine-induced autophagocytosis in the 
mouse liver. I. The relation of lysosomal changes to general injurious 
effects. - Virchows Arch. B Cell Path. 22: 89-109. By permission of Springer
Verlag) 

Fig. 8. Autophagic vacuoles (AV) with various contents. a) An AV containing 
fragments of endoplasmic reticulum and cytoplasmic ground substance (ERGS). 
M: 30 000 x. b) An AV containing a mitochondrion. M: 30 000 x. c) An AV 
conta1111ng a microbody and ERGS. M: 30 000 x. d) An AV containing fat and 
ERGS. M: 30 000 x. e) An AV (arrow head) containing a vacuole with VLDL 
particles and ERGS. M: 30 000 x. f) An AV (arrow head) containing glycogen. 
M: 20 000 x. 

Fig. 9. Mouse hepatocyte 12 hours after VBL injection (10 mg/kg). No auto
phagic vacuoles are seen in the cytoplasm. M: 26 000 x. (From the paper of 
Hirsimaki, P., Trump, B. F. & Arstila, A. U. 1976: Studies on vinblastine
induced autophagocytosis in the mouse liver. I. The relation of lysosomal 
changes to general injurious effects. - Virchows Arch. B Cell Path. 22: 
89-109. By permission of Springer-Verlag)

Fig. 10. Mouse hepatocyte 12 hours after VBL injection (50 mg/kg). Auto
phagic vacuoles (large arrows) are present in the cytoplasm. They are 
mostly limited by a single membrane, showing transformation to residual 
bodies. Note secretory vesicles containing VLDL particles (arrow heads) 
and lipid droplet (L) accumulation in the cells. The Golgi cisternae (Go) 
are swollen, containing VLDL particles. Ly, lysosome. M: 8 000 x. (From 
the paper of Hirsimaki, P., Trump, B. F. & Arstila, A. U. 1976: Studies on 
vinblastine--indue:ed autophagocytosis in the mouse 1 iver. I. The relation 
of lysosomal changes to general injurious effects. - Virchows Arch. B Cell 
Path. 22: 89-109. By permission of Springer-Verlag) 

Fig. 11. Mouse hepatocytes and a Kupffer cell (K) 12 hours after VBL in
jection (50 mg/kg). Degraded material (large arrow) resembling that found 
in h2patocyt2 residual bodies (RB) is seen in the sinusoidal lumen (L). 
Phagocytized material is seen in the Kupffer cell phagosomes (arrow heads)� 
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M: 16 000 x. (From the paper of Hirsimaki, P., Trump, B. F. & Arstila, A. u. 
1976: Studies on v.i.nblastine��induced autophagocytosis in the mouse liver. I.
The relation of lysosomal changes to general injurious effects. - Virchows 
Arch. B Cell Path. 22: 89-109. By permission of Springer-Verlag) 

Fig. 12. Mouse hepatocyte 12 hours after VBL injection (50 mg/kg). Secre
tary vesicles containing VLDL particles (arrows) are accumulated near the 
space of Disse (D). M: 16 000 x. (From the paper of Hirsimaki, P., Trump, B.
F. & Arstila, A. U. 1976: Studies on vinblastine-induced aucophagocytosis in
the mouse liver. I. The relation of lysosomal changes to general injurious 
effecLs. - Virchows Arch. B Cell Path. 22: 89-109. By par�icc�np 0£ SrrinoPr
Verlag) 

Fig. 13. Mouse hepatocyte 12 hours after VBL injection (50 mg/kg). The 
Golgi cisternae (Go) are swollen and contain VLDL particles. The rough sur
faced endoplasmic reticulum (RER) is vesiculated and partly degranulated. 
H: 20 000 x:. (From the paper of HirsimB.ki :, P�, Trump j B,, F. Fi Arstila, A. U. 
1976: Studies on vinblastine-induced autophagocytosis in the mouse liver. I.
The relation ot.:: lysosomal changes to general injurious effects� - Virchows 
Arch. B Cell Fath. 22: 89-109. By permission of Springer-Verlag) 

Fig. 14. A control mouse hepatocyte stained with unbuffered 0s04. The 
outermost cisternae and the adjacent vesicles on the forming face of the 
Golgi apparatus (Go) are densely stained. The degree of unbuffered Os01 
staining is graded across the stack. The cisterna enclosing an autopha�ic 
vacuole (AV)� and some vesicles within the AV are also stained. M: 20 000 x. 
(From the paper of Hirsimaki, P. & Reunanen, H. 1980: Studies on vinblastine�
induced autopb.agocytosis in mouse liver. ll� Origin of membranes and acqui-
sition of acid phosphatase. - Histochemistry 67; 139-153. By permission of 
Springer-Verlag) 

Fig JS. Mouse hepatocyte 2 hours after VBL injection (50 mg/kg) stained 
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outer cisternae of the Golgi apparatus (Go) are also stained. The cisternae 
enclosing autophagic vacuoles (AV) are not stained but an older AV has 
osmium <leposits in its matrix (arrow). M: 16 000 x. (From the paper of 
Hirsim2.ki t P. & Reunanen� tL 1980: Studies on vinblastine-induc.ed autophago
cytosis in mouse liver. II. Origin of membranes and acquisition of ctcid 
phosphatase. - Histochemistry 67: 139-153. By permission of Springer
Verlag) 

Fig. 16. Mouse hepatocytes 15 min after VBL injection (50 mg/kg) stained 
with unbuffered Os01. a) An early stage of autophagic vacuole formation. 
A stained cisterna Jartially encloses a mitochondrion. M: 20 000 x. 
b) Later stage of autophagic vacuole formation� Portions of two hepatocytes 
around a bile canaliculus (BC). A part of the cytoplasm is surrounded by 
double membranes and the space between these is stained with unbuffered 
0s04. Note the dilation of the cisternae of the Golgi apparatus (Go) and 
the staining of cytoplasmic vesicles (arrow heads), M: 20 000 x. (From the
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paper of Hirsimaki, P. & Reunanen, H. 1980: Studies on vinblastine-induced 
autophagocytosis in mouse liver. II. Origin of membranes and acquisition 
of acid phosphatase. - Histochemistry 67: 139-153. By permission of 
Springer-Ver lag) 

Fig. 17. Two mouse hepatocytes from the same section 15 min after VBL in
jection (50 mg/kg) stained with unbuffered Os04. The degree of staining of
the endoplasmic reticulum (ER) varies in different cells. a) The ER shows 
a light granular staining pattern. The ER cisternae and the mitochondria 
are lightly swollen. AV, autophagic vacuole, BC, bile canaliculus. 
M: 16 000 x. b) The ER is heavily stained and the mitochondria are swollen. 
M: 16 000 x. (From the paper of Hirsimaki, P. & Reunanen, H. 1980: Studies 
on vinblastine-induced autophagocytosis in mouse liver. II. Origin of mem
branes and acquisition of acid phosphatase. - Histochemistry 67: 139-153. 
By permission of Springer-Verlag) 

Fig. 18. Mouse hepatocytes 30 min after VBL injection (50 mg/kg) stained 
for inosine diphosphatase activity. Enzy,ne activity is seen in the cis
ternae of the rough surfaced endoplasmic reticulum and in the vesicles of 
the smooth surfaced endoplasmic reticulum (arrows). a) An early stage of 
autophagic vacuole formation. The membranes partly surrounding a mito
chondrion (arrow heads) have no enzyme activity, but the cisternae of endo
plasmic reticulum probably being engulfed have. M: 17 000 x. b) No enzyme 
activity can be seen between the limiting membranes surrounding an auto
phagic vacuole but the engulfed material is stained (arrow heads). 
M: 20 000 x. c) No enzy,ne activity can be seen between the double mem
branes (2) or in the single membrane (1) surrounding autophagic vacuoles. 
Go, Golgi apparatus. M: 16 000 x. (From the paper of Hirsimaki, P. & 
Reunanen, H. 1980: Studies on vinblastine-induced autophagocytosis in mouse 
liver. II. Origin of membranes and acquisition of acid phosphatase. -
Histochemistry 67: 139-153. By permission of Springer-Verlag) 

Fig. 19. Mouse hepatocytes after VBL injection (50 mg/kg) stained for acid 
phosphatase activity. a) 30 min after injection. A number of 
autophagic vacuoles with clearly recognizable contents show no or 
(arrow) acid phosphatase activity. A lysosome (Ly) has enzyme activity. 
M: 20 000 x. b) 2 hours after injection. A double membrane-limited auto-
phagic vacuole with lead between the membranes. 20 ODO x. 
c) 2 hours after VBL inj An older autophagic vacuole with lead de-· 
posits in the matrix. Go, Golgi apparatus. M: 20 000 x. (From the paper of 
Hirsim3ki, P. & Reunanen, H. 1980: Studies on vinblastir.e-induced 
cytosis in mouse liver. II. Origin of membranes and acquisition of 
phosphatase. - Histochemistry 67: 139-153. By permission of Springer-Verlag) 
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