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Colchicine inhibits the secretion into plasma of
lipoproteins (12, 18), albumin (11), and other
proteins (11) produced by the liver. Electron
microscopy has shown that, after administration of
colchicine, the electron-dense, nonsecreted lipo-
proteins accumulate in cytoplasmic vesicles (12)
and also in the Golgi apparatus (18) of hepato-
cytes; however, the accumulation site of the elec-
tron-transparent, nonsecreted proteins is un-
known. In the present report, we demonstrate that
fibrinogen, an electron-transparent protein synthe-
tized by the liver cells (16), accumulates not only in
the Golgi apparatus, but also within the endoplas-
mic reticulum when its secretion into plasma is
inhibited by colchicine.

Fibrinogen was demonstrated in the hepatocytes
by means of antirat fibrinogen antibodies labeled
with peroxidase, a method which can be used to
detect antigens under light and electron micros-
copy (3).

MATERIALS AND METHODS

Adult male rats were injected with colchicine, 2.5 mg/kg,
intraperitoneally, and were sacrificed 4, 6, 8, 16, 24, or 32
h after injection; rats, injected with 0.9% NaCl or with
2.5 mg/kg of lumicolchicine (a mixture of colchicine
isomers prepared by irradiation of colchicine with ul-
traviolet light [20]) and sacrificed at the same time
intervals, acted as controls; the experimental groups
corresponding to each time interval consisted of five
animals.

Antirat fibrinogen antibodies were prepared as fol-
lows: a sheep was immunized by an intradermic injection
of 7 mg of rat fibrinogen added with Freund’s complete
adjuvant, followed by an intramuscular injection of
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fibrinogen with Freund’s adjuvant every month for 4 mo;
rat fibrinogen was prepared according to the method of
Polson et al. (14). Antibodies against antigens other than
fibrinogen were eliminated by an immunoadsorbent
technique (4) using an immunoadsorbent prepared from
normal rat serum; purified antirat fibrinogen antibodies
were finally obtained by the same technique, using an
immunoadsorbent prepared from normal rat plasma.
From those purified antibodies, Fab fragments were
prepared by digestion with 1% papain (15) and purified
by filtration on a diethylaminoethyl-cellulose column
(DE 52, Whatman Biochemicals Ltd., Maidstone, Eng-
land) with sodium phosphate buffer 0.01 M pH 8.0; the
Fab fragments were concentrated and labeled with
horseradish peroxidase (RZ 3.0, Sigma Chemical Co.,
St. Louis, Mo.) according to Avrameas (2). For control
reactions, Fab fragments were also prepared from nor-
mal sheep gamma globulins obtained by ammonium
sulfate precipitation followed by filtration on a di-
ethylaminoethyl-cellulose column (DE 52) with sodium
phosphate buffer 0.017 M pH 6.9; those Fab fragments
were also concentrated and labeled with horseradish
peroxidase.

Liver specimens were processed according to a tech-
nique previously described (6). Briefly, the specimens
were at once fixed in 10% paraformaldehyde (prepared as
described by Karnovsky [10]) buffered with phosphate
buffer 0.1 M pH 7.4 for 6 h at 4°C. After fixation, the
liver pieces were washed for 24-48 h at 4°C in phosphate
buffer 0.1 M pH 7.4. 8-um thick sections cut with a
cryostat were incubated for | h at room temperature with
the labeled antibodies. After incubation, the sections
were washed, and the peroxidase was demonstrated by
the technique of Graham and Karnovsky (8). The
sections were then placed on a thin plate of Epon (Shell
Chemical Co., New York), fixed in a 1.5% osmium
tetroxide solution buffered with Veronal buffer pH 7.2
for 20 min, embedded in Epon by the technique of
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Zeitoun and Lehy (21) and studied in a light microscope
without additional staining. Ultrathin sections were
made at the levels of the cells in which a reaction had
been noted in light microscopy and examined without
further staining in a Siemens Elmiskop IA electron
microscope. Control specimens were prepared by incu-
bating sections with normal sheep Fab fragments labeled
with peroxidase.

Conventional electron microscopy was also performed
on the liver specimens. Small blocks were fixed in 2%
glutaraldehyde buffered with phosphate buffer 0.1 M pH
7.4 for 2 h at 20°C, then postfixed in osmium tetroxide,
and embedded in Epon. Ultrathin sections stained with
uranyl acetate and lead citrate were observed by electron
microscopy.

RESULTS

By optical microscopy in the controls at all time
intervals, few hepatocytes containing fibrinogen
were seen; they were randomly distributed within
the hepatic lobule (Fig. 1). In colchicine-treated
rats, 4 h and 6 h after the intraperitoneal injection
of the drug, the findings were similar to those
observed in the controls; at 8 h, numerous hepato-
cytes, with perinuclear, intensely brown deposits,
were seen, mainly in the neighborhood of the
portal triads (Fig. 2); at 16 h, numerous hepato-
cytes containing fibrinogen, but with a less intense
reaction, were present predominantly in the vicin-
ity of the portal triads; at 24 h, only a few
hepatocytes with a slight coloration were present;
and finally, at 32 h, the picture was similar to that
of controls. In both colchicine-treated rats and
controls, reactions with normal sheep Fab frag-
ments were always negative.

By electron microscopy in the controls at all
time intervals, fibrinogen was demonstrated exclu-
sively on the ribosomes and membranes of the
rough endoplasmic reticulum (RER) (Fig. 3) and
on the membranes of the smooth endoplasmic
reticulum (SER) of the hepatocytes; no fibrinogen
was detected in the lumina of the endoplasmic

reticulum and on the Golgi apparatus (GA). In
colchicine-treated rats, 4 h and 6 h after the
intraperitoneal injection of the drug, the findings
were similar to those observed in the controls; at 8
h, fibrinogen was detected cn the ribosomes and
membranes of the RER; it was abundant in the
lumina of this organelle (Fig. 4): it was detected in
small amounts in the lumina of the SER and was
absent in the GA; at 16 h, fibrinogen was detected
in small amounts in the lumina of the RER; it was
very abundant in the lumina of the SER and was
absent in the GA (Fig. 5); at 24 h, fibrinogen was
not detected in the lumina of the RER; it was
detected in small amounts in the lumina of the
SER and was abundant in the lumina of the GA
(Fig. 6); at 32 h, the picture was similar to that of
controls. In both colchicine-treated rats and con-
trols, reactions with normal sheep Fab fragments
were always negative.

By conventional electron microscopy in the
controls, microtubules could be seen scattered
throughout the cytoplasm of the hepatocytes. In
colchicine-treated rats, at 4, 6, 8, 16, and 24 h after
administration of the drug, microtubules were
almost completely lacking; at 8 h, lysosome-like
bodies were more numerous than in the controls; at
32 h, the appearance of the hepatocytes did not
differ from that of the controls.

DISCUSSION

The small number of fibrinogen-containing hepa-
tocytes observed by optical microscopy in normal
rats is in agreement with similar findings obtained
with immunofluorescence in man (9) and in the
dog (5). The marked increase in the number of
fibrinogen-containing hepatocytes observed in rats
after administration of colchicine would be the
result not of an increased synthesis of this protein
but of its accumulation in the liver cells: this
hypothetical interpretation is in line with the view

FIGURE 1

Light microscope appearance of the liver in a control rat. A dark deposit indicating the

presence of fibrinogen is seen in the cytoplasm of few hepatocytes (PT, portal triad). x 275.

FIGURE 2 Light microscope appearance of the liver in a colchicine-treated rat 8 h after intraperitoneal
injection of the drug. Numerous hepatocytes with perinuclear, inteasely dark deposits indicating the
presence of fibrinogen are seen in the neighborhood of the portal triad (PT). x 275.

FiGure 3 Electron microscope appearance of a part of the rough endoplasmic reticulum (RER) of a
hepatocyte from a control rat. Fibrinogen is only detected on the ribosomes and the membranes of the
RER; no fibrinogen is detected in the lumina of this organelle. (N, nucleus; M, mitochondria.) x 31,000.
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FIGURE 4 Electron microscope appearance of a hepatocyte from a colchicine-treated rat 8 h after
intraperitoneal injection of the drug. (@) Fibrinogen is present in abundant amounts in several segments of
the rough endoplasmic reticulum (RER) and is not detected in most of the vesicles of the smooth
endoplasmic reticulum (SER). (N, nucleus; M, mitochondria; Ly, lysosome-like bodies.) x 8,500. (b) This
figure is an enlargement of the area enclosed in the rectangle in Fig. 4 a. Fibrinogen is detected on the
membranes and in the lumina (arrows) of the rough endoplasmic reticulum; fibrinogen is not detected in the
smooth endoplasmic reticulum (SER). (N, nucleus; Lp, lipid droplet.) x 24,000.



that colchicine inhibits not the synthesis (11, 12,
18) but the secretion of proteins produced by the
liver (11, 12, 18). The predominance of fibrinogen-
containing hepatocytes in the vicinity of the portal
triads might be due to the relatively high concen-
tration of the drug in periportal hepatocytes since
the drug reaches the liver through the portal vein.

The electron microscope observation that, early
after colchicine administration, fibrinogen accu-
mulates in the lumina of the RER suggests that the
drug inhibits the translocation of fibrinogen
through this organelle. That, late after colchicine
administration, a bulk of fibrinogen appears in the
lumina of the SER, and then in the GA, could be
attributed to the gradual cessation of the inhibitory
effect of the drug on the RER and/or an inhibition
of fibrinogen translocation through the SER and
the GA, this speculation is based on the current
concept that the RER, the SER, and the GA
represent the successive portions of a canalicular
network through which the secreted proteins are
conveyed (1, 7). That no fibrinogen was detected in
the GA in control rats might be ascribed, not to its
absence in the organelle, but to its concentration
being too low to permit its detection by the method
used in this work.

Our observations and our interpretation of these
effects of colchicine are at variance with the
findings of Stein et al. (18) who have showed that,
early after administration of this drug, lipoproteins
accumulate in GA vesicles and that colchicine
inhibits the final stages of the secretion into plasma
of lipoproteins; this discrepancy could be due to a
different effect of colchicine on fibrinogen and
lipoproteins; this interpretation is reinforced by the
observation that, 4 h after administration of the
drug, a detectable effect of colchicine was obtained
on lipoprotein translocation, but not on fibrinogen
translocation.

The action of colchicine on the cytoplasmic
translocation of fibrinogen could be due to a direct
effect of the drug on the membranes of the
endoplasmic reticulum (17). Alternatively, it could
be the indirect result of the disruptive effect of the
drug on the microtubules (13, 19), an effect which
has been observed in the hepatocytes from rats
receiving colchicine by us and others (18) and in
the hepatocytes from isolated mouse livers per-
fused with a medium containing colchicine (12); it
is conceivable that microtubules, owing to their
rigidity, are essential to maintain the suitable
spatial conformation of the cytoplasmic canalicu-
lar network.

SUMMARY

In the rat, 8 h after intraperitoneal administration
of colchicine, fibrinogen (detected by antirat fi-
brinogen antibodies labeled with peroxidase) accu-
mulated in the lumina of the rough endoplasmic
reticulum of the hepatocytes; 16 and 24 h after
colchicine administration, fibrinogen was detected,
respectively, in the lumina of the smooth endoplas-
mic reticulum and in the Golgi apparatus. The
effect of colchicine on the cytoplasmic transloca-
tion of fibrinogen could be due 10 a direct action of
the drug on the membranes of the endoplasmic
reticulum or could be the indirect result of the
disruptive action of the drug on the microtubules.

This work was supported by a grant from the Institut
National de la Santé et de la Recherche Meédicale
(contract no. 7350484).

Received for publication 8 November 1974, and in
revised form 13 May 1975.

REFERENCES

1. AsHLEY, C. A, and T. PETERS JRr. 1969. Electron
microscopic radioautographic detection of sites of
protein synthesis and migration in liver. J. Cell Biol.
43:237-249.

2. AVRAMEAS, S. 1969. Coupling of enzymes to proteins
with glutaraidehyde. Use of the conjugates for the
detection of antigens and antibodies. Immunochem-
istry. 6:43-52.

3. AVRAMEAS, S. 1973, Enzyme markers: their linkage
with proteins and use in immuno-histochemistry. In
Fixation in Histochemistry. P. J. Stoward, editor.
Chapman and Hall, Ltd. London. 183-192.

4. AvRAMEAS, S., and T. TERNYNCK. 1969. The cross-
linking of proteins with glutaraldehyde and its use
for the preparation of immunoadsorbents. /mmuno-
chemistry. 6:53-66.

5. BARNHART, M. [, and W. B. FormaNn. 1963. The
cellular localization of fibrinogen as revealed by the
fluorescent antibody technique. Vox Sang. 8:461-
473.

6. FELDMANN, G., J. PENAUD-LAURENCIN, J. CRas-
sous, and J.-P. BENHAMOU. 1972. Albumin syn-
thesis by human liver cells: its morphological dem-
onstration. Gastroentgrology. 63:1036-1048.

7. GLauMann, H., and J. L. E. EricssoN. 1970.
Evidence for the participation of the Golgi apparatus
in the intracellular transport of nascent albumin in
the liver cell. J. Cell Biof. 47:555-567.

8. GraHaM, R, C., Jr., and M. J. KARNOVSKY. 1966.
The early stages of absorption of injected horserad-
ish peroxidase in the proximal tubules of mouse
kidney: uitrastructural cytochemistry by a new tech-
nique. J. Histochem. Cytochem. 14:291-302.

BrIEF NOTES 241



242 BRIEF NOTES



11.

12.

HamasHMA, Y., J. G. HARTER, and A. H. CooNs.
1964. The localization of albumin and fibrinogen in
human liver cells. J. Cell Biol. 20:271-279.

. KARNOVsSKY, M. J. 1965. A formaldehyde-glutaral-

dehyde fixative of high osmolality for use in electron
microscopy. J. Cell Biol. 27(2, Pt. 2):137-138 a.
(Abstr.).

LE MARCHAND, Y., C. PaTzELT, F. ASSIMACO-
pourLos-JEANNET, E. G. LoTen, and B.
JEANRENAUD. 1974. Evidence for a role of the
microtubular system in the secretion of newly syn-
thesized albumin and other proteins by the liver. J.
Clin. Invest. 53:1512-1517.

LE MARCHAND, Y., A. SINGH, F. ASSIMACOPOULOS-
JEANNET, L. Orci, C. ROUILLER, and B.
JEANRENAUD. 1973. A role for the microtubular
system in the release of very low density lipoproteins
by perfused mouse livers. J. Biol. Chem.
248:6862-6870.

. OLmsTED, J. B., and G. G. Borisy. 1973. Mi-

crotubules. Annu. Rev. Biochem. 42:507-540.

. PoLsoN, A., G. M. POTGIETER, J. F. LARGIER, G. E.

F. MEARS, and F. J. JOUBERT. 1964. The fractiona-
tion of protein mixtures by linear polymers of high
molecular weight. Biochim. Biophys. Acta.
82:463-475.

15.

20.

21.

. Schurtze, H. E., and J. F. HEREMANS.

PorTER, R. R. 1959. The hydrolysis of rabbit
v-globulin and antibodies with crystalline papain.
Biochem. J. 73:119-121.

1966.
Molecular Biology of Human Proteins with Special
Reference to Plasma Proteins. Elsevier Scientific
Publishing Co., Amsterdam. 1:348.

. STADLER, J., and W. W, FRANKE. 1972. Colchicine

binding proteins in chromatin and membranes. Nat.
New Biol. 237:237-238.

. STEIN, O., L. SANGER, and Y. STEIN. 1974. Colchi-

cine-induced inhibition of lipoprotein and protein
secretion into the serum and lack of interference with
secretion of biliary phospholipids and cholesterol by
rat liver in vivo. J. Cell Biol. 62:90-103.

. WiLsoN, L., J. R. BaMBURG, S. B. Mizer, L. M.

GrisHaMm, and K. R. CRESWELL. 1974, Interactions
of drugs with microtubule proteins. Fed. Proc.
33:158-166.

WiLsoN, L., and M. FRIEDKIN, 1966, The biochemi-
cal events of mitosis. I. Synthesis and properties of
colchicine labeled with tritium in its acetyl moiety.
Biochemistry. 5:2463-2468,

Zerroun, P, and T. LEny. 1970. Utilization of
paraffin-embedded material for electron micros-
copy. Lab. Invest. 23:52-57.

FIGURE § Electron microscope appearance of a part of the smooth endoplasmic reticulum (SER) of a
hepatocyte from a colchicine-treated rat 16 h after intraperitoneal injection of the drug. Fibrinogen is
present in the lumina of the vesicles of SER and is detected in small amounts in the rough endoplasmic
reticulum (RER). (N, nucleus; M, mitochondria.) x 32,000.

FIGURE 6 Electron microscope appearance of a Golgi apparatus (GA) observed in a hepatocyte from a
colchicine-treated rat 24 h after intraperitoneal injection of the drug. Fibrinogen is detected in the saccules
of the GA. No fibrinogen is detected in the rough endoplasmic reticulum (RER). x 31,000.
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