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Summary. Severe colchicine m y o p a t h y  occur red  in a 
24-year-old  pa t ien t  t r ea ted  wi th  colchicine because  of  
familial m e d i t e r r a n e a n  fever  compl ica ted  by  renal  amy-  
loidosis. In  addi t ion  to  p rominen t  au tophag ic  vacuoles  
conta in ing  h e t e r o g e n e o u s  osmiophi l ic  mater ia l  and  
p l e o m o r p h o u s  bodies ,  cy toplasmic  deposi ts  of  f inely 
granular  mater ia l  were  de tec ted  tha t  have not  b e e n  
no t ed  in previous  cases of  colchicine myopathy.  This 
granular  mater ia l  was immunoreac t ive  for  ant ibodies  to  
tubulin,  ~-tubulin,  and [3-tubulin. These  observa t ions  
subs tant ia te  the  suggest ion tha t  a l terat ions  o f  the  micro-  
tubular  ne twork  represent  the initial s tep in the  pa tho-  
genesis of  colchicine myopathy.  

Key words: Colchicine - M y o p a t h y  - Tubulin - Micro-  
tubules  - Familial med i t e r r anean  fever  

Colchicine is a drug with an ant imi to t ic  p rope r ty  tha t  
prevents  po lymer iza t ion  o f  tubul in into micro tubules  
[9]. T h e  subs tance  is k n o w n  to  cause a character is t ic  
m y o p a t h y  in animals [10], and recent ly  several cases o f  
colchicine m y o p a t h y  with character is t ic  morpho log ica l  
features  have b e e n  descr ibed in m a n  [9, 12]. T he  exact  
molecu la r  sequence  o f  events in the  pa thogenes i s  of  
colchicine m y o p a t h y  has no t  b e e n  eludicated.  Al te ra-  
t ions o f  the  mic ro tubu la r  ne twork ,  however ,  are 
r ega rded  as the  pa thogene t i c  basis o f  colchicine myopa-  
thy. However ,  micro tubules  are only  rarely observed  in 
adult  skeletal  muscle  fibers [5, 7, 16].We repor t  a case o f  
familial m e d i t e r r a n e a n  fever  and renal  amyloidosis  
t rea ted  with colchicine w h o  subsequen t ly  deve loped  
colchicine myopathy .  For  the  first t ime a striking accu- 
mula t ion  of  large amoun t s  o f  granular  substances  immu-  
noreac t ive  for  tubulins was observed  in skeletal  muscle  
fibers tha t  appea r  to  represent  the  missing link in the 
pa thogenes i s  of  colchicine myopathy.  
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Case report 

In a 24-year-old female patient with a history of recurrent episodes 
of fever, abdominal pain, and synovitis, familial mediteranean 
fever had been diagnosed 2 years before admission. Colchicine had 
been given for about 6 months at a daily dose of 2 x 0.5 mg to 
prevent progression of amyloidosis which is known to develop in 
familial mediterranean fever. The patient presented with myalgia, 
weakness, vomiting, and diarrhea. Diffuse alopecia was thought to 
be caused by ketokonazol that had been given because of soor 
infection of the gastrointestinal tract. Neurological examination 
revealed proximal muscle weakness. Deep tendon reflexes were 
absent. Laboratory findings included an increased creatine kinase 
level of 900 ~mol/1 and myoglobinuria with a myoglobin level of 
1600 ~g/1. Electromyography of the peroneal and anterior tibial 
muscle showed motor unit potentials which were very small in 
amplitude, polyphasic and long in duration. In addition, abnormal 
spontaneous activity was observed in the anterior tibial muscle. 
Nerve conduction velocities were in the normal range, After 
reduction of the colchicine dose, the patient's strength became 
normal and renal function improved following administration of 
increased amounts of fluids [further clinical details will be reported 
separately (J. Stefanidis and H.-G. Sieberth, in preparation)]. 

Material and methods 

The biopsy of the peroneus brevis muscle was processed for light 
microscopic examination according to standard procedures [14] 
(paraffin sections: H&E, elastica van Gieson; cryostat sections: 
mATPase at pH 9.4, 4.6 and 4.2; H&E, NADH, trichrome, 
methylene blue, PAS, oil red). Muscle tissue for semithin and 
ultrathin sections was fixed in 6% glutaraldehyde with 0.1 M 
phosphate buffer, pH 7.4.The sural nerve biopsy was fixed in 3.9 % 
glutaraldehyde with 0.1 M phosphate buffer. The biopsies were 
both postfixed in 2 % phosphate-buffered osmium tetroxide and 
processed for epoxy resin embedding. Semithin sections were 
stained with paraphenylenediamine and toluidine blue. Ultrathin 
sections were stained with uranyl acetate and lead citrate, and 
examined with a Philips EM 400T electron microscope. 

Immunohistochemistry was performed on 1-~tm semithin sec- 
tions of muscle and nerve tissue [15]. In short, sections were 
pretreated with sodium methoxide (10 %) and a 0.3 % solution of 
hydrogen peroxide. After incubation with normal bovine serum 
albumin diluted inTris buffer, pH 7.4, 1 : 30 for 30 min, the sections 
were incubated overnight with antibodies to c~-tubulin 1:100, 
[3-tubulin 1 : 10, tubulin 1 : 10 (Sigma, Deisenhofen, FRG), desmin 
1 : 50, vimentin 1 : 10 (Dako, Hamburg, FRG), vinculin 1 : 50, and 



c~-actinin 1 : 50 (ICN, Meckenheim, FRG). The primary antibodies 
were then visualized by using the peroxidase-antiperoxidase 
method. Antibodies were diluted in Tris-buffered saline and 2.5 % 
bovine serum albumin. A sural nerve biopsy served as a positive 
control for the immunoreaction against tubulin, c~-tubulin, and 
[3-tubulin. Negative controls were obtained by ommission of the 
primary antibody. 

Results 

Muscle biopsy 

There  was an increased  variability of  f iber size. Consid-  
erable number s  o f  a t rophic  fibers,  occasional ly  in small 

441 

groups,  were observed.  His tochemica l  staining revealed 
involvement  o f  bo th  fiber types.  Small  clusters o f  type  1 
and type  2 fibers were occasional ly  seen. Vacuoles  o f  
varying size (Fig. l a) occur red  p redominan t ly  in large 
muscle fibers. The  n u m b e r  of  vacuoles  varied in different  
fascicles to some  extent ,  but  30 % - 5 0  % of  the fibers 
showed this change.  Some of  the  vacuoles  s tained 
posit ively with G o m o r i ' s  t r i chrome stain. A b o u t  10 % o f  
the vacuo la ted  or  non-vacuo la t ed  fibers showed various 
stages o f  necrosis,  some  of  which were  undergo ing  
phagocytosis .  Small  groups  of  basophil ic  fibers were also 
de tec ted .  

Fig. 1. a Semithin section showing necrotic muscle fiber (N) and 
vacuoles with granular content (arrowheads); paraphenylenedi- 
amine, • 1,200. b Reduction in the number of myelinated nerve 
fibers in addition to groups of regenerating nerve fibers (arrows) 
and atrophic axons (arrowheads) in the sural nerve; toluidine blue, 

x 1,300. e Faint staining of granular material in autophagic 
vacuoles (arrowheads) immunoreactive with antibodies to [3- 
tubulin, x 750. d, e Intermyofibrillar granular material of varying 
size immunoreactive for tubulin; d • 975; e • 875 
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Fig. 2. a Electron micrograph showing large vacuoles (V) and 
heterogeneous membranous material (arrows) surrounded by a 
large accumulation of finely granular material (G). Fragmented 
and disorientated myofibrils (arrowheads) are also seen; x 10,800. 

b Electron micrograph showing intermyofibrillar vacuoles one of 
which (V) contains heterogeneous membranous and granular 
bodies; x 11,000. e Intermyofibrillar heterogenous deposit sur- 
rounded by finely granular substances (arrowheads); • 9,600 



Immunocytochemical examination of the muscle 
biopsy revealed accumulation of tubulin-reactive mate- 
rial in many muscle fibers (Fig. ld,  e). In longitudinal 
sections, tubutin-immunoreactive deposits were located 
mainly between myofibrils and at the site of disintegrat- 
ing myofibrils. The immunoreactive material had a 
granular appearance forming rounded or longitudinal 
structures with a diameter between 1 ~tm and 35 ~m. 
Prominent accumulation of granular material was also 
observed in some small or large vacuoles of degenerating 
fibers. However, staining of the nuclei or myofibrils in a 
normal or overcontracted state was not observed. The 
distribution of tubulin immunoreactivity within single 
muscle fibers was uneven. Whereas in some areas large 
numbers of granular substances were observed, other 
parts showed only a few and small or no immunoreactive 
particles. 

The distribution of the tubulin subunit a-tubulin in 
the muscle biopsy corresponded to the distribution of 
tubulin. Staining for a-tubulin was also observed in some 
autophagic vacuoles. There was less intense immuno- 
reactivity for ~-tubulin (Fig. lc) than for tubulin, 
although the distribution of ~-tubulin was similar to that 
of ~-tubulin and tubulin. In a few muscle fibers granular 
substances appeared to be immunoreactive for desmin; 
however, staining was not always discernable from 
nonspecific background staining. No immunoreactivity 
of granular substances for c~-actinin, vinculin, or vimen- 
tin was observed, although vimentin immunoreactivity 
was apparent in perivascular cells and some small 
perinuclear granules stained with vinculin antibodies. 

By electron microscopy, the vacuoles were identified 
as autophagic vacuoles containing pleomorphous osmio- 
philic material (Fig. 2a, b), including typical spherom- 
embranous bodies similar to those described by Mar- 
kand and D'Agostino [10]. In addition, prominent 
cytoplasmic deposits of an unusual, finely granular 
material were seen (Fig. 2a). Disorganization of myofi- 
brils (Fig. 2a) was associated with various degree of 
myofibrillar loss. Focal Z-band streaming and occasional 
target fibers were also present (not illustrated). Further- 
more, honeycomb-like structures due to proliferation of 
the T system were observed. 

Nerve biopsy 

Light microscopic examination of the sural nerve biopsy 
(Fig. lb)  revealed moderate loss of myelinated nerve 
fibers, clusters of small myelinated axons, and rare 
axonal degeneration. 

The axonal cytoplasm of the sural nerve displayed a 
faint immunoreactivity for tubulin, c~-tubulin and ~- 
tubulin. The staining was more intense in nodal and 
paranodal regions than in internodal areas. No abnor- 
mal deposits of tubulin were detected in the sural nerve 
biopsy. 

By electron microscopy, the sural nerve biopsy 
showed abnormal lysosomal structures with membra- 
nous inclusions in the cytoplasm of Schwann cells. 
Vesicular disintegration of isolated myelin sheaths was 
also observed. 
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Discussion 

Accumulation of an unusual, finely granular material in 
addition to well-known morphological features of col- 
chicine myopathy were detected in the muscle biopsy of 
a 24-year-old patient with mediterranean fever, proxi- 
mal weakness, rhabdomyolysis, and acute renal failure. 
The patient was treated with colchicine to prevent 
progression of amyloidosis which is known to occur in 
familial mediterranean fever. The granular material was 
immunoreactive for tubulin, ~-tubulin, and [3-tubulin, 
and to a certain extent also for desmin (cf. [15]), but not 
for vinculin and vimentin. 

The diagnosis of colchicine myopathy was corrobo- 
rated by the characteristic spheromembranous bodies 
that have been found in skeletal muscle after adminis- 
tration of colchicine in rats [8] and man [9]. Previous 
ultrastructural examination of muscle biopsies in colchi- 
cine myopathy revealed heterogenous membranous 
debris within autophagolysosomes, and occasional peri- 
nuclear aggregates of 'filamentous material' [9, 12] that, 
however, had not been illustrated. Patients usually 
present with proximal weakness and elevation of serum 
creatine kinase [9]. In the present patient, the morpho- 
logical features and the development of proximal muscle 
weakness associated with a serum creatine kinase level 
of 1000 U/1 during treatment with colchicine are, 
therefore, consistent with the diagnosis of colchicine 
myopathy. Impaired renal function has been shown to 
represent a risk factor for the development of colchicine 
myopathy because of its insufficient elimination [9]. 
Renal insufficiency and amyloidosis, regarded as the 
most serious complication of familial mediterranean 
fever, had both been diagnosed in the present patient. 
Thus, an increased risk for the development of colchi- 
cine myopathy was established. 

The neurological symptoms, however, could not be 
explained as a consequence of familial mediterranean 
fever alone, although myalgia and contractions have 
been described [3, 4, 13]. In addition to muscle fiber 
alterations, colchicine induces an axonal type of neuro- 
pathy with loss of large myelinated axons, degenerating 
axons, and clusters of regenerating axons [9]. The 
present nerve biopsy, in fact, showed changes consistent 
with the diagnosis of a mild axonal type of neuropathy. 
Myopathy, however, was far more severe than neuropa- 
thy so that classification of the biopsy changes as 
neuromyopathy would be somewhat inadequate. 

Little information about muscle alterations in famil- 
ial mediterranean fever is available. Amyloid deposits 
have been described in the interstitial matrix of various 
tissues [1]. Increased amounts of endomysial and peri- 
mysial collagen fibrils have also been noted [13]. Both of 
these features were not apparent in the present patient's 
muscle biopsy, although renal amyloidosis had been 
diagnosed. 

The pharmacological action of colchicine is based on 
its binding to tubulin which prevents the polymerization 
of tubulin into microtubules. Colchicine myopathy is 
also ascribed to alterations of the microtubular network 
[8, 9]. Microtubules are believed to participate in the 
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t ransport  of  autophagic  vacuoles and in the linkage of 
autophagic  vacuoles with pr imary  lysosomes [6]. There-  
fore,  it has been  assumed that  the accumulat ion of 
autophagic  vacuoles in colchicine myopa thy  is due to 
alterations of the microtubular  ne twork  [9]. However ,  in 
normal  skeletal  muscle of adult mammals  microtubules 
are only rarely observed [5, 7, 16]. By contrast,  micro- 
tubules obviously play an impor tan t  role during the 
differentiation of myogenic  cells. Microtubular  function 
is regarded as essential for the parallel,  longitudinal 
or ientat ion of myofi laments  in myogenic cells [2, 11]. 
There fore  disorientation of myofibrils as observed in the 
present  muscle biopsy is also suggested to be related to 
disruption of the microtubular  network.  

In  addit ion to the accumulat ion of autophagic  
vacuoles and the disorientat ion of myofibrils,  accumu- 
lation of finely granular  mater ial  was observed in the 
present  muscle biopsy. Whereas  accumulat ion of auto- 
phagic vacuoles has been  described before and was 
supposed to be induced by a disturbance of the micro- 
tubular  t ransport  of  these organelles,  the granular  
material ,  documented  in the present  study, has not 
previously been  noted,  and its nature and the mecha-  
nism of its accumulat ion has not been  elucidated. Since 
colchicine prevents  the polymerizat ion of tubulin into 
microtubules it is tempt ing to speculate that  the granular  
mater ial  consists of abnormal ly  aggregated tubulin. In  
fact, the large aggregates of tubul in- immunoreact ive 
granular  mater ia l  seen in the sarcoplasm and within the 
autophagic  vacuoles of  the present  pat ient ' s  muscle 
biopsy support  this hypothesis.  Disrupt ion of the micro- 
tubular  ne twork  with accumulat ion of unstructured 
tubulins might, therefore,  play an impor tan t  role in the 
pathogenesis  of  colchicine myopathy.  
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