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Abstract Magnesium ions added to fixatives for pro- 
cessing to Transmission Electron Microscopy (TEM) 
have been claimed to cause relaxation of detrusor 
smooth muscle cells [1]. This should facilitate the mor- 
phologic evaluation of the tissue. However, magnesium 
ions are osmotically active and their addition may cause 
the fixative to become hypertonic to the tissue. To as- 
certain whether the presence of magnesium ions causes 
significant changes compared to those found where the 
osmolarity is raised without the presence of magnesium, 
human detrusor specimens were fixed in glutaraldehyde 
to which increasing amounts of MgC12 or NaC1 were 
added in different concentrations. With the addition of 
increasing amounts of MgC12 and NaC1, the osmolarity 
of the fixative increased, causing significant changes in 
the morphology and morphometry of the tissue. The 
intercellular distances increased, the cells shrank and the 
shape of the cells changed from smooth and rounded to 
spiky and angulated. With regard to its muscle-relaxing 
effect, it was not possible to distinguish the specimens 
fixed in magnesium-containing fixatives from those 
without. In this study it was not possible to prove any 
relaxing effect of magnesium ions added to the fixative. 
On the contrary the magnesium ions caused an increase 
in the osmolarity, with significant changes in both 
the morphometry and the morphology of the human 
detrusor smooth muscle cells. 
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Recent electron microscopic studies on the morphology 
of the human detrusor smooth muscle cells have re- 
vealed interesting correlations between the urodynamic 
parameters and morphological features [3]. Widening of 
intercellular spaces, branching ends of the muscle cell 
profiles and protrusion junctions [2] (Fig. 3) have been 
ultrastructurally found as diagnostic markers for blad- 
der outlet obstruction and detrusor instability, respec- 
tively [3]. In these studies the specimens were fixed in 
2.5% or 4% glutaraldehyde in Millonig's phosphate 
buffer modified by the addition of Mg 2+ [1] to prevent 
contraction of the detrusor smooth muscle cells [1]. 
However, addition of osmotically active ions, such as 
Mg 2+, increases the osmolarity of the fixative and may 
thus alter the quality of the fixative and therefore also 
the morphology of the tissue. 

Different fixatives and buffer systems used for elec- 
tron microscopy each have their characteristics, but it is 
generally accepted that pH and tonicity of the solutions 
should be held as close to the physiological level as 
possible [10, 14, 15]. In a study on rat kidneys the 
osmolarity of the fixative was shown to alter the ultra- 
structural morphology significantly, whereas the choice 
of buffer system was of only minor importance [10]. 

In order to study detrusor morphology in a pro- 
spective series of patients with different voiding disor- 
ders, we found it of importance to investigate to what 
extent magnesium ions and/or varying osmolarity of the 
fixative may influence the ultrastructure of detrusor 
smooth muscle cells. 
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Materials and methods 

Biopsies from the detrusor muscle were obtained from: (1) 17 men 
undergoing a transurethral resection of their prostate (TURP) be- 
cause of bladder outlet obstruction, (2) 7 men undergoing urody- 
namic investigation because of lower urinary tract symptoms 
(LUTS) and (3) 2 men admitted for cystoprostatectomy because of 
invasive bladder cancer. 
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Study of the role of magnesium ions 

From the 17 patients undergoing TURP, 1 detrusor biopsy was 
obtained transurethrally from the right bladder wall with forceps 
(Storz 27072A, Karl Storz, Germany). The biopsy was immediately 
sectioned into three equal parts - each fixed overnight by immer- 
sion in one of the following fixatives: (a) 2.5% glutaraldehyde with 
cacodylate buffer in a 0.1 M solution (our routine fixative), (b) 
2.5% glutaraldehyde with cacodylate buffer with addition of 
MgC12 in a 0.1 M solution and (c) 2.5% glutaraldehyde with 
cacodylate buffer with addition of MgC12 in a 0.2 M solution [the 
amount of MgC12 corresponds to that used in [1] (personal 
communication)]. 

From the seven patients admitted for urodynamic investigation, 
two detrusor biopsies were obtained from the anterior bladder wall 
by the ultrasound guided technique described previously [7]. One 
biopsy was fixed in fixative (a) and the other was fixed in fixative 
(c). 

Study of the role of osmolarity 

Five detrusor biopsies were obtained from a tumor-free area in 
each of two cystectomy specimens. The biopsies were fixed over- 
night by immersion in one of the following fixatives: (1) 2.5% 
glutaraldehyde with cacodylate buffer in a 0.1 M solution [the same 
as fixative (a)], (2) 2.5% glutaraldehyde with cacodylate buffer in a 
0.1 M solution with addition of NaC1 in a 0.05 M solution, (3) 
2.5% glutaraldehyde with cacodylate buffer in a 0.1 M solution 
with addition of NaC1 in a 0.1 M solution, (4) 2.5% glutaraldehyde 
with cacodylate buffer in a 0.1 M solution with addition of NaC1 in 
a 0.2 M solution and (5) 2.5% glutaraldehyde with cacodylate 
buffer in a 0.1 M solution with addition of NaC1 in a 0.3 M solu- 
tion. 

The amount of NaC1 in each of the five fixatives was chosen in 
order to obtain an osmolarity of the fixatives as close as possible to 
the osmolarity of fixatives (a), (b) and (c). After primary fixation all 
the above-mentioned biopsies were treated identically: postfixation 
in 2% osmium tetroxide for 1 h and embedded in Epon resin. 
Semithin (1 gm) survey sections were stained with toluidine blue. 
Ultrathin sections were mounted on 150-mesh copper grids and 
stained with uranyl acetate/lead citrate before examination under a 
Philips EM 208 transmission electron microscope. 

The osmolarity of all fixatives used in the study was measured in 
an Osmomat 030 (Bie & Berntsen). 

Light microscopy 

Survey sections were subjected to morphological evaluation includ- 
ing recording of uniformity in size and shape of the detrusor muscle 
cells and the intercellular distances. 

graphs from one specimen, + + ; present in more than two-thirds of 
the micrographs from one specimen, + + +. 
Morphometric analyses included the measurement of intercellular 
distances, cell thickness and nuclear-to-cytoplasmic ratios of mus- 
cle cells and were performed according to the methods described 
previously [11, 12]. Shortly, a transparent grid with horizontal lines 
10 mm apart was placed on the photomicrographs. One hundred 
and fifty intercellular distances from each specimen were measured 
as the shortest distance between two adjacent muscle cells where the 
sarcolemma of the cells crossed one of the lines on the grid. Forty 
cell:nucleus ratios were measured in each biopsy. Muscle cell pro- 
files containing nucleus were used for that purpose. The shortest 
diameter of the cell was measured through the center of the 
nucleus. The diameter of the nucleus was measured at the same 
position and a cytoplasmic/nucleus ratio was calculated. Semi- 
quantitative as well as morphometric analyses were performed 
blinded. 

All patients signed a written informed consent form and the 
study was approved by the local Ethics Committee. 

The morphometric data were analysed statistically using 
Microsoft Excel computer software. This included the means, 
medians, standard deviations, variances and a one-way analysis of 
variance test (ANOVA). The biopsies were compared for each 
patient. 

Results 

Study  o f  the role of  m a g n e s i u m  ions 

O f  the 17 men  unde rgo ing  T U R P  (g roup  1), 12 were 
excluded since 1 or  m o r e  o f  the specimens  d id  no t  con-  
ta in  de t ru so r  muscle  on survey sections.  Al l  o f  the seven 
men  a d m i t t e d  for  u r o d y n a m i c  inves t iga t ion  (group  2) 
were included.  Below groups  1 and  2 are  cons ide red  as 
one group .  A to ta l  o f  12 men  53-84 years  o f  age (med ian  
71 years)  en tered  this pa r t  o f  the s tudy.  

Light microscopy 

The survey sect ions showed  no difference be tween the 
specimens  fixed in fixatives (a) and  (b) f rom each pa t ien t .  
Specimens  fixed in fixative (c) revealed  evident  differen- 
ces f rom the o the r  two as the in terce l lu lar  d is tances  had  
clear ly  increased  and  the shape  o f  the  muscle  cells was 
angu la r  wi th  f inger-l ike p ro t ru s ions  (Fig.  1 a,b). 

Transmission electron microscopy 

For each specimen detrusor ultrastructure was documented in 
randomly obtained photomicrographs at an original magnification 
of x2500. The photomicrographs were subjected to semiquantita- 
tive morphologic as well as morphometric analysis. 

Morphological evaluation 

The photomicrographs were examined semiquantitatively for the 
presence of degenerative changes (vacuolization of the sarcoplasm, 
irregular scattering of dense bodies and the presence of cell debris 
in the intercellular space), bizarre muscle cell profiles such as 
branching ends, the presence of protrusion junctions and finally the 
presence of elastin in the intercellular space. The semiquantitative 
grading was: the feature not present in any micrographs from one 
specimen, 0; present in less than one-third of the micrographs from 
one specimen, + ; present in one-third to two-thirds of the micro- 

Electron microscopy 

A to ta l  o f  1024 p h o t o m i c r o g r a p h s ,  17-46 (med ian  37) 
per  specimen,  were examined  and  analyzed .  One hun-  
d red  and  fifty in terce l lu lar  dis tances,  40 cel l - to-nucleus  
ra t ios  and  40 shor tes t  cell d iamete r s  were m e a s u r e d  and  
ana lyzed  for  each specimen.  

By semiquantitative analysis the de t ru so r  muscle  cells 
fixed in fixatives (a) and  (b) were smoo th ,  un i fo rm  in size 
and  shape and  seemed to fit into each o ther  (Fig.  4a). 
The  in terce l lu lar  j unc t ions  were mos t ly  o f  the in terme-  
dia te  type  [2] (Fig.  2), bu t  a few p r o t r u s i o n  junc t ions  [2] 
(Fig.  3) were also observed.  Excep t  for  a sl ightly wider  
in terce l lu lar  d is tance  in the specimens  fixed in fixative 
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Fig. la,b Survey section of detrusor specimens fixed in a fixative (a) 
and b fixative (c). Toluidine blue. Original magnification x600 

Fig. 2 Intermediate junction between two detrusor smooth muscle 
cells (arrowheads). Original magnification x4000 

Fig. 3 Protrusion junction between two detrusor smooth muscle cells 
(arrowheads). Original magnification x6300 

Fig. 4a,b Two detrusor specimens from the same patient fixed in a 
fixative (a) and b fixative (c). Original magnification x2500 

(b), it was  not  possible  to distinguish these specimens 
f rom those fixed in fixative (a). 

Specimens fixed in fixative (c) revealed a disorganized 
pa t te rn  (Fig. 4b). Muscle  cells were angula r  with finger- 
like pro t rus ions ,  uneven  in size and  shape and the dis- 
tance between the muscle  cells had  increased c o m p a r e d  
to the specimens fixed in fixatives (a) and (b). The  
intercellular junct ions  were a lmos t  entirely p ro t rus ion  
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Fig. 5 a Schematic drawings from the 12 patients in the magne- 
sium study of the geometric meanvalues of the intercellular 
distances (upper), the cell-to-nucleus ratios (middle) and the cell 
thickness (lower). The values are very similar in some of the 
patients, which makes the curves more or less confluent, b 
Schematic drawings from the patient in the osmolarity study of 
the geometric mean values of intercellular distances (upper), the 
cell-to-nucleus ratios (middle) and the cell thickness (lower) 

junctions (Fig. 4b). The cell membranes were more 
electron dense and the caveolae were more prominent 
(Fig. 4b). With regard to degenerative changes and the 
presence of elastin in the intercellular spaces, no differ- 
ences between the three fixatives were recorded. 

Morphometry 

It became obvious from the histograms that the mea- 
sured data were positively skewed and a log transfor- 

mation was therefore performed. From the log- 
transformed data the means and standard deviations 
were calculated. The back-transformed means, the geo- 
metric means, are shown in Fig. 5a. A one-way analysis 
of variance (ANOVA) was performed for each patient. 

Intercellular distances showed statistically significant 
increases (P < 0.05) from fixative (a) to (c) in 10 of the 
12 patients (Fig. 5a, upper). In one patient the inter- 
cellular distances increased but not significantly so. In 
another patient the intercellular distances decreased 
significantly from fixative (a) to (c). The morphology of 
specimen (a) from this patient revealed large smooth 
muscle cells with very wide intercellular distances. In the 
five patients where fixative (b) was included there was a 
statistically significant increase (P < 0.05) in intercellu- 
lar distances from fixative (a) to (b) in three of the 
patients. 

Cell-to-nucleus ratios showed no statistically signifi- 
cant difference (P > 0.05) between fixative (a) and (c) in 



9 of the 12 patients (Fig. 5a, middle). In one patient the 
cell-to-nucleus ratios increased significantly and in two 
other patients the ratios decreased significantly. 

In those five patients where fixative (b) was included, 
there was no statistically significant difference (P > 0.05) 
between fixatives (a) and (b) in four of the patients. Cell 
thickness showed a statistically significant decrease 
(P < 0.05) from fixative (a) to (c) in 10 of the 12 patients 
(Fig. 5a, lower). In two patients the thickness decreased 
but not significantly so. In those five patients where 
fixative (b) was included there was a statistically signi- 
ficant decrease (P < 0.05) in the cell thickness in three of 
the patients. 
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Study of the role of osmolarity 

Two men aged 64 and 68 years entered this part of the 
study (group 3). A total of 277 photomicrographs, 48-63 
(median 55) per specimen from the first patient, were 
examined and analyzed as described for magnesium. 
Only a small number of photomicrographs were ob- 
tained from the second patient in order to confirm the 
findings from the first patient. 

Light microscopy 

The specimens fixed in fixatives (1)-(3) showed similar 
appearances and it was not possible to distinguish one 
from the other. The specimens fixed in fixatives (4) and 
(5) were different since intercellular distances had in- 
creased and the detrusor muscle cells were angular, an 
appearance similar to that found in specimens fixed in 
fixative (c) from the previous study° 

Electron microscopy 

Specimens fixed in fixatives (1)-(3) showed a morphol- 
ogy similar to that seen in specimens fixed in fixatives (a) 
and (b) (Fig. 6a). The only difference between the 
specimens fixed in the three fixatives was a slight increase 
in the intercellular distances between fixatives (1), (2) 
and (3). The specimens fixed in fixatives (4) and (5) were 
different from (1) to (3) but similar to specimens fixed in 
fixative (c) from the previous study. The intercellular 
distances had increased, the detrusor muscle cells were 
different in shape and size, they were angular or rather 
spiky with finger-like protrusions and they seemed 
shrunken. Caveolae were more prominent (Fig. 6b). 

Morphometric analysis 

The histograms showed a positive skewness and a log 
transformation was performed. The means and standard 
deviations were calculated and the back-transformed 
means, the geometric means, are shown in Fig. 5b. 

Fig. 6a,b Two detrusor specimens from the same patient fixed in a 
fixative (1) and b fixative (5). Original magnification ×2500 

Intercellular distances showed statistically significant 
increases (P < 0.05) from fixative (1) to fixative (5). 
Between fixatives (1) and (2) there was a statistically 
significant increase but not between fixatives (2) and (3) 
(Fig. 5b, upper). 

Cell-to-nucleus ratios showed statistically significant 
differences (P < 0.05) between the five fixatives. Be- 
tween fixatives (1) and (2) and between fixatives (2) and 
(3) there was no statistically significant difference 
(P > 0.05) (Fig. 5b, middle). 

Cell thickness decreased significantly (P < 0.05) from 
fixative (1) to fixative (5). From fixative (1) to (2) and 
from fixative (2) to (3) a significantly decrease in cell 
diameter was also observed (Fig. 5b, lower). 

Osmolarity 

The osmolarity of the fixatives is shown in Table 1. 
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Table 1 Total osmolarity of the 
different fixatives (mOsm) Fixative no. Fixative Total osmolarity 

of fixative (mOsm) 

(a)=O) 
(b) 
(c) 
(2) 
(3) 
(4) 
(5) 

2.5% glutaraldehyde with cacodylate buffer 452 
2.5% glutaraldehyde with cacodylate buffer and 0.1 M MgC12 715 
2.5% glutaraldehyde with cacodylate buffer and 0.2 M MgC12 947 
2.5% glutaraldehyde with cacodylate buffer and 0.05 M NaC1 599 
2.5% glutaraldehyde with cacodylate buffer and 0.1 M NaC1 686 
2.5% glutaraldehyde with cacodylate buffer and 0.2 M NaC1 883 
2.5% glutaraldehyde with cacodylate buffer and 0.3 M NaCI 1033 

Discussion 

Optimal preservation of tissue can be obtained by in vivo 
perfusion of fixative [4, 15]. For ethical and practical 
reasons this is impossible in human tissue. Immersion 
fixation of small (< 1-mm 3) tissue blocks immediately 
after their removal is often the only alternative. Study of 
smooth muscle cells from the human detrusor may be 
influenced not only by the autolytic artifacts caused by 
hypoxia and shrinking artifacts caused by the properties 
of individual solutions for preparation, but also by the 
degree of relaxation/contraction of the individual muscle 
cells. It has been claimed that addition of magnesium 
ions to the fixative for the processing of human detrusor 
to TEM causes relaxation of the smooth muscle cells [1]. 
However, the role of magnesium in the contractile ac- 
tivity of smooth muscle cells is debatable. In vitro studies 
by Ikebe et al. [8] on skinned smooth muscle fibers 
showed a relatively high (up to 40 mM) requirement of 
MgCI2 for contraction. This was supported by Richard 
and Ruegg [13]. It also seems that the magnesium re- 
quirement for contraction is much higher for smooth 
muscle cells than for striated muscle [5]. On the other 
hand, MgC12 is recommended as a relaxant of highly 
motile organisms and for those that contract when ex- 
posed to fixative. Magnesium salts are added to the water 
containing the organisms until the appropriate anesthe- 
sia has been attained [9]. It is emphasized that the or- 
ganisms should only be anesthetized and not killed by the 
anesthetic and that fixation should follow immediately 
after narcotization. 

In the study by Elbadawi et al. [3] as well as in our 
study, magnesium was added to the fixative. From a 
practical standpoint this differs from the above-men- 
tioned studies but theoretically magnesium could still 
exert its effect on dying cells with more or less passive 
cell membranes. However, we could not identify any 
relaxing effect of magnesium. Instead the smooth muscle 
cells shrank and were retracted from each other, which 
can probably be attributed to the hypertonicity of the 
fixative since this shrinking phenomenon was observed 
both with and without magnesium (Figs. 4b, 6b). 
Shrinking artifacts may play a role in the interpretation 
of previous publications [1-3], but new studies on the 
detrusor using isotonic fixatives are necessary. 

For most mammalian tissues the recommended total 
osmolarity of fixatives ranges from 500 to 700 mOsm [6], 

which is hypertonic to human tissue (blood plasma is 
300 mOsm [15]). In a study on rat kidneys the osmolarity 
of the fixative was raised to 650 mOsm (rat serum is 300- 
320 mOsm) by addition of NaC1. Upon electron mi- 
croscopic examination the tissue appeared shrunken 
compared to the tissue fixed in isotonic (354 mOsm) or 
slightly hypertonic (408 mOsm) fixatives [10]. It was 
concluded that the observed structural differences were 
related to the total amount of osmotically active ions or 
molecules in the fixative vehicle and not to the ionic 
strength of the glutaraldehyde [10]. The choice of buffer 
system was also of minor importance at least in fixation 
of rat kidney tissue as none of the components in the 
different solutions exerted any specific effect on the cells 
[10]. 

The osmolarity of our routine fixative [fixative (a)] 
was 452 mOsm, which is slightly hypertonic to human 
tissue. The osmolarity of fixative (c) which corresponds 
to the fixative used in a prior ultrastructural/urodynamic 
study [3] (personal communication), was 947 mOsm. 
The osmolarity of fixatives (4) and (5) was 883 and 1033 
mOsm, respectively. In specimens fixed in these three 
fixatives [(c), (4) and (5)], we observed a significant 
shrinking and retraction of cells as compared to speci- 
mens fixed in fixative (a). This was confirmed morpho- 
metrically (Fig. 5b). Even light microscopically it was 
possible to distinguish specimens fixed in fixatives (c), (4) 
and (5) from those fixed in fixatives with lower osmol- 
arity. In specimens fixed in fixatives (b), (2) and (3), 
where the osmolarity ranged from 599 to 715 mOsm, 
only a slight increase in the intercellular distances was 
observed but we could not identify any shrinking of the 
cells. By the morphometric analysis we found a statis- 
tically significant difference in the intercellular distances 
and the cell diameters in about 50% of the cases. This 
could be due to the fact that the osmotically active ions 
(Mg 2+ and Na +) start exerting their effect at this 
osmolarity. 

The cell-to-nucleus ratios did not change significantly 
in most specimens. This might be explained by a si- 
multaneous shrinking of nucleus and cytoplasm to the 
same degree, suggesting that the cell-to-nucleus ratio 
remains almost the same no matter how high the 
osmolarity of the fixative is. 

The purpose of fixation is to keep the morphology as 
close to the living state as possible but in certain cases an 
intended unphysiological treatment of the tissue could be 
relevant in order to visualize some special elements of the 



tissue. This  s tudy  showed the i m p o r t a n c e  o f  keep ing  the 
to ta l  o s m o l a r i t y  o f  the f ixative at  a phys io log ica l  level. 
Our routine fixative, which is the rou t ine  fixative in m a n y  
places,  fulfils this  r equ i rement .  F u r t h e r m o r e ,  in our  s tudy  
we were unab l e  to see any  re laxing  effect o f  m a g n e s i u m  
and  we do  no t  f ind it adv i sab le  to  a d d  m a g n e s i u m  to the 
fixative due  to its o smot i ca l ly  active effect. 

Acknowledgements We would like to thank Susanne Sorensen and 
Hanne Kruse for their excellent assistance in the electron micros- 
copy laboratory; and the J.C. Christoffersen Memorial Founda- 
tion, the Urological Research Scholarship of Yamanouchi Pharma 
a/s Nordic and the Danish Hospital Foundation for Medical 
Research, Region of Copenhagen, Faroe Islands and Greenland, 
for financial support. 

References 

1. Elbadawi A (1982) Ultrastructure of vesicourethral innervation 
I. Neuroeffector and cell junctions in the male internal sfincter. 
J Urol 128:180 

2. Elbadawi A (1993) Functional pathology of urinary bladder 
muscularis: The new frontier in diagnostic uropathology. 
Semin Diagn Pathol 10:314 

3. Elbadawi A, Yalla SV, Resnick NM (1993) Structural basis of 
geriatric voiding dysfunction I-IV. J Urol 150:1650 

4. Ericsson JLE, Biberfeld P (1967) Studies on aldehyde fixation. 
Fixation rates and their relation to fine structure and some 
histochemical reactions in liver. Lab Invest 17:281 

5. Filo RS, Bohr DF, Ruegg JC (1965) Glycerinated skeletal and 
smooth muscle: calcium and magnesium dependence. Science 
147:1581 

289 

6. Hayatt MA (1981) Fixation for electron microscopy, Academic 
Press, New York 

7. Holm NR, Horn T, Skjoldbye B, Nordling J, Elbadawi A 
(1996) A new technique of obtaining detrusor biopsy and its 
applicability in the ultrastructural study and diagnosis of 
voiding dysfunction. Br J Urol 77:785 

8. Ikebe M, Barsotti RJ, Hinkins S, Hartshorne DJ (1984) Effects 
of magnesium chloride on smooth muscle actomyosin adeno- 
sine-5'-triphosphatase activity, myosin conformation, and 
tension development in glycerinated smooth muscle fibers. 
Biochemistry 23:5062 

9. Maugel TK, Bonar DB, Creegan WJ, Small EB (1980) Speci- 
men preparation techniques for aquatic organisms. In: Hyatt 
MA (ed) Fixation for electron microscopy Academic Press, 
New York, p 332 

10. Maunsbach AB (1966) The influence of different fixatives and 
fixative methods on the ultrastructure of rat kidney proximal 
tubule cells. II: Effects of varying osmolarity, ionic strength, 
buffer system and fixative concentration of glutaraldehyde 
solutions. J Ultrastruct Res 15:283 

I1. Meyer S, Atta MA, Wein AJ, Levin RM, Elbadawi A (1989) 
Morphometric analysis of muscle cell changes in the short- 
term partially obstructed rabbit detrusor. Neurourol Urodyn 
8:117 

12. Meyer S, Levin RM, Ruggieri MR, Wein AJ, Elbadawi A 
(1989) Quantitative analysis of intercellular changes in the 
short-term partially obstructed rabbit detrusor. Neurourol 
Urodyn 8:133 

13. Richard JP, Ruegg JC (1988) Role of magnesium in activation 
of smooth muscle. Am J Physiol 255:465 

14. Schultz RL, Karlsson U (1965) Fixation of the central nervous 
system for electron microscopy by aldehyde perfusion. II: Ef- 
fect of osmolarity, pH of perfusate, and fixative concentration. 
J Ultrastruct Res 12:187 

15. Weakley BS (1972) A beginners handbook in biological elec- 
tron microscopy, Churchill Livingstone, Edinburgh 


