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A method is presented for separating osteoclasts from the heterogeneous population of 
bone and marrow cells. Cell suspensions were prepared from femora of young rabbits by 
mechanical dispersion. The starting cell suspension typically contained only 1.0% 5=0.5 
osteoclasts. Following an initial 45 rain of unit gravity sedimentation in a lucite chamber 
osteoclasts were primarily distributed in fractions 2-5. A second 45-min sedimentation of 
these pooled fractions yielded cell suspensions containing greater than 30 % osteoclasts (as 
much as a 50-fold increase over starting percentages). Linear scan analysis, however, revealed 
that osteoclasts accounted for 73.14% ~ 0.58 of the cell colume. Subsequent in vitro experi- 
ments demonstrated linear incorporation of 3H-leucine into TCA precipitable protein for cells 
comprising the osteoclast fraction. Concomitant radioautographs revealed radioactive label 
in isolated osteoclasts. 
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In t roduct ion  

A t t e m p t s  a t  i sola t ing v iab le  osteoclasts  from heterogeneous popula t ions  of 
bone and  mar row cells have no t  me t  wi th  much success. Crude cell suspensions 
conta in ing ostcoclasts  have been no ted  following enzymat i c  d iges t ion  of bone [1] 
or bone cell f rac t iona t ion  procedures  [27]. Using p rog rammed  g rad ien t  sedimenta-  
t ion,  osteoclasts  were concen t ra ted  over  50-fold from cell suspensions ob ta ined  
f rom ra t  me taphys i s  and  bone mar row [29], bu t  ne i the r  the  s ta r t ing  percentage  
of osteoclasts  nor  the  f inal  p u r i t y  was repor ted .  W a l k e r  [36], using microdissec- 
t ion,  ob ta ined  osteoclasts  from lyophi l i zed  impr in t s  of me taphysea l  bone. Several  
hund red  osteoclasts  were i sola ted  per  hour  and  p la inomet r ic  analysis  revealed  
t h a t  these cells represen ted  90% of the  t o t a l  cell mass. Al though  th i s  technique  
enables  h is tochemical  assessment  of the  enzyme ac t i v i t y  in  no rma l  and  p a r a t h y r o i d  
hormone t r e a t ed  ra ts ,  i t  has  l imi ta t ions  in cell y ie ld  and  v iabi l i ty .  Therefore,  an 
effort  was u n d e r t a k e n  to  explore  an  a l t e rna t ive  isola t ion procedure.  

A number  of inves t iga tors  have isola ted  cells using ve loc i ty  sed imen ta t ion  at  
uni t  g r av i ty  [13, 20, 24, 28, 30]. This technique  exploi ts  differences in sed imenta-  
t ion  ra tes  to separa te  cells on the  basis  of the i r  size [24]. Because of the  r e l a t ive ly  
large size of the  osteoclast ,  we a t t e m p t e d  cell separa t ion  using this  method .  The 
exper imen ta l  p rocedure  and  resul ts  r epor ted  here have  appea red  elsewhere in 
a b s t r a c t  form [25, 26]. 

For reprints: G. Eric Bauer, Ph.D. ,  University of Minnesota, Department of Anatomy, 
Jackson Hall, Minneapolis, Minnesota 55455, U.S.A. 
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Methods 
Animals. Four l i t termates from New Zealand white rabbi ts  which were 12-14 days old 

(average weight: 216 g) were used in all the experiments. The animals (delivered from the 
Oak Crest rabbitry,  Minneapolis, Minn.,  on the  morning of the experiment),  were sacrificed 
by decapitation, and  the femora removed by  disartieulation. The femora were then cross 
sectioned at  the epiphyses, cleaned of residual muscle a t tachments ,  and split longitudinally 
with a razor blade. The bone marrow was removed from the endosteal surface and the sectioned 
femora immediately placed in a dilute solution of neutral  red (100 ~xg/ml) in phosphate buffered 
saline (PBS) for 30 min a t  37 ~ This stained the osteoelasts on the endosteal surface, and their 
location and distr ibution could be assessed using a dissecting microscope. The staining solution 
was decanted, and the femora were rinsed and placed in cold PBS with 1.0 mM ethylene- 
diamine tetraacetie acid (EDTA, Sigma, St. Louis, Mo.) and 0.1% bovine serum albumin 
(BSA, Sigma). 

Preparation o/ Cell Suspension. Glassware and plastic instruments  were pretreated with 
Siliclad (Clay-Adams, Parsippany,  N. J.). Isolation and incubation media contained potassium 
penicillin G (Squibb, New York, N.Y.), 100 units/ml,  and Streptomycin (Pfizer, New York, 
N.Y.), 50 ~xg/ml [12]. Individual  femur sections were placed in a petri dish containing 10 ml 
of PBS with 1.0 mM EDTA and 0.1% BSA (PBSEB). Wi th  the aid of a dissecting microscope, 
the endosteal surface of each femur section was scraped with a curette (Clevedent @85, 
S. S. White  Co., Minneapolis, Minn. ) unt i l  stained osteoelsts could no longer be seen on the  
endosteal surface. The pooled serapings were transferred to a test  tube and the suspension 
permit ted to settle 1 min to allow the bony debris and gross cellular clumps to settle to the 
bot tom of the tube. The supernate was then carefully transferred to another  test  tube and  
spun a t  160• g for 10 min a t  4 ~ The pellet was resuspended in 1.0 ml of P B S E B  and gently 
dispersed with a Pasteur  pipette. Mechanical dispersion was continued unt i l  the  medium be- 
came cloudy. This medium consti tuted the definitive cell suspension from which subsequent  
cell separation experiments were performed. 

Sedimentation Procedure. The lucite sedimentat ion chamber (custom fabricated by Mr. 
J.  Rowlands, National  Cancer Inst i tute ,  Bethesda, Md.) used in these studies was 15.5 em 
high, 3.5 em in diameter, and had a 60 ml capacity. A small baffle, located in the bot tom 
section of the chamber,  was used to disperse the incoming fluid. The chamber was filled with 
a 2-4% BSA gradient (in PBS with 1.0 mM EDTA) generated with a model 570 gradient  
former ( Ins t rument  Specialties Company, Lincoln, Neb.). The sedimentat ion chamber was 
emptied by  displacement using 7.0 % sucrose in 0.9 % sodium chloride. 

Sedimentation at  uni t  gravi ty  was conducted a t  room temperature.  The procedure was 
ini t iated by  allowing a small volume of gradient mixture to cover the baffle at  the bot tom of 
the chamber. The start ing cell suspension (1.0 ml) was carefully layered on top of this solution 
with a Pasteur pipette, and  the BSA gradient was then generated. After the appropriate 
sedimentat ion period (45 min), successive 5 ml fractions were collected by displacing the cham- 
ber contents with the sucrose-saline solution. 

Procedures for uni t  gravity sedmentat ion were identical for those experiments which 
employed two separate sedimentat ion periods. However, some fractions collected by displace- 
ment  were pooled to facilitate counting and identification of cell types. 

Processing o/Cells/or Counting and Microscopy. Cells were concentrated by centrifugation 
a t  250• g for 10 min in an Internat ional  centrifuge (Model PR-2, @279 rotor). All pellets 
were resuspended in a small volume (0.3=1.0 ml) of PBSEB,  and cell counts were made with 
a hemacytometer.  

A cytocentrifuge (Shandon-Elliot Model SCA-0030 Cytospin, Camberley Surrey, England) 
was used to prepare the histologie slides. The cell suspensions (containing approximately 
1.0• 105 cells/ml) were spun a t  1200 rpm for 5 rain. Slides were air dried and immediately 
stained with Wright ' s  stain. 

Quantitation o/Osteoclasts. The percentage of osteoclasts was determined by  systematically 
scanning each slide. A template  slide with five 1-mm markings was made to facilitate this 
procedure. The periphery of the cell suspension was located (at 100• ) a t  each of these mark- 
ings, the slide was moved laterally one visual field (via the mechanical stage), and the cells 
were counted a t  400•  The slide was moved horizontally unti l  200 cells (i000 cells per slide) 
were examined. Osteoclasts were distinguished by  their  large size, multiple nuclei (with 1 or 2 
nucleoli), and cytoplasm which was either homogeneous or foamy and vacuolated. 
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Volume Quantitation o/ Cell Fractions. A micrometer component quantitator [16] was 
used to calculate cell volume from slides of cell suspensions. This instrument consists of a 
microscope with a movable stage, a cross-hair reference point in the eyepiece, and a system 
of micrometers. The percentage of cell volume was calculated by dividing the sum of the 
intercepts for one cell by the total distance traversed across all cells [4, 5]. The direct relation- 
ship between two-dimensional linear analysis and volume is well documented [6]. I t  has also 
beeI1 reported that the accuracy and reproducibility of the linear scan method compares 
favorably with other quantitative methods [5]. 

The slides were scanned at 400• and volumes of three cell types--(1) osteoclasts, (2) blood 
and marrow cells, (3) bone cells--were recorded with the micrometers. Osteoelasts were 
identified by criteria previously mentioned. Cells which manifested obvious cytologic features 
of mature blood cells or developing precursor elements were placed in category 2. Osteoblasts, 
osteocytes, mesenehymal cells, fibroblasts, and unknown cells were included in the third 
category. Scanning was begun on the top portion of the slide just inside the periphery. A 
horizontal scan was made and intercepts recorded until the other periphery was encountered. 
The mechanical stage was then advanced in 1.0 mm vertical increments until the entire slide 
was examined. Typically, more than 45 mm of scan was recorded. 

Protein Synthesis Studies. In vitro incorporation studies were conducted on cells collected 
after two 45-rain sedimentation procedures. The cellular suspensions were spun at 250 • g for 
10 min at 4 ~ and the pellets washed twice with Krebs Ringer bicarbonate buffer containing 
70 mg% glucose, 2 mg% BSA, and a complete amino acid mixture (minus leucine). The 
pellets were resuspended in a small volmne of this Krebs solution (500 B1) and added to test 
tubes containing 100 ~xCi of aH-leucine (specific activity 44.2 Ci/mM) which had been evapo- 
rated to dryness and kept at 4 ~ prior to use. The test tubes were capped with rubber serum stop- 
pers and incubated at 37 ~ in a Dubnoff metabolic shaker. The tubes were gassed for 15 s 
every 30 min with a 95% 0e-5% CO~ gas mixture. Duplicate aliquots (25 B1) of the incubation 
mixture then were transferred to 2.4 em filter paper disks (Whatman No. 540) and processed 
by the method of Mans and Novelli [22]. The radioactivity of the disks was measured by 
liquid scintillation spectrometry in 10 ml of 3a 40 scintillation mixture (Research Products 
International Corp., Elk Grove Village, Ill.). 

Radioautography. Radioautography was performed on cell suspensions following 2 h of 
incubation with 3H-leucine. The cell suspensions were washed twice with KRB and resuspended 
in a small volume (200-300 B1) of KI~B; slides (cleaned with acid alcohol) were prepared with 
a Shandon cytocentrifuge. Slides were fixed in methanol and coated with a thin layer of 
Kodak NTB a emulsion using a film drawing method [2]. Slides were developed 6 days later 
[2] and stained with Wright's-Giemsa or Mayer's hematoxylin and aqueous Eosin. 

Results 

1. Sedimentation at Unit Gravity. Ini t ia l  exper iments  assessed the dis t r ibut ion of 

osteoclasts following a single 45-min sedimenta t ion  period. The to ta l  number  and 

percentage  of osteoelasts present  in fract ions 1-10 are shown in Figure  1 and 2. 

Typical ly ,  no osteoelasts were present  in fract ion 1. Al though the  percent  of 

osteoelasts was small,  (1.4-3.4%), t hey  were present  in greatest  number  in 

f rac t ion 2 because of the  large to ta l  number  of cells present  here (Fig. 1). The 

highest  percentage of esteoclasts  (11.9-20.7) was seen in f ract ion 3 (Fig. 2). 

Frac t ions  4 and 5 had large percentages of osteoclasts but  the number  of all cells 

was decreased. The number  and percent  of osteoclasts cont inued to decrease in 

fract ions 6-10. Moreover,  s ignificant  cell c lumping was more apparen t  in these 

la ter  fractions. W h e n  considering the to ta l  number  of osteoelasts recovered f rom 

the sed imenta t ion  chamber,  more than  94% (94-98%) of these cells were present  
in fract ions 2-5. Thus, the  ini t ial  sed imenta t ion  period produced modera te ly  

enriched osteoelast  fract ions (fractions 2-5) while select ively reducing contaminat-  

ing cells and cell aggregates. Longer  sed imenta t ion  periods (2 h) did not  improve  
the  osteoclast  puri ty.  
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Fig. 1. Three separate experiments showing distribution of osteoclasts following initial 45-min 
sedimentation in a 2-4% BSA gradient in PBS with 1.0 mM EDTA. Points refer to total 
number of cells (log10) as determined from hemacytemeter counts of the 10 fractions. Bars 
represent an estimate of number of osteoclasts per fraction extrapolated from microscopic 

quantitation (see :Fig. 2) 
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Fig. 2. Percentage of osteoclasts per fraction following initial 45-rain sedimentation. Cell 
counts were determined from cytocentriluge slide preparations 
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Fig. 3. Three separate experiments depicting distribution of osteoclasts per fraction following 
two separate 45-rain sedimentation procedures. Data presented as in Figures 1 and 2. Highest 

percentage of osteoclasts 30.1-31.6) was consistently present in pooled fractions 3~i 

A second series of experiments assessed the distribution ot osteoclasts following 
two separate sedimentation procedures. Fractions 2-5 were pooled following an 
init ial  45-min sedimentation and allowed to sediment an additional 45 min. The 
distribution of osteoclasts in the four tractions (1, 2, 3-1, 5-10) is shown in Figure 3. 
Again, no osteoclasts were present in fraction 1. Fraction 2 contained from 2.0 to 
5.9% osteoelasts. The highest percentage of osteoelasts (30.1-31.6) was present 
in fractions 3-4 (Fig. 3). A eytocentrifuge slide preparation from pooled frac- 
tions 3-4 is shown in Figure 4. Since the starting percentage of osteoclasts was 
0.6, 0.9, and 1.1, this represented 50.2-, 34.5-, and 28.7-fold increases, respectively. 
Fractions 5-10 contained a small number of cells including osteoclasts, but cell 
clumping was again evident. 

2. Volume Quantitation of Enriched Osteoclast Fractions. Slides prepared from 
fractions 3 4  collectecl following two 45-rain sedimentation procedures were sub- 
jected to linear scan analysis and the volume percentage of cell components was 
determined (Fig. 5). Osteoelasts represented 73.14• volume percent of 
cellular components in fractions 3- t .  Blood and marrow cells accounted for 
11.34 :~ 0.12 % and bone cells 15.52 4- 0.17 %. 

3. Protein Synthesis Experiments. Based on the results of the various isolation 
experiments, it was concluded that  the purest fractions of osteoelasts were 
obtained following two 45-min sedimentation procedures. In  an effort to evaluate 
potential metabolic capabilities for cells comprising these fractions, their ability 
to syntheisize protein in vitro was assessed. The results (Fig. 6) demonstrate linear 
incorporation of att-leueine for tractions 1, 2, 3 (3-4), and 4 (5-10). Cycloheximide 
(final concentration 100 Bg/ml) added after 2 h was inhibitory. In  another experi- 
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Fig. 4, Isolated osteoclasts from a eytoeentrifuge slide preparation obtained from pooled 
fractions 3-4 collected after two 45-min sedimentation procedures (• 62.5) 
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Fig. 5. Volume percent of cell components determined from linear scan analysis of eytocentri- 
fuge slides prepared from pooled fractions 3 4  (see Fig. 3). In these three experiments, 
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Fig. 8. t~adioautograph of isolated osteoelast prepared from osteoelast fraction (fraction 
3--I~ig. 7) following 2 h in vitro incubation (• 52.5) 

ment (Fig. 7), linear incorporation was again noted. In addition, fraction 3 
(pooled fraction 3-4 containing the enriched osteoclast population) was found to 
be the most active with respect to picomoles of aH-leueine incorporated into 
cellular protein. I~adioautographs prepared after the 2-h incubation demonstrated 
radioactive label in the osteoclasts present in this pooled fraction 3-4 (Fig. 8). 

Discussion 

That osteoelasts function in the resorption of bone, cartilage, and teeth, has 
been well documented [9], but how they resorb calcified tissue has not been entirely 
explained. The osteoclast has morphologic capabilities for both the ingestion and 
degradation of mineralized debris and maeromolecules (endocytosis) [8, 10, 12, 14, 
17, 18] and for the release of secretory substances which may solubilize bone 
(exocytosis) [18, 3I ]. Although the exact composition of the secretory substances 
is not known, acid and various hydrolytic enzymes may be involved in the process 
[3, 32-34, 36]. The presence of a mammalian eollagenase has been suggested [37] 
but not demonstrated. Parathyroid hormone appears to stimulate the osteoclast's 
resorptive function [7, 11, 19, 33] whereas cMcitonin has an opposite effect 
[% 11, ~5, 35]. 

To determine how these hormonal effects are mediated, a technique for 
separating osteoclasts from other bone-dwelling cells could be of value. 

In the present study mechanical dispersion was used to remove osteoclasts 
from bone rather than enzymatic digestion because biochemical and morphologic 
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cell damage is less [23 ]. Following short-term incubation in neutral red, the stained 
osteoclasts could readily be removed with a curette. The average starting cell 
suspension contained approximately 4.4• 10 v cells with osteoclasts accounting 
for 1.0 =L 0.5% of these cells. Although mechanical dispersion, as used in these 
experiments, produced an adequate number of cells and osteoclasts, it was time- 
consuming (average 45 min), and a brief enzyme pretreatment [12] may prove 
applicable here. 

Other investigators, reporting successful cell isolation using velocity sedimen- 
tation, have obtained purer cell suspensions [13, 28, 30]. However, the cells which 
were isolated always constituted a higher percentage (15-25%) of the initial 
suspension than was noted in our osteoclast preparations (0.5-1.5 % ). In addition, 
their initial cell suspensions contained cell concentrations below the streaming 
limit (1.0-4.0 x 106 eells/ml), which facilitated cell separation. Attempts to dilute 
the osteoclast preparations were unsuccessful; cell streaming, therefore, was 
always apparent during sedimentation. Cell aggregation also hampered attempts 
to isolate osteoelasts. Cell clumping, though most notable after the first sedimenta- 
tion period, was also present following the second procedure. Perhaps the use of 
deoxyribonuclease [12, 30] may help eliminate this problem. Despite the low 
initial percentage of osteoclasts, the high concentration of contaminating cells 
(above the streaming limit), and cell aggregation, highly enriched populations of 
osteoclasts were obtained. 

The in vitro incubation experiments (Figs. 6 and 7) demonstrate that  cells 
comprising the enriched osteoelast fractions (pooled fractions 3-4) are capable of 
protein synthesis. Although the cell type most active in protein synthesis in this 
heterogeneous cell population is not known, the radioautographs demonstrate the 
incorporation of labeled leucine into osteoclasts (Fig. 8). 

The method employed to isolate osteoclasts compares favorably with other 
reported attempts to separate this cell type. Walker [36] reported that  with his 
technique (lyophilized imprints), "several hundred"  osteoclasts could be isolated 
per hour. With the present technique, several thousand (1.5-1.8 X10 a) were 
collected after approximately 4 h. Pretlow [29] reported a 50-fold increase in 
osteoclast purity following programmed gradient sedimentation but gave no in- 
formation on the final purity of his preparation. In the present study, a 50.2-fold 
increase was noted in one experiment, with an enrichment to over 30 % osteoclasts 
and accounting for greater th~n 72 % of the cell volume. Therefore, quantitative 
biochemical, histoehemical, metabolic, and ultrastructural studies of osteoclasts 
should be feasible. The effects of substances (such as parathyroid hormone or 
calcitonin) could be monitored in vitro or assessed in vivo after the cells are 
concentrated by velocity sedimentation. 
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