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ULFr SmiTH, LARS SjOSTROM, AND
PER BJORNTORP

Departments of Medicine I and 11, Unversity of
Gothenburg, Sahigren’s Hospital, Gothenburg, Sweden

Summary The mean cell sizes of specimens of human adipose
tissue were determined on sectioned slices according to the
method described by Sjostrom et al. (J. Lipid Res. 1971. 12:
521-530) and on adipocytes isolated after treatment of the
tissue with collagenase. The average mean cell sizes from 11
biopsy specimens were 94.4 and 94.0 um, respectively (r =
0.964; P(t;) < 0.001;y = 0.90x + 9.74), for the two methods.
There was no indication of an increased rupture of isolated
large human adipose cells. Thus, with precautions (freshly
siliconized glassware and omitting the centrifugation of the
isolated cells), the collagenase method may be used for meta-
bolic as well as morphologic studies of human adipose tissue.

Supplementary key words collagenase

DETERMINATION OF adipocyte size is of importance be-
cause cell size influences the rates of metabolism of cells
as well as the sensitivity to insulin (1-7). Different
preparatory methods for cell size determination have
been used, such as isolation of the adipocytes after
treatment of the tissue with collagenase (5, 8), fixation
with osmium (9), or determinations on frozen-cut
specimens (10). The collagenase method may lead to the
rupture of human adipose cells (2) which may pre-
dominantly affect the larger cells. If such is the case,
the collagenase method would be less suitable for

metabolic and morphologic studies of human adipose
tissue in vitro. We have used a collagenase method for
several years (5), and it is the purpose of the present
paper to compare the results obtained using this tech-
nique with those obtained by the direct method de-
scribed by Sjostrém, Bjérntorp, and Vrana (10). This
latter method gives results (10) which in turn are well
correlated with the osmium fixation technique described
by Hirsch and Gallian (9).

Cell isolation with collagenase (method I). Biopsies of
subcutaneous adipose tissue were obtained in connection
with operations on patients with cholecystolithiasis. After
excision of the tissue, 15-20 smaller specimens, weighing
about 20-30 mg each, were dissected from different parts
of each biopsy and incubated in freshly siliconized
flasks containing 3 ml of Krebs-Ringer bicarbonate
buffer with 4%, albumin (bovine albumin, fraction V,
Armour Pharmaceutical Co., Eastbourne, England) and
collagenase (type I, lot no. 81C-0080, Sigma Chemical
Co., St. Louis, Mo.) added at a concentration of 5 mg
per 3 ml of medium. The flasks were incubated without
shaking at 37°C and pH 7.4. After 30 min the specimens
were gently stirred for about 5 sec with a plastic spatula
to dislodge the fat cells. The flasks were then incubated
for another 30 min without shaking. After this period of
time the adipocytes were almost completely freed. The
remaining stroma was carefully removed with the
plastic spatula. No centrifugation of cells was per-
formed. From our experience there may be some
variability between different lots of collagenase, and con-
centrations two to three times greater than that used in
the present study may be required for the liberation of
the cells.

With a siliconized pipette, 0.5 ml of the cell suspension
was removed and placed in a glass chamber. The
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diameters of 100 consecutive cells were determined
using a Zeiss photomicroscope with a calibrated ocular.
The fat cells were recognized by their spherical shape,
the light-refractile lipid droplet, and the presence of
nuclei that can be stained with crystal violet (11). How-
ever, it has not been found necessary to stain the samples
routinely with crystal violet. At a magnification of 200,
the caliper scale was calibrated so that the unit marks had
a constant interval of 3.80 um. The error of the method,
determined according to Dahlberg (12), was calculated
from 20 duplicate determinations and was found to be
3.49%,.

Determinations on sectioned specimens (method II). From
the same biopsies that were used for cell isolation with
collagenase, a small tissue sample (one lobule) was
dissected prior to the isolation procedure described
above. The mean cell sizes were determined as de-
scribed in detail previously (10). Briefly, the tissue sam-
ples were fixed in 359, formaldehyde for 7 min and then
frozen-cut to yield slices 200 pm thick. The slices were
floated in a closed chamber containing an isotonic
solution, and they were then examined with a micro-
scope supplied with a calibrated ocular. The largest
diameter of 100 cells was determined with a technique
that avoids selection of large cells.

Results and discussion. The adipose cells isolated with
collagenase are spherical and show no tendency to form
conglomerates. The nuclei may be visualized by the
addition of crystal violet. As shown in Table 1, the mean
cell sizes determined after isolation with collagenase
{method I) are in good agreement with the results ob-
tained with the sectioned specimens (method II) (r =
0.964, P(t,) < 0.001). The mean cell sizes of the biopsies
used in the study were from about 70 to 120 um, i.e.,

TABLE 1. Mean cell sizes of specimens of human adipose
tissue determined by two methods

Method I Method II
Sample (x) (€))
um
1 84.2 4 2.05 78.3 £ 1.76
2 106.9 = 1.99 103.7 £ 1.94
3 91.8 £ 2.01 97.4 = 1.80
4 76.5 + 1.53 76.5 £ 1.42
5 84.7 £ 1.78 88.9 + 1.82
6 110.2 4= 2.07 105.4 = 1.92
7 80.1 &= 1.50 85.9 + 1.38
8 88.4 + 1.82 85.6 £ 1.65
9 120.9 = 1.71 123.2 £+ 1.92
10 115.9 = 1.92 114.1 = 2.54
11 74.0 = 1.64 79.8 = 1.47

The mean cell sizes of specimens of human adipose tissue were
determined after isolation with collagenase (method I} and on sec-
tioned slices as described by Sjostrém et al. (10) (method II). Re-
sults shown are means =+ sEm. The average mean cell sizes of the 11
specimens are 94.0 um (method I) and 94.4 um (method II) (r =
0.964; P(5;) < 0.001; » = 0.90x + 9.74).
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Fic. 1. Distribution of adipose cell sizes of 11 specimens de-
termined after isolation with collagenase ( ) or on sectioned
slices (- - - -) as described by Sjéstrém et al. (10).

the mean cell sizes usually found in human adipose
tissue. As shown in Fig. 1, the distributions of the cell
sizes obtained with the two methods are also similar.
With the precautions used there is no indication of an
increased rupture of large adipose cells. In our experi-
ence this may easily occur unless freshly siliconized
glassware is used. In addition, the centrifugation pro-
cedure of the isolated cells as originally suggested by
Rodbell (13) leads to an increased rupture of human
adipocytes. In the present study it was not found
necessary to wash the samples prior to the sizing pro-
cedure. However, careful washing with warm buffer may
be advantageous if the cells are used for subsequent
metaboalic studies (6).

The results of the present study show that with ade-
quate precautions the collagenase method provides
isolated cells that may be used for metabolic as well as
morphologic studies of human adipose tissue. However,
the microscopic method (10) is more convenient for
determinations of adipose cell size in clinical studies
since it is less time-consuming and requires a smaller
tissue sample.

In a previous study (10) it was suggested that there is a
limited variation in the mean fat cell size of a given
region of the subcutaneous adipose tissue. This was con-
firmed in the present study, since in method 1I the mean
cell size was determined from only one lobule while in
method I fat cells from a large number of lobules were ex-
amined.

This investigation was supported by grants from the Swedish
Medical Research Council (project B72-12X-3506). The excel-

lent technical assistance by Miss C. Liljequist, Mrs. I. B. Hil-
mersson and Miss M. Hadders is gratefully acknowledged.

Manuscript received 2 May 71972; accepted 2 August 1972.

Journal of Lipid Research Volume 13, 1972 Notes on Methodology 823

2T0Z ‘6T aunr uo ‘1sanb Aq 610 J'mmm woly papeojumoq


http://www.jlr.org/

ASBMB

JOURNAL OF LIPID RESEARCH

I

824

REFERENCES

. Bjorntorp, P. 1966. Studies on adipose tissue from obese pa-

tients with or without diabetes mellitus. Acta Med. Scand.
179: 229-234,

. Salans, L. B, J. L. Knittle, and J. Hirsch. 1968. The role of

adipose cell size and adipose tissue insulin sensitivity in
the carbohydrate intolerance of human obesity. J. Ciin.
Invest. 47 153-165.

. Zinder, O., R. Arad, and B. Shapiro. 1967. Effect of cell

size on the metabolism of isolated fat cells. Israel J. Med. Sct.
3:787-791.

. Bjorntorp, P., and M. Karlsson. 1970. Triglyceride synthe-

sis in human subcutaneous adipose tissue cells of different
size. Eur. J. Clin. Invest. 1: 112-117.

. Smith, U. 1971. Effect of cell size on lipid synthesis by

human adipose tissue in vitro. J. Lipid Res. 123 65-70.

. Salans, L. B., and J. W. Dougherty. 1971. The effect of in-

sulin upon glucose metabolism by adipose cells of different
size. J. Clin. Invest. 50: 1399-1410.

10.

11.

12.

13.

. Bjorntorp, P., and L. Sjostrém, 1972, The composition and

metabolism in vitro of adipose tissue fat cells of different
sizes. Eur. J. Clin. Invest. 2: 78-84.

. Bray, G. A. 1969. The size of human fat cells. Clin. Res. 17:

608. (Abstr.)

. Hirsch, J., and E. Gallian. 1968. Methods for the deter-

mination of adipose cell size in man and animals. J. Lipid
Res. 9: 110-119.

Sjéstrom, L., P. Bjorntorp, and J. Vrana. 1971. Microscopic
fat cell size measurements on frozen-cut adipose tissue in
comparison with automatic determinations of osmium-
fixed fatcells. J. Lipid Res. 12: 521-530.

Smith, U. 1971. Morphologic studies of human subcuta-
neous adipose tissue in vitro. 4nat. Rec. 169: 97-104.
Dahlberg, G. 1948. Statistical Methods for Medical and
Biological Students. George Allen and Unwin, London.
122-126.

Rodbell, M. 1964. Metabolism of isolated fat cells. J. Biol.
Chem. 239: 375-380.

Journal of Lipid Research Volume 13, 1972 Notes on Methodology

2T0Z ‘6T aunr uo ‘1sanb Aq 610 J'mmm woly papeojumoq


http://www.jlr.org/

