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Summary Adipocyte size is a major modulator of endocrine functioning of adipose
tissue and methods allowing accurate determination of adipocyte size are important
to study energy metabolism. The aim of this study was to assess the relative shrinkage of adipocytes before and after weight loss by comparing adipose tissue from the
same subjects embedded in parafﬁn and plastic. 18 healthy subjects (5 males and
13 females) aged 20—50 y with a BMI of 28—38 kg/m2 followed a very low energy
diet for 8 weeks. Adipose tissue biopsies were taken prior to and after weight loss
and were processed for parafﬁn and plastic sections. Parameters of adipocyte size
were determined with computer image analysis. Mean adipocyte size was smaller in
parafﬁn compared to plastic embedded tissue both before (66 ± 4 vs. 103 ± 5 m,
P < 0.001) as after weight loss (62 ± 4 vs. 91 ± 5 m, P < 0.001). Relative shrinkage
of adipocytes in parafﬁn embedded tissue in proportion to plastic embedded tissue
was not signiﬁcantly different before and after weight loss (73 and 69%, respectively). Shrinkage due to the type of embedding of the adipose tissue can be ignored
when comparing before and after weight loss. Plastic embedding of adipose tissue
provides more accurate and sensitive results.
© 2012 Asian Oceanian Association for the Study of Obesity. Published by Elsevier
Ltd. All rights reserved.
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A major function of adipose tissue is storage and
release of energy. Additionally, adipose tissue functions as an endocrine organ regulating energy
expenditure, food intake and glucose metabolism.
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Relative shrinkage of adipocytes in parafﬁn embedded tissue
The extent of regulation, through secretion of hormones by the adipocytes, depends on the adipocyte
size. Accordingly, adipocyte hypertrophy, a characteristic of obesity, leads to functional changes
like increased inﬂammation and is hypothesized to
thereby cause insulin resistance [1,2]. Therefore, it
is important to determine adipocyte size and that
methods used are accurate.
Many methods are described for determining
adipocyte size, each with its advantages and disadvantages [3]. Measurements of triglyceride content
per DNA content of adipose tissue as an estimation for adipocyte size is a relatively easy
method, although prone to underestimation since
DNA content also reﬂects other cell types. Another
technique is ﬁxation in osmium tetroxide combined
with direct electronically counting of adipocyte
number. Dividing lipid weight of a comparable sample by the electronically determined cell number
is used to calculate mean adipocyte size. Disadvantages of this technique are the toxicity of
osmium tetroxide and the overestimation of cell
size due to the cell swelling caused by osmium.
These methods also do not provide information
on adipocyte size distribution. In contrast, collagenase treatment does separate adipocytes from
stromal-vascular cells and followed by microscopic
determination of cell size, adipocyte size distribution can be determined. One major disadvantage
of this method is that large adipocytes break by
the treatment, leading to underestimation of cell
size. Measurements should be performed immediately after the collagenase treatment, because the
cells cannot be stored without affecting cell morphology. On the contrary, ﬁxed histological sections
can be stored until analysis and cell size distribution
is maintained.
Beside the techniques used to process the tissue,
the method of measuring cell size is also important.
Manually measuring adipocyte size is a tedious and
time-consuming process. In contrast, computerized
determination of adipocyte size allows measuring
a large number of adipocytes in a rapid and reliable manner. Introducing a minimum and maximum
value, below and above which cells are excluded
from the analysis, prevents inclusion of artifacts. In
addition, such cut off points help to exclude other
cell types, like pre-adipocytes, from the analysis.
Fixation, embedding and cutting cause shrinkage and compression of the tissue. Parafﬁn is
commonly used as embedding, whereas plastic
embedding allows cutting thinner sections and gives
better support to the cellular components, thereby
improving morphology and minimizing cell shrinking. Shrinkage in parafﬁn-embedded tissue from
various organs was reported to be 10—50%, while
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shrinkage in plastic-embedded tissues was reported
to range from 3 to 13% [4—6]. Especially adipose
tissue is susceptible to cell shrinking because of
the large lipid droplet comprising the largest part
of adipocytes. This high lipid content in adipose
tissue also results in a strong anti-freeze feature,
and consequently we were unsuccessful in preparing cryostat sections from our human adipose tissue
samples. In the present study, parafﬁn and plastic
(Technovit 8100) embedded human adipose tissue
derived prior to and after weight loss were compared to assess relative shrinkage of adipocytes.

Materials and methods
Subjects
Subjects were 4 males and 9 females aged 20—50 y
with a BMI of 28—38 kg/m2 , who participated in a
weight loss study. The weight loss diet consisted of
8 weeks very low energy diet providing 2.1 MJ/day
(Modifast; Nutrition et Santé Benelux, Breda, The
Netherlands). Biopsies were taken and body weight
was determined at rest and following an overnight
fast, both before and after weight loss. The study
was conducted according to the guidelines laid
down in the Declaration of Helsinki and procedures involving human subjects were approved by
the Central Committee on Human Research and by
the Medical Ethical Committee of the Maastricht
University. Written informed consent was obtained
from all subjects.

Biopsy
An abdominal subcutaneous adipose tissue sample was obtained by needle aspiration under local
anaesthesia (2% lidocaine). Samples were rinsed in
sterile cold saline and stored in 4% formaldehyde.
Part of the sample was dehydrated and embedded in parafﬁn, the other part of the sample was
dehydrated with 100% acetone and embedded in
Technovit 8100 (Heraeus Kulzer GmbH, Germany).
Sections of 5 m were cut and stained with hematoxylin and eosin.

Image analysis
The sections were viewed with a Leica DMRE
microscope, objective 20×, Leica camera DC500
and images were obtained with Leica Image Manager (IM50), version 1.20 (Leica Microsystems AG,
Switzerland). An image analysis computer programme (Leica QWin V3) was used to determine
diameter (m) and area (m2 ) of the adipocytes
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Figure 1 Mean (±SD) adipocyte diameter (m) both pre
(solid) and post (dashed) weight loss in parafﬁn (black)
and plastic (grey) embedded tissue. Signiﬁcant differences; *P < 0.01, **P < 0.001 (paired t-test).

based on the method of Chen and Farese [3].
Results were directly loaded into a spreadsheet
program (Excel; Microsoft Inc.) for analysis. Diameters < 40 m were assumed to represent artifacts
or types of cells other than adipocytes and were
excluded from analysis. Further analyses were done
on results per subject. Adipocyte volume was calculated with the Goldrick formula [7]. Relative
shrinkage of parafﬁn-embedded tissue in relation to plastic-embedded tissue was estimated by:
1 − (volumeparafﬁn /volumeplastic ). A minimum of 250
cells was measured per subject per time point.

Statistical analysis
Data are presented as mean with the standard deviations, unless otherwise indicated. A paired t-test
(two-tailed distribution) was carried out to determine possible differences between mean values. All
frequency distributions were normally distributed.
Signiﬁcance was deﬁned as P < 0.05. All of the statistical analyses were executed with SPSS version
16.0 for Macintosh OS X (SPSS Inc., Chicago, IL).

Results
After weight loss mean adipocyte diameter
and area were decreased in both parafﬁn and
plastic embedded tissues (Fig. 1). This is visualized by a shift in the frequency distribution
of the adipocyte diameter for both parafﬁn
and plastic embedded tissue (Fig. 2). Comparing parafﬁn and plastic, mean adipocyte
diameter (66 ± 4 vs. 103 ± 5 m, P < 0.001
before weight loss and 62 ± 4 vs. 91 ± 5 m,
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Figure 2 Frequency distribution of adipocyte diameter
(m) both pre (solid) and post (dashed) weight loss in
parafﬁn (black) and plastic (grey) embedded tissue.

P < 0.001 after weight loss), area (3621 ± 434 vs.
8746 ± 802 m2 , P < 0.001 before weight loss and
3160 ± 401 vs. 6883 ± 832 m2 , P < 0.001 after
weight loss) and volume (174,990 ± 31,505 vs.
662,751 ± 90,039 m3 , P < 0.001 before weight loss
and 142,625 ± 27,657 vs. 466,669 ± 87,273 m3 ,
P < 0.001 after weight loss) were smaller in parafﬁn
embedded tissue both before and after weight
loss. Hence, adipocytes shrink due to weight loss
as well as embedding, with parafﬁn causing more
shrinkage. However, the percentage decrease
in diameter and area due to weight loss was
not signiﬁcantly different in plastic compared to
parafﬁn embedded tissue. In addition, relative
shrinkage of adipocytes in parafﬁn embedded
tissue in proportion to plastic embedded tissue
was 0.73 ± 0.05 before weight loss and 0.69 ± 0.05
after weight loss (range 0.58—0.82) (Fig. 3). This
difference was not statistically signiﬁcant.
In plastic embedded tissue adipocytes were more
round after weight loss (2.00 ± 0.10 vs. 2.12 ± 0.13,
P < 0.05), but there was no difference in roundness
in parafﬁn embedded tissue before and after weight
loss. However, before weight loss adipocytes had
a higher roundness in parafﬁn compared to plastic embedded tissue (1.82 ± 0.17 vs. 2.12 ± 0.13,
P < 0.01). Possibly due to cell shrinking the cell
membrane loosens and the extracellular space
increases, which results in rounder adipocytes. In
plastic the original cell structure is more preserved and therefore shrinking due to weight loss
might cause the change in roundness of adipocytes
in plastic and not in parafﬁn embedded tissue.
The difference in roundness between parafﬁn and
plastic before weight loss is probably caused by cell
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Discussion

Figure 3 Relative shrinkage of adipose tissue in parafﬁn embedded tissue in proportion to plastic embedded
tissue estimated by: 1 − (volumeparafﬁn /volumeplastic ).

shrinking due to parafﬁn embedding. After weight
loss this difference in roundness did not reached
signiﬁcance (P = 0.09). Differences in overall morphology in plastic and parafﬁn embedded tissue
can be seen in the microscopic pictures shown
in Fig. 4.

Adipocytes in parafﬁn embedded adipose tissue
had a lower mean cell diameter and area before
and after weight loss. Mean relative shrinkage of
adipocytes in parafﬁn embedded tissue in proportion to plastic embedded tissue was 73 and 69%
before and after weight loss, respectively.
Already in 1974 Fletcher compared plastic
embedded avian tissues with the more conventional parafﬁn method and found that cell shrinkage
was lower and fewer sectioning artifacts were
present in plastic embedded tissue [8]. Recently,
advantages of plastic embedding over parafﬁn in
human bone tissue have been reported [9,10]. One
disadvantage is that sectioning of plastic embedded tissue is more time consuming compared to
parafﬁn. However, the advantages outweigh the
disadvantages, since artifacts and cell shrinking do
inﬂuence results that are based on morphological
features.
The majority of studies using parafﬁn or plastic
embedding to evaluate morphological characteristics of tissues do not include measurements of
shrinkage. However, interpretation of quantitative
parameters or density and size estimations may
be very difﬁcult without knowledge of the degree
of shrinkage. Here, we deﬁned relative shrinkage

Figure 4 Microscopic picture of plastic (A—B) and parafﬁn (C—D) embedded adipose tissue before (A—C) and after
(B—D) weight loss in one subject with a 20× magniﬁcation (scale in mm).
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of parafﬁn embedded adipose tissue in proportion
to plastic embedded adipose tissue, since plastic is suggested to virtually remove shrinkage [6].
Parafﬁn embedding caused a relative shrinkage of
about 70% in proportion to plastic embedding. This
is high compared to ﬁndings from other studies,
which reported shrinkage from 10 to 50% in different organs [4—6]. The use of adipose tissue in this
study probably caused this high relative shrinkage,
since adipose tissue is susceptible to cell shrinking because of the large lipid droplet comprising
the largest part of adipocytes. Although the high
relative shrinkage, parafﬁn embedding produced
consistent results in the different tissues. Relative
shrinkage was not signiﬁcantly different in adipose
tissue before and after weight loss. Therefore, the
shrinkage of adipose tissue due to embedding in this
study can be ignored.
High cell shrinking due to parafﬁn embedding
might have consequences for interpretation of
results. The degree of cell shrinkage might be
important for deﬁning cut off points, in order to
exclude cells other than adipocytes. Beside some
studies that do not even take into account such cut
off points [2,11—15], the values that are used as
cut off point vary greatly [16,17]. In this study a
diameter of 40 m was used as a cut off point for
both parafﬁn and plastic embedded tissues. Since
several methods of processing result in different
degrees of cell shrinking, therefore the use of the
same cut off points for different methods might
be questioned. Another consequence of higher cell
shrinking in parafﬁn embedded tissue is a lower sensitivity to detect signiﬁcant differences in cell size
measurements.
One explanation for the continuous use of
parafﬁn embedded tissue is immunohistochemical
staining, since the effectiveness largely depends on
the type of ﬁxation, preparation and embedding.
The advantage of parafﬁn embedding for immunohistochemical staining is the lack of chemical
interaction with the tissue. Recently, immunohistochemical staining of bone tissue embedded
with Technovit 9100 New showed a stronger
immunostaining for several markers and a better preservation of trabecular bone morphology
compared to parafﬁn embedding [9,10]. Because
of the continuous use of parafﬁn, most protocols
for immunohistochemical staining are optimized
for this type of embedding. However, when
protocols would be optimized for plastic embedded tissues, the morphological advantages of
this technique could also be exploited when
immunohistological staining is required. One disadvantage is the higher costs associated with plastic
embedding.
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A limitation of our study is the small sample size
of our population with both male and females and
a relatively large variation in age and BMI. Age, BMI
and sex could have an effect on adipocyte size.
However, by comparing both techniques by deﬁning relative shrinkage of parafﬁn-embedded tissue
in relation to plastic-embedded tissue within the
same subjects before and after weight loss, we
believe that a possible effect of age, BMI and sex on
adipocyte size would not inﬂuence our conclusion.
In conclusion, shrinkage of adipose tissue due to
the type of embedding in this study can be ignored,
since relative shrinkage was not signiﬁcantly different in adipose tissue before and after weight
loss. However, parafﬁn embedded tissue resulted
in higher cell shrinkage and has the disadvantage
of poorer morphology. Therefore, plastic embedding is more accurate and susceptible to detect
differences in adipocyte size caused by weight loss.
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