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Abstract

AIM: To establish a quantitative method to measure
the amount of lipids.

METHODS: The livers of 53 male Wistar rats (225 g)
with different degrees of hepatic steatosis were stud-
ied. This model of hepatic steatosis was based on a
high carbohydrate, fat-free modified diet. Biopsies
were classified into four grades depending on fat ac-
cumulation, using the Kleiner and Brunt classification.
Total fat was studied by the Soxtec method (Soxtec™
2050 Auto Fat Extraction System), and agreement be-
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tween both assays was assessed by calculating the «
coefficient.

RESULTS: According to the histological classification,
38% of rats presented grade 0, 21% grade 1, 22%
grade 2 and 20% grade 3. The amount of fat per 100 g
tissue was 2.60 + 0.64 g for grade 0, 3.87 + 1.59 g
for grade 1, 5.82 + 1.37 g for grade 2 and 8.68 +
2.30 g for grade 3. Statistically significant differences
were found between the mean values for each of the
histological grades (P < 0.05). The correlation for the
quantification of fat in the liver between both assays
was moderate (i = 0.60).

CONCLUSION: The biochemical quantification of fat
in liver tissue by the Soxtec method was correlated
with the histological classification, although the agree-
ment between the two tests was only moderate.

© 2010 Baishideng. All rights reserved.
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INTRODUCTION

Nonalcoholic fatty liver disease (NAFLD) covers a wide
spectrum that ranges from fatty liver alone to steatohep-
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atitis, fibrosis or cirrhosis. Fatty liver alone is the most
common histological lesion in patients with NAFLD",
and liver biopsy is the only diagnostic test that can reli-
ably identify and quantify the degree of steatosis™,

The gold standard for detecting steatosis is the histo-
pathological analysis of a liver sample collected by biopsy.
The biopsy procedure is invasive and painful and presents
a risk for patientsw. Actually, most hospitals use the histo-
logical method to determine the degree of steatosis. How-
evet, this method is subjective as it can vary, depending on
the criteria for each pathologist. It is therefore necessary
to develop a new method that is capable of determining
the exact amount of fat in the livet.

Our aim was to compate a simple method for the iso-
lation and purification of total lipids with the histological
classification for quantifying fat deposits in a simple ste-
atosis model in rats.

MATERIALS AND METHODS

Animals and diets

Male Wistar [CRL:Wi1 (Han)] rats (Charles River Labora-
tories) weighing approximately 225 g were studied. All ex-
periments were conducted in accordance with the Guide
for the Care and Use of Laboratory Animals published
by the United States Public Health Service. Animals were
kept in separate cages with a regular 12-h light regime at a
controlled temperature (25 £ 2°C). The modified diet (high
carbohydrate, fat-free) consisted of carbohydrates (80%,
as starch), protein (16%, as casein), and vitamins and min-
erals (4%) (PANLAB, Barcelona, Spain). The standard diet
consisted of a balanced diet that contained carbohydrates
(51%), protein (16%), vitamins and minerals (4%), and li-
pids (3%). The standard diet contained 2.9 kcal/g, and the
modified diet 3.58 kcal/g This model was based on that
reported by Delzenne e7 o/ and Bujanda ez al”.

Experimental procedures
The rats were separated into two groups: control (20
rats) and steatosis (33 rats). The control group was given
free access to food and drink and was fed a standard diet
during 28 d. The steatosis group was given free access to
food and water 4 d/wk and fasted for the remaining 3 d
(only access to water was allowed). They were fed a modi-
fied diet during the dietary restriction cycles (Figure 1).
All rats were killed after completing four cycles of
feeding and fasting, i.e. 28 d after study start. The amount
of food taken by the rats and the weight of the animals
were controlled. At the end of the study, all rats were an-
esthetized using isoflurane (Forane®). The animals wete
placed in an induction chamber with 5% isoflurane and
administered 0.2 mI./200 g buprenorphine (Buprex®) as
an analgesic. Once asleep, they were maintained with 3%
isoflurane and 0.5-0.75 L oxygen.

Pathological evaluation
A histological study was performed following a midline
laparotomy to remove the liver. The hepatic index was ob-

tained by dividing the liver weight by rat weight and mul-
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tiplying by 100. Liver tissue samples taken at the time the
rat was killed were immediately placed in 10% buffered
formalin and subsequently embedded in paraffin. Liver
sections were stained with hematoxylin and eosin using
standard techniques. The sections were viewed without
prior knowledge of the treatment group to which each
animal belonged. Biopsies were classified into four grades,
depending on fat accumulation, using the classification
proposed by Kleiner ¢# al”, whereby a patient is classified
as grade 0 when < 5% of hepatocytes are affected by fat
vacuoles, grade 1 when fat vacuoles are seen in 5%-33%
of hepatocytes, grade 2 when 33%-66% of hepatocytes
are affected by fat vacuoles, and grade 3 when fat vacuoles
are found in > 66% of hepatocytes. Two experienced
pathologists blinded to the experiment evaluated all
samples, and agreement between both pathologists was
determined. In case of discrepancy, the opinion of a third
histopathologist reviewed the biopsies.

Quantitative determination of total fat in liver

The Soxtec™ 2050 Auto Fat Extraction (Foss® Ana-
Iytical, Hilleroed, Denmark) apparatus consisted of an
extraction unit, a control unit and a drive unit. One gram
of liver tissue was inserted into the extraction unit, sol-
vent was added to the extraction cups in a closed system,
and the cups were heated with an electric heating plate.
The four-step extraction consisted of boiling, rinsing,
solvent recovery and pre-drying. The results were calcu-
lated as total amount of fat (g) per 100 g tissue.

Samples were classified into four grades, according to
the amount of fat detected in the steatosis group, using
the data obtained for the control group and the maximum
amount of fat detected in the steatosis rats as a reference.

Statistical analysis

Quantitative data were expressed as the mean + SD for
the different animals in each group, and comparisons
were made using a two-sided Student’s # test. P < 0.05
was considered statistically significant. The agreement
between biochemical assessments (grades) and histo-
logical steatosis grades (gold standard) was assessed by
calculating the k coefficient, which assessed how much
better the agreement was than it would have been by
chance alone (x = 1 indicates perfect agreement; 0.80
< k < 1, excellent; 0.60 < k < 0.80, good; 0.40 < x <
0.60, moderate; 0.20 < k < 0.40, fair; 0 < k < 0.20, poor
agreement). Weighted k coefficients were calculated for
ordered categorical data, whereas simple k values were
determined for other data.

RESULTS

Rat weight increased significantly in the control group
(221 £ 10 to 355 £ 16 g), but remained similar in the
group with fatty liver disease (222 * 12 to 226 * 14 g).
The rats in the control group ate 31.11 + 10.1 g/d and
rats in the steatosis group ate 14.78 + 3.2 g/d. The he-
patic index was 4.47 £ 0.63 and 3.9 £ 0.31 in the steato-
sis and control groups, respectively.
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Figure 1 Summary of animal model.

Figure 2 Different histological grades observed in the group of rats with steatosis. A: Grade 0; B: Grade 1; C: Grade 2; D: Grade 3.

Histological evaluation

No fatty infiltration was seen in the control group
(Figure 1). Eleven rats (34%) in the steatosis group pre-
sented histological grade 1, 12 (36%) grade 2, and 10 (30%)
grade 3. Inter-observer agreement was 0.89 and intra-
observer agreement 0.92 (Figure 2).

Quantitative determination of total lipids

The amount of fat per 100 g tissue was 2.60 £ 0.64 g for
histological grade 0, 3.87 £ 1.59 g for grade 1,5.82 + 1.37 ¢
for grade 2, and 8.68 = 2.30 g for grade 3. Statistically
significant differences were found between the mean val-
ues for each of the histological grades (P < 0.05), except
between grades 0 and 1 (Figure 2). The following bio-
chemical classification was proposed on the basis of the
amount of fat observed in the control group (2.6 g/100 g
tissue) and the maximum amounts of fat observed in
the steatosis group (11.16 g/100 g tissue). If we group
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the rats for each histological grade and the average and
SD we obtain the cut-off. The animals were classified as
grade 0, when the amount of fat per 100 g tissue was <
2.6 g; grade 1, when the amount of fat was 2.6-5 g; grade
2, when the amount of fat was 5.1-8 g; and grade 3, when
the amount of fat was > 8.1 g (Figure 3). The k correla-
tion between the histological and biochemical classifica-
tions was calculated to be 0.6 (moderate).

DISCUSSION

The amount of total fat determined by the Soxtec method
correlates well with the Kleiner and Brunt histological
classification™, Quantifying fat biochemically is a more
objective and accurate method of determining the fat
content in liver tissue. In the Soxtec method, the crude
fat is extracted from the liver by the Randall method”, a
two-step extraction procedure that reduces fat-extraction
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Figure 3 Biochemical determination of fat in liver tissue by the Soxtec
method is correlated with the Kleiner and Brunt histological classification.

times to < 1 h per sample. This method for fat extraction
has previously been used for meat and meat products and
is accepted as an Association of Analytical Communities
Official Method of Analysis (991.36)". It is recommended
for Official First Action. This method is now automated
and allows several samples to be analyzed simultaneously
and rapidly (< 1 h). The approximate cost per sample is
low, at around 22 euros. The Soxtec method is easier to
perform than the classical biochemical method described
by Folch in 1957 and is automated, which in our opinion,
means it is the method of choice.

The diagnostic gold standard in another cumulative
liver disease, namely hemochromatosis, is to determine
the amount of iron present in a tissue sample obtained
by liver biopsy. Other techniques, such as magnetic reso-
nance imaging (MRI), which allow iron to be determined
without the need for a liver biopsy, have been established
based on this gold standard. In light of this, we are of
the opinion that the best method for determining the
amount of fat deposited in the liver is the biochemical
method described herein, and that all other techniques,
especially histological classification, are less accurate.

One of the main limitations of this biochemical tech-
nique, which is also inherent to histological classification,
is that the amount of fat detected depends on the region
where the biopsy is taken, which means that incorrect
results can be obtained in cases of localized steatosis.
Another limitation of biochemical determination is that
it does not provide any information regarding other types
of lesion that may be present, such as fibrosis or inflam-
mation. The main limitations of histological classification
include the subjective evaluation of the tissue sample by
a pathologist, which can lead to incorrect results in the
case of localized hepatic steatosis, and the higher cost
with respect to biochemical analysis. The main advantage
of histological classification with respect to biochemical
analysis is that it provides information regarding other
types of liver lesions. Despite its subjective nature, the
majority of studies concerning the histological classifica-
tion of fat in the liver have reported a good (k = 0.60-0.80)
or excellent (k > 0.80) inter- and intra-individual cot-
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relation™”. Indeed, the correlation between the patholo-
gists in our hospital was excellent (x = 0.89). Another
limitation for both tests is that both techniques (Soxtec
method and histological) are invasive and therefore need
a liver biopsy.

Several noninvasive imaging techniques, including
ultrasonography, computed tomography, and MRI, can
identify hepatic steatosis and have been advocated as
diagnostic tests for NAFLD"" but sometimes cannot
distinguish between simple steatosis and steatohepatitis,
or stage degree of fibrosis accuratelylml. However, the
gold standard for diagnosing hepatic steatosis is still liver
biopsy, and the most objective technique is biochemical
determination.

In the not too distant future, we must be able to di-
agnose steatosis, without using invasive methods. Today,
for the diagnosis, liver biopsy is used, but it would be
very interesting to be able to perform diagnosis using
noninvasive techniques. For example, determining the
amount of liver fat by magnetic resonance techniques. It
would be very useful to perform a predictive test, but for
this, we need much more research about the interaction
of different factors, molecules and genesm. The iden-
tification of the molecular mechanism that leads to fat
accumulation and oxidative imbalance in steatotic liver,
as well as genome and proteome studies from patients at
various stages of the disease, is expected to improve the
diagnostic and therapeutic approaches. In this way, at-
tractive pharmacological designs include new molecules
that can decrease lipid levels in the liver and improve
insulin sensitivity.

In summary, the biochemical determination of fat in
liver tissue by the Soxtec method is the most objective
and direct technique available and should therefore be
considered the gold standard for this assay. The results
obtained by this method complement those obtained
from histological studies. Further studies are needed to
confirm our findings and their application in humans.
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COMMENTS

Background

The prevalence of nonalcoholic fatty liver disease is high, and histological
classification is currently considered to be the gold standard for quantifying fat
deposits in the liver.

Research frontiers

Histological analysis is the gold standard to determine the amount of fat in the
liver. However, this method is subjective because it can vary depending on the
pathologist’s criteria. We therefore propose a new biochemical method, the
Soxtec method, to determine exactly the amount of fat in the liver.
Innovations and breakthroughs

This is the first study to report the comparison of histological and biochemical
(Soxtec) methods in steatosis. This report highlights the importance of the new
method to determine exactly the fat content.

Applications

Being able to determine the exact amount of fat is important because it can
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be very useful in the treatment of these patients. This represents a future
therapeutic intervention.

Peer review

The authors have proposed a novel biochemical method for evaluating hepatic
steatosis. Its reliability was assessed compared with that of histopathological
analysis. This study is interesting and significant, although more clinical
and laboratory data are needed to determine whether the Soxtec method is
practically available.
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