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Abstract. The primary aim of the present study was to 
determine the expression levels of cannabinoid receptor 
type 1 (CB1) in steatotic rat livers. The secondary aim was to 
clarify whether steatosis and inflammation are more marked 
in areas with increased CB1 overexpression. For ethical and 
economic reasons, the present study investigated tissue from 
archived liver blocks, which were obtained from 38 rats that 
had been euthanized during the course of previous research 
at the Karolinska Institute of the Karolinska University 
Hospital (Stockholm, Sweden) and Lund University (Malmö, 
Sweden). Liver tissue fixed in formalin and embedded in 
paraffin was used that had been sourced from 36 male 
Sprague Dawley rats (age, 7 weeks) and 2 rats (age, 180 days) 
lacking normal leptin receptors. The rat liver tissue was 
stained with antibodies against CB1 and counterstained with 
hematoxylin. The expression of CB1 and the number of cells 
overexpressing CB1 were determined. Steatosis was scored 
according to the Dixon scoring system. CB1 overexpression 
and steatosis were detected in hepatocytes from all 38 livers 
sampled. The expression of CB1 was more marked in 
hepatocytes localized next to portal triads. Near the central 
veins, the expression was significantly weaker. Steatosis 
was more marked in areas of increased CB1 overexpres-
sion. Lymphocyte infiltration was more commonly observed 
in areas of increased CB1 overexpression. Therefore, the 
present results indicate that CB1 receptors are overexpressed 
in areas with steatosis, and indicate that CB1 in hepatocytes 
contributes to the formation of steatosis in rats, even prior to 
its progression to steatohepatitis. These results are consistent 

with publications reporting that CB1 in hepatocytes increases 
lipogenesis and contributes to inflammation.

Introduction

Cannabinoid receptor type 1 (CB1) has been found to be 
involved in intrahepatocyte lipid accumulation (1,2). CB1 over-
expression in hepatocytes has been hypothesized to contribute 
to the formation of hepatic steatosis and inflammation (3-5). 
Steatogenic agents, such as ethanol, and a high-fat diet can 
upregulate the activity of CB1 via the increased synthesis 
of endocannabinoids, 2-arachidonoylglycerol, and anan-
damide (4). CB1 receptor activation upregulates the lipogenic 
transcription factor, sterol regulatory element-binding 
protein 1c and its target enzymes, acetyl-CoA carboxylase-1 
and fatty acid synthase. Furthermore, CB1 receptor activa-
tion downregulates carnitine palmitoyltransferase-1, which 
is the rate-limiting enzyme associated with fatty acid 
oxidation. Therefore, CB1 activation increases fatty acid 
synthesis and decreases fatty acid oxidation, which results in 
a fatty liver (4). Previously published images of hepatic CB1 
overexpression in human diseases have predominantly been 
obtained from patients suffering from serious liver diseases, 
such as severe non-alcoholic fatty liver disease found in 
morbid obesity (6), stage IV primary biliary cirrhosis (7) 
and hepatitis C (8). However, it remains unclear whether 
CB1 overexpression additionally contributes to milder, more 
common liver diseases, such as fatty liver disease without or 
with mild inflammation.

The primary aim of the present exploratory study was 
to determine the extent of CB1 expression in steatotic rat 
livers. A secondary aim was to clarify whether steatosis and 
inflammation are more extensive in areas of increased CB1 
overexpression.

Materials and methods

Animals. A total of 36 male Sprague Dawley rats obtained 
from the Karolinska Institute of the Karolinska University 
Hospital (Stockholm, Sweden) had free access to regular 
rodent chow (R36, Lactamin, Kimstad, Sweden) and 
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water. For 14 (n=12) or 21 days (n=5), the water for 17 of the 
rats contained 10% fructose; whereas the remaining 19 rats 
received fructose-free water. Duration of fructose treatment 
was selected in order to induce hepatic steatosis and various 
severities of insulin resistance. Nine rats additionally received 
one injection of insulin (1 mU/g actrapid; Novo Nordisk, 
Bagsvaerd, Denmark) at 40 min prior to euthanasia. All insti-
tutional (Karolinska Institute) and Swedish national guidelines 
for the care and use of laboratory animals were followed. The 
rats were sacrificed at 7 weeks of age in the course of other 
research. All animal experiments were approved by the regional 
Ethics Committee on Animal Research (North Stockholm, 
Sweden). Following the experiments, formalin-fixed and 
paraffin‑embedded liver slices from the rats were obtained. 
The Karolinska Institute provided slices from the middle of the 
right median lobe for CB1 staining, along with a list of dura-
tions of fructose exposure.

Two male rats, aged 180 days that were homozygous for leptin 
receptor gene mutations (9) were bred at the Lund University. 
The rats lacked the C‑terminal end of the leptin receptor, which 
completely inhibited leptin-receptor binding and function. 
These rats received Lantmännen R3 breeding chow for rat 
and mouse (Lantmännen, Stockholm, Sweden). The rats were 
hyperleptinemic and obese. All institutional (Lund University) 
and Swedish national guidelines for the care and use of labora-
tory animals were followed. The research was approved by the 
Malmö/Lund Ethics Committee for Animal Experiment. The 
rats were euthanized at 180 days of age in the course of other 
research. Spare formalin‑fixed and paraffin‑embedded liver 
blocks were provided for CB1 staining.

Immunohistochemical staining. Formalin-fixed and 
paraffin‑embedded liver blocks were sectioned at 4 µm, 
deparaffinized in two changes of xylene (9 min each) and 
rehydrated in alcohols (96, 80 and 70% for 1 min each). 
Sections were then washed twice in distilled water and 
placed in 0.01 M sodium citrate (pH 6.0) in a microwave oven 
for 9 min for heat‑induced epitope retrieval. Following two 
5-min washes in distilled water, specimens were incubated for 
10 min with Peroxidase Blocking Reagent (Dako, Glostrup 
Denmark) and rinsed twice with phosphate‑buffered saline 
(PBS), for 5 min each time. Incubation with Protein Block 
Reagent was performed for 15 min, then specimens were 
incubated with rabbit primary antibodies (CB1; 10006590; 
Cayman Chemical Company, Ann Arbor, MI, USA) at a 
concentration of 1:50 for 1 h at room temperature, and then 
rinsed twice with PBS, for 5 min each time. Subsequently, 
the goat secondary antibody (Dako EnVision+System‑HRP 
anti‑rabbit; K4065; Dako) was applied and incubated for 
30 min at room temperature. Following rinsing twice with 
PBS for 5 min each time, 3,3'-diaminobenzidine (Dako) was 
applied to the samples at the original dilution, and after the 
next rinsing (twice for 5 min each rinse) in distilled water, 
the slides were counterstained with hematoxylin. Following 
washing in tap water for 10 min, the slides were covered with 
cover slips. Negative controls were created by omitting the 
first antibodies.

Grading and scoring. Steatosis was graded according to 
the system proposed by Dixon et al (10). The Dixon system 

quantifies steatosis, whereas the present system measured 
CB1. Furthermore, in order to determine the extent of inflam-
matory activity, the Bedossa scoring system was used (11), 
where the activity score (A; from 0‑4) was the sum of 
hepatocyte ballooning (0‑2) and lobular inflammation (0‑2). 
A0 indicates no activity. The immunoreactivity of CB1 was 
evaluated using two parameters: i) Intensity of staining; and 
ii) number of stained cells. Briefly, score 1 was assigned to 
weak staining, 2 to moderate staining and 3 to strong. To 
report the number of CB1-stained cells, a system based on 
the aforementioned Dixon system was used, as follows: 
Score 1, 0‑5% CB1‑stained cells; score 2, 5‑25% CB1‑stained 
cells; score 3, 25‑75% CB1‑stained cells; and score 4, >75% 
CB1-stained cells. The total CB1 score was calculated by 
adding the two scores together, and therefore ranged between 
1 and 7 points. Two pathologists independently evaluated all 
histological slides using a BX51 light microscope (Olympus 
Corporation, Tokyo, Japan). Images were captured using a 
DP10 digital camera (Olympus Corporation) at magnifica-
tions of x100 and x200.

Table I. Scoring of the liver tissue samples.

 Livers (n)
 ------------------------------------------------------------------
Score CB1 Dixon

1 0 5
2 3 4
3 8 15
4 11 14
5 9 ‑
6 7 -
7 0 -

CB1, cannabinoid receptor 1.

Figure 1. Cannabinoid receptor 1 (CB1) expression topography. Relatively 
weak intracellular presentation of CB1 receptor was observed in hepato-
cytes near the central vein, which is represented by the arrow on the left, 
compared with the hepatocytes localized near the portal triad, which are 
represented by the arrow on the right (magnification, x200).
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Results

All cases exhibited CB1 expression, which coexisted with 

steatosis. Positive staining for CB1 was observed in a large 
proportion of the hepatocytes in each case. The total score of 
positive staining (i.e. the score for intensity of staining plus 
the score for the number of stained cells) is shown in Table I. 
Two out of the seven cases that scored 6 were from the rats 
lacking normal leptin receptors.

The expression of CB1 was more marked in hepatocytes 
located next to portal triads and significantly reduced in 
hepatocytes near to the central veins (Fig. 1). Similar results 
were obtained for steatosis, which was less marked in hepa-
tocytes near to the central veins. Therefore, increased CB1 
expression and steatosis coexisted to a considerable extent. 
In addition, immunohistochemical staining for CB1 receptor 
was also performed in certain smaller groups of intralobular 
lymphocytic inflammatory infiltrations in the liver samples 
(Fig. 2). Inflammatory activity represented by lymphocytic 
infiltrations was slightly more common in samples that 
exhibited increased CB1 expression; however, the inflamma-

tory activity did not exceed A0 grade of the Bedossa scoring 
system.

The liver samples from obese rats lacking normal 
leptin receptors scored a total CB1 score of 6 and exhibited 
macrovesicular grade 4 steatosis, whereas the livers from 
Sprague Dawley rats exhibited a reduced CB1 score and/or 
less severe steatosis.

Details of steatosis. The stage of steatosis was determined 
based on the Dixon system (10). Respective Dixon scores are 
presented in Table I. In 20 cases the steatosis was microve-
sicular, whereas in 18 cases the steatosis was macrovesicular. 
The two rats lacking normal leptin receptors exhibited stage 4 
macrovesicular steatosis. Hematoxylin-eosin staining revealed 
stage 4 hepatic steatosis with a diffuse pattern (Fig. 3).

Discussion

Previously published images of CB1 expression have predomi-
nantly been captured from cases with severe liver diseases, 
including severe non-alcoholic fatty liver disease found in 
morbid obesity (6), stage IV primary biliary cirrhosis (7) and 
hepatitis C (8). Liu et al (6) have previously captured immu-
nohistochemistry images of human livers stained with CB1 
antibodies. In these figures, the nuances of the hepatocytes 
in the liver with no obvious pathology appear identical to 
the negative control, which had not been stained with CB1. 
Therefore, the immunohistochemistry images captured in the 
present study and those attained by Liu et al (6) suggested that 
the visible CB1 expression levels exhibited in the present study 
constitute overexpression. The present study used similar 
CB1 antibodies to those that generated the aforementioned 
images (6‑8). The present results indicated that CB1 was 
overexpressed in the hepatocytes of rats with steatosis with 
mild or without any inflammatory activity in two strains 
of rats (Figs. 1 and 2). In these images, steatosis was most 
marked in areas exhibiting the overexpression of CB1. This is 
consistent with previous studies, which have reported that CB1 
contributes to the formation of steatosis (4,12). In addition, 
lymphocyte infiltrations were more commonly observed in 
areas where CB1 was highly overexpressed, which is consis-
tent with studies that have suggested that CB1 contributes to 
inflammation (12) and plays a role in inflammatory cells (13). 
In particular, a CB1 antagonist, rimonabant, has been demon-
strated to suppress the lipopolysaccharide-induced production 
of the pro‑inflammatory interleukins (IL), IL‑6 and IL‑8 in 
human macrophages (13).

The livers extracted from the 2 rats lacking normal leptin 
receptors had a total CB1 score of 6, and macrovesicular 
grade 4 steatosis. By contrast, the livers from the 36 Sprague 
Dawley rats exhibited a reduced CB1 score and/or less severe 
steatosis. These results may have been due to the increased age 
of the rats lacking normal leptin receptors, which allowed more 
time for disease progression. High CB1 activity has previously 
been associated with obesity (14) and hepatic steatosis.

The present results suggested that hepatic CB1 contributes 
to steatosis in rats, even prior to its progression to steatohepa-
titis. Although the present results are preliminary and require 
further confirmation, it is to be expected that a hepatic CB1 
antagonist that is actively transported into hepatocytes may 

Figure 2. Cannabinoid receptor 1 (CB1) expression in lymphocytes. 
Intracellular presentation of CB1 receptor in hepatocytes and in a small 
lymphocytic infiltration which is represented by the asterisk (magnification, 
x200).

Figure 3. Dixon's stage 4 steatosis of the liver with a diffuse pattern (magni-
fication, x100).
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exert a protective effect against steatosis and inflammatory 
complications. Previous studies have suggested that a hepatic 
CB1 antagonist may be designed that would be actively trans-
ported into hepatocytes (12,15). For example, a glucokinase 
activator has been optimized for active liver uptake, leading 
to a >50‑fold increase in free concentration in the liver 
compared with that in the pancreas (15). Furthermore, a hepa-
toselective CB1 antagonist may be capable of ameliorating 
steatosis, insulin resistance, dyslipidemia and inflammatory 
liver disease (12). The present results suggest that a hepa-
toselective CB1 antagonist could ameliorate steatosis and 
steatohepatitis in rodents, even prior to the occurrence of 
serious complications. Centrally acting CB1 antagonists are 
known to produce notable psychiatric side effects in certain 
patients (16); however a hepatoselective CB1 antagonist may 
have the potential to be effective with negligible psychiatric 
side effects (12).

The present study investigated tissue from spare, archived 
liver blocks, which were obtained from 38 rats that had been 
euthanized during the course of previous research at the 
Karolinska Institute of the Karolinska University Hospital 
and Lund University in order to keep the number of animals 
used for research to a minimum. Therefore, among the limita-
tions of this study is the lack of individual data for the food 
and fructose intake levels of the rats per day, in addition to 
the final body weight of the rats. However, these variables do 
not appear to be necessary for the present investigation. In 
the livers of 7‑week‑old Sprague‑Dawley rats in a previous 
study (17), the triglyceride content did not differ significantly 
between males and females, which supports the generaliza-
tion of the present findings to female rats. In addition, to the 
best of our knowledge, no previous results have suggested 
that the hepatic molecular pathways associated with steatosis 
differ markedly between males and females. Another limita-
tion of the present study is that the descriptive statics are not 
supplemented with inferential statistics. The scoring system 
used assigned identical scores to tissues with steatosis ranging 
from 26 to 75%; however, these tissues may not have had 
identical disease severity. In future studies, actual percent-
ages, rather than scores, should be recorded as a basis for 
calculating correlations between CB1 upregulation, steatosis 
and inflammation

On the basis of the present histological findings and the 
results of previous studies on CB1 overexpression in more 
serious inflammatory liver diseases, we have come to the 
conclusion that it is likely that CB1 overexpression contrib-
utes to increased steatosis and complications across several 
stages of the disease, including the early stages.
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