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ABSTRACT

The endocannabinoid system is found in tissues that regulate the glycemia, including adipose
tissue, muscle, and pancreatic islets. Diet-induced metabolic syndrome changes the expression of
the CB receptors in muscle, adipose tissue, and liver. However, it is poorly understood whether
metabolic syndrome (MetS) affects the expression of CB receptors in pancreatic (3 cells. We analyzed
the expression of CB receptors in pancreatic 3 cells under chronic high-sucrose diet (HSD)-induced
MetS. Wistar rats fed an HSD as a model of MetS were used to investigate changes in cannabinoid
receptors. After 8 weeks of treatment, we evaluated the appearance of the following MetS
biomarkers: glucose intolerance, hyperinsulinemia, insulin resistance, hypertriglyceridemia, and
an increase in visceral adiposity. To determine the presence of CB1 and CB2 receptors in pancreatic
B cells, immunofluorescence of primary cell cultures and pancreatic sections was performed. For
whole-islet quantification of membrane-bound CB1 and CB2 receptors, western-blotting following
differential centrifugation was conducted. Our results revealed that an HSD treatment closely
mimics the alterations seen in MetS. We observed that in primary cell culture, CB1 and CB2
receptors were expressed at a higher level in pancreatic B cells compared with non-f cells. MetS
resulted in a reduction of CB1 in the islet, whereas abundant CB2 was observed after the treatment.
CB1 and CB2 receptors are differentially expressed in pancreatic 3 cells during MetS development.
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Introduction

The endocannabinoid system (ECS) is widely distrib-
uted throughout the body and is present in several
locations, including the brain, heart, immune system,
and bone." It is found in organs and tissues involved in
the regulation of the glycemic control, such as the
hypothalamus in the central nervous system, as well
as in peripheral organs, including adipose tissue, liver,
muscle,” and pancreas, specifically in the pancreatic
islets.* ECS provides a negative feedback loop that
modulates cellular responses to stimuli.” Indeed, can-
nabis consumption has been linked with increased
palatable food intake,® lipogenesis promotion,” and
decreased glucose tolerance.® Conversely, cannabi-
noid antagonists display opposite effects.” However,
previous epidemiological studies consistently reported
a decrease in the incidence of diabetes in cannabis
consuming populations,' even after considering sev-
eral confounding factors.'' This finding highlights the
relevance of long-term changes in the ECS system.

In pancreatic {3 cells, endocannabinoids are synthe-
sized in response to glucose stimulation and mem-
brane depolarization by Ca**-dependent enzimes.*'*
Endocannabinoids have been proposed as an autocrine
or paracrine signaling system in the pancreatic islet
cells. They activate CB1 and CB2 receptors, which are
coupled to Gy proteins.” This endogenous activation
decreases the intracellular cAMP concentration, cal-
cium oscillations, and insulin release.'>'* Furthermore,
the activation of CBI1 inhibits voltage-gated calcium
channels."> CB1 and CB2 receptor activation decreases
calcium oscillations, which in turns diminishes insulin
release,'®"” causing glucose intolerance.”

In order to better understand the interplay
between cannabinoids and the development of dia-
betes, it is necessary to know whether cannabinoid
receptors are dysregulated in pancreatic islets.
A similar dysregulation could be found in meta-
bolic syndrome (MetS), as a leading risk factor for
diabetes development.'® Several reports about the
effects of cannabinoid compounds show short-term
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modulation of pancreatic islet function by CB1 and
CB2 receptors.'® Notably, MetS-inducing diets alter
mRNA expression for cannabinoid receptors in
muscle,”® and adipose tissue.”' In pancreatic islets,
the expression of the CB1 cannabinoid receptor is
decreased acutely after glucose administration.'®
Furthermore, increased levels of endocannabinoids
have been found in pancreatic islets of mice fed
with a high-fat diet.** Nonetheless, CB1 and CB2
receptor changes have not been investigated in
a  high-sucrose diet (HSD)-induced MetS.
Therefore, the purpose of this work was to investi-
gate the expression of CB1 and CB2 receptors in
pancreatic islets from rats with MetS.

Results
Glucose dysregulation induced by an HSD

To assess the metabolic status induced in rats after
8 weeks of HSD, several biomarkers of MetS were
measured. The weight, body fat, and visceral fat pads
were all increased following an HSD regimen
(Table 1, Figure 1A). Weight and body composition
changes were accompanied by elevations of MetS
biomarkers, such as fasting hyperinsulinemia (con-
trol 1.4 £ 0.2 ng/mL vs. treatment 5 + 0.8 ng/mL,
p < .001) and fasting hypertriglyceridemia (control
135 + 7 mg/dL vs. treatment 220 + 11 mg/dL) with-
out differences in fasting glucose (Figure 1B-D).
Insulin resistance estimation by HOMA-IR was
increased in the HSD group (control 1.8 + 0.3 A.U.
vs. treatment 6.4 = 1.4 A.U.) (Figure 1E). In vivo

Table 1. Body composition changes in MetS induced by HSD.
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glucose homeostasis was assessed by plasma glucose
levels after a glycemic challenge (intraperitoneal glu-
cose tolerance test, IPGTT) and an insulin challenge
(insulin tolerance test, ITT). Triglyceride levels in
response to these challenges were recorded. IPGTT
results showed glucose intolerance in the treated
group. HSD serum glucose levels were significantly
higher at the glycemic peak in the 15 min (control
143 + 3 mg/dL vs. treatment 220 + 18 mg/dL,
p < .001) and 30 min (control 129 + 5 mg/dL vs.
treatment 169 + 11 mg/dL, p < .05) (Figure 1F).
Following the insulin tolerance test (ITT), the per-
centage decrease in the glucose level was the same for
both groups, with the lowest value reached 60 min
after administration. The control and the treated
group reached mean reductions of 67% and 69%,
respectively, with no statistically significant differ-
ence. However, at the end of the test, the mean
glucose reduction reached a plateau at 68% in the
control group, while it returned to the original glu-
cose level in the treated group, with an SEM differ-
ence of £ 12%, suggesting a faster recovery from
the hypoglycemic condition (Figure 1G). The trigly-
ceride response to the glycemic challenge showed
a prolonged response during the third hour of the
test (control 117 + 9 mg/dL, 108% increase vs. treat-
ment 216 + 28 mg/dL, 141% increase, p < .05)
(Figure 1H). Fasting hyperinsulinemia and hypertri-
glyceridemia, accompanied by increased visceral fat
pad deposits, are characteristic of MetS. We found
that 8 weeks of an HSD impaired glucose tolerance
without decreasing insulin sensitivity, as shown by
the ITT, with a greater recovery of the glycemia in

Bioimpedance estimated mass (g)

Control mean + S.EM. HSD mean + S.EM. Difference + S.E. p Value
Body weight** 407.7 £ 10.7 468 + 18.5 60.3 £ 17.2 <.01
Body fat * 146.2 + 8.1 1914 £ 8.6 452 +153 <.05
Fat free mass ™ 2182+ 7.6 248.6 + 6.4 304 £ 153 2
Extracellular water ™ 106.2 + 15.6 794 +738 —26.8 +21.1 3
Total body water ™ 253.8 + 36.4 2105+ 134 —433 + 211 2

Visceral fat pads weight (g)

Control mean + S.E.M. HSD mean + S.EM. Difference + S.E. p Value
Pericardial ™ 0.2 £0.04 0.6 £ 0.1 04+ 0.6 5
Peripancreatic * 09+ 0.1 22+03 13+05 <.05
Epididymal *** 2+£03 5+05 3+05 <.001
Retroperitoneal *** 2+03 56+ 0.6 3.6+ 06 <.001

For comparing differences between diet groups, bioimpedance estimates of body composition are presented above and visceral fat pads weight below.
All results are presented as mean + SEM, and differences were computed through multiple t-tests with Holm-Sidak correction for multiple
comparisons. Significance levels are presented as follows *p < 0.05, **p < 0.01, ***p < 0.001. The HSD group had increased weight due to body
fat, an increase mostly reflected in the visceral fat pad (Peripancreatic, epididymal, and retroperitoneal fat pads).



136 (&) A.BARAJAS-MARTINEZ ET AL.

A B C

D

Body composition Fasting glucose Fasting triglycerides Basal Insulin Insulin Resistance
50 150~ 400~ 15 10
) *kKk
* - 3 *kok 8- *
s g S 300 I
& 45+ S 100 k3 £ 10 x
® £ - @ > 3 6
w & 3 200 = =
> ] ‘T = O 4
© Q O =
Q 40+ S 50+ o 7 5 I
o =2 2 1004 -
(U] = = ! 2+
S
=
/T 0- T 0-! 0- 0-
Control HSD Control HSD Control HSD Control HSD Control HSD
F Glucose tolerance test (3 Insulin tolerance test |y 3 Triglyceride response
-e- Control ] -e- Control [ -o- Control * x
300~ " S 200+ 10 * = 250~
-= HSD > -= HSD . £ -= HSD 0
2501 . F £ E
%l 250 Kk 15 = g 8 "6 200 25°
> 45 150 e = 20
5200_ °° 6 °‘0 sk Control HSD
P 8 % & 150
& 150+ 2 . =
8 3 100 Control HSD 1 5
3 8 8 oo
<-’>1oo-i ) =) "}
° s
o
50 —— 1 S 50 — — 1 E so4———7—T——1—
0 15 30 60 120 @ 0 15 30 60 20 120 § 0 60 120 180 240
Minutes Minutes an Minutes

Figure 1. Glucose regulation is altered in the high-sucrose diet model of MetS.

Body fat percentage (A), fasting levels of glucose (B), insulin (C), triglycerides (D), and insulin resistance (E) are shown. (F) shows the
intraperitoneal glucose tolerance test differences between groups at 15 and 30 min after the intraperitoneal administration of a 1 g/kg
glucose challenge. (G) presents the percentage reduction in fasting glucose levels after insulin administration, with a recovery of
glucose levels only observed in the HSD group. The increase in triglyceride response in the HSD group to the glucose challenge is
shown in (H). Variables with normal distribution are presented as bars with mean + SEM, and were compared with a t-test. Variables
with non-normal distribution are presented as Tukey box-plots with median, interquartile range (IQR), and whiskers for the 1.5 IQR
range, and were compared with Mann-Whitney tests. Time-dependent variables were compared by two-way ANOVA followed by
Bonferroni post hoc test. AUC was calculated and compared with t-tests and is presented as mean + SEM. Significance levels are

presented as follows *p < .05, **p < .01, ***p < .001.

the treated group and an increased triglyceride
response to the hyperglycemic challenge.

Cannabinoid receptor expression in primary culture
from dissociated islets

Immunofluorescence of a primary culture from dis-
sociated islets from control rats was carried out to
identify the cell populations that expressed CB1 and
CB2 receptors. Insulin-positive cells were the most
abundant in the islet primary cultures, accounting
for 73% of the total cell population. Pancreatic {3 cells
had a distinctive diameter of 12 + SD 2 pum and
granular cytoplasm. Besides, most of the insulin-
negative cells, which represented 26% of the culture,
where morphologically recognizable as a-cells. They
had a smaller diameter averaging 7.5 + SD 1 pm with
uniform round nuclei and coarsely clumped chroma-
tin. Other cell populations that were neither insulin-
nor glucagon-positive, such as fibroblasts, were also
observed. Both CB1 and CB2 receptors were present

in the main cell populations of the islet, both B and
non-P cells (Figure 2A,C,). The fluorescence signal
indicated an increased abundance of cannabinoid
receptors in [ cells relative to non-f cells, for both
CB1 (mean difference of 12 + 2 arbitrary units (A.U.),
p < .001), and CB2 (mean difference of 33 + 3 A.U,,
p <.001) in primary culture conditions (Figure 2B,D).

Cannabinoid receptors in pancreatic islets are
dysregulated in MetS

To determine whether MetS changes the density of
CB1 and CB2 receptors in the pancreatic islets,
immunofluorescence of pancreatic sections was con-
ducted. CB1 was decreased in the pancreatic islets of
rats with MetS (Figure 3A). This decrease occurred
both in B cells (mean difference —10.5 + 4 A.U,,
p <.001) and non-f cells (mean difference —32 + 4
AU, p <.001) (Figure 3B). In contrast, for CB2 the
fluorescence amount in the MetS group increased
both in B (mean difference 7.5+ 1 A.U., p <.001) and
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Figure 2. Cannabinoid receptor expression in dissociated primary culture.

Primary islet culture from control islets immunofluorescence showed the presence of cannabinoid in (A) for CB1 and (C) for CB2. The first
column shows the merged image. Pancreatic {3 cells are identified by the insulin presence in red. The cannabinoid receptor is shown in
green. For cellular identification, the DAPI-stained nucleus in blue is presented in the third column. Arrows indicate representative 3 cells,
and non-P cells are indicated with arrowheads. Corrected fluorescence (see methods) for CB1 is presented in (B), and for CB2 in (D). Results
are presented as Tukey box-plots with outliers and were compared with Mann-Whitney tests. Significant results are shown as ***p < .001.

in non- cells (mean difference 10 + 2 A.U,, p <.001)
(Figure 3C,D). Markedly, non-f cells had greater
levels of CB1 fluorescence than {3 cells in the control
group (mean difference 21.3 + 3.5 A.U,, p < .001),
while non- cells had greater levels of CB2 fluores-
cence than B cells in the HSD group (mean difference
6+ 1.4 AU, p <.01). Next, we proceeded to deter-
mine whether these changes were reflected in the
total amount of membrane-bound receptors. For
the membranal protein fraction of CB1, a mean dif-
ference of -2.6 £ 0.5 A.U. (p < .01) was found,
whereas for the membrane-bound CB2 protein frac-
tion showed a mean difference of 1 + 0.3 A.U.
(p < .05). As expected, both proteins resulted in the
molecular weight reported for these receptors
(Figure 3E,F). The amount of membrane-bound
receptors and the total receptors showed similar
trends. Thus, CB1 expression decreased while CB2
expression increased in the pancreatic islet.
Furthermore, this change was observed for both [
and non-f cells.

Discussion

Cannabinoid receptors and their functional expres-
sion have been objects of pharmacological studies as

they might be therapeutic targets for glycemic control.
To date, most of the reports were conducted in either
cellular cultures or whole-islets. Interestingly, we
found a differential expression of CB receptors in
whole-islets and cultured dissociated cells. In whole-
islets both cannabinoid receptors were predominantly
expressed in non-f cells, CB1 in control and CB2 in
HSD conditions (Figure 3). In contrast, although both
CB1 and CB2 receptors were simultaneously present
in pancreatic  and non-p cells, fluorescence amount
was greater in {3 cells in primary cell culture (Figure 2).
Presence of both cannabinoid receptors in  and non-
B cells is in agreement with previous reports for >>*°
and a cells'”*** in rat islets. Expression changes of
CB receptors in culture conditions may clarify some
discrepancies regarding the cellular type in which
these receptors are found. Moreover, this may have
implications in functional outcomes of the adminis-
tration of cannabinoid agonists and antagonists in
cellular- and whole-islet cultures. As CB receptors
have been found in several cellular types in pancreatic
islets, paracrine interactions may also be supported by
whole-islet experiments, resulting in contrasting insu-
lin release outcomes reported in the literature.''*2°
Here, we show that cannabinoid receptors in
the pancreatic islet become dysregulated in MetS



138 (&) A.BARAJAS-MARTINEZ ET AL.

A DAPI Insulin CB receptor

CB1

CB2

E

Membranal CB1

=5, 2 *k
3 1
< 44
75 kDa— =
60 KDam=p E 34
50 kDa=——p a
T 2+
1}
[
45 kDa— 5 11 ’—_'_—\
37 kDa=— B <.
1
Ctrl MetS Control HSD

Merge
g B .. .
’gT ididid ~—— [l Control
| ]
NS & 401 =1 HSD
J = =
8 = 30_
3 *dkk
S22
o
3
g £
o 3
= % o
Beta Non-beta
Cellular type

D 25+ Hokok

_ 'g ##' d Il Control
g 8 201 B3 HSD
= a
o = 154 kkk
jo [] —
2
[} 10-
o
]
S 5_
%) 2
[} i
b= 0-
Beta Non-beta
Cellular type
. Membranal CB2
3
< 4
75 kDa =
[} -
50 kDa—> g 3 *
a [ 1
3 2] ——
®
45 kDa = :',’ o
37 kDa=— E .
- T
Ctrl MetS Control HSD

Figure 3. Cannabinoid receptor expression in metabolic syndrome.

The presence of cannabinoid receptors in the control and MetS groups is shown for CB1 in (A) and CB2 in (C). The DAPI-stained cell
nuclei are shown in blue in the first column, insulin is shown in red inthe second column, and CB receptors in green; the last column
shows the merged image. Differences in the intensity of fluorescence between the control and treated groups are shown in (B) for CB1
and (D) for CB2 receptors. (E) shows the difference in the membrane-bound CB1 receptor presence between groups and the molecular
weight, control (Ctrl) in the left lane, and MetS in the right lane. (F) shows the difference in the membrane-bound CB2 receptor
presence between groups and the molecular weight, control in the left lane, and MetS in the right lane. Arrows highlight the presence
of CBs receptors in non- cells of the periphery of the pancreatic islets. For analysis of the fluorescence differences between groups and
cell types, 2-way ANOVA corrected for multiple comparisons with Bonferroni post hoc was done. For western blot analysis between
groups, unpaired t-tests were done. Results are shown as the mean + SEM, differences between treatment groups are shown *p < .05,
**p < 01, ***p < 001, differences between cellular types within the same treatment group are shown * p < .01, #* p < .001.

induced by HSD. Notably, the HSD model we
used for this work results in blood pressure eleva-
tion in addition to dyslipidemia, glucose intoler-
ance, and visceral fat increase.”” These four
indicators constitute the central core of MetS.*®
CB1 downregulation with concurrent CB2 upre-
gulation was shown by the number of receptors
present on the cellular membrane and by the total
fluorescence of the cells (Figure 3). These results
suggest that, although short-term administration
of a fructose-rich diet increases CBI mRNA
expression in pancreatic rat islets,’ long-term

exposure to hypercaloric diets and subsequent dis-
ease development may result in a maladaptive
response. In humans, MetS is associated with pan-
creatic B cell dysfunction.” This failure of the
pancreatic B cell is associated with changes in
receptor expression.”’ MetS dysregulation of CB1
and CB2 may implicate the participation of the
endocannabinoid system in pancreatic B cell dis-
eases. Beyond the pancreatic islet alterations, CB1
and CB2 expression changes have also been
reported in tissues expressing both receptor
types, such as in diabetic nephropathy and heart
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diseases.’”** Furthermore, in the progression

from MetS to diabetes mellitus type 2, CB1 recep-
tors present in macrophages also participate in the
inflammatory response that contributes to the islet
damage.”>*

In the brain, the CBI receptor provides retrograde
negative feedback in GABAergic and glutamatergic
synapses,” while CB2 dampens proinflammatory pro-
files in microglia.’> Cannabinoid receptors appear to
participate in the fine-tuning of the cellular response
to stimuli. Both cannabinoid receptors, CB1 and CB2,
are coupled to Ga ;, -type G proteins, and their
cAMP-lowering effects are sensitive to pertussis
toxin.’® However, only CBI receptors inhibit L-type
calcium channels.”” These channels participate in the
process of insulin release in pancreatic B cells.”®
Accordingly, in the pancreatic islet, CB1-dependent
effects include a decrease of cCAMP,” stimulation of
glucagon secretion,” and calcium oscillation
inhibition.***! In contrast, CB2-dependent effects
include a decrease of cAMP,* with an increase in
calcium oscillations.”® Thus, CBI1 reduction is
expected to counteract the negative regulation that
the endocannabinoid system exerts in insulin release,
while CB2 upregulation could amplify insulin release.
This would be compatible with the presence of hyper-
insulinemia without a decreased peripheral response
to insulin (Figure 1). We propose that the interplay of
CB1 downregulation and CB2 upregulation partici-
pates in the insulin release during the early develop-
ment of MetS. Furthermore, it supports the
participation of the endocannabinoid system in the
long-term maintenance of normoglycemia.

Our results unveil the ECS regulation under
metabolic derangements induced by HSD resulting
from pancreatic B cell dysfunction. These findings
advance our understanding of the regulation of
CB1 and CB2 receptors in pancreatic [ cells.

Materials and methods
Ethics statement

The treatment of the animals was carried out
subject to the Official Mexican Standard of
Technical Specifications for the Production,
Care, and Use of Laboratory Animals (NOM-062-
Z0O0-1999). Procedures were approved by the
Ethics and Research Committees of the Faculty
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of Medicine at Universidad Nacional Auténoma
de México under project 080-2011.

Experimental animals and husbandry

We used eight-week-old male Wistar rats weighing
250-280 grams. They remained under a 12:12 light-
dark cycle, at a temperature of 22 + 2°C, with
a relative humidity of 60%, and were pair-housed
in plexiglass cages. Laboratory Rodent Diet 5001
(LabDiet) was provided for both groups, and was
replenished three times a week, along with fresh
bedding and water. All procedures that caused pain
were performed under anesthesia with sodium pen-
tobarbital (38 mg/kg), administered intraperitone-
ally (IP). A dose of intraperitoneal sodium
pentobarbital (120 mg/kg) was used at the endpoint
for euthanasia. The sample size was calculated by
the “resource equation” method.*> Animals were
allocated into groups before treatment, after con-
firming equal weight gain and caloric ingestion for
each animal.

Experimental design and MetS induction

Rats (n = 24) were given one week to acclimate to
colony conditions. Water and food intake was quan-
tified three times a week. Following acclimation, rats
were evenly divided into control and HSD groups.
The control group had access to water and food ad
libitum, while the treated HSD group had food access
ad libitum and water was supplemented with 20%
sucrose. This treatment was administered for eight
weeks, after which we assessed several MetS
components.”’ Capillary blood measurements of fast-
ing glucose, triglycerides, and total cholesterol were
determined according to the manufacturer’s instruc-
tions by colorimetric assay using Accutrend Plus
(COBAS, Roche) equipment. Body composition was
evaluated through bioimpedance, using an ad hoc
device that estimates body fat, fat-free mass, extracel-
lular water, and total body water.**** IPGTT was
performed with a dose of 1 g/kg, and the resulting
triglyceride curve was recorded.*® The ITT was con-
ducted to assert whether the response to insulin was
adequate, with a dose of 0.75 UI/kg. Rats were eutha-
nized by IP pentobarbital administration, and blood
was obtained from the superior vena cava and
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centrifuged to obtain plasma. Samples were frozen
and stored at —70°C until processing. An enzyme-
linked immunoassay was performed with a Rat High
Range Insulin ELISA Kit (ALPCO) following instruc-
tions from the manufacturer. Insulin resistance was
estimated as follows: HOMA-IR = (Fasting glucose
X Basal insulin)/2,430, where basal insulin was in
microunits per milliliter, and fasting glucose in milli-
gram per deciliter.”” Pericardial, epididymal, retroper-
itoneal and peripancreatic fat pads were retrieved and
weighed to estimate visceral adiposity. The pancreas
was extracted using the technique described below,
and islets for use in western blots were collected in
aliquots of 300 islets each.

Pancreatic islet collection and cell culture

For the pancreatic islet obtention and primary cell
cultures, we employed a previously described
technique.*** Briefly, the pancreatic duct was loca-
lized and cannulated by insufflation with cold Hanks’
Balanced Salts Solution (HBSS) supplemented with
bovine serum albumin (Microlab), NaHCO; (4 mM),
HEPES (15 mM), and 1% 100X Antibiotic-
Antimycotic  (Life  Technologies-Thermo  Fisher
Scientific). The pancreas was removed and transferred
to a flask containing HBSS supplemented with collage-
nase P (0.3 g/L) for incubation at 37°C for 12 min with
lateral agitation. After enzymatic digestion, the suspen-
sion was washed twice with HBSS by centrifugation at
160 x g for 5 min. Then, the tissue was mechanically
disrupted, and the islets were handpicked and rinsed in
a clean HBSS solution. For cell culture, islets were
dissociated with 1 mL of trypsin-EDTA (2.5X) at 37°
C for 3 min. The cell suspension was centrifuged at
160 x g for 5 min and washed twice in RPMI 1640
medium (Life Technologies-Thermo Fisher Scientific)
supplemented with fetal bovine serum (FBS, 10%),
L-glutamine (1%), and 100X Antibiotic-Antimycotic
(1%). Cells were plated on glass coverslips of 4 x 4 mm
coated with poly-L-lysine in polystyrene culture dishes
and incubated for 48 h in a humidified atmosphere of
95% O, and 5% CO, at 37°C. Unless otherwise indi-
cated, all reagents were obtained from Sigma-Aldrich.

Tissue preparation for inmunofluorescence

Previously anesthetized control and treated rats
were perfused intracardially with 200 mL 0.9%

saline phosphate buffer pH 7.4 (PBS 1X) followed
by 400 mL 4% paraformaldehyde in 0.1 M phos-
phate buffer (pH 7.4). The pancreas was removed
and post-fixed overnight in paraformaldehyde fixa-
tive at 4°C and then dehydrated in increasing etha-
nol concentrations overnight and embedded in
paraffin wax. The paraffin-embedded pancreas was
cut into serial 5-um thick slices, which were
dewaxed and rehydrated according to standard
methods. All sections were incubated in a DIVA
Decloaker (BioCare Medical) for 15 min at the
boiling point to retrieve antigens.

Immunofluorescence

Dual immunofluorescence was performed by the co-
incubation of primary insulin antibodies with either
a CB1 or CB2 primary antibody, resulting in four
groups. Briefly, paraffin-embedded sections and cell
cultures were incubated with PBS with 10% bovine
serum albumin and 0.3% Triton X100 for 60 min at
20°C. Primary antibodies were incubated overnight at
4°C as follows: CB1 rabbit polyclonal antibody 1:500
(Cayman Chemical Company, cat 10006590), CB2
rabbit polyclonal antibody 1:500 (Santa Cruz
Biotechnology Inc., sc-25494), insulin goat polyclonal
antibody 1:500 (Santa Cruz Biotechnology Inc., sc-
7839). After washing, secondary antibodies were incu-
bated for 2 h at 20°C, AlexaFluor 488 donkey anti-
rabbit secondary antibody 1:1000 (Abcam, A-21206)
and AlexaFluor 546 donkey anti-goat secondary anti-
body 1:1000 (Abcam, A-11056). Preparations were
mounted with FluoroShield (Abcam, ab104139)
according to the manufacturer’s instructions. As
negative controls, we performed immunofluorescence
following the protocols mentioned above, omitting
either the primary or secondary antibodies in parallel
with the standard procedure.

Western blot

To assess the levels of CB1 or CB2 receptor protein
expression, whole pancreatic islets were homogenized
in buffer containing protease inhibitors and centri-
fuged at 600 x g at 4°C for 10 min. The supernatant
was centrifuged at 39,000 x g at 4°C for 15 min. The
resulting supernatant corresponded to the cytosolic
protein fraction and the precipitate to the membrane
protein fraction. The resuspended fractions of tissue



homogenates (30 pg protein) were mixed 1:1 with
Laemmli buffer and heated (95°C, 5 min) before
loading onto a 0.75-mm thick gel. The samples were
electrophoresed (150 V, 2 h), and protein was trans-
ferred onto a PVDF membrane (Immobilon E,
Millipore) at 150 mA for 1 h at 4°C. The membrane
was stained with Ponceau’s S Red and photographed
(G12 camera, Canon),” and each lane was then cut
for subsequent incubation. The membrane was
washed and incubated with PBS 1X - Tween20
0.3%, 10% nonfat dry milk, and 2% goat normal
serum for 30 min at 20°C, and then incubated with
anti-CB1 (1:1500; Cayman Chemical Company, cat
10006590), or anti-CB2 (1:500; Santa Cruz
Biotechnology, Inc., sc-25494) overnight at 4°C. The
blot was washed with PBS-Tween20, incubated for 1 h
at 20°C with goat anti-rabbit IgG horseradish perox-
idase conjugate (1:2000), and developed with diami-
nobenzidine (0.5 mg/mL in PBS plus 0.3 pL/mL 30%
H,0,).

Image acquisition and analysis

Confocal images were taken with a Confocal Zeiss
LSM 800 Airyscan microscope, and Zen Blue software,
Carl Zeiss Microscopy GmbH, was used.
Epifluorescence images were taken with a Nikon
Eclipse Ci microscope with Image-Pro Insight with
an Evolution, MediaCybernetics camera. To obtain
a photographic record of the western blot membrane,
a Bio-Rad photodocumenter with a CCD camera was
used.”® FIJI distribution of Image] (NIH) was used to
assess all images, including the integrated density of
staining, area, Ferret diameter, and corrected total
fluorescence.”® The corrected total fluorescence
(CTF) was calculated according to the following for-
mula: CTF = Integrated Density — (Area of selected
cell x Mean fluorescence of unspecific background
readings).”

Statistical analysis

All data sets were tested for normality with the
Shapiro-Wilk test. When suitable, differences
between groups were assessed through unpaired
t-tests, or when normality assumption was not
met Mann-Whitney U tests. For multiple t-tests,
Holm-Sidak correction was performed. For com-
paring time-dependent variables, and when two
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factors between groups where considered, two-
way ANOVA with Bonferroni post hoc analysis
for repeated measurements between groups were
performed. Results are presented as the mean +
SEM unless otherwise specified. The level of statis-
tical significance was set at p < .05 using Prism 8.3
(GraphPad).
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