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Abstract

Background: The endocannabinoid CB1 receptor is known to have protective effects in kidney disease. The aim of
the present study is to evaluate the potential agonistic and antagonistic actions and to determine the renoprotective
potential of CB1 receptors in diabetic nephropathy. The present work investigates the possible role of CB1 receptors in
the pathogenesis of diabetes-induced nephropathy. Streptozotocin (STZ) (55 mg/kg, i.p., once) is administered to
uninephrectomised rats for induction of experimental diabetes mellitus. The CB1 agonist (oleamide) and CB1 antagonist
(AM6545) treatment were initiated in diabetic rats after 1 week of STZ administration and were given for 24 weeks.

Results: The progress in diabetic nephropathy is estimated biochemically by measuring serum creatinine (1.28±0.03) (p <
0.005), blood urea nitrogen (67.6± 2.10) (p < 0.001), urinary microprotein (74.62± 3.47) (p < 0.005) and urinary albuminuria
(28.31±1.17) (p < 0.0001). Renal inflammation was assessed by estimating serum levels of tumor necrosis factor alpha
(75.69±1.51) (p < 0.001) and transforming growth factor beta (8.73±0.31) (p < 0.001). Renal morphological changes were
assessed by estimating renal hypertrophy (7.38± 0.26) (p < 0.005) and renal collagen content (10.42± 0.48) (p < 0.001).

Conclusions: From the above findings, it can be said that diabetes-induced nephropathy may be associated with
overexpression of CB1 receptors and blockade of CB1 receptors might be beneficial in ameliorating the diabetes-induced
nephropathy.
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1 Background
Diabetic nephropathy (DN) is classically a multistage
clinical syndrome characterised by the progressive and
persistent rise in urinary albumin elimination with a
constant rise in blood pressure, decline in glomerular
filtration rate (GFR) and enhanced fluid retention,
resulting in renal dysfunction and end-stage renal dis-
ease [1]. Chronic hyperglycemia results in pathological
variations in the anatomy and functions of the kidney [2,
3]. The structural abnormalities comprise arteriolar hya-
linisation, glomerular hypertrophy, glomerular basement

membrane thickening, and mesangial and interstitial
enlargement. Renal functional aberrations include a
decrease in GFR, microalbuminuria and an increase in
kidney size [4].
Due to the complexity of primary signalling culprits

involved in the DN disease pathogenesis, very few thera-
peutic choices are presently available.
Compelling evidence from the last two decades indi-

cates that the endocannabinoid system (ECS) influences
and triggers diabetic microvascular complications [5].
ECS is a lipid signalling arrangement comprises of
cannabinoid receptors along with lipid ligands and ma-
chinery of enzymes [6]. Endocannabinoids are the prod-
ucts of arachidonic acid, resembling supplementary fat
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transmitters (eicosanoids like prostaglandins or leukotri-
enes) [7].
Emerging data suggest that ECS contributes to the loss

of β cells and triggers diabetes via the inflammatory and
cell death process. The pancreatic β cells express the
CB1 receptors, and their activation stimulates the release
of insulin [8].
Cannabinoid receptors are receptors connected to G-

protein and are abundantly expressed in the central ner-
vous system and organs associated with the immune sys-
tem. CB1 cannabinoid receptors are principally expressed
in the CNS and peripherally in tissues involved in energy
homeostases, such as the liver, adipose, pancreatic, and
skeletal muscle. Experimental evidence [9] and clinical
studies [10] had revealed that CB1 receptors are expressed
within glomeruli at low levels. Furthermore, in diseases
such as obesity and diabetes, higher levels of endocannabi-
noids have been recognized [11].
The CB1 receptors are over-expressed within the kid-

ney during pathological environments [12], resulting in
the over-expression of the functional potential of the
kidney. The crucial role of inflammation and the mani-
festation of inflammatory mediators such as chemokines,
cytokines and molecules of cell adhesion in kidney tis-
sues has been highlighted by mounting evidence in the
current decade [11]. Kidney damage in DN can therefore
be attenuated by strategies aimed at reducing micro-
inflammation through CB1 receptors.
Oleamide is an amide of oleic acid, a fatty acid. Archi-

tecturally, oleamide is related to the endogenous canna-
binoid anandamide and has the potential to be coupled
as a complete agonist with the CB1 receptor [13].
AM6545 is a selective peripheral CB1-receptor antagon-
ist. AM-6545 does not move through the barrier of the
blood-brain [14]. Therefore, the aim of the study was to
evaluate the function of cannabinoid CB1 receptors in
diabetes-induced nephropathy.

2 Methods
2.1 Reagents and chemicals
Oleamide, a selective CB1 cannabinoid receptor agonist,
and AM-6545, a selective peripheral CB1 receptor antag-
onist, were acquired from Sigma Chemicals Co., St.
Louis, USA, with catalogue numbers O2136 and A1987.

2.1.1 Insulin
Insulin mixtrad 10 was purchased from Novo Nordisk,
Denmark. All other chemicals were obtained are analyt-
ical grade from local commercial suppliers.

2.2 Experimental animals
The Institutional Animal Ethical Committee (Regd.No.516/
01/2017/ACPCSEA) acknowledged the experimental proto-
col adopted in the present research. The rats were

purchased from Hyderabad’s Mahaveer enterprises. All the
rats were housed with no more than three animals per cage
in the institutional animal house and were kept on the
regular chow diet and ad libitum water. Animals were sub-
ject to 12-h light and dark cycles. Uninephrectomy with
thiopental sodium was performed as described below. For a
total of 3 weeks, all the rats were able to recover. A single
dose of STZ was given to rats at the end of the third week
(55 m/kg, i.p., once).

2.3 Uninephrectomy’s function
The influence of uninephrectomy on residual kidney
enlargement is further exacerbated by a chronic insult
from hyperglycemia. In addition, uninephrectomy stimu-
lates diabetic glomerular injury and raises glomerular
capillary pressure in rats. Compared with diabetic rats
with intact kidneys, uninephrectomy accompanied by
hyperglycemia accelerates the development of diabetic
nephropathy [15].

2.3.1 Procedure
Surgical removal of the right kidney is included in the
procedure. Thiopental sodium is used as anaesthesia
agent in overnight fasting rats (30 mg/kg., i.p.). The rat
was kept on the surgical bed, and with an animal fur
trimmer, the hair was shaved. Using a surgical blade just
under the rib cage on the right side, a small incision of
about 2 cm in length was made. The skin was liberated
from the adjoining connective tissue attached to the skin
and the wall of the body. Along the body wall, a deeper
cut was made. The kidney has been released from the
adipose and fat tissues that surround it. The right kidney
was revealed, and underneath the kidney, a string was
attached. The kidney was now cut above the ligature,
and the blood vessels attached to the thread were se-
curely replaced in the cavity of the body. Using a 10-size
curved needle, the body wall was carefully sutured with
a digestible catgut suture and the skin was sutured with
silk thread. The incision area was routinely swabbed
with antiseptic lotion at each point of the operation. The
suture area was treated with soframycin ointment on a
daily basis for 1 week to avoid infections. For a total of
15 days, the rats were caged separately, then numbered
and replaced with other species. Uninephrectomized
animals were able to recover for 3 weeks before
diabetes-mellitus induction.

2.3.2 Type 1 diabetes mellitus induction
Streptozotocin (STZ)-mediated pancreatic damage is
widely used to establish rodent type 1 diabetes mellitus
models. Eight-week-old Wistar rats of either sex were
picked labelled, weighing (220–250 gms). They fasted
overnight and STZ was freshly prepared by dissolving
sodium citrate buffer of pH 4.5 in freshly primed ice-
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cold sodium citrate. After dissolving into the buffer, the
STZ disintegrates within 15–20 min and should there-
fore be administered immediately after preparation. One
dose of STZ (55 mg/kg, i.p.,) [16] was administered after
the STZ injection, and water supplemented with sucrose
(15 g/L) was given to rats for 48 h to minimize early
mortality as insulin stores are released from weakened
islets of the pancreas. One week after administering
STZ, rats were tested for hyperglycaemia and animals
with fasting blood glucose above 280 mg/dL were in-
cluded in the study. To prevent the subsequent produc-
tion of ketonuria, long-acting insulin (2–4 U/rat) was
injected daily in diabetic rats to retain blood glucose
levels in the anticipated range of 300–450 mg/dL until
the experimental procedure was completed [15].

2.4 Protocol for experimentation
Animals with serum blood glucose levels above 280 mg/
dL were carefully chosen and labeled as diabetic rats,
after 7 days of STZ administration and were included in
the study. Oleamide and AM 6545 were given to unine-
phrectomised diabetic rats after 7 days of single STZ in-
jection and treatment continued for 24 weeks. Both
biochemical parameters in normal and uninephrecto-
mised diabetic rats with or without drug treatment were
evaluated at the end of the 24th week. Insulin mixtrad
10 (2–4 units/rat) was administered to all uninephrecto-
mised diabetic rats with or without drug treatment to re-
duce mortality due to ketonuria. In uninephrectomised
diabetic rats, with or without drug treatment, less than
10% of the mortality rate was observed.

2.5 Grouping and treatment schedule
Animals were divided into 11 groups (n=10) and
assigned as shown in Table 1.

2.6 Estimation of biochemical parameters
2.6.1 Blood biochemical parameters assessment
Colorimetric methods listed in detail in the supplemen-
tary material have been used to estimate blood glucose
levels, serum creatinine, and blood urea nitrogen (BUN).
The assessment of urinary markers are as follows:
The microalbumin and the urine microproteins were

estimated using ELISA kits.

2.6.1.1 Renal homogenate preparation The kidney was
isolated and measured and washed in ice-cold isotonic
saline. The weighted kidney was minced, and the ice-
cold normal saline formed a homogenate (1g/10mL). For
estimating renal biomarkers, the homogenate thus ob-
tained was used.

2.6.1.2 Renal collagen The total collagen content in the
renal tissue homogenate was determined as per the
method [17].

2.6.1.3 Renal hypertrophy Rats were sacrificed at the
end of the 24th week by using sodium pentobarbitone at a
dose of 200 mg/kg (i.p.), and the kidney was isolated and
washed in ice-cold saline and weighed for renal hyper-
trophy calculation as measured in terms of the kidney
weight to bodyweight ratio. Later, the kidney was homoge-
nized to estimate the content of renal collagen, TNF-
alpha, and TGF1-β: The ELISA method was used to
estimate TNF-alpha (rat) and TGF-β1 according to the in-
structions given in the manual. TGF-Beta ELISA kits with
catalog no. 670 were acquired from the Cell Sciences
Incorporation. A 020. 096., and ALPCO Diagnostics’
TNF-alpha, Salem with catalog no. 45-TNFRT-E01.1.

2.7 Statistical analysis
All values obtained in the present analysis were
expressed as mean ± S.E.M. One-way ANOVA followed

Table 1 Grouping and treatment schedule

S. No. group Treatment

I. Normal control Rats were maintained on a standard diet without any treatment

II. Diabetic control Uninephrectomised rats were administered with STZ (55mg/kg, single dose)+insulin (2–4 U/day) for 24 weeks

III. Oleamide per se Normal rats administered with oleamide (5mg/kg, i.p) for 24 weeks

IV. AM6545 per se Normal rats were administered AM-6545 (16 mg/kg, i.p.) for 24 weeks

V. Oleamide 1mg/kg The uninephrectomised diabetic rats treated with oleamide (1mg/kg, i.p.,) for 24weeks

VI. Oleamide 2.5 mg/kg The uninephrectomised diabetic rats treated with oleamide (2.5mg/kg, i.p., ) for 24weeks

VII. Oleamide 5 mg/kg The uninephrectomised diabetic rats treated with oleamide (5mg/kg, i.p.,) for 24weeks

VIII. AM-6545, 4mg/kg The uninephrectomised diabetic rats treated with AM-6545 (4mg/kg, i.p.,) for 24 weeks

IX. AM-6545, 8mg/kg The uninephrectomised diabetic rats treated with AM-6545 (8mg/kg, i.p.,) for 24weeks

X. AM-6545, 16mg/kg The uninephrectomised diabetic rats treated with AM-6545 (16mg/kg, i.p.,) for 24weeks

XI. (Oleamide+AM-4565) The uninephrectomised diabetic rats treated with a combination of oleamide (5mg/kg, i.p) and AM-6545
(16mg/kg) for 24weeks
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by Tukey’s multiple comparison test was used to evalu-
ate the data obtained from different classes. The p value
was considered statistically significant at less than 0.05.
Statistical analysis was carried out using Graph pad
prism (Version 8.0).

2.8 Histology examination
The histological evaluation was performed on rats
picked at random from each group. The kidneys were
immediately fixed with 10% formaldehyde buffered with
phosphate. The kidney parts of 5-μm thickness are pre-
pared with a microtome and stained with haematoxylin
and eosin (H&E) embedded in paraffin wax and examined
with a phase-contrast microscope, Labomed (400X).

3 Results
3.1 Effect of oleamide and AM-6545 on serum glucose
levels
The marked rise in serum blood glucose levels was ob-
served in uninephrectomised diabetic rats when com-
pared to normal rats at the end of the 24th week.
However, treatment with oleamide (1, 2.5 and 5 mg/kg
i.p., for 24 weeks) did not modify the serum glucose con-
centration in uninephrectomised diabetic rats as shown
in Table 2. Similarly, treatment with AM-6545 (4, 8 and
16 mg/kg, i.p., for 24 weeks) did not affect serum glu-
cose concentration in uninephrectomised diabetic rats
shown in Table 2, suggesting that there was no influence
of drug treatment on serum blood glucose.

3.2 Effect of oleamide and AM-6545 on the concentration
of serum creatinine
Serum creatinine in all uninephrectomised diabetic rats was
significantly (p < 0.001) elevated compared to normal rats.
Uninephrectomized diabetic rats treated with oleamide

1 mg/kg and 2.5 mg/kg had no effect on serum creatin-
ine. In addition, a partial rise in serum creatinine was

witnessed in the uninephrectomised diabetic rats treated
with oleamide 5 mg/kg, but this increase was not statisti-
cally significant as shown in Fig. 1.
In comparison, treatment with AM-6545 (4 mg/kg, 8

mg/kg, 16 mg/kg, i.p.,) in uninephrectomised diabetic
rats reported substantial reductions in serum creatinine
levels (p<0.005, p<0.005, p<0.001). In addition, the
uninephrectomized diabetic rats treated with AM-
6545 (16 mg/kg, i.p.) showed a significant decrease in
serum creatinine levels compared to low dose (4 mg/
kg and 8 mg/kg) of AM-6545 as shown in Fig. 1 (p<
0.005, p<0.005, p<0.001).
The concomitant administration of oleamide (5 mg/kg,

i.p.) and AM-6545 (16 mg/kg, i.p.) produced a partial de-
crease in serum creatinine, but statistically not significant.

3.3 Effect of oleamide and AM-6545 on blood urea
nitrogen levels
In uninephrectomised diabetic rats (p<0.001), a marked
rise in the blood urea nitrogen was observed relative to
normal rats. Uninephrectomized diabetic rats adminis-
tered with oleamide 1 mg/kg and 2.5 mg/kg have no ef-
fect on blood urea nitrogen. Oleamide 5 mg/kg therapy
with partially elevated blood nitrogen urea. However, as
shown in Fig. 2, this rise in BUN was not statistically im-
portant. Administration of AM-6545 (4 mg/kg, 8 mg/kg,
16 mg/kg, i.p.) to uninephrectomised diabetic rats (p<
0.005, p<0.005, p<0.001) significantly attenuated the rise
in blood urea nitrogen levels caused by chronic diabetes.
In addition, treatment with AM-6545 (8 mg/kg, i.p.,) re-
sulted in a significant decrease compared to AM-6545 (4
mg/kg, i.p.,) and with AM-6545 (16 mg/kg, i.p.,) caused
in a significant reduction compared to AM-6545 (8 mg/
kg, i.p.,) in uninephrectomised diabetic rats (Fig. 2). In
addition, concomitant administration of oleamide (5 mg/
kg, i.p.,) and AM-6545 (16 mg/kg, i.p.,) had no major ef-
fect on urea nitrogen in the blood (Fig. 2).

Table 2 Serum blood glucose levels in various groups

Groups Serum glucose (mg/dL) Percent mortality

Group I (normal group) 100.45 ± 5.94

Group II (uninephrectomised diabetic group) 429.44 ± 4.18a 10

Group III (oleamide per se) 104.63 ± 4.47

Group IV (AM-6545 per se) 102.21 ± 3.93

Group V (oleamide 1mg/kg treated group) 420.16 ± 7.21 10

Group VI (oleamide 2.5 mg/kg treated group) 432.58 ± 5.12 10

Group VII (oleamide 5 mg/kg treated group) 425.76 ± 4.56 10

Group VIII (AM-6545 4 mg/kg treated group) 428.43 ± 5.27 10

Group IX (AM-6545 8 mg/kg treated group) 430.72 ± 3.37 10

Group X (AM-6545 16 mg/kg treated group) 411.76 ± 8.22 10

Group XI (oleamide 5 mg/kg +AM-6545 16 mg/kg treated group) 419.66 ± 3.96 10
aSerum blood glucose levels were elevated significantly (p < 0.001) when compared to normal group
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3.4 Effect of oleamide and AM-6545 on urinary
microprotein levels
Compared to normal rats, a substantial (p<0.001) raise
in urinary protein excretion was observed in uninephrec-
tomised diabetic rats.
Treatment of uninephrectomised diabetic rats with olea-

mide (1 mg/kg and 2.5 mg/kg, i.p.) has no effect on micro-
protein urinary excretion. Oleamide 5 mg/kg therapy
partially elevated urinary protein levels; this rise in urinary
microprotein, however, was not statistically significant.

Administration of AM-6545 (4 mg/kg, 8 mg/kg, 16 mg/
kg) to uninephrectomized diabetic rats significantly de-
creased the level of urinary microprotein elevation caused
by diabetes. In addition, treatment with AM-6545 (8 mg/
kg, i.p.,) resulted in a substantial decrease in proteinuria
(p<0.001) relative to AM-6545 (4 mg/kg, i.p.,) (p<0.001)
and AM-6545 (16 mg/kg, i.p.,) produced a marked de-
crease (p<0.0001) in proteinuria compared to AM-6545 (8
mg/kg, i.p.,) in uninephrectomized diabetic rats (Fig. 3).
Furthermore, concomitant administration of oleamide (5

Fig. 1 Graph representing serum creatinine levels (mg/dL). All values were shown as mean ± SEM. *= p < 0.001 versus group I (normal control); a
= p < 0.005 versus group II (uninephrectomised diabetic control); b = p < 0.005 versus group V (uninephrectomised diabetic rats with oleamide
(1mg/kg) treatment; c = p < 0.005 versus group VI (uninephrectomised diabetic rats with oleamide (2.5mg/kg) treatment); d= p < 0.001 versus
group VII (uninephrectomised diabetic rats with oleomide (5mg/kg) treatment)

Fig. 2 Graph representing blood urea nitrogen levels (mg/dL). All values were represented as mean ± SEM. * = p < 0.001 versus group I (normal
control); a = p < 0.001 versus group II (uninephrectomised diabetic control); b = p < 0.005 versus group V (uninephrectomised diabetic rats with
oleamide (1 mg/kg) treatment; c = p < 0.005 versus group VI (uninephrectomised diabetic rats with oleamide (2.5mg/kg) treatment); d = p <
0.001 versus group VI (uninephrectomised diabetic rats with oleomide (5 mg/kg) treatment)
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mg/kg, i.p.) and AM-6545 (16 mg/kg, i.p.,) did not pro-
duce any important proteinuria effect.

3.5 Effect of oleamide and AM-6545 on urinary excretion
of albumin
In contrast to normal rats, a pronounced elevation in al-
buminuria was observed in uninephrectomised diabetic
rats (p<0.001). Oleamide therapy (1 mg/kg and 2.5 mg/
kg; i.p., for 24 weeks) had no impact on urinary excre-
tion of albumin in diabetic uninephrectomised rats.
However, statistically insignificant elevations of albumin
in urine were observed in uninephrectomised diabetic
rats treated with oleamide (5 mg/kg; i.p., 24 weeks).
Administration of AM 6545 (4 mg/kg, 8 mg/kg, 16 mg/

kg, i.p., for 24 weeks) to uninephrectomised diabetic rats
substantially decreased the elevation of albuminuria caused
by diabetes. In addition, AM-6545 (16 mg/kg; i.p., for 24
weeks) demonstrated a substantial reno-protective potential
(p < 0.005, < 0.005, < 0.0001) by significantly decreasing al-
buminuria as graphically depicted in uninephrectomized
diabetic rats. No significant changes were found in urinary
albumin excretion by simultaneous administration of olea-
mide (5 mg/kg; i.p., for 24 weeks) and AM-6545 (16 mg/kg;
i.p., for 24 weeks) (Fig. 4).

3.6 Effect of oleamide and AM-6545 on renal collagen
expression
Compared to normal rats, a substantial (p<0.001) increase
in renal collagen content was observed in uninephrecto-
mised diabetic rats. Treatment with oleamide (1 mg/kg,

2.5 mg/kg and 5 mg/kg, i.p. for 24 weeks) did not produce
a major impact on the content of renal collagen. Adminis-
tration of AM-6545 (4 mg/kg, 8 mg/kg, 16 mg/kg; i.p., 24
weeks) showed a substantial decrease in collagen content
(p<0.005, p<0.001, p<0.001) compared with that of unine-
phrectomised diabetic rats. Furthermore, in uninephrecto-
mised diabetic rats, treatment with AM-6545 (16 mg/kg,
i.p., for 24 weeks) resulted in a substantial reduction in
collagen content. Concurrent administration of oleamide
(5 mg/kg, i.p., 24 weeks) + AM-6545 (16 mg/kg, i.p., 24
weeks) did not have a major impact on the expression of
renal collagen (Fig. 5).

3.7 Effect of oleamide and AM-6545 on renal hypertrophy
In contrast to standard rats, uninephrectomised dia-
betic rats displayed pronounced renal hypertrophy (p<
0.005). No major effect on renal hypertrophy was ob-
served with oleamide (1 mg/kg, 2.5 mg/kg and 5 mg/
kg; i.p., for 24 weeks) therapy. AM-6545 (4 mg/kg, 8
mg/kg, 16 mg/kg; i.p., 24 weeks) (p<0.005, p<0.005,
0.005) reported a substantial decrease in kidney
hypertrophy compared with uninephrectomised dia-
betic rats. In addition, in uninephrectomised diabetic
rats, administration of AM-6545 (16 mg/kg, i.p., for
24 weeks) showed a marked decrease in renal hyper-
trophy. Concurrent administration of oleamide (5 mg/
kg; i.p., 24 weeks) + AM-6545 (16 mg/kg, i.p., 24
weeks) has no important impact on renal hyper-
trophy, as shown in Fig. 6, graphically.

Fig. 3 Graph representing urinary microprotein levels (mg/24h). All values were represented as mean ± SEM. *= p < 0.001 versus group I (normal
control); a = p < 0.001 versus group II (uninephrectomised diabetic control); b = p < 0.001 versus group V (uninephrectomised diabetic rats with
oleamide (1mg/kg) treatment; c = p < 0.001 versus group VI (uninephrectomised diabetic rats with oleamide (2.5mg/kg) treatment); d = p <
0.0001versus group VI (uninephrectomised diabetic rats with oleomide (5mg/kg) treatment)
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3.8 Effect of oleamide and AM-6545 on renal tumor
necrosis factor-alpha (TNF-alpha) concentration
In uninephrectomised diabetic rats, a markedly signifi-
cant (p<0.001) rise in renal tumour necrosis factor-alpha
(TNF-alpha) was observed compared to normal rats
(Table 2). Oleamide-treated uninephrectomised diabetic

rats (1 mg/kg, i.p., for 24 weeks) showed no effect on
TNF-alpha levels. Oleamide administration (2.5 mg/kg
and 5 mg/kg, i.p., for 24 weeks) in uninephrectomised
diabetic rats, on the other hand, showed a substantial in-
crease in TNF-alpha relative to uninephrectomised dia-
betic rats without care. In uninephrectomised diabetic

Fig. 4 Graph representing urine albumin levels (mg/dL). All values were represented as mean ± SEM. *= p < 0.001 versus group I (normal
control); a = p < 0.001 versus group II (uninephrectomised diabetic control); b = p < 0.005 versus group V (uninephrectomised diabetic rats with
oleamide (1mg/kg) treatment; c = p < 0.005 versus group VI (uninephrectomised diabetic rats with oleamide (2.5mg/kg) treatment); d = p <
0.001 versus group VI (uninephrectomised diabetic rats with oleomide (5mg/kg) treatment)

Fig. 5 Graph representing renal collagen levels (μg/mg). All values were represented as mean ± SEM. *= p < 0.001 versus group I (normal
control); a = p < 0.001 versus group II (uninephrectomised diabetic control); b = p < 0.005 versus group V (uninephrectomised diabetic rats with
oleamide (1mg/kg) treatment; c = p < 0.001 versus group VI (uninephrectomised diabetic rats with oleamide (2.5mg/kg) treatment); d = p <
0.001 versus group VI (uninephrectomised diabetic rats with oleomide (5mg/kg) treatment)
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rats, treatment of AM-6545 (4 mg/kg, 8 mg/kg, 16
mg/kg, i.p., for 24 weeks) showed a substantial de-
crease (p<0.005, <0.005, <0.005) in serum TNF-alpha
relative to uninephrectomised diabetic rats. In
addition, AM-6545 (16 mg/kg, i.p., for 24 weeks)
showed a substantial decrease in TNF-alpha compared
to 4 mg/kg and 8 mg/kg, i.p., of uninephrectomised
diabetic rats treated with AM6545. Concurrent admin-
istration of oleamide (5 mg/kg, i.p., for 24 weeks) and
AM-6545 (16 mg/kg, i.p., for 24 weeks) in uninephrec-
tomised diabetic rats had no effect on the expression
of TNF-alpha (Fig. 7).

3.9 Effect of oleamide and AM-6545 on renal
transforming growth factor-beta
3.9.1 (TGF-beta) concentration
Compared to normal rats with intact kidneys, a substan-
tial increase in TGF-β was observed in uninephrecto-
mised diabetic rats (p<0.001). The administration of
oleamide to uninephrectomised diabetic rats (1 mg/kg
and 2.5 mg/kg, i.p., for 24 weeks) showed a partial in-
crease in TGF-β levels. This rise in TGF-β was, however,
statistically significant (p<0.001). In addition, oleamide
administration (5 mg/kg, i.p. for 24 weeks) showed a
substantial improvement in renal TGF-beta levels (p<

Fig. 6 Graph representing renal hypertrophy levels (mg/gm). All values were represented as mean ± SEM. *= p < 0.005 versus group I (normal
control); a = p < 0.005 versus group II (uninephrectomised diabetic control)

Fig. 7 Graph representing TNF-α levels (pg/ml). All values were represented as mean ± SEM. *= p< 0.001 versus group I (normal control); a = p <
0.001 versus group II (uninephrectomised diabetic control); b = p < 0.005 versus group V (uninephrectomised diabetic rats with oleamide (1mg/
kg) treatment); c = p < 0.005 versus group VI (uninephrectomised diabetic rats with oleamide (2.5mg/kg) treatment); d = p < 0.005 versus group
VI (uninephrectomised diabetic rats with oleomide (5mg/kg) treatment)
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0.001) relative to untreated diabetic rats. There was a
substantial decrease in TGF-β in uninephrectomised dia-
betic rats treated with AM-6545 (4 mg/kg, 8 mg/kg and
16 mg/kg, i.p., for 24 weeks) (p< 0.005, 0<0.005, <0.005)
relative to untreated uninephrectomised diabetic rats.
Additionally, administration of AM-6545 (16 mg/kg i.p.
for 24 weeks) to uninephrectomised diabetic rats showed
a substantial decrease in TGF-beta relative to adminis-
tration of AM-6545 (4 mg/kg and 8 mg/kg i.p. for 24
weeks) to uninephrectomised diabetic rats. The con-
comitant administration of oleamide (5 mg/kg, i.p., 24
weeks) and AM-6545 (16 mg/kg, i.p., 24 weeks) did not
show any effect on TGF-β expression (Fig. 8).

3.10 Effect of oleamide and AM-6545 on
histopathological changes
The histopathology of the kidney parts was interpreted
by the Labomed phase-contrast microscope (400X).
Group I rats displayed natural renal tissue histology.
Uninephrectomized group II rats revealed compromised
histology with shrunken and expanded space of the bow-
man, basement membrane thickening, monocyte infiltra-
tion, convoluted tubule dilation, and interstitial lesions
of diffuse mesangial matrix cells. Animals treated with
oleamide revealed weakened glomerular membrane with
leakage and showed no improvement in renal morph-
ology, while rats treated with AM-6545 showed im-
proved renal cell-matrix morphology, peri-tubular and
glomerular lesions were reduced, and normal histology
was preserved at high doses of AM6545 (16 mg/kg).
Histological changes were not observed with combin-
ation of oleamide and AM6545 (Fig. 9).

4 Discussion
In this study, CB1 agonist-oleamide and CB1 antagonist
AM6545 combined therapy did not relieve the patho-
logical symptoms, but CB1 blocker AM6545 alone of-
fered substantial safety in experimental diabetic
nephropathy, and this is due to CB1 receptor blockade.
This study showed that in diabetic nephropathy, CB1 in-
hibition provided substantial defense against serum cre-
atinine, blood urea nitrogen, albuminuria, renal collagen,
inflammation and proteinuria, while in experimental dia-
betic nephropathy, CB1 agonist oleamide upregulated
renal damage biomarkers signifying upregulation of CB1
receptor expression.
The key characteristic of diabetic nephropathy is re-

duced glomerular filtration due to glomerular injury
with gradual mesangial expansion following the onset of
hyperglycemia [18]. In diabetic nephropathy, endocanna-
binoid systems (ECS) seem to play a prominent role. Via
Gi/o proteins, the cannabinoid receptor (CB1) negatively
coupled with adenylate cyclase and modulates different
ion channels. These CB1 receptors are highly peripher-
ally expressed and have many functions, such as lipid
metabolism and energy storage [19].
It was also found that the podocyte cells of diabetic

glomeruli are highly upregulated by CB1 receptors. This
overexpression results in podocyte injury with pro-
nounced loss of proteinuria and nephrin [20].
Albuminuria and renal fibrosis have been shown to

improve with a combination of the CB1 blocker
AM6545 and the CB2 agonist AM1241 [21]. Data from
past studies has also shown that CB1 blockade can re-
verse changes induced by diabetes [22].

Fig. 8 Graph representing TGF-β levels (μg/ml). All values were represented as mean ± SEM. *= p < 0.001 versus group I (normal control); a = p
< 0.001 versus group II (uninephrectomised diabetic control); b = p < 0.005 versus group V (uninephrectomised diabetic rats with oleamide
(1mg/kg) treatment; c = p < 0.005 versus group VI (uninephrectomised diabetic rats with oleamide (2.5mg/kg) treatment); d = p < 0.005 versus
group VI (uninephrectomised diabetic rats with oleomide (5 mg/kg) treatment)
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Activation of the CB1 receptor also stimulates Gs pro-
teins and raises the levels of intracellular calcium. The
renal podocytes express CB1 receptors, and the
angiotensin-II receptor subtype induces signalling. In-
creased activation of the CB1 receptor contributes to
proteinuria by nephrin downregulation [19]. In addition,
activation of the CB1 receptor often releases inflamma-
tory cytokines such as TNF-alpha, MCP-1, which further
produce nephrin loss and increases the expression of
components of the extracellular matrix [19]. In hypergly-
caemia, CB1 receptors are also known to lead to intersti-
tial fibrosis [23].
It has been found that clinical proteinuria has an asso-

ciation with diabetic glomerulosclerosis. The mecha-
nisms involved in the occurrence of proteinuria in
diabetic patients have been postulated to be augmented
glomerular filtration rate, inadequate tubular absorption,
overflow and augmented tubular secretion [24]. In dia-
betic nephropathy, structural anomalies preceding the
onset of proteinuria include increased basement mem-
brane width and mesangial expansion [25]. Furthermore,
amplified collagen synthesis by podocytes can lead to
glomerular basement thickening, and excessive amounts
of secreted vascular endothelial growth factor can in-
crease macromolecular barrier permeability [26]. A typ-
ical podocytopathy occurs in the glomerulus in the
diabetic kidney, which is involved in the acceleration of
plasma protein leakage through the glomerular basement
membrane. The incidence of proteinuria caused by dia-
betes also persuades tubular cell inflammation to ease
the advance of interstitial fibrosis and tubular atrophy
[27]. Decreased podocyte density due to apoptosis and
thickening of the glomerular basement membrane with

transformed matrix composition, decreased slit dia-
phragm nephrin levels result in diabetic podocytopathy
clinically revealed as albuminuria and proteinuria [28].
The presence of proteins in urine as an index of renal
dysfunction in diabetic nephropathy has been indicated
by clinical and experimental evidence [29]. Increased
urinary protein excretion in uninephrectomised diabetic
rats was observed in the current study, and in unine-
phrectomised diabetic rats, treatment with AM-6545
caused a substantial reduction in proteinuria.
In diabetic nephropathy, unremitting inflammation

and fibrogenesis contribute to the production of kidney
damage [30]. Extracellular matrix micro-inflammation
and expansion are typical pathways associated with DN
progression. Different molecular forms, such as pro-
inflammatory cytokines, chemokines, adipokines and ad-
hesion molecules, are known to be associated with DN
[31]. Data from previous studies have also shown that
CB1 receptors have pro-inflammatory and pro-fibrotic
effects [32].
Activated macrophages develop a wide range of poten-

tially cytotoxic elements that lead to renal injury, includ-
ing TNF-alpha (Fig. 7) and TGFβ (Fig. 8). A main
driving force of micro-inflammation is TNF-alpha. It in-
duces pro-inflammatory effects by binding resident cells
to TNF-receptors [33]. TNF-alpha induces NADPH oxi-
dase and increases oxidative stress by inducing the de-
velopment of ROS [34, 35]. TNF-alpha also increases the
production of nitric oxide and ultimately cytotoxicity
[36], works with TGF-β and stimulates the deposition of
extracellular matrix components [37]. These events con-
tribute to improvements in the rate of glomerular filtra-
tion and endothelial permeability of diabetic kidneys.

Fig. 9 a Normal control. b Disease control. c Oleamide (5mg/kg). d AM6545 (16mg/kg). e Oleamide (5mg/kg)+AM6545 (16mg/kg)
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The permeability of albumin through the glomerular
filter is controlled exclusively by discrimination in size.
The bulk of filtered albumin is recovered and resumed
to the peritubular blood supply by the proximal tubular
cell. Albuminuria is a consequence of this retrieval path-
way dysfunction. Minor amounts of unrecovered filtered
albumin undertake compulsory lysosomal degradation as
small fragments of peptides prior to urinary excretion
[38] This phase is susceptible to various hypertrophy
and fibrosis-related metabolic factors, namely angioten-
sin II and transforming growth factor-beta1, the gener-
ation of which is triggered by hyperglycemic conditions.
TGF-β activates renal podocytes and, through the PI3K
pathway, induces MCP-1 expression. By activating the
CCR2 receptor, the released MCP-1 affects back the
podocytes and making it more motile cause actin cyto-
skeletal changes such that the podocyte network hyper-
permeability of albumin and ultimately implications for
diabetic albuminuria [39].
AM-251 blockade of the CB1 receptor substantially at-

tenuated the rat model’s rise in proteinuria [12]. Further
administration of AM-251 (a specific CB1 receptor
antagonist) substantially weakened the increase in albu-
minuria and nephropathy in diabetic nephropathy ro-
dents due to diabetes [40]. Administration of SR141716
(a specific CB1 receptor antagonist) also significantly at-
tenuated diabetes-induced nephropathy, demonstrated
by a substantial decrease in urinary albuminuria excre-
tion in db/db mice [41].
In addition, increased glucose is associated with en-

hanced hypertrophy and type IV collagen synthesis in
rat culture mesangial cells, indicating that cellular hyper-
trophy and extracellular matrix synthesis can play a key
role in diabetic nephropathy pathogenesis [42]. Our ob-
servations are in line with literature from the past. In
diabetic nephropathy, CB1 antagonist AM-6545 (16mg/
kg) decreased renal fibrosis; this may be due to TGF-β/
MCP-1 signalling.
This research delineates the reno-protective potential

of a peripheral CB1 receptor antagonist named AM-
6545. In addition, the AM-6545 compound is a neutral
CB1 receptor antagonist and demonstrates limited ac-
cess to the CNS. Only the central side effects (depres-
sion and nausea) caused by the classical CB1 receptor
antagonists were removed using this compound. For his-
topathologic alterations in kidney tissue, the research
was further evaluated. The usual histology of renal tissue
relative to DN rats and oleamide-treated rats was normal
for treatment with AM6545.

5 Conclusions
The findings of the current study indicate that treatment
with CB1 agonist oleamide did not produce any im-
provements in diabetic nephropathy, while treatment

with CB1 antagonist did not produce renoprotection by
attenuating inflammatory mediators such as TNF-alpha,
TGFβ. Serum creatinines, blood urea nitrogen levels
with CB1 antagonism, were also normalized. Along with
decreases in urinary microproteins and renal collagen
and renal hypertrophy, AM6545 provided substantial
protection against albuminuria. Keeping in mind that, as
observed in the current study, AM6545 has broad
renoprotective properties, its use can correct and delay
DN progression. However, in order to understand the
comprehensive mechanisms and pharmacotherapy of
AM6545, further preclinical and clinical research studies
are needed.
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