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ABSTRACT

Article type:

Objective(s): The object of the study is to examine the effects of Δ 9-tetrahydrocannabinol (THC) against
oxidative stress in the blood and excretion of THC metabolites in urine of type 2 diabetic rats.
Materials and Methods: The control (n=8), THC control (n=6), diabetes (n=8) and diabetes + THC (n=7)
groups were created. Type 2 diabetes was induced by nicotinamide (NA, 85 mg/kg) + streptozotocin
(STZ, 65 mg/kg). THC was administered intraperitoneally for seven days. The glutathione (GSH) level
in erythrocytes and malondialdehyde (MDA) level, superoxide dismutase (SOD) and catalase (CAT)
enzyme activities in plasma were measured. THC metabolites were analyzed in urine.
Results: The results showed that the erythrocyte GSH levels were significantly increased (P<0.05), but
plasma MDA levels were non-significantly decreased in diabetes group treated with THC when
compared with the diabetes group. The CAT activity was non-significantly reduced and SOD was
significantly increased (P<0.01) in the plasma of diabetes induced by THC in comparison with the
diabetic group. The excretion of THC metabolites was higher in the urine of diabetes + THC rats as
compared to the THC control rats.
Conclusion: These findings highlight that THC treatment may attenuate slightly the oxidative stress in
diabetic rats. The excretion rate of THC may vary in the type 2 diabetes mellitus status.
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Introduction

Cannabis has been known to be the oldest
psychoactive plant for years. It is classified in
the Cannabis genus, which is part of the Cannabacea
family. Cannabis sativa L. is the most common
species (1). Δ9-tetrahydrocannabinol (THC) is the
main psychoactive constituent identified in Cannabis
sativa L. THC is the most notable cannabinoid among
all phytocannabinoids (2).
THC is exposed to degradation and converted into
its active and inactive metabolites that are
conjugated with glucuronic acid, and excreted in
urine. THC is converted to active metabolite, 11hydroxy-Δ9-THC (11-OH-THC), and then converted to
an inactive metabolite, 11-nor-9-carboxy- Δ9-THC
(THC - COOH) (2, 3).
ElSohly and Slade (4) mention that C. sativa and
its products have been used as medicinal agents. THC
is a phytocannabinoid that is known to be the most
widely-used illegal drug. Cannabinoids show a
variety of therapeutic effects against chronic pain
and muscle spasms, nausea and anorexia caused
by HIV treatment, vomiting and nausea caused by

cancer chemotherapy as well as anorexia associated
with weight loss caused by immune deficiency
syndrome (5-7). Many studies report that THC
provides protection against neuronal injury in a cell
culture model of Parkinson disease and experimental
models of Huntington disease, exhibits anti-oxidative
action and mitigates the severity of the autoimmune
response in an experimental model of diabetes (8-12).
The development and progression of diabetes
mellitus and its complications arise out of increased
oxidative damage (13). Kassab and Piwowar (14)
report that the best-known pathways of diabetic
complications include oxidative stress. It is wellknown that type 2 diabetes (T2DM) is the most
common form of diabetes mellitus (DM) and it is
characterized by hyperglycemia and insulin
resistance. The symptoms of T2DM are exhaustion,
thirst, weight loss and frequent urination, blurred
vision, frequent infections, etc. (15, 16).
The aims of the study presented in this paper
were: (a) to explain the effects of THC on oxidative
stress in T2DM treated with THC and (b) to
determine the level of THC metabolites in the urine
of diabetic and control rats induced by THC injection.
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Materials and Methods

Experimental study
The study was carried out in accordance with the
guidelines of the Local Ethic Committee of Animal
Research (Istanbul University, HADYEK/103). For
this study, 8–10 weeks-old male Sprague-Dawley
rats were conducted by the Istanbul University,
Experimental Medical Research Institute (DETAE).
All the animals were housed in a temperaturecontrolled clean room with a 12 hr light/dark cycle
and fed with tap water and standard chow ad libitum.
The animals were selected randomly and arranged
into four groups.
Group A: Control (n=8); the healthy animals received
isotonic saline intraperitoneally (IP).
Group B: THC (n=6); 3 mg/kg/day THC (Lipomed
THC-135-100LE, Switzerland) was administered to
the animals for seven days.
Group C: Diabetes (n=8); the animals were injected
with a single dose of streptozotocin (STZ) (65 mg/kg,
Sigma-Aldrich, USA) dissolved in isotonic saline 15
min after the injection of nicotinamide (NA) (85
mg/kg, Sigma-Aldrich, USA) in isotonic saline (IP)
(17). Blood glucose levels of the rats were measured
72 hr after the STZ + NA injection. The animals with
blood glucose concentrations above 200 mg/dl were
considered to be diabetic (18).
Group D: Diabetes + THC (n=7); the diabetic rats
were treated with THC (3 mg/kg/day) for seven
days.
The starting day for urine collection was
considered to be day-0 following treatment with
THC. The urine samples were collected on days-0, 7
and 14 after THC injection. The rats were
anesthetized IP with ketamine-HCl (50 mg/kg, Pfizer,
USA) + xylazine-HCl (10 mg/kg, Bayer, Canada).
After the rats were sacrificed, their blood samples
were collected from the right ventricle. The urine
and plasma samples of animals were stored at -85 °C.
Biochemical analysis
The reduced glutathione (GSH) level of
erythrocytes was determined according to the
method developed by Beutler et al (19) using
metaphosphoric acid for protein precipitation and 55’-dithiobis (2-nitro benzoic acid (Sigma-Aldrich,
USA) for color development at 412 nm. The GSH
concentration in erythrocytes was expressed in
nmol/mg hemoglobin (Hb) at 540 nm. The
hemoglobin levels were determined via the
cyanomethemoglobin method (20).
The lipid peroxidation was determined on the
basis of the formation of malondialdehyde (MDA),
which was estimated by using the thiobarbituric acid
(TBA) method (21). The plasma samples were mixed
thoroughly with trichloroacetic acid (TCA) (30 %)
(Sigma-Aldrich, USA), TBA (0.75 %) (Merck,
Germany) and 5 M HCl. The plasma samples in tubes
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were placed in boiling water for 15 min and,
centrifuged at 5000 rpm for 10 min. The
supernatants were measured at 535 nm by the
spectrophotometer. The plasma MDA levels were
expressed as µmol/ml.
The superoxide dismutase (SOD) enzyme activity
was ascertained by the method developed by Sun
et al (22), which involved the inhibition of nitroblue
tetrazolium (NBT) (Sigma-Aldrich, USA) reduction
with xanthine/xanthine oxidase (Sigma-Aldrich,
USA). The SOD activity was measured at 560 nm. The
calculated SOD enzyme activity was expressed as
SOD (U/ml) in plasma.
The catalase (CAT) enzyme activity in the plasma
was determined via the Aebi’s method (23). The
reaction mixture was made up of the sample, 50 mM
phosphate buffered saline (PBS, pH 7.0) and 10 mM
H2O2. The reduction rate of H2O2 was observed to be
240 nm at room temperature for 60 seconds. The
CAT activity was expressed in U/ml.
THC metabolite analysis of rat urine
The metabolites of THC were identified in the
urine samples of THC control rats and diabetic rats
treated with THC. The analysis of urine samples was
performed using a DRI® Cannabinoid Assay by
Hitachi 912 Chemistry Analyzer (Roche, USA).
This assay is intended for the qualitative and
semiquantitative determination of cannabinoids in
urine. The antibody/substrate reagent and enzyme
conjugate reagent were added onto the urine sample
of rats. The samples were measured at 340 nm.
Statistical analysis
Statistical analysis was performed with nonparametric Kruskal - Wallis test. Then, comparisons
between two groups were analysed using the Mann –
Whitney U by means of the statistical package (SPSS
version 21). All of the results were expressed as
means ± standard error of the mean (SEM). P < 0.05
was considered to be statistically significant.

Results

Biochemical analysis
The levels of blood glucose indicated significant
differences among the four groups on days-7, 14
and 21 (P<0.001). THC in diabetes group nonsignificantly reduced the blood glucose levels on
days-14 and 21 (24).
The erythrocyte GSH levels were almost similar
in both control and THC control groups. The GSH
levels in erythrocytes were non-significantly
decreased in the diabetic rats as compared to the
control rats. The GSH level was seen to have
increased significantly in the diabetic rats treated
with THC as compared to the diabetic rats (P< 0.05)
(Table 1).
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Table 1. Erythrocyte GSH, plasma MDA, CAT and SOD values in all groups of experimental rats
Group
Control (n=8)
THC (n=6)
Diabetes (n=8)
Diabetes + THC (n=7)

Erythrocyte
GSH* (nmol/g Hb)

Plasma
MDA*(µmol/l)

Plasma
CAT*(U/ml)

Plasma
SOD*(U/ml)

5.28 ± 0.50
5.18 ± 0.52

3.52 ± 0.32
5.65 ± 0.52c

64.15 ± 11.33
76.93 ± 17.29

4.39 ± 1.37
5.41 ± 1.69

3.93 ± 0.39
5.53 ± 0.22a,b

4.40 ± 0.53
3.58 ± 0.70d

112.5 ±15.98a
84.78 ± 15.68

3.70 ± 1.39d
8.64 ± 0.16e

NS

< 0.05

NS

< 0.05

P values

*Mean±standard error of the mean (SEM); NS: Non-significant, THC: Δ9-tetrahydrocannabinol, GSH: reduced glutathione,
Hb: hemoglobin; MDA: malondialdehyde, CAT: catalase, SOD: superoxide dismutase
a P<0.05 versus control group; bP<0.05 versus diabetic group; c P<0.01 versus control group; dP<0.05 versus THC group; eP<0.01 versus
diabetic group
Table 2. The THC metabolites in urine of THC control and diabetes + THC groups of experimental rats
Group
THC (n=6)
Diabetes + THC (n=7)
P values

Day-0* (ng/ml)

Day-7* (ng/ml)

Day-14 *(ng//ml)

3.80 ± 1.28
13.93 ± 6.18

0.00
0.00

0.00
0.00

NS

NS

NS

*Mean ± standard error of the mean (SEM); NS: Non-significant, THC: Δ 9-tetrahydrocannabinol

The plasma MDA level showed a significant
difference among four groups (P<0.05). The MDA
level in plasma was non-significantly increased in
the diabetic group when compared with the control
group. The MDA level in the THC control group was
elevated when treated with THC for seven days. The
MDA level was non-significantly lower in the
diabetic rats treated with THC when compared with
the diabetic animals (Table 1).
The plasma CAT enzyme activity in the THC
control group showed an increase as compared to
the control group. The CAT activity of plasma was
significantly increased in the diabetic groups when
compared with the control groups. However, a
decrease was observed in these levels due to the
supplementation of THC (Table 1).
The SOD enzyme activity of plasma showed a
significant difference among four groups (P<0.05).
In contrast with the CAT activity, the SOD activity
showed a non-significant decrease in the diabetic
group compared with the control group. In the THC
control rats, the plasma SOD activity was nonsignificantly elevated as compared to the control
animals. The plasma SOD enzyme activity was
significantly increased in diabetes + THC group as
compared to the diabetes group (P<0.01) (Table 1).
The analysis of Δ9-THC metabolites in the urine of
experimental rats
The day following the THC injection was
accepted as day-0. The results of the analysis of
THC metabolites are summarized in Table 2. It was
observed that the THC metabolite level of urine

156

showed a non-significant increase in diabetic rats
treated with THC as compared with the THC control
group on day-0 (Figure 1). On day-7, no positive
results were received in the rat urine THC control
and diabetes + THC. Although, the level of THC
metabolites was negative in THC control rats, only
one rat showed a positive result (9.5 ng / ml) in the
diabetes + THC group on day-14.

Discussion

In the present study, we examined the effects of
THC on oxidative stress in plasma and the excretion
of THC metabolites in the urine samples of type 2
diabetic rats.
Diabetes mellitus (DM) is characterized by
insulin resistance and hyperglycemia. Recent studies

Figure 1. The metabolite levels of tetrahydrocannabinol (THC) in
urine on day-0 of experimental rats
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indicate that oxidative stress may have a key role in
the pathogenesis of T2DM (25, 26). Oxidative stress
is an imbalance between the production of reactive
oxygen species (ROS) and antioxidant levels of cells
(27). ROS and lipid peroxide are known to be
markers of oxidative stress. These markers are
overproduced in T2DM, which is associated with
oxidative stress.
THC has a wide area of use that includes appetite
stimulants, analgesic, anti-pyretic, anti-emetic
agents, etc. (28, 29). THC protects against oxidative
stress by blocking the production of ROS [9]. In the
study by Hampson et al (30), cannabidiol and THC
were identified as antioxidants. They suggested that
the anti-oxidative features of cannabidiol and THC
may be preferential factors for their therapeutic use
as neuroprotective agents.
GSH is known to provide defense against
oxidative stress (31). The administration of THC did
not change the erythrocyte GSH levels in normal rats.
On the other hand, the decreased GSH levels in
erythrocytes of diabetic animals showed an increase
when treated with THC. The increased levels of lipid
peroxidation during the progression of diabetes may
have a role in tissue damage associated with diabetes
(32). Malondialdehyde (MDA) is one of the most
frequently used indicators of lipid peroxidation. In
our previous study, it was reported that there was an
increased lipid peroxidation in the stomach of
diabetic rats (33). In our study, the plasma level of
MDA increased with diabetes, non-statistically. THC
slightly reduced the MDA level in plasma. AbdelSalam et al (34) investigated the effects of Cannabis
sativa extract on oxidative stress in mice. They
reported that C. sativa extract (20 mg/kg) decreased
the MDA levels and increased the GSH levels in brain
tissue. These results show a concordance with our
results of the erythrocyte GSH and plasma MDA
levels. Both SOD and CAT enzymes are anti-oxidative
defense system enzymes. The activity of CAT enzyme
was increased while the SOD activity was decreased
in the plasma of diabetic rats. Similar results were
reported in the study by Shinde et al (13). They
showed that the MDA level in serum increased while
both SOD enzyme activity and GSH level were
reduced in T2DM. We observed that the CAT activity
decreased and the SOD activity was increased in the
plasma of diabetes treated with THC as compared to
diabetic rats. Finally, the oxidative damage in plasma
was restored in diabetic rats through the
administration of THC.
In the study on chronic cannabis users, the
excretion of THC and 11-OH-THC were measured in
urine for -3, -4, -7, -12 and -24 days after the
cannabis cessation. It was seen that the metabolites
were detectable in urine for at least -24 days (35).
It is known that THC accumulates in adipose and
brain tissues (36). During the sacrification, we
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observed that the adipose tissue was reduced with
diabetes. In our previous study, we observed that the
body weight was reduced significantly in diabetic
rats as compared to control rats (24). For this
reason, the metabolite level of the THC group was
lower than that of the diabetes + THC group on day0. In the THC group, there might be an accumulation
of THC in the adipose tissue, so it may be inhibited
from being excreted in urine.
THC positive result was indicated in the urine of
only one rat among seven rats in the diabetes + THC
group on day-14. In addition, we detected that the
rat with THC positive urine was observed to have a
higher rate of weight loss than the other rats in the
diabetes + THC group. This may indicate that the
accumulation of THC in adipose tissue decreased in
parallel with the adipose tissue decrease in the
diabetic rats treated with THC. Thus, the THC that
was not accumulated may be excreted in the urine of
diabetic rats. We did not find any positive
metabolites of THC in the urine samples of rats on
day-7. This may account for the increased loss of
weight after day-7. The other probability, i.e. the
metabolization of THC, may be higher with diabetic
rats treated with THC when compared to THC
control rats. It is suggested that higher levels of THC
metabolite may be detected in the urine of diabetic
individuals who take THC in comparison to healthy
THC users.

Conclusion

The present study shows that the short-term
administration of THC attenuated the oxidative stress
in the rat model of T2DM. Thus, it may be suggested
that THC could be used as a therapeutic agent against
oxidative stress. In addition, the level of THC
metabolites was increased in the urine of diabetic rats
treated with THC. The level of THC metabolites in the
urine may be associated with the weight loss caused by
diabetes. Therefore, the level of THC metabolites may
be lower in the urine of individuals with more adipose
tissue among THC users.
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