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Abstract

In this study, we aimed to explore the changes of oxidative stress, A’- tetrahydrocannabinol (A°~THC)
and its metabolites accumulation in the liver of type-2 diabetic rats treated with A°>-THC. 8-10 week-old
Sprague-Dawley rats were divided into four groups. Group I: Physiological saline was administered
intraperitoneally(i.p) (n=7). Group II: Rats that was given A>-THC for 7 days (3 mg/kg/day) (n=6)
(i.p). Group III: Streptozotocin(STZ, 65 mg/kg)+Nicotinamide(NAD, 85 mg/kg) (n=7) (i.p). Group I'V:
Diabetic rats that were given A>-THC(3 mg/kg/day) for 7 days (n=7) (i.p). The biochemical investigation
was carried out on the serum and liver tissue. A°-THC and its metabolites were analyzed by using GC-
MS in the liver of rats. Liver glutathione level in diabetes+ A°-THC increased as compared to diabetic
rats. The increased lipid peroxidation and protein carbonyl levels in diabetes showed a low reduction
with A>-THC. Catalase and superoxide dismutase activities in liver of diabetic rats increased with A°-
THC treatment, non-statistically. Serum uric acid level, alanine aminotransferase (ALT) and aspartate
aminotransferase (AST) activities slightly increased in diabetic group as compared to control group.
While the AST level reduced in the liver, ALT level did not be affected in A°>-THC treated with diabetic
rats as compared with the diabetic group. A°>-THC level in liver was negative in given A>-THC groups.
But the liver THC-COOH metabolite accumulation in A>-THC group is higher than Diabetes + A>-THC
group. We could say that A>-THC can reduce diabetes-induced oxidative damage in the liver of type-2
diabetic rats. The metabolization of A>-THC in the liver can be accelerated with diabetes.
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Tip-2 diyabetik sicanlarin karacigerinde oksidatif stres ve
A’ - tetrahidrokannabinol birikim degisiklikleri

Ozet

Caligmamizda, A°>-THC uygulanan tip-2 diyabetik siganlarin karacigerlerinde oksidatif stres ve A>-THC
birikim degisikliklerinin incelenmesi amaglanmistir. 8-10 haftalik, erkek Sprague-Dawley siganlar dort
gruba ayrildi. Grup I: Serum fizyolojik intraperitoneal (i.p.) olarak uygulandi (n=7). Grup II: Siganlara
7 glin stiresince A°-THC (3 mg/kg/giin) (i.p.) verildi (n=6). Grup III: Streptozotosin (STZ, 65 mg/kg)
+ Nikotinamid (NAD, 85 mg/kg) (n=7) (i.p.).Grup IV: Diyabetik siganlara 7 giin A°>-THC (3 mg/kg/
giin) (i.p.) (n=7) verildi. Serum ve karaciger dokularinda biyokimyasal incelemeler yapildi. Karacigerde
A°-THC ve metabolitleri GC-MS kullanilarak analiz edildi. Diyabet + A>-THC grubunda karaciger
glutatyon seviyesi diyabetik siganlara gore artti. Diyabette artmis olan lipid peroksidasyon ve protein
karbonil seviyeleri A>-THC uygulamasiyla diisiik seviyede bir azalma gosterdi. Diyabetik sigcanlarin
karacigerlerinde katalaz ve superoksid dismutaz aktiviteleri A>-THC uygulamasiyla istatiksel olarak
anlamsiz olarak artt1. Kontrol grup ile kiyaslandiginda, serum tirik asit seviyeleri alanin aminotransaminaz
(ALT) ve aspartat aminotransaminaz (AST) aktiviteleri, diyabetik grupta ¢cok az artti. Diyabetik grup ile
kiyaslandiginda, diyabetiklere A°>-THC uygulamasi karacigerde AST yi diisiiriiken ALTyi etkilemedi.
A°-THC verilen grupta karaciger A°-THC seviyesi negatifti. Fakat A>-THC grubunda karaciger THC-
COOH metabolit birikimi diyabet + A>-THC grup ile kiyaslandiginda daha yiiksekti. Tip 2 diyabetik
sicanlara A>-THC uygulanmasinin, karacigerde diyabetin neden oldugu oksidatif hasar1 azaltabilecegini
soyleyebiliriz. A>~-THC’nin karacigerde metabolizasyonu diyabet ile hizlanabilir.

Anahtar kelimeler: Tip-2 diyabet, A°-tetrahidrokannabinol, karaciger, oksidatif stres, sigan

Introduction

It has been known that cannabinoids were
isolated from the cannabis plant (Cannabis
sativa L.) and A’-tetrahydrocannabinol (A’
-THC) is the main active psychoactive
constituent of C. sativa (Kochanowski and
Kala 2005; Ahmed et al. 2015). A>-THC turn
into its active metabolite 11-hydroxy-A°’-
THC (11-OH-THC), and then converted to
an inactive metabolite 11-nor-9-carboxy- A°’-
THC (THC-COOH) (Kochanowski and Kala
2005; Gieringer et al. 2008). A>-THC and its
metabolites may be determined in blood, liver
and kidney tissues (Kemp et al. 2015). It is
reported that C. sativa and its products have
been used as medicinal agents (Elsohly and
Slade 2005). According to Fasinu et al. (2016),
sixteen states in the United States have legalized
cannabidiol (CBD) and A°-THC contenting
products due to using in medicine. Pinto et al.
(2010) reported that A>-THC administration has

not any harmful effects on healthy mice liver.
Furthermore, according to Chen et al. (2005),
A°-THC can block reactive oxygen radicals
(ROS) generation.

Type 2 diabetes is the most common type
of Diabetes mellitus which is a multifactorial
disease and characterized by hyperglycemia and
insulin resistance (Verspohl 2009). Oxidative
stress is based on an imbalance between
antioxidants and the generation of ROS (Kassab
and Piwowar 2012). The studies have shown
that oxidative stress plays an important role in
diabetes (Baburao and Anand 2012; Stadler,
2012; Avila Dde et al. 2013).

The aims of the present study; (i) to explain
the effects of A>-THC on oxidative stress in liver
of type 2 diabetes, and (ii) to detect the level of
A°-THC metabolites in the liver of diabetic and
control animals treated with A°>-THC.
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Materials and methods
Animals and ethics

8-10 weeks-old male Sprague-Dawley
rats were housed in a temperature-controlled
clean room with a 12 h light/dark cycle and fed
with tap water and standard chow ad libitum.
All experimental procedures were performed
according to the guidelines of the Local Ethic
Committee of Animal Research (Istanbul
University, HADYEK 2015/06).

Experimental design

The animals were selected randomly and
arranged into four groups;

Group 1: (n = 7) Control rats that received
serum physiologic intraperitoneally (i.p.).

Group 2: (n = 6) A°>-THC (3 mg/kg/day, i.p.
Lipomed THC-135-100LE) was administered
to the rats for seven days.

Group 3: (n = 7) For diabetes, the rats were
injected with a single dose of streptozotocin
(STZ) (65 mg/kg, Sigma-Aldrich S0130)
dissolved in serum physiologic 15 min after the
injection of nicotinamide (NAD) (85 mg/kg,
Sigma-Aldrich N3376) in serum physiologic
(i.p.) (Masiello et al. 1998).

Blood glucose levels of the rats were
measured 72 h after the STZ + NAD injection.
The animals with blood glucose concentrations
more than 200 mg/dL were accepted as diabetic.

Group 4: (n = 7) diabetic animals were
treated (i.p.) with A>-THC (3 mg/kg/day) during
7 days.

The experiment was terminated on day 15th
after the A>-THC injections, the animals were
anesthetized i.p. with ketamine-HCI (50 mg/kg,
Pfizer) and xylazine-HCI (10 mg/kg, Bayer).
Immediately, the blood and liver tissue samples
were collected from rats.

Analysis of serum and liver tissue

The blood samples were centrifuged, and
serums were separated. The liver enzymes
alanine aminotransferase (ALT) and aspartate
aminotransferase (AST) and uric acid (UA)
level were measured in all serum samples using
the Siemens Advia 1800 chemistry system. The
liver tissue samples were homogenized in cold
0.9 % NaCl and made up to 10 % homogenate.
The homogenates were centrifuged. The clear

supernatant fractions were removed for the
biochemical analysis. The protein content was
determined by Lowry’s method using bovine
serum albumin as standard (Lowry et al. 1951).
The glutathione (GSH), lipid peroxidation
(LPO) and protein carbonyl (PCO) levels in
liver homogenates were estimated according
to Beutler’s, Ledwozyw’s and Reznick and
Packer’s methods, respectively (Beutler 1963;
Ledwozyw et al. 1986; Reznick and Packer
1994). Liver catalase (CAT) activity was
determined by using Aebi’s method (Aebi
1984). The superoxide dismutase (SOD)
activity was assayed in liver tissues by using
the method of Sun (Sun et al. 1988). A?-THC
and its metabolites were analyzed by using GC-
MS in the liver of rats.

Statistical analysis

The statistical analysis was conducted
using the SPSS 21.0 software program. The
descriptive statistics of the data were expressed
using the mean + standard error of the mean
(SEM). The data were evaluated for statistical
significance using one-way analysis of variance
(ANOVA), followed by Tukey’s post hoc test. p
< (.05 was considered statistically significant.

Results

The levels of alanine aminotransferase
(ALT) aspartate aminotransferase (AST) and
uric acid (UA) are seen in Fig.l. ALT and
AST levels showed an insignificant increase
in type 2 diabetic rats as compared to control
group. It was determined that while serum
ALT level did not show any change in A’-
THC treated with diabetic rats as compared
to the diabetic group, AST level decreased,
non-significantly. A slight increase in serum
UA level was observed in STZ/NAD-induced
rats when compared to control group. The
increased UA level in diabetic was reversed
with  A’-THC treatment, insignificantly.
In Table 1, Liver glutathione (GSH), lipid
peroxidation (LPO) and protein carbonyl
(PCO) levels are presented. The liver GSH
levels insignificantly decreased in diabetic
group as compared with control rats. GSH
levels increased by treatment with A>-THC in
diabetic rats compared to the diabetic group.
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A’-THC administration to diabetic reduced LPO
and PCO levels in the liver as compared to non-
treated diabetic rats. The liver catalase (CAT)
and superoxide dismutase (SOD) activities
in diabetic rats reduced when compared with
control rats. Both of enzyme activities showed
an insignificant increase in STZ/NAD-induced
diabetic animals with A>-THC treatment (Table
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2). We examined the accumulation of A°’-
THC and its metabolites in liver tissues of A’-
THC and diabetes + A°-THC groups. A’-THC
level in liver was negative in given A’-THC
groups. But the liver THC-COOH metabolite
accumulation in A>-THC group is higher than
STZ/NAD-induced diabetes + A°>~THC group,
non-significantly (Fig. 2).
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Figure 1. The levels of liver enzymes and uric acid in serum. A: alanine aminotransferase (ALT); B:
aspartate aminotransferase (AST) and uric acid (UA). Data are expressed as mean = SEM.

Table 1. Liver glutathione (GSH), lipid peroxidation (LPO) and protein carbonyl (PCO) levels in all

groups.
GSH (nmol/mg protein)*
Control 7.36 +0.61
Diabetes 6.05+0.31
A°-THC 6.53+0.29
Diabetes + A°>-THC 6.88 +£1.25
P >0.05

ANOVA

*Mean + standard error (SEM)

LPO (nmol/mg protein)*

PCO (nmol/mg protein)*

0.14+£0.03 0.36 +0.07
0.21+0.02 0.56 +0.17
0.18 +0.02 0.32 +£0.06
0.19+0.01 044 +0.11
>0.05 >0.05
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Table 2. The catalase (CAT) and superoxide dismutase (SOD) activities in liver of rats.

CAT (U/mg protein)* SOD (U/mg protein)*
Control 92.62 +16.7 1.30+0.11
Diabetes 5.70 £2.67 1.19+0.03
A°-THC 54.71 +£24.56 1.04 +0.02
Diabetes + A>-THC 67.34+£31.79 1.94 £ 0.63
P >0.05 >0.05

ANOVA

*Mean + standard error (SEM).
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Figure 2. The levels of THC-COOH (ng) in
liver of A>-THC and STZ/NAD-induced diabetes
+ A’-THC groups on day 15 after the A°>-THC
injections. Data are expressed as mean + SEM.

Discussion

The present study shows that STZ/
NAD-induced type 2 diabetes caused the
rise of oxidative damage in the liver of rats.
Furthermore, treatment with A°>~THC modulated
STZ/NAD-induced biochemical changes. The
accumulation of A°>-THC was detected in the
liver of rats.

Type 2 diabetes causes insulin resistance
and decreased insulin secretion. The disease
progression induced tissue damages shows
various symptoms of complications (Malenica
et al. 2016). The liver is an important organ
in the regulation of glucose level. The clinical

and experimental studies reported that liver
cell damage occurs in type 2 diabetes (Parveen
et al. 2010; Ramljak et al. 2015). There are
strong evidence that increased oxidative stress
is related with the pathogenesis of many
diseases. Moreover, oxidative stress plays also
a major role in the development of diabetes
complications (Oliveira et al. 2016; Salmon
2016). In the previous study, LPO and PCO
levels increased in liver, small intestine and
stomach of type 2 diabetic neonatal rats and
GSH level decreased (Karatug et al. 2012;
Coskun et al. 2013; Koyuturk et al. 2015).
Likely, we observed similar changes in LPO,
PCO and GSH levels in the liver of diabetic
adult rats. Individuals with type 2 diabetes
and experimental diabetic rats have rising
liver enzymes levels in serum as compared to
controls (Harris 2005; Koyuturk et al. 2015).
Similar to previous studies, we found the serum
ALT and AST liver enzymes raised in STZ/
NAD- induced diabetes group when compared
with healthy rats.

Investigators noticed medical plants can
use against oxidative damage in experimental
diabetic rats (Oliveira et al. 2016). Recently,
pharmacological studies have been carried
out with the therapeutic properties of A°-THC
obtained from C. sativa plant. Chen et al.
suggested that A>-THC should play a role as
an antioxidant substance (Chen et al. 2005;
Mcpartland et al. 2015). In the present study, we
applied non-synthetic A’>-THC to STZ/NAD-
induced rats. A>-THC treatment changed the
oxidative stress parameters as non-significantly.
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A modulation was observed oxidative stress
state in diabetic rats treated with A>-THC. The
reduction in activities of enzymatic antioxidants
such CAT and SOD is caused the elevation of
ROS. Arulselvan and Subramanian (2007)
reported that the increased oxidative stress in
diabetes might be induced a decrease of CAT
enzyme activity in tissue. Furthermore, it was
observed that SOD enzyme activity in diabetic
rats reduced (Sozmen et al. 2001). In this study,
both enzymes showed a reduction in diabetics,
but A’-THC administration elevated the
antioxidant enzymes to some extent on diabetic
animals. A>-THC may decrease oxidative stress
in diabetes by raised antioxidant enzymes.

A’-THC accumulates been observed in
adipose and brain tissues (Kreuz and Axelrod
1973). Addition to, profiles of A’-THC and its
metabolite can be detected in plasma samples
(Brenneisen et al. 2010). The excretion of A’
-THC and its metabolite 11-OH-THC were
measured in urine of chronic cannabis users for
-4, -7 and -24 days after the cannabis cessation.
Its metabolites were detectable in urine at lowest
levels in 24 days (Lowe and Axelrod 2009).

According to our previous study, the A°’-
THC metabolite level in urine of non-diabetic
rats was lower than that of the diabetic animals.
Otherwise, the accumulation of THC-COOH in
the liver of non-diabetics was higher than of the
diabetic rats. It pointed out that liver may lay up
A°-THC and its metabolite, their excretion with
urine notwithstanding.

Conclusions

Our findings indicate that A°-THC
administration may serve a protective role to
some extent for liver in diabetes by blocking
oxidative stress state. The metabolization of A’-
THC in the liver can probably be accelerated
with diabetes. However, further investigation
is necessary to clarify the effects of A°-THC
supplementation on type 2 diabetes.
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