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Diabetes is a group of disorders characterized by elevated blood glucose and insulin secretion defect.
Previous studies have reported L-carnitine beneficial and hypoglycemic effects in diabetic models. L-carnitine
anti-inflammatory properties in diabetes were not assessed perfectly, and there is a lack of information about
this matter. Therefore, we designed this study and evaluated L-carnitine different doses supplementation on
pro-inflammatory cytokines in STZ-induced diabetic rats’ pancreas and serum. We selected 48 male rats
(200 £ 10 g) and randomly divided them into six groups (n = 8). Group 1, control; group 2, Diabetic control
(DC); groups 3-6, STZ-induced diabetic rats which received L-carnitine different doses as follow; 300, 200,
100 and 50 mg/kg/day by intraperitoneal injection for 5 weeks. When the study ended, serum and pancreas
samples were collected and cytokines levels were measured by specific ELISA kits. Our results showed that
in diabetic rats, pro-inflammatory cytokines levels were elevated. Two L-carnitine doses 300 and 200 mg/
kg/day showed beneficial effects and 300 mg/kg/day showed more effective and significant effects than other
doses. The 300 mg/kg significantly reduced IL-1f and IL-6 levels in pancreas and serum. Our data proved the
protective effects of intraperitoneal L-carnitine administration against diabetes and inflammation in diabetic
rats. Indeed, L-carnitine long term supplementation through the intraperitoneal injection can be considered
as a good and safe therapeutic strategy in diabetes.
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iabetes is a chronic and endocrine disor-
D der. It was estimated that it affects about

438 million people by 2030worldwide [1].
There are oxidative stress and inflammation in dia-
betic patients, along with diabetes development and
progress [2-5]. There are two main categories’ of
diabetes, and there is a different mechanism behind
each one. Type 1 diabetes (T1D) considered as an
autoimmune disease with almost no insulin secre-
tion and type 2 diabetes (T2D) which is caused by
insulin resistance [6]. In fact, inflammation can be
blamed for being involved in both. There are studies
which confirm the participation of inflammation in

diabetes pathophysiology [7]. In T1D, autoimmune
antibodies attack pancreas and damage B-cell, on the
other hands, in T2D, there is chronic hyperglycemia
and lipotoxicity, which result in elevation of inflam-
matory cytokines [8-10].

Cytokines are small glycoproteins which are
involved in inflammation and immunity. Two im-
portant cytokines in the inflammatory response are
interleukin-1p (IL-1p) and tumor necrosis factor-a
(TNF-o) [11]. Inflammations have indisputable ef-
fects on B-cell insulin secretion and there are shared
of evidence which showed that inflammation and
pro-inflammatory cytokines are involved in the
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B-cell inflammatory process, oxidative stress and
dysfunction [12, 13]. Pancreatic B-cell responds to
long exposure to FFA and hyperglycemia by promo-
ting the expression of inflammatory cytokines. FFAs
are able to promote IL-1p and IL-6 secretion and
long exposure of pancreatic -cell to these inflam-
matory agents lead to free radical activation and
B-cell apoptosis [2, 8]. It seems that IL-1 is highly
involved in the B-cell inflammatory process. Cy-
tokines from other sources such as immune cells
and adipose tissue also are contributed to the B-cell
inflammatory process in diabetes. TNF-a is one of
these cytokines which affects lipid and carbohydrate
metabolism [7]. It has been reported that circulating
IL-6 levels is elevated in subjects with insulin
resistance and also it can be considered as a predic-
tor of diabetes development [7].

Carnitine (3-hydroxy-4-N-trimethylaminobu-
tyrate) is an endogenous nonessential amino acid.
L-carnitine is the active form of carnitine which is
synthesized from amino acids methionine and lysine
in liver and kidney; also, it can be obtained from
the diet [14]. Because L-carnitine has an impor-
tant responsibility in intermediary metabolism, its
levels in tissue and plasma is regulated at a restricted
range [3]. Several studies investigated antidiabetic
effects of L-carnitine and showed its hypoglycemic
effects in diabetic rats [3, 15-17]. L-carnitine is able
to undertake inflammation and its anti-inflammato-
ry properties were reported previously [18, 19]. In a
case-control study, Lee and colleagues investigated
L-carnitine anti-inflammatory properties of L-car-
nitine in CAD patients. They found that L-carnitine
administration (1 gr/d) reduced inflammation in pa-
tients with CAD after 12 weeks [20]. Also, there are
investigations which have reported protective and
beneficial effects of carnitine administration against
pancreatic toxicity and pancreatitis in human studies
as well as in animal models [21-23].

The route of L-carnitine administration to
animal models was different (oral, intraperitoneal,
subcutaneous, and intravenous). Indeed, L-carnitine
quantity which used was different between previous
researches. Also, there was no study which evaluated
L-carnitine effects on pro-inflammatory cytokines in
diabetic models. Duranay et al. and Calo and col-
leagues have reported anti-inflammatory properties
of L-carnitine [18, 19]. Duranay et al. evaluated 3
times/weeks L-carnitine effects in hemodialysis
patients, which significantly reduced CRP in these
patients [18]. Calo et al. found that L-carnitine, in
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endothelial cell culture in presence of hydrogen per-
oxide, stimulates heme oxygenase-1 (HO-1) and NO
synthase (HO-1 and NO synthase has anti-inflam-
matory, anti-oxidant and anti-proliferative proper-
ties) [19]. Therefore, we aimed to evaluate the effect
of different doses of L-carnitine on blood glucose
and pro-inflammatory cytokines (IL-1f, IL-6, and
TNF-0) in serum and pancreas tissue of STZ-in-
duced diabetic rats.

Materials and Methods

Materials. Streptozotocin (STZ; S0130), L-car-
nitine (C0283) were supplied from Sigma. IL-1
(BMS630), IL-6 (BMS625) and TNF-a (BMS622)
ELISA kits were purchased from eBioscience Com-
pany.

Methods. All the animal experiments were per-
formed in accordance with the requirements of the
European Convention for the protection of vertebrate
animals used for experimental and other scientific
purposes (Strasbourg, 1986). L-carnitine was dis-
solved in PBS, pH 7.4, and introduced to diabetic rats
by intraperitoneal injections at different doses. STZ
was dissolved in citrate buffer (pH 4.5, 0.1 N) and
administrated to animals by intraperitoneal injec-
tion. We purchased 48 male Wistar rats (200£10 g
weight) from Physiology Research Center Animal
Care Center. After 7 days acclimatization to a new
environment, animals were randomly divided into
6 groups (n = 8). Groups were prepared as follow:
group 1, control (CTR) which received no treatment;
group 2, diabetic control group (DC) received a sin-
gle intraperitoneal injection of STZ (50 mg/kg) to
induce diabetes; group 3-6, diabetic rats (diabetes-
induced as group 2) which received different doses
of L-carnitine (300, 200, 100 and 50 mg/kg/day
L-carnitine by i.p. injection) for 5 weeks, respec-
tively.

Diabetes was induced in fasted (10 h) rats by
intraperitoneal injection of 50 mg/kg of STZ. Three
days after STZ injection, the animal were fasted
overnight (10 h) and the blood samples were collec-
ted from tail vein and fasting blood glucose (FBG)
were measured by glucometer (Accu-Chek, Roche,
Germany) and animals with FBG > 250 mg/dl were
entered to the study as diabetic animals [12, 24]. At
the end of the study, the 10 h fasted animals, were
decapitated under deep anesthesia and blood samples
were collected and pancreas tissue was dissected and
frozen immediately in liquid nitrogen and stored at
-80 °C until further examination [24].
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Measurement of pro-inflammatory cytokines.
Pancreas samples of animals were sonicated and
homogenized by Ultrasonic Processor (Hielscher,
UP200H) in cold PBS with pH=7.4. The homoge-
nized samples were centrifuged 15 min at 4 °C
(15000 rpm) and then the supernatants were collec-
ted and IL-1f, IL-6 and TNF-o were quantified by
ELISA method [24, 25].

Measurement of IL-1B, IL-6 and TNF-a was
performed by specific kits which are based on
ELISA sandwich formation. In each kit, the first
specific antibody is coated at ELISA wells and this
antibody is dependent on which cytokine is going to
be detected. After serum or supernatant loading into
the wells and incubation, the next step is washing
which followed by second antibody addition to the
reaction mixture which results in ELISA sandwich
formation and then yellow color generated after the
addition of stop solution. Finally, the reaction color
development in wells is measured at 450 nm by
ELISA plate reader [25, 26].

Statistical analysis. All data are expressed
as Mean + SEM. Data analysis was performed by
one-way ANOVA test followed by post hoc Tukey’s
to compare mean differences between groups. The
P < 0.05 was considered as statistically significant.

Results and Discussion

The diabetic control group (STZ-induced dia-
betic rats) showed significant elevation of glucose,
serum and pancreas values of [L-1p (Table, Fig. 1, A,
Fig. 2, A), IL-6 (Fig. 1, C, Fig. 2, C), pancreas TNF-a
(P < 0.001) (Fig. 1, B), serum TNF-a (P = 0.004)
(Fig. 2, B) compared to control group.

Administration of 300 mg/kg/day of L-carni-
tine significantly reduced serum glucose, pancreas
IL-1B (Fig. 1, A) and also serum IL-1p and IL-6
levels (P < 0.001) (Fig. 2, A and C). Administra-
tion of 200 mg/kg/day of L-carnitine significantly
reduced glucose levels (P < 0.001), serum IL-1B
(P =0.017) (Fig. 2, A) and pancreas IL-1p and IL-6
values (P < 0.01) (Fig. 1, A and C) compared to

DC group. Supplementation of 200 mg/kg/day of
L-carnitine was not as effective as 300 mg/kg/day
of L-carnitine. Low doses of L-carnitine (50 and
100 mg/kg/day) did not show any significant effects.

Our results showed that L-carnitine i.p. ad-
ministration has valuable effects which attenuated
pro-inflammatory cytokines levels in pancreas and
serum of STZ-induced diabetic rats. Also, we found
that 300 mg/kg/day of L-carnitine is very effective
compared to other doses we administrated in this
study.

Intraperitoneal administration of 600 mg/kg/
day of L-carnitine attenuated serum glucose, and
lipid profile in a rat model of type 2 diabetes [27].
Previously, we showed that 600 mg/kg/day of oral
L-carnitine administration (5 weeks) reduced serum
glucose and normalized insulin in STZ-induced dia-
betic rats [15]. Other studies also evaluated the thera-
peutic effects of L-carnitine in diabetic models [15,
27, 28]. We found that high doses of L-carnitine (200
and 300 mg/kg/day; i.p. administration) decreased
serum glucose levels. L-carnitine glucose-lowering
effects in diabetes is controversial. Several studies
showed glucose-lowering effect upon L-carnitine
administration but some other studies were not
successful to show this hypoglycemic property of
L-carnitine [15, 27, 29-32]. This controversy could
be contributed to the route of L-carnitine adminis-
tration in different studies. This is obvious that the
studies in which L-carnitine was introduced by i.p.
injections, they obtained more prominent and re-
markable hypoglycemia compare to studies which
administrated L-carnitine orally. Also, those studies
used a lower dosage of L-carnitine compared to
studies which administrated L-carnitine orally.

Inflammation is involved in apoptosis,
dedifferentiation and malfunction of B-cell [33, 34].
Chronic inflammation compromised p-cell insulin
secretion and ILI1B, IL-6, TNF-a and interferons
have shown potent deleterious effects on B-cells
function [34]. In the case of reduced insulin secre-
tion, it was reported that IL-1p showed strong det-

Anti-hyperglycemic effect of different doses of L-carnitine in diabetic rats’ serum

Animal groups

Concentration
CTR DC

D+LCARS0

D+LCAR100 | D+LCAR200 | D+LCAR300

91.0 £3.2* | 309.8 £ 7.3%

Glucose, mg/dl

283.8 £ 10.1*

2773 + 11.7% | 230.0 £ 9.3%# | 155.0 £ 5.9*#

The data are expressed as mean+SEM; P < 0.05 was considered as significant. *Statistically significant compared to
control group; *statistically significant compared to diabetic group. Control (CTR), diabetic control (DC).
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Fig. 1. Cytokines values in pancreas tissue measured by ELISA method in studied groups which were as fol-
low, CTR group, untreated control; DC, Diabetic control group (received single dose of 50 mg/kg of STZ);
group III-VI, diabetic groups which received different doses of L-carnitine (50, 100, 200 and 300 mg/kg/day)
by i.p. injection for 5 weeks. Fig. A showed IL-1 3, Fig. B showed TNF-a and Fig. C showed IL-6 levels in
each groups. P < 0.05 was considered as significant. The data are expressed as Mean=SEM, *statistically
significant compared to CTR group, and *statistically significant compared to DC group

rimental effects than IL-6 and TNF-a [34]. This is
well documented that pro-inflammatory cytokines
such as IL-1pB, interferon-y (IFN-y) and TNF-a are
involved in diabetes especially T1D, and IL-1f result
in B-cell death. IL-1p triggers the processes by NF-
kB which final effect is apoptosis induction in pan-
creatic B-cell [9, 11]. The L-carnitine effects on pro-
inflammatory cytokines in serum and pancreas of
STZ-induced diabetic models were not studied well
enough. Two studies in 2006 by Duranay et al. and
Calo et al., investigated anti-inflammatory effects of
L-carnitine [18, 19]. Duranay and colleagues have re-
vealed CRP reducing effects of L-carnitine (3 times/
weeks) [18], on the other hands, Calo and colleagues
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in their in vitro study showed that L-carnitine anti-
inflammatory effects which was conducted through
induction of HO-1 and NO synthase in endothelial
cell culture [19]. Our finding revealed that confirmed
pro-inflammatory cytokines levels were increased in
STZ-induced diabetic rats compared to the control
group. L-carnitine administration showed an impor-
tant effect against pro-inflammatory cytokines eleva-
tion in diabetic rats. Hussein et al. showed that oral
L-carnitine (300 mg/kg, 2 months) administration
in high fructose diet rats normalized serum TNF-a
and IL-6 levels [12]. Their findings are the same as
our results which confirm L-carnitine effects which
reduced IL-1B, IL-6 and TNF-a in serum and pan-
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Fig. 2. Serum cytokines levels, measured by ELISA method in studied groups which were as follow; CTR
group, untreated control; DC, Diabetic control group (received single dose of 50 mg/kg of STZ); group I11-VI,
diabetic groups which received different doses of L-carnitine (50, 100, 200 and 300 mg/kg/day) by i.p. injec-
tion for 5 weeks. Fig. A showed IL-1 f5, Fig. B showed TNF-o and Fig. C showed IL-6 levels in each groups.
P < 0.05 was considered as significant. The data are expressed as Mean+SEM, *statistically significant com-
pared to CTR group, and *statistically significant compared to DC group

creas tissue of diabetic rats. The 300 mg/kg of L-
carnitine is more effective than other doses which
we administrated and 300 mg/kg of L-carnitine re-
ducing effects on IL-1f, IL-6 is more than TNF-a
compared to the diabetic control group. Zheng et al.
showed that L-carnitine reduced pro-inflammatory
cytokines expression and reduced increase of oxi-
dative stress and apoptosis in STZ-induced diabetic
nephropathy [35]. Laviano and colleagues described
that L-carnitine administration to sarcoma-bearing
rats caused beneficial effects and reduced inflamma-
tory status by L-carnitine [36].

IL-1B has an important role in B-cell function
and survival in human and rodents [9]. We found

that 300 and 200 mg/kg L-carnitine reduced serum
and pancreas IL-1B levels. Therefore, it seems that
attenuation of IL-1p levels can be considered as an
important way by which L-carnitine exerts its bene-
ficial effects in diabetic rats. TNF-a is an important
pro-inflammatory cytokine which affects the me-
tabolism of lipid and glucose. Also, it was reported
that TNF-a is related to insulin resistance. TNF-a
increases FFA and attenuates insulin signaling, it
also affects insulin secretion and signaling [7]. These
reports direct us to the idea that L-carnitine reduces
insulin resistance state in diabetes and exerts insu-
lin sensitizing effects through reducing TNF-a. level.
On the other hands, it has been reported that IL-6
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is elevated along with insulin resistance. Also, ele-
vated serum IL-1 and IL-6 levels are contributed to
diabetes mellitus occurrence[7]. L-carnitine attenu-
ates serum IL-1 and IL-6 levels by reducing glucose
and lipid toxicity in serum and pancreas and also by
the improvement of anti-oxidant states, therefore it
reduces pro-inflammatory cytokines and inflamma-
tion in diabetic models.

Conclusion. L-carnitine anti-oxidant and hypo-
glycemic effects in diabetic models confirm its pro-
tective effects in diabetic models. Adiponectin and
AMPK are considered as insulin-sensitizing proteins
which mimic insulin effects in the body. In our pre-
vious study, we found that L-carnitine supplementa-
tion increased AMPK expression and serum levels
of adiponectin, therefore, it seems that L-carnitine
hypoglycemic properties in this model which lost
their almost 90% of islet beta-cells was contributed
to indirect insulin sensitizing effects of L-carni-
tine. On the other hands, L-carnitine increases li-
pid beta-oxidation and reduces lipid levels in cells
and probably promotes insulin effectiveness. These
protective effects maintain homeostasis and protect
tissue and organs from more injuries and finally, it
can lower inflammatory response in diabetes. Also,
L-carnitine i.p. administration is more effective than
oral administration and its dose of administration
is important to see the best action of L-carnitine in
animal models. On the other hands, the duration of
the study is also important. The longer the treatment
lasts the more effective L-carnitine function we can
observe.
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JliabeT HaNEeXHWTH 7O 3aXBOPIOBaHb, 5K Xa-
PaKTEpU3YIOTHCS MiJBULICHUM PiBHEM IJIIOKO3H B
KpPOBI 1 MOpPYIIEHHSIM CeKpelii iHCymiHy. Y Tore-
pPEenHIX AOCTIIKEHHSX Ha Mia0eTHYHUX MOJEIAX
OyI10 BUSIBJICHO, 110 L-KapHITHH BUSABIISE TIIOTITIKe-
MigHU# edexT. OqHaK, MPOTU3aIalbHI BIaCTHBOC-
Ti L-xapHiTHHY 3a nia0eTy BHBUYEHI HEAOCTATHHO.
MeToro mociikeHHs O0y0 OMiHUTH e(eKT Pi3ZHUX
no3 L-xapHiTHHY Ha Tpo3amnaibHi MUTOKIHA B ITiJI-
IIUTYHKOBIHM 3a71031 1 cHpoBaTIi KpOBI B MIypiB 3i
CTPENTO30IMHIHIYKOBAaHUM JniabeToM. bymo Bimi-
Opano 48 mrypiB-cammiB (200 + 10 1) i po3mineHo
BUIIAJIKOBUM YWHOM Ha mIicTh Tpyn (N = §). ['pyna
1 — KoHTpONBHA Tpyma; 2 — Mia0ETUYHUN KOHT-
poxns ([AK); rpynu 3-6 — urypu 3i CTpENTO30IMHIH-
JTyKOBaHUM J1ia0eTOM, SIKUM BBOIWIN L-KapHITHH
B pizHuX no3ax: 300, 200, 100 i 50 mr/xr Ha o0y
IIUISIXOM 1HTparepuTOHeaTbHUX 1H €KIIIH MTPOTITOM
5 twxHiB. [licnsa mporo 30upanu 3pa3ku CHpOBAT-
KM KPOBI 1 MiANIITYHKOBOI 327031 1 BU3HAYAIH Pi-
BEHb IIMTOKIHIB 3a jomomMoror HaOopie ELISA.
Bussinieno, mo y aiabeTHYHMX IYpiB piBEHb MPO-
3amaJbHUX ITUTOKIHIB OyB migBumieHuil. JIBi 1031
L-xapuitTuny 300 i 200 Mr/kr Ha 100y moKaszaiu
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MO3UTHBHI €EKTH, TIPU IbOMY €(EKT BiJ] BBEACHHS
L-xaprituny B 1031 300 mMr/kr Ha 00y OyB 3HauHI-
muM. L-xaprituH y 1031 300 Mr/kr Ha 100y icTOT-
HO 3HMXKyBaB BMicT IL-1f i IL-6 y minnuryHKoBiH
3a71031 1 cupoBari KpoBi. OmepkaHi pe3yiabTaTH
MiATBEPAMIN 3aXUCHUN eQeKT iHTpanepuTOHe-
aJTpHO BBeIEHOro L-KapHITHHY y pa3i 3amajieHHs B
niabetnyHux mypis. OTxe, BBeIeHHS L-KapHITHHY
MPOTATOM TPHBAJIOTO Yacy MOXKHA PO3IIIANATH SIK
edexTHBHY 1 Oe3MevHy TepaneBTUYHY CTpaTerio 3a
niabeTy.

KnwouoBi cnosa: L-xapuitun, IL-1f, IL-
6, TNF-a, niabetnuni urypu.
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