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Diabetes is a chronic disease and public health problem globally. L-Carnitine is synthesized in the 
liver, promotes fatty acids oxidation and currently is used as a supplement against weight gain. Carnitine 
level is found to be reduced in diabetic patients and to be beneficial as a supplement at diabetes, but the 
mechanisms of this effect is not fully understood. Therefore, we evaluated the oral L-carnitine supplemen-
tation on expression of AMP-activated protein kinase (AMPK), peroxisome proliferator-activated receptor 
gamma (PPARγ), adaptor protein APPL1 genes in the liver and insulin and adiponectin levels  in the serum of 
diabetic rats. Rats were randomly divided into three groups (n = 8) as follow: group 1 – control without any 
treatment, group 2 – diabetic control rats which received STZ (45 mg/kg) and nicotinamide (200 mg/kg) by 
i.p. injection, group 3 – diabetic rats which received 600 mg/kg/day carnitine orally for 35 days. It was found 
that L-carnitine supplementation reduced the level of fasting glucose compared to that in control and diabetic 
groups (p = 0.001, p = 0.0001 respectively) and increased adiponectin level compared to diabetic nontreated 
rats (p = 0.0001). Homeostasis model assessment of insulin resistance (HOMA-IR) was significantly increased 
in the diabetic group and reduced in the group that received L-carnitine. These promising beneficial effect 
of L-carnitine on the type 2 diabetes in rats’ model was shown to be conducted through the up-regulation of 
AMPK, PPARγ and APPL1 genes expression in the liver and elevation of serum adiponectin level. 

K e y w o r d s: L-carnitine, diabetes, nicotinamide, HOMA-IR, AMPK, PPARγ, APPL1.

D iabetes is a public health problem and its 
global prevalence was nearly 422 mil­
lion adults [1]. Most diabetic subjects are 

affected­ by type 2 diabetes (T2D). It is considered 
a chronic disease that affects life expectancy and 
leads to many issues such as heart problems, kid­
ney failure, foot amputation, vision problems and the 
damages which affected the nervous system [1]. The 
mechanism of the two types of diabetes is different; 
in type I diabetes (T1D) there is an autoimmune re­
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action that leads to β-cells destruction, therefore, in­
sulin synthesis is not sufficient. Type 2 diabetes mel­
litus is characterized not only by imbalance at redox 
states of pancreatic beta cells that is related to high 
glucose levels but above all by the development of 
insulin resistance and relative insulin deficiency [2].

The bioactive form of carnitine is known as L-
carnitine (3-hydroxy-4-N-trimethyl-aminobutyrate) 
which is synthesized in kidney and liver from es­
sential amino acids, Lysine, and Methionine. L‑car­

doi: https://doi.org/10.15407/ubj92.05.033



34

ISSN 2409-4943. Ukr. Biochem. J., 2020, Vol. 92, N 5

nitine facilitates fatty acids (with > 14 carbon atoms) 
transports from the cytoplasm to mitochondria and 
promotes fatty acids beta-oxidation. According to 
this action of L-carnitine and its direct effect on 
lipid metabolism, it seems that L-carnitine can be 
involved in the metabolic disease process to attenua­
te these diseases effects [3, 4]. Carnitine deficiency 
has been reported in diabetic patients and associa­
ted with liver and kidney diseases [3, 5]. Argani and 
colleagues (2005) showed that HDL-c was increased 
and VLDL and TG levels were decreased in hemo­
dialysis patients who received 500 mg/day carnitine 
orally for 60 days [6]. There are studies of the benefi­
cial effects of L-carnitine supplementation in chronic 
diseases such as diabetes and cardiovascular disease 
[4, 7, 8]. Also, it has been reported that carnitine sup­
plementation improves insulin-stimulated glucose 
uptake [9]. 

AMPK (AMP-activated protein kinase) is an 
enzyme that plays a pivotal role in energy homeo­
stasis. It also is known as cellular energy sensor 
which promotes catabolic pathways such as fatty 
acid β-oxidation, on the other hand; it inhibits syn­
thetic pathways (Gluconeogenesis and Lipogenesis) 
to increase cell `energy levels [4, 10]. Adiponectin is 
a protein hormone and involved in lipid and glucose 
metabolism. There is some evidence that adiponectin 
has anti-atherogenic and insulin-sensitizing effects 
in human and animal models [11]. AMPK is a target 
of adiponectin which exerts its effects by modulating 
AMPK activity [4]. 

Pancreatic beta cells are very sensitive to oxida­
tive agents from endogenous (superoxide anion and 
H2O2 during oxidative phosphorylation in mitochon­
dria) or exogenous (Streptozotocin; STZ) sources [2]. 
Lipotoxicity associated with insulin resistance and 
beta-cell dysfunction and apoptosis in T2D. There­
fore reduced lipid levels and obesity in diabetes can 
attenuate lipotoxicity deleterious effects in diabetic 
patients [12]. There is strong evidence from hu­
man and animal studies that have shown that lipid 
accumulation leads to insulin resistance and other 
metabolic complications. Also, it reported that car­
nitine supplementation improves insulin-stimulated 
glucose uptake [9]. Peroxisome proliferator-activated 
receptor gamma (PPARγ) mainly expressed in adi­
pose tissue and the lower level of expression was re­
ported in skeletal muscle and liver. PPARγ induces 
fatty acid storage in adipose tissue. It seems that 
PPARγ directing fatty acid to adipose tissue rather 
than skeletal muscle and therefore attenuates insulin 
resistance in diabetes [13, 14]. Previous studies have 

shown that PPARγ effects are exerted through adipo­
genesis and affecting glucose and lipid homeostasis, 
inflammation [14].

L-carnitine administration reduced serum lipid 
and glucose levels. Also, it showed promising anti-
diabetic and anti-obesity effects [4, 5, 7, 15-17]. But 
the data over L-carnitine hypoglycemic properties 
are not consistent [7, 17, 18]. Following our previous 
study which we evaluated L-carnitine effects in a 
T1D rat model; here we evaluated L-carnitine oral 
administration effects in rat models of T2D. There­
fore, we measured AMPK, PPARγ and APPL1 
(adaptor protein containing pleckstrin homology do­
main, phosphotyrosine binding (PTB) domain, and 
leucine zipper motif) genes expression in the liver 
and serum adiponectin and insulin level in diabetic 
rats. We designed this study to focus on the L-carni­
tine mechanism of action which alters lipid metabo­
lism. Because its beneficial effects were previously 
reported in diabetic rats, therefore we evaluated 
L-carnitine effects on the expression of AMPK and 
PPARγ genes which are involved in lipid metabolism 
regulation.

Materials and Methods

Materials. Insulin (ELR Insulin) and Adiponec­
tin (ELR Adiponectin) ELISA kits were purchased 
from Crystal Day Biotec. STZ (S0130), Nicotinamide 
(N3376) and L-carnitine (C0283) were supplied from 
Sigma. Nicotinamide was dissolved in saline and 
was introduced to animals by i.p. injection, STZ pre­
pared in citrate buffer (0.1 N, pH 4.5) and introduced 
to animals by a single i.p injection and L-carnitine 
was prepared daily in phosphate buffer (pH 7.4) and 
administrated orally to diabetic rats. 

Methods. All the animal procedures were in 
accordance with the requirements of the European 
Convention for the protection of vertebrate animals 
used for experimental and other scientific purposes. 
This study was approved by the ethics committee 
of the Kerman Medical University Research Council 
(No. IR.KMU.REC960110, Nov 2018). We randomly 
selected 24 male Wistar rats (200 ± 10 g weight), 
after 7 days acclimatization the animals were ran­
domly divided into three groups (n = 8) as follow; 
group 1, healthy control which did not receive any 
treatment, group 2, diabetic control which received 
a single dose of STZ (45 mg/kg) and nicotinamide 
(200 mg/kg) by i.p injection to induce diabetes, 
group 3, diabetic rats plus L-carnitine which re­
ceived a single dose of STZ (45 mg/kg) and nicotina­
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mide (200 mg/kg) by i.p injection and also 600 mg/
kg/day carnitine orally for 35 days. Diabetes was in­
duced in rats (10 h fasted) by i.p injection of a single 
dose of STZ (45 mg/kg), followed by i.p injection 
of nicotinamide (200 mg/kg) after 15 min [4, 19]. 
First of all, we tested that the animals in groups 2 
and 3 were diabetic before the L-carnitine treatment 
begins, for this reason, three days after the STZ and 
nicotinamide injections the blood sample was col­
lected and glucose levels were measured and animals 
that their blood glucose levels were > 200 mg/dl af­
ter 10 h fasting were entered to this study. At the end 
of the study (day 35), after 10 h fasting overnight, 
animals were anesthetized by ether and decapitated, 
the liver tissues were dissected and washed with cold 
saline and immediately frozen by liquid nitrogen and 
kept in -80°C. Also, the blood sample was collected 
and maintained 1 h at room temperature and centri­
fuged and then serum was collected to measure the 
glucose, adiponectin, and insulin levels [4, 17].

Determination of serum adiponectin and insu-
lin levels. Specific ELISA kits were used to assay 
adiponectin and insulin in serum. All measurements 
were according to the manufacturer’s protocol.

Semi-quantitative Reverse Transcriptase PCR 
(RT-PCR). Total RNA was extracted from about 
75 mg of liver tissue by guanidine isothiocyanate 
phenol-chloroform method (RNX plus reagent). The 
tissues were homogenized by Hielscher Ultrasonic 
Processor (UP200H). The cDNA was synthesized by 
M-MuLV reverse transcriptase and oligo-dT primers 
from 500 nanograms of extracted total RNA. The 
RT-PCR reactions were performed by Bio-Rad MJ 
Mini Personal thermal cycler. Each RT-PCR reac­
tion contained 10 ul RT-PCR master mix, 200 na­
nograms of cDNA, primers (50 pM of target genes’ 
forward and reverse primers), and the final volume 
was 20 μl. The cycles for RT-PCR were as follow; 
95°C for 10 min, then 30 cycles of 95°C for 45 s, 
60°C for 1 min, and 45 s at 72°C, and 5 min final 
extension at 72°C. After RT-PCR was done, we 

performed agarose gel electrophoresis to analyze 
the RT-PCR products­ (2% agarose gel, 100 v, and 
45 min). Primers­ are shown in Table 1 and were 
prepared from MACROGEN (MACROGEN Inc., 
Seoul, South Korea). Beta-actin was used as house­
keeping gene. Finally, the bands on the gel were vis­
ualized and their densities were measured by using 
Image J software [4]. 

Statistical analysis. Statistical analysis per­
formed by SPSS software (SPSS ver. 19, SPSS Inc., 
Chicago, USA) and the data expressed as mean ± 
SEM. For comparison between groups, we used a 
one-way analysis of variance (ANOVA) followed by 
Tukey’s post hoc test.

Results and Discussion

Our results showed that oral L-carnitine ad­
ministration reduced fasting glucose compared to 
diabetic groups (p = 0.001, p = 0.0001 respectively). 
The insulin level in the diabetic group significantly 
reduced compared to the control group (p = 0.001) 
but there was no significant change between dia­
betic and L-carnitine treated groups. Adiponectin 
levels remarkably promoted by oral L-carnitine ad­
ministration compared to diabetic non treated rats 
(p = 0.0001) (Table 2). Homeostasis model assess­
ment-estimated insulin resistance (HOMA-IR) as a 
method to measure pancreas beta-cells function and 
insulin resistance in peripheral tissues significantly 
increased in the diabetic group and reduced in the 
group that received oral L-carnitine (Table 2). 

Gene expression data showed that AMPK, 
APPL1, and PPARγ expression were reduced in the 
diabetic group (p = 0.002, p < 0.0001, and p = 0.001) 
and their expressions were promoted compared to 
diabetic group by oral L-carnitine administration 
(p = 0.029, p = 0.039 and p = 0.026) (Fig. 1-3).

Currently, L-carnitine is available as an oral 
supplement and it is used to reduce weight. It has 
been reported that L-carnitine values affected in 
diabetes and L-carnitine supplementation showed 

T a b l e  1. Sequences of the primers which used in this study for RT- PCR

Transcript Forward primer (5′-3′) Reverse primer (5′-3′) Product 
size (bp)

AMPK AGAGAACGTGTTGCTGGACG TGGAGGCGAGGTAGAACTCA 608
APPL1 TTTCTTAGGAAGGGGCTGCG TGGCATCAGCGAGTTGAGTT 450
PPARγ TGATGCACTGCCTATGAGCAC TGAGACATCCCCACAGCAAG 561
β-Actin TGAGAGGGAAATCGTGCGTG TGCTTGCTGATCCACATCTGC 682
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beneficial effects in diabetes [15]. The mechanism 
of L-carnitine actions mainly is dependent on its 
role in fatty acids entrance into the mitochondria to 
be catabolized and produce energy. This effect re­
duces circulating lipid levels and attenuates insulin 
resistan­ce. Therefore L-carnitine supplements help 
the insulin to exert its action in the body, effec­
tively. There is no more evidence of the L-carnitine 
mechanism of action; hence, we evaluated oral L-
carnitine supplementation effects in T2D rat models 

T a b l e  2. Serum glucose, insulin and adiponectin levels and L-carnitine supplementation effects on these 
parameters in diabetic rats

Groups FBG, mg/dl Insulin, mIU/l Adiponectin, µg/ml HOMA-IR
Control 93.2 ± 4.5 7.75 ± 0.51 10.32 ± 0.78 1.7 ± 0.08
Diabetes 292 ± 6.8** 5.08 ± 0.49* 5.31 ± 0.44** 3.7 ± 0.41*
Diabetes + L-Carnitine 120 ± 7.6*## 6.13 ± 0.75 10.31 ± 0.8## 2.0 ± 0.39#

The data are expressed as mean ± SEM. *Statistically significant compared to control group, #statistically significant 
compared to diabetes control group, (n = 8). *p < 0.001, **p < 0.0001, ##p < 0.0001

Fig. 1. AMPK gene expression in the liver, evalu-
ation by reverse-transcriptase PCR at studied 
groups, the control group which did not receive any 
treatment, Diabetic control group which received 
single i.p injection of STZ (45 mg/kg) plus nicoti-
namide (200 mg/kg), and Diabetic + LCAR group 
which received STZ and nicotinamide as group 2 
plus 600 mg/kg/d L-carnitin orally for 5 weeks. Data 
are expressed as mean ± SEM. * statistically sig-
nificant compared to the control group, #statistically 
significant compared to the diabetic control group. 
(P < 0.05 was considered as significant)

Fig. 2. APPL1 gene expression in the liver, evalua
tion by reverse-transcriptase PCR at studied 
groups, the control group which did not receive any 
treatment, Diabetic control group which received 
single i.p injection of STZ (45 mg/kg) plus nicoti-
namide (200 mg/kg), and Diabetic + LCAR group 
which received STZ and nicotinamide  as group 2 
plus 600 mg/kg/d L-carnitin orally for 5 weeks. Data 
are expressed as mean ± SEM. * statistically sig-
nificant compared to the control group, #statistically 
significant compared to the diabetic control group. 
(P < 0.05 was considered as significant)
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induced by a combination of STZ and nicotinamide 
administration.

The risk of carnitine deficiency is higher in 
patients with T2D. On the other hand, carnitine 
administration in obese rats developed insulin re­
sistance ameliorated glucose tolerance and improved 
diabetes status [5, 15]. Four weeks L-carnitine s.c 
administration (50 mg/kg) elevated glucose uptake 
and reduced blood glucose [16]. Another study has 
shown that six weeks L-carnitine (600 mg/kg/day 
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Fig. 3. PPARγ gene expression in the liver, evalua
tion by reverse-transcriptase PCR at studied 
groups, the control group which did not receive any 
treatment, Diabetic control group which received 
single i.p injection of STZ (45 mg/kg) plus nicoti-
namide (200 mg/kg), and Diabetic + LCAR group 
which received STZ and nicotinamide as group 2 
plus 600 mg/kg/d L-carnitin orally for 5 weeks. Data 
are expressed as mean ± SEM. *statistically signifi-
cant compared to the control group, #statistically 
significant compared to the diabetic control group. 
(P < 0.05 was considered as significant)
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orally) administration in neonatal STZ (90 mg/kg) 
induced diabetic rats reduced serum lipid levels and 
showed beneficial effects over hyperglycemia and 
hyperinsulinemia. This carnitine supplementation 
in the diabetic model compensates the carnitine de­
ficiency and therefore have ameliorated glucose and 
lipid metabolism [17]. Our study indicates that car­
nitine long term (5 weeks, 600 mg/kg/day orally) ad­
ministration normalized diabetes-associated glucose 
levels in a T2D rat model.

One and four weeks L-carnitine different doses 
(200 or 400 mg/kg/day) administration in alloxan-
induced diabetic rats showed that the blood glucose 
was not reduced, but TG and cholesterol levels were 
normalized. They assumed that reduced blood TG 
levels by carnitine administration are independent 
of hyperglycemia [7]. We showed that long term oral 
L-carnitine supplementation reduced blood glucose 
compared to the diabetic non-treated group and this 
finding is in contrast with some studies which found 
no effects of L-carnitine on glucose levels [7, 17]. 

Rodrigues et al. reported that a high dose of L-car­
nitine (3 g/kg/day, i.p.) remarkably reduced glucose 
and lipid values, and this high dose of L-carnitine 
also affected the severity of diabetes in chronically 
diabetic rats [18].

PPARγ plays a pivotal function in some patho­
logical and metabolic diseases such as atherosclero­
sis, diabetes mellitus, and inflammation. It has been 
reported that PPARγ promotes insulin sensitivity, 
and affects intracellular lipid contents [13, 14, 20]. 
PPARγ mainly expressed in adipose tissue and the 
lower level of expression was reported in skeletal 
muscle and liver. It directing fatty acid to adipose 
tissue rather than skeletal muscle and therefore atten­
uates insulin resistance in diabetes [13]. It has been 
reported that PPARγ knockout in the liver results in 
hyperlipidemia and insulin resistance [21].

Long term L-carnitine supplementation in­
creased PPARγ expression and decreased oxidative 
stress in male rats. Also, they showed that 6 weeks 
L-carnitine treatment regulates GLUT 2 and Glut 
4 expression and therefore affected and improved 
energy metabolism [22]. Our data showed that 5 
weeks oral L-carnitine administration up-regulated 
PPARγ, adiponectin and AMPK expression com­
pared to the diabetic group. Hence, L-carnitine uses 
two possible different mechanisms to improve insu­
lin resistance and attenuate hyperglycemia. PPARγ 
up-regulation directing fatty acids toward adipose 
tissue and also can increase fat storage at adipose 
tissue, therefore, it reduces circulating TG and al­
leviates insulin resistan­ce [13]. It has been reported 
that PPARγ can increase adiponectin levels. By el­
evation of adiponectin and according to its insulin-
sensitizing­ effects it seems that L-carnitine by eleva­
tion of adiponectin improved insulin sensitivity in 
diabetic rats.  

The enzyme AMPK considered as energy sen­
sor which has an important role in the homeostasis 
of cellular energy [4]. Adiponectin is a hormone that 
regulates metabolism in the liver and exerts its ef­
fects by affecting AMPK activity. It also related to 
diseases such as diabetes, atherosclerosis and other 
metabolic complications. Previous studies have 
shown adiponectin anti-diabetic, anti-atherogenic 
and insulin-sensitizing effects [4, 14]. The net ef­
fects of adiponectin decrease glucose production in 
the liver and insulin-sensitizing effects in liver and 
skeletal muscle [14]. We showed that L-carnitine 
supplementation increased liver AMPK expression 
and serum adiponectin levels in diabetic rats com­
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pared to the diabetic control group. These findings 
support the beneficial effects of L-carnitine oral ad­
ministration in diabetes. Poorabbas et al. (2007) have 
shown that L-carnitine supplementation in diabetic 
patients with diabetes complications is useful which 
are along with our findings over L-carnitine benefi­
cial effects in diabetes [5]. Monsalve and colleagues 
(2013), reported that adiponectin levels reduced in 
diabetes, we found reduced values of serum adi­
ponectin in diabetic rats which increased following 
L-carnitine oral administration [14].

Adiponectin downstream effects are conducted 
through the transmembrane receptor. Adiponectin 
binding to its specific receptor cause some modifica­
tion and result in recruitment of APPL1 by intracel­
lular domain of adiponectin receptor. It has been re­
ported that in the liver, APPL1 has an important role 
in adiponectin signaling [23-25]. Our results showed 
that 5 weeks of oral L-carnitine supplementation up-
regulated APPL1 expression compared to diabetic 
control rats. Therefore, adiponectin binds to its re­
ceptor and recruits APPL1 and downstream cascade 
to include AMPK activation and insulin-sensitizing 
effects that are under control of adiponectin. These 
findings indicating that adiponectin is responsible 
for some useful effects that we observed following 
L-carnitine administration to diabetic rats.

L-carnitine constant infusion improves insu­
lin sensitivity in insulin-resistant diabetic patients; 
a significant effect on whole-body insulin-mediated 
glucose uptake is also observed in normal subjects. 
In diabetics, glucose, taken up by the tissues, ap­
pears to be promptly utilized as fuel since glucose 
oxidation is increased during L-carnitine admini
stration. The significantly reduced plasma levels 
of lactate suggest that this effect might be exerted 
through the activation of pyruvate dehydrogenase, 
whose activity is depressed in the insulin-resistant 
status [26].

HOMA-IR is extensively used in epidemio­
logical studies and clinical practice which is an im­
portant predictor for T2D. [27, 28]. We found that 
5 weeks L-carnitine administration to diabetic rats’ 
reduced HOMA-IR value and therefore the insu­
lin sensitivity was increased following L-carnitine 
treatment. Pancreatic beta cells are very sensitive to 
oxidative agents from endogenous (superoxide anion 
and H2O2 during oxidative phosphorylation in mito­
chondria) or exogenous (STZ) sources [2]. Lipotoxi
city associated with insulin resistance and beta-cell 
dysfunction in T2D. Therefore reduced lipid levels 
and obesity in diabetes can attenuate lipotoxicity 
deleterious effects in diabetes [12]. Due to the bene
ficial effects of L-carnitine, it seems that it’s able to 
reduce circulating fatty acids levels and reduce lipo­
toxicity deleterious effects in diabetic rats.

Conclusions
The data from previous studies on L-carnitine 

effects on diabetes showed that long term L-carni­
tine therapy is more beneficial than the short term. 
Also, the most effective dose of L-carnitine needs to 
be determined because the studies have used differ­
ent doses of L-carnitine and on the other hand the 
type of administration is different between studies. 
These parameters need to be reviewed more specifi­
cally and also there is a necessity of a dose-response 
study about L-carnitine effects on diabetes models 
[4, 7, 15-18].
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Цукровий діабет – хронічне захворювання – 
найважливіша проблема охорони громадського 
здоров’я в усьому світі. L-карнітин в організ­
мі синтезується в печінці та сприяє окисленню 
жирних кислот. Сьогодні його використовують 
як добавку за боротьби із зайвою вагою. Рівень 
карнітину знижується у хворих на цукровий діа­
бет. Низкою досліджень показано позитивний 
ефект карнітину за діабету. Але механізм цього 
ефекту до кінця не вивчений. Отже, нами вивче­
но вплив перорального введення L-карнітину 
на експресію AMPK та PPARγ у печінці і рівень 
адипонектину та інсуліну в сироватці крові діа­
бетичних щурів. Випадковим чином щурів було 
розділено на три групи (n = 8): група 1 – контроль
на група, тварини не отримували жодних препа­
ратів; група 2 – діабетичний контроль, тваринам 
вводили в/ч ін’єкцією стрептозотоцин (45 мг/кг) 
та нікотинамід (200 мг/кг); група 3 – діабетичні 
щури, які отримували карнітин 600 мг/кг/добу 
перорально протягом 35 днів. Застосування 
L-карнітину дозволило знизити рівень глюкози 
натще порівняно з контрольною і діабетичною 
групами (p = 0,001, p = 0,0001 відповідно). Рівень 
інсуліну в діабетичній групі значно знизився по­
рівняно з контрольною групою. За застосуван­
ня L-карнітину спостерігали підвищення рівня 
адипонектину в порівнянні зі щурами групи діа­

бетичного контролю (p = 0,0001). Індекс інсулі­
норезистентності (HOMA-IR) істотно збільшив­
ся в діабетичній групі та зменшився в групі, яка 
отримувала перорально L-карнітин. L-карнітин 
виявляв сприятливий ефект на щурів із діабетом 
2-го типу завдяки підвищенню регуляції експре­
сії AMPK, PPARγ та APPL1 генів, а також підви­
щенню рівня адипонектину в сироватці крові, 
що має інсулінсенсибілізаційний ефект.

К л ю ч о в і  с л о в а: L-карнітин, діабет, ні­
котинамід, HOMA-IR, AMPK, PPARγ, APPL1.
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