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This study was carried out to investigate the hepato-protective properties of combined extracts of
Moringa oleifera (MO) and Vernonia amygdalina (VA) in streptozotocin (STZ) induced diabetic albino
Wistar rats. The study design involved 42 rats weighing 120 to 180 g which were divided into 7 groups
of 6 rats each. Groups 1 and 2 representing normal and diabetic control (NC and DC) received 0.5 ml of
dimethylsulphoxide (DMSQO). Group 3 received 5 IU/kg body weight insulin intraperitoneally and group 4
received 5 mg/kg body weight glibenclamide (GB) orally; groups 5 and 6 received 500 mg/kg body
weight of MO and VA, respectively while group 7 the combined treatment group received 250 mg/kg
body weight of each extract. After 28 days of treatment, the animals were anaesthetized and sacrificed
to obtain blood by cardiac puncture. Serum was collected and assayed for alanine aminotransaminase
(ALT), aspartate aminotransferases (AST) and alkaline phosphatase (ALP), total protein (TP) and
albumin. The results showed that ALT, AST and ALP levels of the treatment groups decreased
significantly (P<0.05) when compared with NC and DC, but were higher than reference drugs. The
combined extract significantly (P<0.05) decreased the blood glucose sugar level, and this action
compared favourably with the results obtained with the standard drugs. There was a significant
increase (P<0.05) in TP and albumin levels of the treatment groups when compared with DC. Fasting
blood glucose (FBG) showed significant decrease (P<0.05) in all treated groups compared to NC and
DC. Moreover, the body weight change for the treatment groups showed a progressive decrease
(P<0.05) except for groups treated with VA and MO when compared with NC. The results thus, show that
single and combined extracts of MO and VA has hepatoprotective effects and may be safer in
preventing diabetes induced damage to the liver.

Key words: Diabetes mellitus, liver enzymes, lipid profile, hepatoprotective, Moringa oleifera, Vernonia amygdalina.

INTRODUCTION

Diabetes mellitus is a metabolic disorder of the endocrine
system that precipitates disturbances in glucose, lipid and
protein homoeostasis (Van den Berghe et al., 2006). The
disease isfoundinall parts of the world andit is increasing
rapidly worldwide. It is secondary to a deficiency of the
number of pancreatic 3-cells of the islets of Langerhans or
resistance of tissue cells to insulin (Kelly and Fabtus, 1995;

Lang et al., 2005). People suffering from diabetes cannot
produce or properly use insulin, and so they persistently
have highblood glucose. Diabetes is generally characterized
by hyperglyceamia, glucosuria, polyuria, body weight loss,
disability, coma and even death (Cockram et al., 1993).
Type 2 diabetes is a non-insulin dependent diabetes
mellitus, in which the body does not produce enough insulin

*Corresponding author. E-mail: goitech2000@yahoo.com.
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or properly use it. Itis the most common form of the disease,
accounting for over 90% of the cases. Type 2 is nearing
epidemic proportion as a result of an increased number of
elderly people in the world, some of who are sarcopenic,
and agreater prevalence of obesity and sedentary lifestyle.
The cause of diabetes is a mystery, although both genetic
and environmental factors such as lifestyle, obesity and
lack of exercise appear to play a role (Jung et al., 2006).
According to the World Health Organization (WHO)
projection, the prevalence of diabetes is likely to increase
by 35% by the year 2020. Currently, there are over 150
million diabetic patients world-wide and this is likely to
increase to over 300 million by the year 2025. Statistical
projection on India suggests that the number of diabetics
will rise from 15 million in 1995 to 57 million in the year
2025 making it as the country with the highest number of
diabetics in the world (Tende et al.,2011). The prevalence
of diabetes for all age-groups worldwide was estimated to
be 2.8% in 2000 and 4.4% in 2030. The total number of
people with diabetes is projected to rise from 171 million
in 2000 to 366 million by 2030 (Saxena and Kishore,
2004).

Plants are well known in traditional medicine for their
hypoglycaemic effects and available literature indicates
that there are more than 800 plant species showing
hypoglycaemic activities in vivo (Maton et al., 1993). The
maximum therapeutic and minimum side effects of herbal
remedies have been verified in numerous scientific investi-
gations. Presently, plant materials play major roles in
primary health care as therapeutic remedies in many
developing countries (Gagliano et al., 2007). This is the
reason for which plant materials are continuously being
scrutinized and investigated for their potential use as
hypoglycaemic agents. Consequently, it has become
imperative to investigate plants such as Moringa oleifera
and Vernonia amygdalina which have been used by native
populations as hypoglycaemic agents in a standardized
experimentation. A number of investigations have shown
that saponins, flavonoids and a host of other secondary
plant metabolites including arginine and glutamic acid
possess hypoglycemic effect in various animal models
(Saxena and Kishore, 2004) and have been found to be
hepatoprotective in diabetic animal experiments.

Currently, available therapies for diabetes include insulin
and various oral antidiabetic agents such as sulfonylurea,
biguanides, a-glucosidase inhibitors, and glinides, which
are used as monotherapies or in combination to achieve
better glycemic regulation. Many of these oral antidiabetic
agents have a number of serious adverse effects; thus,
managing diabetes without any side effects is still a
challenge (Wild et al., 2004). The liver is a vital organ in
humans, which has a wide range of functions including
detoxification of foreign substances inthe body and protein
synthesis. Other functions of the liver includes, building
complex molecules from simple substances absorbed from
the digestive tract, neutralization of toxins, manufacture

of bile which aids fat digestion and removal of toxins
through the bowels (Maton et al., 1993). However, the
ability of the liver to perform these functions is often
inhibited by numerous substances which the human body
is exposed to on daily basis. These substances include
drugs, medicines, alcohol and tobacco products all of
which are injurious to the body and its organs (Gagliano
et al., 2007). In the absence of reliable liver-protective
drugs in medical practice, herbs have become reliable
substitutes and have so far played significant role in the
management of various liver disorders and the accom-
panying oxidative stress.

MATERIALS AND METHODS
Collection of plants

800 g of fresh leaves were harvested from the endocrine research
farm of the University of Calabar, Nigeria.

Chemicals and reagents

All chemicals and reagents used in this study were obtained
commercially and were all of analytical grade.

Preparation of extract

500 g each of the fresh leaves of M. oleifera and V. amygdalina
were washed in clean water then macerated in 500 ml each of 80%
ethanol and was each allowed to stand at room temperature for 48
h. The filtrates were evaporated in a rotary evaporator and allowed
to concentrate on a water bath at 36°C. A greenish paste was
obtained for each extract. The leaf extracts obtained were stored at
<4°C until used.

Experimental animals

Forty two rats of the albino Wistar strain, weighing between 120
and 180 g, were obtained from the animal house of the Department
of Biochemistry, University of Calabar, Nigeria. They were divided
into 7 groups of 6 rats each and allowed to acclimatize for 7 days at
room temperature (26x£2°C), relative humidity (45 to 55%) and 12
hrs dark/light cycle. All the animals were fed with standard rat chow
and water was allowed ad libitum under strict hygienic conditions.

Induction of diabetes

Streptozotocin (STZ) was prepared in citrate buffer (0.1 M, pH 4.5).
0.50 ml of the solution obtained was injected into each animal
intraperitoneally at a concentration of 40 mg/kg body weight of rat.
Type 1 diabetes was confirmed in fasting rats by determining the
blood glucose levels after 72 h post diabetes induction. If the value
obtained is more than 150 mg/100 ml, then diabetes has been
successfully induced.

Experimental design

Forty two adult albino Wistar rats of both sexes, weighing 120 to



Table 1. Serum enzymes concentrations in treatment groups.

Group AST ALT ALP

NC 58.44+20.34 13.11+4.21 7.12+2.61
DC 175.26+12.53** 102.55+32.95* 12.61+0.18
INS 11.21+0.92 2 10.76+3.53%  5.02+2.55
GB 14.81+7.09° 7.64+2.56° 5.84+0.67
VA 112.12+26.35°  56.15+23.19%  4.54+0.88
MO 62.19+24.642 8.88+3.70° 7.89+1.55

MO+VA  45.93+14.10°2 19.14+3.98%  5.48+3.19

*Significantly different from normal control (NC) at P<0.05.
Significantly different from diabetic control (DC) at P<0.05.
®Significantly different from glibenclamide (GB) at P<0.05.
USignificantly different from Vernonia amygdalina (VA) at P<0.05.
Values are Mean+SEM and n=3 determinations. INS: insulin.

Table 2. Serum proteins concentrations in treatment groups.

Group Total proteins Albumin Globulin
NC 5.99+0.61 4.55+0.31 1.44+0.53
DC 3.14+0.09 2.34+0.14 0.81+0.24
INS 3.76+0.69**  2.80+0.51**  0.96+0.20*2
GB 3.25+0.12**"  2.49+0.05*°  0.76+0.16*°
VA 4.82+0.93**  3.75+0.65**" 0.89+0.28+*"
MO 3.92+0.07*? 2.35+0. 03* 1.58+0.04%
MV 5.23+0.10 4.4620.10 0.77+0.20

Values are Meant SEM and n=3 determinations. NC: Normal
control; DC: diabetic control; GB: glibenclamide, MO: Moringa
oleifera; VA: Vernonia amygdalina; INS: insulin.

180 g were grouped into 7 groups of 6 rats each as follows: Group
1 served as the normal control (NC) group and were administered
0.5 ml dimethylsulphoxide (DMSO) orally; Group 2 was the diabetic
control (DC) group and were administered 0.5 ml DMSO orally;
Group 3 received 5 Ul/kg body weight insulin (standard drug)
intraperitoneally; Group 4 received 5 mg/kg body weight
glibenclamide (GB, standard drug) orally; Group 5 received 500
mg/kg body weight of M. oleifera (MO) extract; Group 6 received
500 mg/kg body weight of V. amygdalina (VA) extract; Group 7
received 250 mg/kg body weight MO + 250 mg/kg body weight VA
extracts.
Treatment was administered twice daily (12 hourly) for 28 days.

Statistical analysis

Data obtained from this study were analysed by descriptive
statistics and presented as mean * standard error of mean of three
determinations (mean * SEM), using the statistical software
package SPSS for windows version 11.0 (SPSS Inc. Chicago IL).
Differences between means were separated using the analysis of
variance (ANOVA) and multiple comparison tests. Values of P<0.05
were taken as being significant. Blood glucose levels were
expressed in mg/dl as mean + SEM.
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RESULTS
Effects of treatment on liver enzyme markers

The activities of the three most prominent liver enzyme
markers, alkaline phosphatase (ALP), alanine amino-
transaminase (ALT), and aspartate aminotransaminase
(AST) after treatment with plant extracts and standard
drugs are shown in Table 1. The serum concentrations of
the three liver marker enzymes reduced significantly
(P<0.05) for all treatment groups when compared with the
DC group. The combined extract treatment was more
effective in reversing the enzyme activities when compared
with the individual extract treatments. VA treated group
significantly (P<0.05) reduced the activity of ALP
(4.54+0.88 mg/dl), while the MO treated group was
effective on AST (62.19+24.64 mg/dl), ALT (8.88+3.70
mg/dl) and ALP (7.89+1.55 mg/dl), respectively and
compared well with the results obtained with the standard
drugs.

Effects of treatment on total protein

Table 2 as well as Figure 1 showed the effect of treatments
on total protein, albumin and globulin concentrations.
Total serum protein for all treatment groups increased
significantly (P<0.05) when compared with the DC group.
The increase was observed with the results obtained with
the standard drugs. The combined treatment group gave
a more significant (P<0.05) increase in total protein
albumin concentrations when compared with the single
extract administered groups.

Effects of treatment on body weight

There was an initial reduction in body weights of experi-
mental groups followed by a sudden gain in weights and
the trend was the same with results obtained from the
insulin, standard hypoglycemic drug (glibenclamide) and
the combined extract treated groups (Table 3).

Effects of treatment on fasting blood glucose level

After the 28 days treatment, there was a significant
(P<0.05) reduction in fasting blood glucose levels for the
groups treated with plant extracts and the standard drug.
The reduction was comparable with that obtained with the
standard hypoglycaemic drug (glibenclamide) (Figure 1).

DISCUSSION

Type 1 diabetes was induced in albino Wistar rats using
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Table 3. Change in body weights of the different experimental groups.

Body weight (g)

Group . -
Initial weight Day 6 Day 12 Day 18 Day 24 Day 30

NC 107.86+4.35 124.57+2.35 124.66+2.83 131.23+2.14 138.13+2.09 139.53+1.82
DC 140.96+13.0 142.20+9.31 133.54+12.78 139.78+10.43 145.70+15.00 141.72+12.78
INS 144.38+9.06 183.00+40.02 194.38+39.29 184.20+40.63 197.58+37.56 171.50+40.41
GB 156.80+0.89 149.65+2.29 164.55+3.31 171.80+11.30 153.83+8.73 157.83+5.31
VA 157.13+5.54 155.45+9.16 158.32+5.27 158.47+13.17 170.7848.10 173.43+15.51
MO 141.45%5.05 142.65+4.95 137.05+0.65 142.75+23.75 160.60+8.80 162.45+11.85
VA+MO 159.30+12.28 161.40+13.05 148.8545.10 149.23+6.54 144.02+8.80 146.60+11.12

Values are MeantSEM and n=3 determinations. *Significantly different from NC at (P<0.05). NC: Normal control; DC: diabetic control; GB:
glibenclamide, MO: Moringa oleifera; VA: Vernonia amygdalina; INS: insulin.
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Figure 1. Initial and final blood glucose concenteration of the different experimental groups. Values are
Mean+SEM. *Significantly different from NC at P<0.05. P<0.05 vs. DC; "P<0.05 vs. GB; °P<0.05 vs. INS;
®P<0.05 vs. MO. NC: Normal control; DC: diabetic control; GB: glibenclamide, MO: Moringa oleifera; VA: Vernonia
amygdalina; INS: insulin.

STZ. This resulted in the destruction of the majority of the
B-cells of the islets of Langerhans and pancreatic dys-
function. Secondly, diabetes induction caused hepato-
toxicity and oxidative stress to the liver, which was
confirmed by the presence of oxidative marker enzymes

functioning of the pancreas as a result of the diabetic
condition led to an increase in blood glucose sugar and a
general lose of weight in untreated diabetic animals.

The mechanism by which STZ induces diabetes is
thought to be through its entry into the B-cells via a
in the blood. Diabetes inflamed lipid components in the glucose transporter (GLUTZ2) where it causes alkylation of
plasma and electrolytes in the kidney, resulting in dys- DNA molecule and its eventual damage. DNA damage in
lipidemia and electrolyte disruption. Finally, the mal- turn induces the activation of poly-ADP-ribosylation, a



process that is more important for the diabetogenicity of
STZ than DNA damage itself. Poly-ADP-ribosylation
leads to depletion of cellular nicotinamide adenine
dinucleotide (NAD") and adenosine triphosphate (ATP).
Enhanced ATP dephosphorylation after STZ treatment
supplies a substrate for xanthine oxidase resulting in the
formation of superoxide radicals, hydrogen peroxide
radicals and hydroxyl radicals in vivo. STZ also liberates
toxic amounts of nitric oxide into the body, and this
inhibits aconitase activity and participates in DNA
damage. As a result of the STZ action, p-cells undergo
destruction by necrosis (Szkudelski, 2001).In STZ induced
diabetic rats, the elevation in fasting blood glucose
along with decrease in liver glycogen levels may be due
to lower levels of plasma insulin (Maiti et al., 2004).

V. amygdalina have been shown to lower blood sugar
with attendant weight benefits (lgile et al., 1995), and
several studies have shown the benefits of this plant in
the management of endocrine related diseases such as
diabetic conditions (Atangwho et al., 2009). Studies have
also confirmed the ethno-pharmacological use of M.
oleiriferainthe management of diabetes related illnesses.

However, no studies have been carried out involving
the administration of the combined leave extracts of
these two plants that have shown so much promise in the
alleviation of diabetic conditions in man. This study was
carried out to compare the hepatoprotective effect, body
weight management and blood glucose lowering efficacy
of the combined extract of the two plants with the results
of single plant extract administration.

The combined extract of the two plants effectively
healed the liver and decreased the oxidative stress enzymes
in the plasma. The combined extract caused weight gain
in diabetic rats, increased albumin and protein levels in
blood and significantly reversed diabetes in the rats by
decreasing blood glucose sugar (Figure 1). These results
are consistent with earlier results by Anwana and
Garland (1991).

Both plant extracts when combined not only show their
abilities in lowering the levels of oxidative stress enzymes
(ALT, AST and ALP) in serum, but similar with the
standard anti-diabetic drugs (glibenclamide and insulin).
The observed significant increase in the activity of AST
alone confirms it is a more reliable marker of liver
integrity than AST.

Albumin and globulin are important in the transport of
hormones synthesized in the liver and serve as indicators
of the immune status especially in disease states.
Hepatotoxicity and general oxidative stress caused by
diabetic conditions, directly affect the integrity and
functioning of these two biomolecules. The results in this
study showed that, combined ethanolic leave extract of
both plants showed a greater ability in synthesizing
albumin and globulin when compared with the standard
anti-diabetic drugs. These findings are promising, because
it gives hope for the better management of diabetes
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mellitus over the conventional medications due to the fact
that it is safe, cheap and readily available.

Diabetes mellitus has become a growing problem in the
world today (Piyush et al., 2006). It is associated with
genetic factors, environmental factors and general
lifestyle. In most cases, it is said to have its origin from
obesity, which directly predisposes the diabetic condition.
At the present rate of its increase, it may turn out to be
one of the world's most common diseases and biggest
public health burdens, with an estimated minimum of half-
a-billion cases over the next decade (Joseph and Jini,
2011; Diamond, 2003). Nigeria with an estimated
population of nearly 200 million people and its pattern of
diets and lifestyle is already an obesed and diabetic
society. This astronomic increase in the prevalence of
diabetes has made diabetes a major public health
challenge for Nigeria and many other countries. The
Nigerian population benefits from the indigenous ethno-
pharmacological flora in the management of diabetes and
other metabolic diseases. The study showed that the
combined administration of V. amygdalina and M. oleifera
produced weight gain, hypoglycaemia and hepato-
protection in experimentally induced type 1 diabetic
albino Wistar rats. The findings in this study are similar to
other studies of researchers, who had variously demon-
strated that the extract from V. amygdalina possesses
antidiabetic properties (Minari, 2012; Akah and Okafor,
1992a,b; Sabu and Kutan, 1982). M. oleifera have also
been shown to possess glucose lowering effect in STZ-
induced diabetic rats by possibly stimulating the B-cells of
the islets of Langerhans or due to its insulin-like activity
(Tende et al.,2011). M. oleifera and V. amygdalina leaves
extract have also shown some protective effect on the
liver from other studies (Buraimoh et al., 2010; Ojiako
and Nwanjo, 2006). The aqueous leaf extract of V.
amygdalina may have exhibited hepato-protective activity
due to its antioxidant property and its flavonoid content
(lgile et al., 1994), and also may be as a result of the
sesquiterpene lactones and saponins constituents.

The administration of combined leave extracts of both
plants showed a potential effect which may be due to a
synergy between the bioactive secondary compounds
from these two plants. This agrees with another study
which showed that there appears to be a complement of
bioactive principles in the leaves of these plants, and this
may account for their hypoglycemic action (Atangwho et
al., 2009).

Conclusion

The combined herbal treatment has demonstrated liver
protective effect against STZ-induced hepatotoxicity on
serum levels of liver enzymes and total proteins, thus
confirming their uses as hepatoprotective and anti-
diabetic agents. This study showed that combined extract
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of M. oleifera and V. amygdalina can protect against
STZ-induced toxicities. The present findings provide
scientific evidence to the ethnomedicinal use of M.
oleifera and V. amygdalina in treating liver diseases. It is
therefore concluded that 100 mg/kg body weight of
combined extract of M. oleifera and V. amygdalina is
nearly as potent as 1 unit of insulin in reversing oxidative
stress and hyperglycemia in diabetic rats.
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After the introduction of dipeptidylpeptidase-4 (DPP-4) inhibitors into the treatment for diabetes, these
drugs have been widely used because of their capability and safety. Therefore, the clinical efficacy of
linagliptin to sitagliptin was compared. Patients with type 2 diabetes, in whom pharmacological
treatment was recently started, were randomly assigned to two separate groups, namely sitagliptin (50
mg/day) group and linagliptin (5 mg/day) group. A total of 42 patients (21 patients in each group), who
received a single dose of their respective pharmacological agents, were evaluated in this study. The
study primarily focused on changes in HbAlc levels before and 24 weeks after drug administration and
effects of these drugs on renal function, liver function, and fat. Significant improvement in HbAlc levels
(%) was found in both linagliptin and sitagliptin groups. Significant improvements were observed in low
density lipoprotein-cholesterol (LDL-C) levels in patients in the linagliptin group. Linagliptin offers a
great potential in terms of improving effect on blood glucose and lipid profile. This study has
demonstrated that linagliptin can be a valuable option in the treatment of patients with type 2 diabetes.

Key words: Linagliptin, dipeptidylpeptidase-4 (DPP-4) inhibitors, type 2 diabetes, glycated hemoglobin

(HbAlc), low-density lipoprotein cholesterol (LDL-C).

INTRODUCTION

Dipeptidylpeptidase-4 (DPP-4) inhibitors were recently
introduced as new oral antidiabetic drugs and have quickly
come into use in clinical practice. DPP-4 inhibitors are
noteworthy pharmacological agents, with new components
being consecutively developed. DPP-4 inhibitors result in
an increase in blood concentrations of glucagon-like
peptide-1 (GLP-1) by inhibiting the DPP-4 effects in vivo.
They result in an increase in blood levels of insulin by
promoting insulin secretion from pancreatic 3 cells. In
patients with type 2 diabetes, if the glucagon concentration
is decreased, DPP-4 inhibitors also inhibit the increase in

blood glucose levels (Drucker and Nauck, 2006). A
number of DPP-4 inhibitors are currently being used in
clinical practice. Among the DPP-4 inhibitors, linagliptin is
excreted through biliary tract, and because of its charac-
teristic route of excretion, it may potentially be useful for
patients with type 2 diabetes who are at a high risk of
reduced renal function (Heise et al., 2009). Therefore, this
study compared the clinical efficacy of linagliptin to the
first DPP-4 inhibitor, sitagliptin. A prospective comparative
study was conducted on the clinical effects of linagliptin
and sitagliptin.

*Corresponding author. E-mail:koshii2006@yahoo.co.jp. Tel: (+81)565-43-5000. Fax: (+81)565-43-5100.
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Table 1. Patient characteristics at the beginning of the study.

Characteristic

Linagliptin group

Sitagliptin group

Age (years)

Gender (human: male/female)
HbA1c (%) (mmol/mol)

Fasting blood glucose level (mg/dl)
HDL-C (mg/dl)

LDL-C (mg/dl)

Creatinine (mg/dl)

eGFR

AST (IU/L)

ALT (IU/L)

50.8 +14.9 51.4 £13.8
12/9 7114
6.9+0.8(52+9) 7.3%0.9 (56 + 10)
145.1 £ 50.6 146.8 £ 43.6
55.5 + 16.1 57.8+12.9
148.1 £ 485 128.7 + 36.8
0.65+0.2 0.57+0.1
101.7 £47.1 102.6 + 26.6
29.8 +19.7 34.2 +16.3
42.8+35.4 455 +29.5

Mean + SD (except for gender).

MATERIALS AND METHODS

Patients with type 2 diabetes, in whom pharmacological treatment
was recently initiated at our hospital, were randomly assigned to
two separate groups, namely sitagliptin (50 mg/day) and linagliptin
(5 mg/day) groups. A total of 42 patients (21 patients in each group),
who received a single dose of their respective pharmacological
agents, were evaluated in this study. The study primarily focused on
changes in HbAlc (HbAlc was measured in National
Glycohemoglobin Standardization Program (NGSP) values. It was
measured in Toyota Kosei Hospital Japan with a measuring
instrument of TohSoh Inc. The calculated regression equation is
NGSP = 0.09148 (IFCC) + 2.152 (David, 2012), which is the levels
before and 24 weeks after drug administration and the influence of
drug administration on renal function, liver function, and fat. Patient
characteristics in sitagliptin and linagliptin groups were as follows:
age (mean * standard deviation (SD)): 51.4 + 13.8 and 50.8 + 14.9;
gender (male:female): 7 males:14 females and 12 males:9 females;
baseline HbAlc: 7.3 £ 0.9 and 6.9 £ 0.8 (%); 56 = 10 and 52 = 9
(mmol/mol) and baseline fasting blood glucose levels (mg/dl): 146.8
+ 43.6 and 145.1 £ 50.6 (Table 1). For statistical evaluations, paired
Student’s t-test was used to evaluate the therapeutic efficacy of the
drugs.

This study has been reviewed and approved by the ethical review
committee of Toyota Kosei Hospital. And this trial was registered
with UMIN (no. 000010998).

RESULTS

Significant improvement in HbAlc levels was found in
both linagliptin and sitagliptin groups (Figure 1), namely in
patients in the sitagliptin group, in whom HbAlc levels
changed from 7.29 £ 0.9% (56 + 10 mmol/mol) (before
administration of sitagliptin) to 6.72 £+ 0.8 (%) (50 + 9
mmol/mol) (24 weeks after administration) and in patients
in the linagliptin group, in whom levels changed from 6.94
+ 0.8% (52 + 9 mmol/mol) (before administration of
linagliptin) to 6.32 + 0.5% (45 + 6 mmol/mol) (24 weeks
after administration). Renal function was evaluated on the
basis of the eGFR (ml/min/1.73 m2) and blood creatinine
levels (mg/dl). The eGFR (ml/min/1.73 m2) changed from
102.6 £ 26.6 to 99.0 = 28.9 in patients in the sitagliptin
group and from 101.7 £ 47.0 to 102.0 + 43.8 in patients in

the linagliptin group. Blood creatinine levels (mg/dl)
changed from 0.57 = 0.1 to 0.60 + 0.2 in patients in the
sitagliptin group and from 0.65 + 0.2 to 0.64 + 0.2 in
patients in the linagliptin group. No marked changes in
renal function for eGFR and creatinine levels were found in
patients in the two groups. Liver function was evaluated on
the basis of aspartate transaminase (AST) and alanine
aminotransferase (ALT) levels (IU/l). AST level (IU/) ranged
from 34.2 £ 16.3 t0 26.5 + 11.8 in patients in the sitagliptin
group and from 29.8 + 19.7 to 23.3 £ 9.8 in patients in the
linagliptin group. Significant improvements were observed
in AST and ALT levels in patients in the sitagliptin group;
these levels also improved in patients in the linagliptin
group. Fat was evaluated on the basis of the high density
lipoprotein-cholesterol (HDL-C) (mg/dl) and low density
lipoprotein-cholesterol (LDL-C) levels (mg/dl). HDL-C level
(mg/dl) changed from 57.8 £ 12.9 t0 59.0 = 13.3 in patients
in the sitagliptin group and from 55.5+16.1t058.4+ 14.9
in patients in the linagliptin group, whereas LDL-C level
(mg/dl) changed from 128.7 + 36.8 to 121.0 £ 25.4 in
patients in the sitagliptin group and from 148.1 + 48.5 to
106.2 £+ 23.8 in patients in the linagliptin group, showing a
significant improvement (Figure 2).

DISCUSSION

Results of a recent meta-analysis have shown that the
effects of sitagliptin 100 mg and linagliptin 5 mg were
comparable (Gross et al., 2013). In the present study, a
comparison between the actual clinical use of linagliptin 5
mg and long-term use of sitagliptin 50 mg demonstrated
that their effect on glycemic control was virtually the same.
In addition, the tests conducted in our hospital on eGFR
and creatinine suggested that there was a marginal effect
on renal function. However, at the 72nd annual meeting
of the American Diabetes Association (ADA) held in 2012,
the administration of linagliptin was reported to result in
an improvement in albuminuria (Groop et al., 2012), and
more detailed studies are expectedto be conducted in the



7.4

Kamatani et al. 53

7.29 (56mmol/mol)

72
7.0
6.8
6.6
6.4
6.2
6.0
5.8

Percentage

94 (52mmol/mol)

*
6.72 (50mmol/mol)

*
6.32 (45mmol/mol)

0 Duration (Week) 24

—+— Linagliptin group
(n=21)

Figure 1. Study of changes in HbAlc levels, *P<0.05.
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Figure 2. Study of the changes in LDL-C levels, *P<0.05.

future. Improvement in LDL-C level has been reported
from experiments conducted on mice (Thomas et al,
2008). In addition, the presence of GLP-1 receptors on
the surface of human hepatocytes was confirmed in 2010
(Gupta et al., 2010), and stimulation of either GLP-1 or
GLP-1 receptor agonists promoted phosphorylation of
PDK-1, PKC¢, and AKT, which are important for
transduction of signals from intracellular insulin receptors.
Previous studies have suggested that signals from GLP-1
receptors may promote stimulation and activation of the
insulin signaling pathway; this mediates an inhibitory
effect on hepatic steatosis by exerting a direct action on

Sitagliptin group

(n=21)

hepatocytes (Ono et al., 2011). Unlike any other DPP-4
inhibitor, linagliptin has a unique structure composed of a
xanthine skeleton, and some compounds containing this
xanthine skeleton have been found to possess an
antioxidant effect, suggesting that linagliptin may also
possess similar antioxidant properties (Kréller-Schén et al.,
2012; Ishibashi et al., 2013). Thus, linagliptin may potentially
have improving effects on fatty liver, thereby improving
effects on fat. This study also suggested that serum
levels of LDL-C were significantly improved in patients in
the linagliptin group.

Further studies are required in alarge number of patients.
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Linagliptin, which is the first DPP-4 inhibitor that can be
eliminated through biliary excretion, offers a great potential
in terms of improving effect on blood glucose and lipid
profile.

This study has demonstrated that the effect of newly
developed DPP-4 inhibitor, linagliptin, was almost similar
to that of other DPP-4 inhibitors, which have been used in
clinical practice. In addition, because of its unique property
of being eliminated through biliary excretion, it is believed
to have marginal impact on renal or hepatic functions. In
the future, linagliptin can be a valuable option in the
treatment of patients with type 2 diabetes.
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peptide-1; HbAlc, glycated hemoglobin;
estimated glomerular filtrating ratio; AST, aspartate
aminotaransferase; ALT, alanine aminotaransferase; HDL-C,
high-density lipoprotein cholesterol; LDL-C, low-density
lipoprotein cholesterol.
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