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Abstract

Diabetes mellitus (DM) may cause specially health problem which can effect most of tissue such as liver, kidney and
brain. Thus, this research aimed to examining the effects of Lupinus albus L. seed ethanol extract (LA) on the liver and
renal tissues malondialdehyde (MDA), catalase (CAT), superoxide dismutase (SOD), glutathione peroxidase (GPx) and
glutathione (GSH) level of diabetic rats. Sprague-Dawley, adult a total of 28 male rats were used in the study that were
randomly divided into four groups with 7 animals in each group: Control, STZ-DM, LA and STZ-DM+LA group. Diabetes
was induced in rats by a single dose of 60 mg/kg/i.p. Streptozotocin (STZ) injection (STZ-DM and STZ-DM+LA groups).
Lupinus albus L. ethanol extract was given at a dose of 10 mg/kg/p.o. via intragastric tube for 20 days (LA and STZ-
DM+LA groups). At the end of the study, biochemical and histopathological examination in kidney and liver tissues were
examined. STZ application significantly increased the oxidative stress and lipid peroxidation. When the dose of 10
mg/kg of LA significantly decreased the level of plasma glucose and liver and renal MDA. Meanwhile, the levels of liver
and renal CAT, SOD, GPx and GSH were significantly increased in diabetic rats treated with Lupinus albus L. seed ethanol
extract. These results indicate the role of Lupinus albus L. seed extract might as antidiabetic, antioxidant and reducing
of the oxidative stress and lipid peroxidation. Extracted after Lupinus albus seed’ roasting is a pioneer in literature and
the use of LA in ethnomedicine for diabetes.
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1. Introduction

Diabetes mellitus (DM) is a public health problem that is a global epidemic with a generality of 246 million (46% affected
in the 40-59 age) in 2007, is expected to rise to 380 m by 2025 [1]. DM comprises a group of common metabolic diseases
characterized by chronically hyperglycemia because of patients have varying cellular homeostasis and disorganization
in insulin levels which causes widespread vascular injury and multiple tissue failure. Insulinemia and glycemia levels
should be inspected to prevent unwanted conditions caused by diabetes. Lately, many ethnobotanical researches in
varied parts of the world have shown that empirical used more than 1200 plants in DM treatment [2]. The antidiabetic
effect of plant extracts could be dependent encouragement insulin secretion and {3-cells situated insulin impact [3].

Some of the Lupine species extracts have been used to phytotherapy [4]. Lupinus albus L. species is Lupinus genus,
Leguminosae or Fabaceae family. Lupinus albus L. seeds are very plenty in dietary fiber and proteins, are almost
independent of phytoestrogens and starch, and include many antioxidant, minerals, essential amino acids and lipids.
Lupinus albus L. seed proteins are also supposed to discharge some of the bioactive peptides playing prominent roles in
scrambling cardiovascular diseases, diabetes and obesity. The seeds typically involve 6-13% oil, 34-39% fibers and 33-
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47% proteins [5,6]. Lupinus protein provides various health benefits, specially in the area of cholesterol reduction,
hyperglycaemia or hypertension prevention [7].

Various reactive nitrogen and oxygen species are producted by the oxygen metabolism. Peroxynitrite is a representative
reactive nitrogen species and peroxyl radical, hydrogen peroxide, hypochlorite ion, hydroxyl radical and superoxide
anion are typical ROS [8]. ROS include nucleic acids, proteins, lipids and carbohydrates. Malondialdehyde (MDA) is one
of the examples of the end products from the oxidation reactions involving lipids and a toxic molecule, regarded as a
biomarker of oxidative stress [9]. Oxidative stress which based on the imbalance of antioxidant enzymes and ROS
production. It may induce damage of nucleic acids, proteins, lipids and tissue. Therefore it plays a sensitive role in
environment involved diseases in humans including respiratory diseases, cancer, arteriosclerosis and asthma [10].
Antioxidants have a wide range of effects in various disease conditions and help to prevent the onset of such conditions.
Natural antioxidants that occur in an organism could fight against the oxidative stress that occurs through various
physiologic processes. CAT, SOD, GPx and GSH which are endogenous antioxidants. In particular, glutathione plays a
fundamental role in defense in case of oxidative stress [9].

This study mainly focused on the investigation of the Lupinus albus L. seed ethanol extract on anti-oxidative and anti-
hyperglisemic effect on diabetes management.

2. Material and methods

2.1. Preparation of the Lupinus albus L. extract

Lupinus albus L. seed materials which purchased from spice shop and dried under shade. We roasted all of seed material
and powdered before extraction. 100 g of powder was added into 500 mL ethanol for 48 hours and then filtered. Ethanol
extracted were evaporated under vacuum (40 °C with a rotary evaporator). The evaporation-dried extracts of organic
solvents at reduced pressure and temperature were stored at 4 °C until use. The extract was dissolved in 1 mL distilled
water before application. The extract were applied to animals (10 mg/kg, b.w) by using a intragastric tube for 20 days.

2.2. Animals and experimental design

Sprague Dawley rats weighing 200-250 g male rats were purcased from the Center of laboratory animals, ATADEM,
Erzurum, Turkey. The ethical norms were obtained prior to start study for Ethic Committee (No: 06.03.2014 36643897-
203-ATA-44 Turkey/Erzurum). All of rats were used under standardized animal housing condition (12 h light/12h dark,
25% 2 °C, standard water and pelet diet ad libitum). Rats were fasted 18 h before from the experiments, but had free
access to water. Animals were divided into 4 groups of 7 rats each Control Group: Untreated normal rats, STZ-DM Group:
Diabetic rats were received single dose of Streptozotocin 60 mg/kg/i.p., LA Group: Only received Lupinus albus L.
ethanol extract dose of 10 mg/kg/p.o. dissolved in 1 mL distilled water via intragastric tube once a day for 20 days. STZ-
DM+LA Group: Diabetic rats were given single dose of STZ 60 mg/kg/i.p. + LA 10 mg/kg/day/p.o. dissolved in 1 mL
distilled water via intragastric tube once a day for 20 days.

2.3. Induction of diabetes

Diabetes was induced in Spraque Dawley rats by intraperitoneal injection administration of a single (60 mg/kg b.w.) of
STZ (Sigma) dissolved in dissolved in citrate buffer (0.1 M, pH 4.5). After seven days of injection, the blood glucose levels
were measured from tail vein (indicated by Bayer’s glucometer-elite commercial test based on glucose oxidase method)
and a blood glucose level above 250 mg/dL were used for this study as diabetic.

All of rats of four groups were sacrificed by cervical decapitation on 20t day and liver and renal tissues dissected out
washed by ice cold phosphate buffer saline solution (pH 7.2 PBS) to remove excess blood etc. And stored at -80 °C until
used for biochemical analysis. Tissues was homogenized using Qiagen TissueLyserll. MDA [11] levels, CAT [12], SOD

[13] and GPx [14] activities and reduced GSH [15] levels were measured in liver and renal tissues of the rats. Pancreas,
liver and renal tissues were taken from all groups and were removed and immediately half of them were fixed in 10%
formalin for 48h. After dehydration in a graded ethanol series and clearing with xylene, the sample material was
embedded in paraffin and serial sections of 4-um in thickness were cut using microtome and stained using the
Haematoxylin-Eosin stain for observation under the light microscope [16]. The sections were examined by using an
Leica DM 1000 light microscope and all specimen examined in 10 randomly selected areas of approximately x40
objective. The scores were derived semi-quantitatively using light microscopy on the preparations from each animal
and were graded as follows: none (-); mild (+); moderate (++) and severe (+++).
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2.4. Statistical analysis

The data were analysed by one-way analysis of variance (ANOVA) followed using the statistical package for social
science SPSS software version 22.0 program (IBM software, Inc. Chicago, USA), Duncan’s multiple range test applied
and represented as mean * standard deviation (SD) (P<0.05).

3. Results

3.1. Biochemical findings

Glucose levels of the control and experimental groups are shown in Table 1. In the Table 2-3 the liver and kidney tissues
levels of CAT activities, MDA levels, SOD, GPx activities and GSH levels are shown.

Table 1 Glucose levels of the control and experimental groups.

Glucose (mg/dL)

Control Group

126.00+1.03b

STZ-DM Group LA Group STZ-DM+LA Group P

450.00+1.292 122.50+1.12b 125.83+1.22b ok

a,b Means superscripted with different letters are significantly different (***P<0.001)
STZ-DM: Diabetes, LA: Lupinus albus L. ethanol extract, STZ-DM+LA: Treatment group.

Table 2 CAT, MDA, SOD, GPx activities and GSH levels of control and experimental groups in liver tissue.

Groups CAT (kU/g MDA (nmol/g SOD (EU/mg GPx (U/mg GSH (mmol/g
tissue) tissue) protein) protein) tissue)

Control (Liver) 167.3246.57 b 31.69+1.19> 24.09+0.352 5.79+0.38 4.39+0.082b

STZ-DM (Liver)  127.13+0.97¢ 55.63£1.532 20.65+0.300 5.14+0.20 4.23+0.16P

LA (Liver) 183.57+2.612 28.62+1.090 24.58+0.572 5.64+0.38 4.79+0.04

STZ-DM+LA 166.57+2.47b 33.31+1.96 23.75+1.11a 5.22+0.22 4.54+0.192b

(Liver)

abc Means superscripted with different row are significantly different (***(P<0.001; ** P<0.01; *P<0.05 NS: Non-significant)

STZ-DM: Diabetes, LA: Lupinus albus L. ethanol extract, STZ-DM+LA: Treatment group.

Table 3 CAT, MDA, SOD, GPx activities and GSH levels of control and experimental groups in kidney tissue.

Groups CAT (kU/g MDA (nmol/g SOD (EU/mg GPx (U/mg GSH (mmol/g

tissue) tissue) protein) protein) tissue)

Control 163.94+1.692 140.17+2.51bc 10.70+0.29b 4.40+0.17 4.92+0.342

(Kidney)

STZ-DM 122.35+1.10¢ 157.14+1.46 2 7.51+0.40 ¢ 4.13+0.04 3.99+0.10v

(Kidney)

LA (Kidney) 164.96+1.34 134.89+1.55¢ 12.24+0.407 4.86+0.22 4.80£0.092

STZ-DM+LA  157.03%2.32b 142.90£2.10b 11.04+0.422> 4.51+0.34 4.56+0.11ab

(Kidney)

abe Means superscripted with different row are significantly different (***(P<0.001; ** P<0.01; *P<0.05 NS: Non-significant)

STZ-DM: Diabetes, LA: Lupinus albus L. ethanol extract, STZ-DM+LA: Treatment group.
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3.2. Histopathological Findings

Histopathological evaluation of the liver, kidney and pancreas tissues are presented in Table 4-5. Histological
appearance of the liver, kidney and pancreas tissues are presented in Figure 1-3.

Control Group: The liver tissues of the rats in this group were found to be in normal histological structure (Figure 1 A).

STZ-DM Group: Degeneration and coagulation necrosis of hepatocytes in the acinar region were determined in the liver
tissues of rats in this group. Sinusoids and veins were dilated and hyperemic (Figure 1 B).

LA Group: It was determined that the liver tissues of this group had normal histological appearance (Figure 1 C).
STZ-DM+LA Group: A small number of hepatocyte degeneration was observed in the liver tissues of rats in this group.

Sinusoids and veins were slightly dilated and hyperemic (Figure 1 D). Histopathologic evaluations are summarized in
Table 4.

Figure 1 Effect of LA on histology of liver tissue in diabetic rats.

Control group (A): Normal histological structure of the liver; STZ-DM (B), degeneration and necrosis in hepatocytes in
the acinar region, sinusoids dilate and hyperemic; LA group (C), normal histological appearance of the liver; STZ-DM+LA
group (D), very few hepatocyte degeneration, sinusoidal hyperemia, H&E, Bar: 20 pm.

Table 4 Histopathological evaluation of the liver tissue.

Groups Degeneration in hepatocytes Necrosis in hepatocytes Hyperemia in veins
Control - - -

STZ-DM +++ ++ +++

LA - - -

STZ-DM+LA ++ - +

STZ-DM: Diabetes, LA: Lupinus albus L. ethanol extract, STZ-DM+LA: Treatment group.
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Control Group: The kidney tissues of the rats were found to be in normal histological structure (Figure 2 A).

STZ-DM Group: The kidney tissues of rats were examined, dilation in tubulus and bowman capsule, necrosis in tubulus
epithelium and severe degeneration, hyperemia in veins and glomerulus were observed. (Figure 2 B).

LA Group: It was determined that the kidney tissues of this group had normal histological appearance (Figure 2 C).

STZ-DM+LA Group: In the tubulus epithelium of the kidney tissue were found a few hydropic degenerations. Necrotic
cell was never found. Mild hyperemia was seen in interstitial vessels and glomerulus (Figure 2 D). Histopathologic
evaluations are summarized in Table 5.

Table 5 Histopathological evaluation of kidney tissue.

Groups Interstitial Degeneration in Necrosis in tubul Hyperemia in veins
nephritis tubul epithelium epithelia

Control - - - -

STZ-DM ++ +++ +++ +++

LA - - - -

STZ-DM+LA + ++ - ++

Figure 2 Effect of LA on histology of kidney tissue in diabetic rats

Control group (A): Normal histological structure of the kidney; STZ-DM group (B), hydropic degeneration and
coagulation necrosis in tubul epithelia, hyperemia in intertubular arterioles and glomerulus, dilatation in bowman

11
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capsule and some tubules; LA group (C), normal histological appearance of the kidney; STZ-DM+LA group (D),
degeneration in tubul epithelia and hyperemia in intertubular veins, H&E, Bar: 20 pm.

Figure 3 Effect of LA on histology of pancreas tissue in diabetic rats.

Control group (A): Normal histological structure of the pancreas; STZ-DM group (B), severe atrophy in langerhans islets,
degeneration and necrosis in islet cells; group (C), normal histological appearance of the pancreas; STZ-DM+LA group
(D), small number of degeneration and necrosis in islet cells, H&E, Bar: 20 pm.

4. Discussion

Diabetes mellitus is a chronic metabolic syndrome with hyperglycemia. It consists because of insulin
deficiency/resistant, and ends up with disregulation of protein, carbohydrate and lipid metabolism. Diabetes mellitus
is widespread chronic disease. Genetic and environmental factors act together on development of diabetes mellitus [17].

Oxidative stress has been defined disturbance in balance between the production of free radicals or ROS and antioxidant
defence system. The ROS includes both free radicals (molecules having a hydroxyl radical, superoxide radical anion and
odd electron) and ozone, singlet oxygen and hydrogen peroxide that are not free radicals [18].

Oxidative stress can play a sensitive role in the progression and onset of diabetes mellitus [19]. In diabetes, increased
in speedly molecular damage, efficiently species and substrate for these oxidative reactions result from dyslipidemia
and hyperglycemia which can work as both mechanisms and markers of DM disease [20].

Blood glucose levels were increased in diabetic control rats (p<0.001). When treated with Lupinus albus L. seed ethanol
extract diabetic rats showed significantly (p<0.001) decreased blood glucose levels, close to the normal levels (Table 1).

The measurement of MDA levels in biological samples has been widely used since MDA has been recognized as a lipid
peroxidation marker in the last 20 years. Diabetes’s complications and etiology showed that this disease absolutely one
of the more common involving pathologies. Some studies have documented increased lipid oxidation in patients with
carbohydrate metabolism disorders?!. MDA has been confirmed as a lipid peroxidation end product marker. Several
investigations have reported elevated MDA levels in diabetes [21,22]. MDA levels of the kidney and liver tissues were

12
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found to be higher in STZ-DM groups according to control groups in our study (p<0.001). Possible subclinical
complications could play a role in increasing the levels of MDA in diabetes. ROS level increase in diabetes can be due to
decrease in destruction or/and increase in the production by CAT, SOD and GPx antioxidants. Oxidative stress is giving
rise to improving diabetic complications and sensible tissue due to these enzymes variation [23].

Most studies reported that the seeds of lupin contain flavonoids and phenolic acids. The presence of phenolic acids in
lupin seeds is not clear. In this group of phenolic compounds, the main acids may be hydroxybenzoic compounds [24]
or or trans-ferulic compounds [25]. It is known that the phenolic compounds increase during the germination period of
lupine seeds. The quantitative determination of antioxidant capacity and phenolic compounds content of lupine seeds
can reveal the health value of lupine seeds. Three types of lupine having antioxidant properties have been reported, that
yellow lupin seeds being more abundant than the narrow-leafed and white lupin seed in terms of flavonoids acid and
phenolic acids [26]. MDA levels in LA and STZ-DM+LA groups were lower than STZ-DM group both liver and kidney
tissues (p<0.001). MDA levels were lower in the LA group according to another groups. The ethanol extract of Lupinus
albus L. seed could help to reduce the levels of oxidative stres in the liver and kidney of diabetic rats via cleaning the
free radicals highly removed in diabetes.

Lipid peroxidation is important for diabetes. The free radicals increased due to the damage of antioxidant defence
system and lipid peroxidation increased in diabetes. The decreased activity of antioxidant substances go along with
removed lipid peroxide levels in diabetic rats could likely be associated with oxidative stres and decreased antioxidant
defense demand [27]. Our results showed that in diabetic rats, the levels of lipid peroxidation were high in liver and
kidney tissues and may be, were restored to normal values after the lupine extract has been administered.

The measurement of glutathione activity, which is important for detoxification of toxic substances, is considered a
particular indicator of oxidative stress or antioxidant status. The measurement of glutathione activity, which is
important for detoxification of toxic substances, is thought a well indicator of oxidative stress or antioxidant status.
There is an opposing relationship between glutathione levels and oxidative stress [28]. The reduction in glutathione
levels (p<0.05) in STZ-DM group according to control group in this present study may be due to increased usage of this
intracellular antioxidant by GPx. This reduction may also be justified due to increased usage of GSH for the inhibited
synthesis of glutathione or detoxification of toxicant induced free radicals [29,30]. In this study, glutathione levels in
STZ-DM groups were lower than control group liver (p<0.05) and kidney (p<0.01) tissues. In the LA and STZ-DM+LA
groups, glutathione levels were higher in liver LA and STZ-DM+LA groups (p<0.05) compared to STZ-DM and control
groups but kidney tissue values were lower (p<0.01) by control group.

Many scientists think CAT activities is more sensitive and more important than SOD as an oxidative stress biomarker.
CAT is the mainly enzyme managing for the protection and protection of the enzymatic antioxidant when increased
production of ROS. H202 formed due to the catalytic reaction of SOD, which is both a normal cellular metabolite and a
reactive oxygen source, occurs and is detoxified by CAT and GPx [31,32]. In this study represented that CAT activity was
significantly reduced in liver and kidney tissues of diabetic rats(p<0.001). The reduction of CAT activities might be due
to inhibition or exhausting due to the increased production of free radicals. But, CAT activity was found to be
significantly higher (p<0.001) in LA and STZ- DM+LA groups according to diabetic rats in liver and renal tissues.

Copper and zinc containing enzyme is SOD that produced with sequent constitution of hydrogen peroxide (H202) in the
enzymatic antioxidant defence system. This constitude H20: is reduced by a GSH dependent mechanism catalysed by
GPx or decomposed by catalase. As a result of an auto-oxidation of superoxide radicals and electron transport chain
components are produced in endoplasmic reticulum and mitochondria. SOD converts superoxide into oxygen and
hydrogen peroxide [33]. Antioxidant enzyme activity is reduced due to over use in stress conditions that cause free
radical formation [34]. The observed decrease in SOD activity in liver (p<0.01) and kidney (p<0.001) tissues of diabetic
rats could result from inactivation by H20z2. In the other groups given Lupinus albus L., SOD activity was increased in
liver (p<0.01) and renal (p<0.001) tissues by diabetic rats.

GPx defines the general name of an enzyme family with peroxidase activity that protects the organism from oxidative
damage [35]. There is a decrease in circulating levels of GPx, which may be caused by the occurrence of oxidative stress
in diabetic rats. The changes observed in all groups did not show any significance.

In the present study, we investigated significant decrease in CAT, SOD, GPx activities and GSH levels in diabetic rats.
Likely due to hyperglycemia, the synthesis and activity of many antioxidant enzymes, primarily SOD and GPx, are
reducted by glycosylation. The role of oxidative stres in the pathogenesis of diabetic nephropathy is not only through
over production of ROS but also auto oxidation of glucose, the reduction of antioxidant enzyme activities, formation of
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lipid peroxidase, disrupted GSH metabolism and nonenzymatic protein glycosylation [27]. Lupinus albus L. seed ethanol
extract significantly increased antioxidant enzyme activity in diabetic rats.

When we evaluate the histopathological findings, we have observed normal histological structure of the liver in control
group, degeneration and necrosis in hepatocytes in the acinar region, sinusoids dilate and hyperemic in STZ-DM group,
normal histological appearance of the liver in LA group and very few hepatocyte degeneration, sinusoidal hyperemia in
STZ-DM+LA group (Figure 1). We observed normal histological structure in control group, hydropic degeneration and
coagulation necrosis in tubul epithelia, hyperemia in intertubular arterioles and glomerulus, dilatation in bowman
capsule and some tubules in STZ-DM group, normal histological appearance in LA group and degeneration in tubul
epithelia and hyperemia in intertubular veins in STZ-DM+LA group in kidney tissue histopathology (Figure 2). Also we
observed normal histological structure of the pancreas in control group, severe atrophy in langerhans islets,
degeneration and necrosis in islet cells in STZ-DM group, normal histological appearance of the pancreas in LA group
and small number of degeneration and necrosis in islet cells in STZ-DM+LA group (Figure 3). Histopathological
evaluations of liver and kidney tissues are shown in Table 4 and Table 5.

In this present study, we investigated beneficial effects of Lupinis albus L. seed’ roasting ethanol extract on diabetic rats.
In the control and LA groups, liver, kidney and pancreas were normal histologic appearance. Severe degenerations were
observed in the liver, kidney and pancreas tissues in the STZ group diabetic rats. Rats administered with Lupinus albus
L. seed extract along with STZ showed that near normal appearance with regeneration liver, kidney and pancreas, which
indicates the significant protection offered by Lupinus albus L. seed extract against the diabet. In this group, serious
degeneration was not observed as well as in the STZ group. The increased formation of lipid peroxides and associated
ROS leads to damage in membrane integrity and the other pathological changes in liver, kidney and pancreas.

5. Conclusion

These results indicate the role of Lupinus albus L. seed extract might as antidiabetic, antioxidant and reducing of the
oxidative stress and lipid peroxidation. Extracted after Lupinus albus seed’ roasting is a pioneer in literature and the use
of LA in ethnomedicine for diabetes.
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