
Open Access Maced J Med Sci. 2023 Sep 23; 11(A):281-289.� 281

Scientific Foundation SPIROSKI, Skopje, Republic of Macedonia
Open Access Macedonian Journal of Medical Sciences. 2023 Sep 23; 11(A):281-289.
https://doi.org/10.3889/oamjms.2023.11780
eISSN: 1857-9655
Category: A - Basic Sciences
Section: Biochemistry

Effect of Lupinus albus Conglutin Gamma Protein on 
Experimentally Induced Diabetes in Rats

Marwa N. Bhieldeen1 , Yasser M. Moustafa2, Afaf A. Tawfik1, Sami M. Elsayed3, Fatma F. El-shaarawy4

1National Nutrition Institute, General Organization For Teaching Hospitals And Institutes, Ministry of Health And Population, Cairo, 
Egypt; 2Department of Pharmacology and Toxicology, Faculty of Pharmacy, Suez Canal University, Egypt; 3Department of Biochemistry, 
Faculty of Pharmacy, Suez Canal University, Egypt; 4Department of Biochemistry, Faculty of Pharmacy, Sinai University, Egypt

Abstract
BACKGROUND: Early insulin resistance and a progressive loss of pancreatic β cell function combine to cause type 
2 diabetes (T2D), which leads to insufficient insulin production followed by hyperglycemia. Purified from Lupinus 
albus seed, conglutin gamma (Cγ) is a protein that lowers blood sugar. The primary function of adipocytokines, 
hormones released by adipose tissue, is to alert important organs to maintain metabolic balance.

AIM: This study aimed to identify and compare the role of Cγ and glimepiride in controlling hyperglycemia, insulin 
secretion, insulin resistance, and hyperlipidemia in high-fat diet (HFD) and low-dose streptozotocin (STZ) induced 
diabetes in experimental rats.

METHODS: Male Sprague–Dawley rat groups were divided into seven groups; normal, Cγ control, T2D control, and 
four T2D groups which received Cγ (30, 60, and 120 mg/kg) and Glimepiride (0.1 mg/kg) treatments. RESULTS: 
Administration of Cγ successfully eliminated hyperglycemia and increased insulin secretion and sensitivity. In addition, 
when compared to (STZ+HFD) control rats, treatment with Cγ improved the expression of leptin, adiponectin, and 
their blood concentrations, as well as the activity of the enzyme chitotriosidase. It also significantly decreased the 
expression of apelin, nicotinamide phosphoribosyltransferase and RBP4.

CONCLUSION: The present data suggests that Cγ has an effective role in controlling hyperglycemia induced by 
diabetes through amelioration of leptin, adiponectin, lipid profile, and metabolic syndrome.

Edited by: Slavica Hristomanova-Mitkovska
Citation: Bhieldeen MN, Moustafa YM, Tawfik 

AA, Elsayed SM, El-shaarawy FF. Effect of 
Lupinus albus Conglutin Gamma Protein on 

Experimentally Induced Diabetes in Rats. 
Open Access Maced J Med Sci. 2023 Sep 23; 11(A):281-289. 

https://doi.org/10.3889/oamjms.2023.11780
Keywords: Adipocytokines; Conglutin gamma; Insulin 

resistance; Diabetes
 *Correspondence: Marwa Bhieldeen, National Nutrition 

Institute, General Organization for Teaching Hospitals and 
Institutes, Ministry of Health and Population, Cairo, Egypt. 

E-mail: marwa_bhieldeen@yahoo.com 
Received: 18-Aug-2023

Revised: 07-Sep-2023
Accepted: 13-Sep-2023

Copyright: © 2023 Marwa N. Bhieldeen, Yasser M. 
Moustafa, Afaf A. Tawfik, Sami M. Elsayed, Fatma F. 

El-shaarawy
Funding: This research did not receive any financial 

support
Competing Interests: The authors have declared that no 

competing interests exist
Open Access: This is an open-access article distributed 

under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (CC BY-NC 4.0)

Introduction

Early insulin resistance and increasing loss 
of pancreatic β cell function are both factors in type 2 
diabetes (T2D), which leads to insufficient insulin 
production and resultant hyperglycemia [1].

Anti-diabetic drugs control blood sugar levels 
by (a) boosting peripheral insulin sensitivity, (b) reducing 
liver glucose synthesis, (c) raising insulin secretion 
from beta cells, or (d) altering the enzymatic activity of 
enzymes involved in glucose metabolism [2], [3], [4].

The ability of several Lupinus genus proteins to 
reduce blood pressure, glycemia, and cholesterolemia, 
among other consequences, has recently given these 
proteins increased prominence [5], [6], [7]. The proteins 
in the seeds of the extensively cultivated, domesticated 
species Lupinus albus- that have hypoglycemic effects 
both in vivo and in vitro-  have attracted the attention 
of scientists. The globulin fraction of L. Albus seeds 
contains a protein called gamma conglutin (Cγ), which 
was found to have these effects [7], [8], [9]. The homo-
tetramer Cγ is a component of the 7S glycoprotein, 

which accounts for 4–5% of all plant protein. Each Cγ 
monomer is made up of two subunits of 17 and 29 kDa 
that are connected by disulfide links and have a relative 
mass of roughly 50 kDa [10]. At pH >4, Cγ is resistant to 
proteolytic enzymes [11]. A high-fat diet/streptozotocin 
treatment (HFD/STZ) rat model of diabetes is an 
illustration of an experimentally created animal model 
of the disease. In this paradigm, a meal heavy in fat 
and, occasionally, sugar is combined with therapy with 
the b-cell toxin STZ to induce hyperinsulinemia, insulin 
resistance, and/or glucose intolerance [10], [11]. This 
causes a significant decrease in the mass of functioning 
β cells. These two stresses work together to simulate 
the pathogenesis of T2D, although on a shorter period 
than that experienced by humans.

Adipokine profiles are altered in patients with 
T2D and obesity, which increases metabolic risk and 
affects insulin sensitivity [6], [12].

The chitinolytic enzyme chitotriosidase (CHIT1) 
was discovered to have significantly increased activity 
in T2D patients and to be favourably correlated with 
blood pressure and glycemic control parameters 
(levels of glucose and glycated haemoglobin) [13]. 
Although Cγ has been assessed in several metabolic 
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scenarios, no research has investigated how it may 
affect the expression of adipocytokines or the levels 
of the chitotriosidase enzyme in the blood in a chronic 
experimental T2D model.

The current study aimed to determine and 
compare the function of Cγ and glimepiride in regulating 
hyperglycemia, insulin secretion, insulin resistance, 
and hyperlipidemia in HFD and low-dose STZ induced 
T2D experimental rats. This was done by influencing 
the expression of various adipocytokines and serum 
CHIT1 enzyme activity.

Materials and Methods

Isolation of Cγ and characterization by PAGE

Dehulled lupin seeds were made into flour, 
then the fat was removed using hexane. With some 
adjustments, the proteins were isolated as previously 
described by Martínez et al. [14]. In two processes, 
the defatted flour was added to double-distilled water 
(ddH2O) and stirred for 2 h at 4°C to remove the albumin 
fraction. After filtering the solution, the albumin fraction 
in the supernatant was discarded. Step 1 was repeated 
after the pellet was resuspended in ddH2O in step 2. 
The whole globulin fraction was then resuspended 
in 10% NaCl (pH  7) and stirred for 12  h at 4°C. The 
filtrate was then recovered after the solution had been 
filtered at 4°C. The filtrate’s globulins were precipitated 
out with ammonium sulfate until they reached 85% 
saturation. The pellet was filtered, then dissolved in 
phosphate buffer (0.1 M, pH 6.8), and dialyzed for 18 h 
against 0.2 M acetate buffer (pH  4.8). After filtering 
the solution, the alpha conglutin (Cα) was found in the 
pellet, while the beta and gamma conglutins (Cβ  and 
Cγ, respectively) were found in the supernatant. The 
supernatant was dialyzed against distilled water at 4°C 
for 48 h to separate Cβ and Cγ. Following filtering, the 
Cγ-containing supernatant was lyophilized (Laboratory 
freeze dryer Alpha 1–2 LSCbasic) for 48  h at −55°C, 
0.021 mbar. SDS-polyacrylamide gel electrophoresis 
(SDS-PAGE) at 12% under reducing and non-reducing 
conditions was used with a small Protean®Tetra cell 
(BioRad, Milan, Italy) apparatus to confirm the presence 
of Cγ in the isolate fraction (2  mg per sample)  [15]. 
Gels were stained with Coomassie brilliant blue G-250 
following electrophoresis (BioRad, Milan, Italy). By 
contrasting native and denatured Cγ with a protein ladder 
(BenchMarkTM Prestained protein ladder, Invitrogen), 
the relative molecular weight of each was measured.

Animals

The study was carried out in the National 
Nutrition Institute Cairo, Egypt on one hundred and five 

adult male Sprague–Dawley (SD) albino rats weighing 
(160 ± 10  g), bought from EGY VAC-  The Egyptian 
Company for production of vaccines and drugs 
(Vaccsera), in Helwan-October 2020, kept individually 
in cages. The rats were divided into 7 groups each 
consisting of 15 rats. Feed and water were provided 
ad libitum. Rats were maintained on a normal light-
dark schedule and temperature of 25 ± 3°C throughout 
the experiment and left 1  week for acclimatization. All 
experimental protocols were approved by the Institutional 
Animal Care and Use Committee at the Faculty of 
Pharmacy, Suez Canal University (Ismailia, Egypt).

Experimental induction of type2 diabetes 
by high-fat diet and low-dose STZ

The rats were divided into two dietary plans: 
The normal pellet diet (NPD), which contains 12% 
of calories as fat (30 rats), and the HFD, which 
contains 58% fat, 25% protein, and 17% carbohydrate 
(75 rats) [16]. The typical diet was made in accordance 
with Reeves et al. [17]. The makeup of it was as follows 
(g/100 g): Casein 14 (Difco, Becton Dickinson, France), 
Cellulose 5 (Oxford Lab, Mumbai, India), corn Oil 10 
(Egyptian market), vitamin and mineral mix 5 (ADWIC 
Co., Cairo, Egypt), Corn starch 66 (Egyptian market), 
DL-methionine, 0.3 (Sigma–Aldrich, MO, USA; ADWIC 
Co., Cairo, Egypt), cholin chloride 0.2 (Oxford Lab, 
Mumbai, India). Srinivasan et al. [18] described the 
following components (g/kg) as the composition and 
preparation of HFD: Powdered NPD, 365 (prepared); 
DL-methionine, 3.0 (Sigma-Aldrich, MO, USA; ADWIC 
Co., Cairo, Egypt); lard, 310 (Egyptian market); casein, 
250 (Difco, Becton Dickinson, France); cholesterol, 
10 (Oxford Lab, Mumbai, India); vitamin and mineral 
mix, 60 (ADWIC Co., Cairo, Egypt); yeast powder, 
1.0 (Egyptian market); sodium chloride (Egyptian 
market). After 2 weeks of dietary manipulation, 75 rats 
on HFD were given an intraperitoneal (i.p.) injection 
of STZ 35 mg/kg that had just been freshly dissolved 
in di-sodium citrate (pH  4.5) buffer [19]. The glucose 
level in blood samples taken from the tail tip 10 days 
after STZ injection was assessed using the glucometer 
method (Perfecta-Granzia-Italy). After that, the study 
only included rats with fasting blood glucose levels 
>250 mg/dL [20].

Experimental design

Diabetic rats received Glimepiride or the 
different concentrations of the extract under study 
orally and once daily dissolved in the carrier solution for 
4 weeks starting from day 11 after induction of diabetes. 
Rats were randomly allocated into seven groups of 
fifteen animals each.

Groups of male Sprague–Dawley rats were 
assigned to the normal group, Cγ control group, T2D 
control group, and four T2D groups treated with Cγ 
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(30, 60, and 120 mg/kg) and Glimepiride (0.1 mg/kg) 
once daily oral gavage for 4 weeks.
•	 Group 1: Non-diabetic rats, fed NPD, received 

only a single i.p. injection of citrate buffer 
(1 mL/kg) and served as normal control group

•	 Group  2: Non-diabetic rats, fed NPD, 
received only a single i.p. injection of citrate 
buffer (1  mL/kg) and a daily oral dose of Cγ 
(120  mg/kg) served as positive control for 
“non-diabetic Cγ group

•	 Group 3: T2D; diabetic rats received the only 
vehicle and served as T2D control group

•	 Group  4: T2D rats received “Cγ at doses of 
30 mg/kg [9]

•	 Group  5: T2D rats received “Cγ at doses of 
60 mg/kg

•	 Group  6: T2D rats received “Cγ at doses of 
120 mg/kg [21]

•	 Group  7: T2D rats received “Glimipiride at 
doses of 0.1 mg/kg [22].

Blood sampling and biochemical analysis

Rats were starved overnight and given 
50 mg/kg of thiopental sodium to put them to sleep [23]. 
The hepatic portal vein was used to collect blood, which 
was transferred into centrifuge tubes containing anti-
coagulants. Whole blood was used to measure blood 
glucose levels using the haemoglobin and Perfecta-
Granzia, Italy, glucometer technique. The remaining 
blood was centrifuged at 2000  rpm for 15  min after 
30 min of collection and stored at −80°C until assayed. 
Triglycerides (TGs), total cholesterol (TC), alanine 
Transaminase (ALT), aspartate aminotransferase (AST), 
alkaline phosphatase (ALP), lactate dehydrogenase 
(LDH), gamma-glutamyl transferase (GGT), urea, 
creatinine and uric acid, were measured by automatic 
biochemistry analyzer BT 1500 Biotecnica Instrument. 
According to the manufacturer’s instructions, HDL-C 
was measured  colorimetrically using assay kits from 
(Stanbio, Texas, USA).

Enzyme-linked immunosorbent assay

Serum insulin-  Catalog No: E-EL-R3034, 
C-peptide- Catalog No: E-EL-R3004, Visfatin- Catalog 
No: E-EL-R1067, Adiponectin- Catalog No: E-EL-R3012 
and Leptin-Catalog No: E-EL-R0582, were determined 
using the rat ultrasensitive ELISA kit (elabscience, USA) 
by ELISA reader. CHIT1 (CHIT1 enzyme activity) was 
determined using the rat CHIT1 ultrasensitive ELISA kit 
(eiabscience, Catalog No: E13980m, USA) by ELISA 
reader.

Calculation of insulin resistance

Insulin resistance was determined using 
the homeostasis model assessment index for insulin 

resistance (HOMA-IR) using the following formula: 
HOMA-IR index [fasting glucose (mg/dl) × fasting 
insulin (mU/mL)]/405) [24]. To assess insulin sensitivity, 
the revised quantitative insulin sensitivity check index 
1/[log fasting insulin (mU/ml) + log fasting glucose 
(mg/dL)] was used [25].

Expression of nicotinamide 
phosphoribosyltransferase (NAMPT), Leptin, 
Adiponectin, RBP4, and Apelin genes in adipose 
tissue

A mortar and pestle were used to smash 
30  mg of frozen adipose tissue into liquid nitrogen. 
A  rotor-stator homogenizer was used to blend the 
lysate. We pipette-mixed 450 µL of 96–100% ethanol 
into the mixture, centrifuged the mixture for 5  min at 
>12000 × g, and then transferred the supernatant into 
a fresh microcentrifuge tube devoid of RNase. The 
GeneJET RNA Purification Column received 700 µL of 
Wash Buffer 1, and we centrifuged it at 12,000× g for 
1 min. The purification column was then infused with 
250 µL of wash buffer 2 before being centrifuged at 
10,000× g for 2 min. We put the lysate into the column 
after centrifuging and discarded the flow-through 
solution. Denaturing agarose gel electrophoresis 
followed by ethidium bromide staining was used 
to evaluate the integrity of the RNA before cDNA 
synthesis. Total eukaryotic RNA, which includes both 
18S and 28S rRNA, was intact. We prepared a reaction 
master mix by adding the components according to the 
manufacturer’s instructions. (Except template DNA) 
for each 20 μL reaction to a tube at room temperature. 
The reaction mix was mixed gently and transferred into 
the PCR machine 42°C for 60 min and 70°C for 5 min. 
We programmed the thermal cycler according to the 
recommendations below.

Step Temperature, °C Time Number of cycles
Initial denaturation 95 10 min 1
Denaturation 95 15 s 40
Annealing/extension 60 60 s

The primers used to amplify the aforementioned 
genes are shown in (Table 1).

Table 1: Primer’s sequence used for qRT‑PCR
Name Forward sequence Reverse sequence
Leptin CCT GTG GCT TTG GTC CTA TCT G AGG CAA GCT GGT GAG GAT CTG
NAMPT AGCGGCAGAGCACAGTACCATA CCACAGACACAGGCACTGATGA
RBP4 GACAAGGCTCGTTTCTCTGG AAAGGAGGCTACACCCCAGT
Apelin GGCTAGAAGAAGGCAACATGC CCGCTGTCTGCGAAATTTC
Adiponectin AATCCTGCCCAGTCATGAAG CATCTCCTGGGTCACCCTTA
Actein GTAAAGACCTCTATGCCAACA GGACTCATCGTACTCCTGCT
NAMPT: Nicotinamide phosphoribosyltransferase.

Statistical analysis

All data were expressed as mean ± SD and 
analyzed using the Statistical Package of Social 
Sciences program version  17, (Chicago, IL, USA). 
For all parameters, comparisons among groups were 
carried out using a one-way analysis of variance 
followed by Bonferroni’s multiple comparisons test [26]. 
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All p-values reported are two-tailed and p < 0.05 was 
considered significant.

Results

Characterization of Cγ by SDS-PAGE

Protein isolated from -conglutin was examined 
using SDS-PAGE. Proteins were isolated in non-
reducing (Figure  1 lane 2) and reducing (lanes 3) 
conditions. Coomassie brilliant blue was used to stain 
the gels. The SDS-PAGE profiles of the Cγ used in the 
Cγ treatment groups are displayed in Figure 1. When 
there are no reducing conditions, only one band of 
roughly 50 kDa is visible for Cγ (lane 2). As anticipated, 
under reducing circumstances, two prominent bands 
of approximately 17 and 29 kDa formed; these bands 
were the two Cγ sub-units (Figure 1 lane 3) [27].

Figure 1: Characterization of purified lupin protein, γ-conglutin

Effect of Cγ on serum lipid profile

The serum concentrations of cholesterol and TG 
in diabetic rats of the positive control group significantly 
increased (p < 0.05, Table 2). On the other hand, when 
compared to the values of normal control rats, HDL-C 
was significantly decreased. When compared to diabetic 
control rats, oral treatment of Cγ significantly reduced the 
blood levels of TG and TC while significantly increasing 
the level of HDL-C. When compared to diabetic control 
rats, Cγ and Glimipiride treatment effectively reduced the 
abnormalities in the lipid profile (p < 0.05, Table 2). Notably, 
when compared to diabetic controls, the medium dose of 
Cγ (60 mg/kg) did not significantly improve HDL-C levels.

Effect of Cγ on fasting blood glucose, 
serum insulin, HOMA-IR index and serum 
C-peptide in diabetic rats

Injection of STZ after 2 weeks of HFD significantly 
(p < 0.05) raised blood glucose levels in contrast to the 
normal control group, as indicated in Table  3. When 
compared to normal controls, diabetic rats’ serum insulin 
significantly dropped, and the computed HOMA-IR 
significantly rose (p < 0.05, Table 3). In comparison to 
the diabetic control group, oral administration of Cγ and 
glimipiride produced a significant decrease in serum 
glucose, as well as insulin resistance and a significant 
increase in serum insulin (p < 0.05; Table 3). Notably, 
when compared to diabetic controls, the lowest and 
middle doses of Cγ (30  mg/kg and 60  mg/kg) did not 
significantly alter HOMA-IR. Regarding insulin resistance 
during the 4-week treatment, there was no significant 
difference between the two doses. Compared to diabetic 
control group, serum C-peptide levels significantly 
increased after oral administration of Cγ and glimipiride. 
Serum C-peptide levels was significantly reduced in 
diabetic rats of positive control group.

Table 2: Effect of conglutin gamma on serum lipid profile in diabetic rats
Groups Parameters

Total cholesterol (mg/dL) Triglyceride (mg/dL) HDL‑C (mg/dL)
Normal 72.973 ± 8.9 56.373 ± 14.7 69.67 ± 6.7
Positive control for “non‑diabetic CG group” 60.033 ± 6.19 49.900 ± 12.26 72.13 ± 7.43
Type 2 diabetes 256.267 ± 24.4a,c 359.273 ± 191.3a,c 35.47 ± 3.9a,c

Type 2 diabetes + “Cγ 30 mg/kg” 111.087 ± 39.4a,b,c 77.773 ± 7.24b 62.87 ± 5.6a,b

Type 2 diabetes + “Cγ 60 mg/kg” 137.540 ± 33a,b,c 75.227 ± 8.9b 52.87 ± 7.4a,b,c

Type 2 diabetes + “Cγ 120 mg/kg” 76.627 ± 9.5b 63.380 ± 11.9b 71.60 ± 6.9b

Type 2 diabetes+Glimipiride 78.180 ± 9.7b 98.260 ± 35.1b 61.93 ± 8.4a,b,c

aIs significant versus positive control for “non‑diabetic CG group”/bIs significant versus positive control/cIs significant versus negative non‑diabetic. Rats were treated for 4 weeks. Results were expressed as mean ± SD and 
analyzed using one‑way ANOVA followed by Bonferroni’s post hoc test (n=15). TG: Triglycerides, TC: Total cholesterol, HDL‑C: High‑density lipoprotein cholesterol, SD: Standard deviation.

Table 3: Effect of conglutin gamma on fasting blood glucose, serum insulin, calculated high density lipoprotein cholesterol index 
and serum C– peptide in diabetic rats
Groups Parameters

Fasting blood sugar (mg/dL) C–peptidep (g/mL) Insulinp (g/mL) Homa IR
Normal 103.20 ± 4.7 1053.1 ± 149.3 251.77 ± 17.3 1.83 ± 0.10
Positive control for “non‑diabetic CG group” 106.13 ± 4.22 1107 ± 146.4 359.273 ± 191.3 1.88 ± 0.14
Type 2 diabetes 365.67 ± 46.5a,c 296.1 ± 100.9a,c 95.5 ± 44.0a,c 2.48 ± 1.19a,c

Type 2 diabetes + “Cγ 30 mg/kg” 161.60 ± 19.4a,b,c 716.8 ± 87.4a,b,c 243.8 ± 16.9b 2.79 ± 0.4a,c

Type 2 diabetes + “Cγ 60 mg/kg” 168.60 ± 13.76a,b,c 825.3 ± 15.9a,b,c 259.4 ± 19.4b 3.1 ± 3.8a,b,c

Type 2 diabetes + “Cγ 120 mg/kg” 110.47 ± 3.06b 1104.1 ± 130.6b 237.5 ± 30.5b 1.85 ± 0.23b

Type 2 diabetes+glimipiride 112.87 ± 4.12b 890.9 ± 132.9a,b,c 235.2 ± 35.3b 1.88 ± 0.29b

aIs significant versus positive control for “non‑diabetic CG group”/bIs significant versus positive control/cIs significant versus negative non diabetic. Rats were treated for 4 weeks. Results were expressed as mean ± SD and 
analyzed using one‑way ANOVA followed by Bonferroni’s post hoc test (n=15). HMOA‑IR index: Homeostasis model assessment index for insulin resistance index, Rats were treated for 4 weeks. Results were expressed as 
mean ± SD and analyzed using one‑way ANOVA followed by Bonferroni’s post hoc test (n=15).
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Effect of Cγ on liver enzyme activity, 
kidney function tests and LDH in diabetic rats

Serum levels of AST, urea, and creatinine were 
not significantly different between normal control rats 
and those fed the HFD for 2 weeks before receiving a 
low dosage of STZ. Cγ oral treatment resulted in a non-
significant change in serum levels of these parameters.

The serum levels of ALT, ALP, LDH, GGT, and 
U.A. in diabetic rats, however, increased significantly.

In comparison to the diabetic group, blood 
levels of ALT, ALP, LDH, GGT, and U.A. exhibited a 
significant decline after oral administration of Cγ at the 
end of the study period. The serum levels of ALP and 
AST following oral administration of Cγ (30 mg/kg and 
60 mg/kg, respectively) and glimepiride (0.1 mg/kg) did 
not differ significantly from those of diabetic positive 
control rats (Table 4).

Effect of Cγ on serum Visfatin, 
Adiponectin, and Leptin of diabetic rats

Induction of T2DM increased blood levels of 
leptin and visfatin significantly (p < 0.05) compared to 
the normal control group, however diabetic rats’ serum 
levels of adiponectin significantly (p < 0.05) dropped 
when compared to controls.

In comparison to the diabetic control group, 
oral administration of Cγ and glimipiride resulted in a 
significant decrease in blood leptin, visfatin, and a rise 
in serum adiponectin (p < 0.05; Table 5). Notably, when 
compared to diabetic controls, the highest dose of Cγ 
(120 mg/kg) showed the greatest drop in serum leptin 
and visfatin levels. When compared to diabetic controls, 
the highest dose of Cγ (120 mg/kg) caused the greatest 
increase in blood adiponectin levels (p < 0.05, Table 5).

Table  5: Effect of conglutin gamma on serum visfatin, 
adiponectin, and leptin of diabetic rats
Groups Parameters

Visfatin (ng/mL) Adiponectin 
(ng/mL)

Leptin (ng/mL)

Normal 1.86 ± 0.2 10.0 ± 2.5 7.8 ± 2.6
Positive control for “non‑ 
diabetic CG group”

1.973 ± 46 11.96 ± 2.7 8.38 ± 1.7

Type 2 diabetes 3.66 ± 0.34a,c 2.06 ± 0.5a,c 49.5 ± 3.6a,c

Type 2 diabetes + “Cγ 30 mg/kg” 2.82 ± 0.44a,b,c 6.02 ± 1.3a,b,c 18.77 ± 3.9a,b,c

Type 2 diabetes + “Cγ 60 mg/kg” 2.63 ± 0.35a,b,c 7.2 ± 1.3a,b,c 19.0 ± 3.4a,b,c

Type 2 diabetes + “Cγ 120 mg/kg” 2.44 ± 0.4a,b,c 10.4 ± 1.8b 12.5 ± 3.6b,c

Type 2 diabetes + Glimipiride 2.58 ± 0.5a,b,c 8.89 ± 1.7a,b 14.74 ± 6.1a,b,c

aIs significant versus positive control for “non‑diabetic CG group”/bIs significant versus positive control/cIs 
significant versus negative non‑diabetic.

Effect of Cγ on serum CHIT1 enzyme 
activity of diabetic rats

Injection of STZ after 2 weeks of HFD elevated 
blood CHIT1 enyme levels significantly compared 
to the normal group, p < 0.05 as demonstrated in 
(Table 6). Cγ and glimipiride were administered orally, 
and the results demonstrated a significant decrease in 
serum CHIT1 enyme levels compared to the diabetic 
control group (p < 0.05). Notably, compared to diabetic 
controls, the highest dose of Cγ (120 mg/kg) showed 
the largest decrease in serum CHIT1 enyme levels, and 
the three doses of Cγ caused a greater decrease than 
the glimepiride group (p < 0.05, Table 6).

Table 6: Effect of conglutin gamma on serum Chitotriosidase 
enzyme activity of diabetic rats
Group Parameter

CHIT1 (Chitotriosidase enzyme activity) 
(pg/mL)

Normal 475.0 ± 201.5
Positive control for “non‑diabetic CG group” 567.75 ± 146.6
Type 2 diabetes 1594.1 ± 418.8a,c

Type 2 diabetes + “Cγ 30 mg/kg” 679.94 ± 128.3b

Type 2 diabetes + “Cγ 60 mg/kg” 671.69 ± 192.1b

Type 2 diabetes + “Cγ 120 mg/kg” 655.82 ± 151.7b,c

Type 2 diabetes + Glimipiride 834.7 ± 132.6a,b,c

aIs significant versus positive control for “non‑diabetic CG group”/bIs significant versus positive control/cIs 
significant versus negative non‑diabetic.

Effect of Cγ on the expression of NAMPT, 
Leptin, Adiponectin, RBP4 and Apelin genes in 
adipose tissue of diabetic rats

The values of the fold change of the relevant 
adipokine genes in the test condition compared to the 
control condition are shown in (Table 7) and have all 
been normalized to the housekeeping gene.

The effects of oral administration of Cγ and 
glimepiride on the expression of adipokines were 
measured in adipose tissue following 4  weeks of 
treatments. There was a reduction in the expression of 
adiponectin and an increase in the expression of leptin, 
NAMPT, RBP4, and apelin genes in the adipose tissue 
for rats of positive diabetic control in comparison with 
normal control. Oral administration of Cγ and glimepiride 
for 4 weeks resulted in an upregulation of adiponectin 
expression in adipose tissue of rats of treated groups 
compared to positive diabetic control, while the 
expression of leptin, NAMPT, RBP4, and apelin genes in 
the adipose tissue for rats of treatment groups after oral 
administration of Cγ and glimepiride was downregulated 
compared to positive diabetic control.

Table 4: Effect of conglutin gamma on liver enzyme activities, kidney function tests and lactate dehydrogenase in diabetic rats
Groups Parameters

ALT (GPT) (µ/L) AST (GOT) (µ/L) ALP (IU/L) LDH (µ/L) GGT (IU/L) Urea (mg/dL) Creat (mg/dL) U.A (mg/dL)
Normal 48.9 ± 3.7 115.09 ± 11.82 412.7 ± 66.6 421 ± 62.3 1.08 ± 0.49 49.2 ± 16.1 0.53 ± 0.07 1.75 ± 0.63
Positive control for “non‑diabetic CG group” 56.1 ± 7.6 353.2 ± 39.56 500.5 ± 155.9 306.3 ± 67.22 0.98 ± 0.47 34.8 ± 3.9 0.51 ± 0.56 3.06 ± 0.78
Type 2 diabetes 148.4 ± 17.9a,c 252.83 ± 28.98a,c 2099.2 ± 205.3a,c 1988.5 ± 278.6a,c 5.08 ± 1.8a,c 59.3 ± 12.3 0.56 ± 0.06 4.8 ± 0.6a,c

Type 2 diabetes + “Cγ 30 mg/kg” 57.4 ± 5.1b 174.2 ± 26.73a,b,c 1645.8 ± 180.5a,b,c 410.1 ± 21.8b 1.31 ± 0.77b 69.4 ± 14.3a,c 0.45 ± 0.07b,c 2.3 ± 0.47ab

Type 2 diabetes + “Cγ 60 mg/kg” 90.5 ± 14.9a,b,c 153.55 ± 15.45a,b 1770.7 ± 181.6a,b,c 376.6 ± 21.8b 2.16 ± 0.7a,c 104.4 ± 22.5a,b,c 0.57 ± 0.06 2.5 ± 0.34bc

Type 2 diabetes + “Cγ 120 mg/kg” 61.9 ± 4.9b,c 262.15 ± 72.14a,c 631.7 ± 266.9b,c 392.4 ± 42.2b 1.54 ± 0.56b 41.8 ± 13.4b 0.6 ± 0.06a 2.1 ± 0.75a,b

Type 2 diabetes+glimipiride 62.7 ± 10.4b,c 232.87 ± 27.13a,c 113.0 ± 58.2a,b,c 974.3 ± 83.2a,b,c 1.40 ± 0.53b 63.5 ± 8.7a 0.58 ± 0.83 2.16 ± 0.42a,b

aIs significant versus positive control for “non‑diabetic CG group”/bIs significant versus positive control/cIs significant versus negative non‑diabetic. ALT: Alanine Transaminase, AST: Aspartate aminotransferase, ALP: Alkaline 
phosphatase, LDH: Lactate dehydrogenase, GGT: Gamma‑glutamyl transferase, U.A.: Uric acid. Rats were treated for 4 weeks. Results were expressed as mean ± SD and analyzed using one‑way ANOVA followed by 
Bonferroni’s post hoc test (n=15).
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Discussion

The goal of the current study was to assess 
and compare the potential effects of Cγ and glimepiride 
as hypoglycemic medications, as well as their effects on 
the expression of different adipocytokines, serum CHIT1 
enzyme activity, and serum adipocytokines in type  2 
diabetic rats fed a HFD and treated with low doses of STZ.

First off, when compared to normal control 
rats, the current data revealed no statistically 
significant variations in the serum levels of AST, urea, 
and creatinine. As it is crucial to confirm the lack of 
kidney and liver toxicity after delivering any treatment, 
oral administration of Cγ demonstrated a substantial 
decrease in blood levels of ALT, ALP, LDH, GGT, and 
U.A. as compared with the diabetic group at the end of 
the study period. In this instance, the group receiving 
Cγ from L. albus did not experience any appreciable 
alterations in their serum urea and creatinine levels.

Comparing this group to normal levels revealed 
no change in the serum ALT and AST levels. As a 
result, it appears that there is no liver or kidney damage 
caused by the oral administration of Cγ from L. albus at 
the dose and duration examined in this investigation. 
As a result, it appears that there is no liver or kidney 
damage caused by the oral administration of Cγ from 
L. albus at the dose and duration examined in this 
investigation. This is in line with earlier findings for the 
species L. albus Cγ [28].

By combining HFD with a low dose of STZ, 
as described in the literature, our data showed that 
blood glucose levels and insulin resistance increased 
significantly [29]. The glucose-fatty acid cycle is the 
primary mechanism that can explain insulin resistance. 
In brief, consuming excessive amounts of fat can 
result in high levels of TGs, which can enhance the 
bioavailability and oxidation of fatty acids, which blunts 
the insulin-mediated decrease in hepatic glucose output 
and decreases glucose uptake or utilization in skeletal 
muscle, resulting in insulin resistance [30].

Along with abnormalities in glucose 
metabolism, the diabetic rats in the current study also 
exhibited abnormalities in lipid metabolism, as shown 
by significantly elevated TG and TC levels coupled with 
decreased HDL-C, similar to type 2 diabetic rats, which 
may be a risk factor in a number of cardiovascular 

complications. Increased dietary cholesterol absorption 
following the use of HFD in a diabetic situation may be 
the cause of hypercholesterolemia [31], [32].

Cγ has an impact on the serum lipid profile in 
diabetic rats when compared to normal control rats. 
These findings support the notion that Cγ has the 
capacity to improve the dyslipidemic profile linked to 
diabetes [33].

According to Trujillo and Scherer, insulin 
resistance is directly correlated with hyperlipidemia 
because high blood lipid concentrations release 
humoral factors like resistin and adiponectin that affect 
insulin sensitivity and result in insulin resistance [34]. 
Therefore, the hypolipidemic effect of Cγ in the current 
study may help reduce insulin resistance.

Comparing the oral administration of Cγ to the 
diabetic control group, produced a significant rise in 
serum insulin levels was observed. These results are 
consistent with earlier research by Vargas et-al, which 
showed that rats given-Cγ had higher insulin levels and 
lower blood glucose levels than the control group [35]. In 
addition, glimipiride significantly boosted insulin secretion 
in diabetic rats, which is consistent with a study by [36]. It 
has previously been demonstrated that several intestinal 
and exogenous enzymes could not break down the Cγ 
protein [11]. Its oral administration is facilitated by this 
characteristic. Additionally, Capraro and colleagues [37] 
revealed that Cγ could cross the Caco-2 cells’ basolateral 
membranes, an in vitro model that resembled the 
human intestinal epithelium, in an undamaged state. 
We proposed that, following absorption, Cγ may induce 
pancreatic insulin secretion similarly to glucagon-like 
peptide-1 (GLP-1), which binds to its pancreatic receptor 
and stimulates insulin exocytosis [38].

Our research also offers novel understandings 
of how Cγ affects serum adipocytokines. We found that 
Cγ treatment was linked to elevated serum levels of 
adiponectin and decreased serum levels of leptin and 
visfatin. This is consistent with recent research that 
discovered an association between adiponectin and 
insulin sensitivity [39], as well as the functions of visfatin 
and leptin in insulin resistance and diabetic metabolic 
syndrome [40].

One of the unique characteristics of this study 
is how it investigates the effects of Cγ and Glimepiride 
on blood indicators linked to CHIT1 enzyme activity. 
The substantial increases in this parameter that have 

Table  7: Effect of conglutin gamma on the expression of nicotinamide phosphoribosyltransferase, leptin, adiponectin, retinol-
binding protein 4, and apelin genes in adipose tissue of diabetic rats
Groups Parameters

NAMPT expression Leptin expression Adiponectin expression RBP4 expression Apelin expression
Normal 1.09 ± 0.05 1 ± 0.02 1 ± 0.01 1 ± 0.021 1 ± 0.11
Positive control for “nondiabetic CG group” 1.07 ± 0.01 1.5 ± 0.05 0.73 ± 0.02 1.6 ± 0.25 1.17 ± 0.9
Type 2 diabetes 2.2 ± 1.04ac 5.23 ± 1.1a,c 0.27 ± 0.13a,c 4.48 ± 0.3a,c 6.59 ± 0.14a,c

Type 2 diabetes + “Cγ 30 mg/kg” 1.87 ± 0.9a 4.3 ± 0.9a,b,c 0.29 ± 0.002a,b,c 2.21 ± 0.01a,b 3.34 ± 1.04b,c

Type 2 diabetes + “Cγ 60 mg/kg” 1.5 ± 0.01a,b,c 3.8 ± 0.5a,b,c 0.31 ± 0.01a,b,c 2.1 ± 0.017a,b 3.1 ± 0.20b,c

Type 2 diabetes + “Cγ 120 mg/kg” 1.29 ± 1.03a,b 2.52 ± 0.06a,b 0.53 ± 0.2b,c 1.88 ± 0.04b 1.6 ± 0.03b

Type 2 diabetes + Glimipiride 1.1 ± 0.6a,b,c 2.75 ± 0.1b 0.57c 1.81 ± 0.25 1.51 ± 0.014
aIs significant versus positive control for “non-diabetic CG group”/bIs significant versus positive control/cIs significant versus negative non-diabetic. NAMPT: Nicotinamide Phosphoribosyltransferase, RBP4: Retinol binding 
protein 4.
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been seen are important proof of the favorable effects 
of these therapies on various aspects of metabolic 
dysfunction.

The thorough examination of adipokine 
gene expression in response to therapy is one of this 
study’s additional novel features. The potential of 
Cγ and Glimepiride in modulating the expression of 
important adipokines involved in metabolic regulation is 
highlighted by the observed upregulation of adiponectin 
gene expression and downregulation of leptin, NAMPT, 
RBP4, and apelin gene expression in the adipose tissue 
of treated diabetic rats.

The use of animal models and the lack of 
long-term follow-up are two drawbacks of our work. 
The underlying processes by which Cγ impacts 
adipocytokines and glucose metabolism were also not 
examined. Future research could look at the cellular 
and molecular mechanisms underlying these effects.

Conclusion

Cγ administration effectively abrogated 
hyperglycemia and enhanced insulin secretion and 
sensitivity. Moreover, administration Cγ ameliorated 
CHIT1 enzyme activity, the expression of leptin, 
adiponectin, and their serum concentration, NAMPT 
and RBP4 expression compared to (STZ+HFD) control 
rats and effectively downregulated apelin expression. 
The present data suggests that Cγ has an ameliorative 
effect on liver damage induced by diabetes.

Declarations

Ethical approval

All experimental protocols were approved by 
the Institutional Animal Care and Use Committee at the 
Faculty of Pharmacy, Suez Canal University (Ismailia, 
Egypt).

Authors’ contributions

Marwa Bhieldeen and Afaf Tawfik: prepared the 
protein extract. Marwa bhieldeen: Marwa Bhieldeen: Did 
the biological experiments and collected blood samples 
and adipose tissue samples. marwa Bhieldeen: Did 
the ELISA and PCR assays for the samples. marwa 
Bhieldeen and Fatema El-shaarawy: Analyzed the 
results and prepared data, marwa Bhieldeen: Prepared 
the manuscript. Fatema El-shaarawy: Helped in editing 
the manuscript. All authors reviewed the manuscript.

Availability of data and materials

The data that support the findings of this study 
are available from the corresponding author upon 
reasonable request.

References

1.	 Gerich JE. Contributions of insulin-resistance and insulin-
secretory defects to the pathogenesis of Type  2 diabetes 
mellitus. Mayo Clin Proc. 2003;78:447-56. https://doi.
org/10.4065/78.4.447

	 PMid:126836976.
2.	 Lebovitz HE. Alpha-glucosidase inhibitors. Endocrinol Metab 

Clin North Am. 1997;26(3):539-51. https://doi.org/10.1016/
s0889-8529(05)70266-8

	 PMid:9314014
3.	 Bolen S, Feldman L, Vassy J, Wilson L, Yeh HC, 

Marinopoulos  S, et al. Systematic review: Comparative 
effectiveness and safety of oral medications for Type 2 diabetes 
mellitus. Ann Intern Med. 2007;147(6):386-99. https://doi.
org/10.7326/0003-4819-147-6-200709180-00178

	 PMid:17638715
4.	 Drucker DJ, Nauck MA. The incretin system: Glucagon-like 

peptide-1 receptor agonists and dipeptidyl peptidase-4 inhibitors 
in Type 2 diabetes. Lancet. 2006;368(9548):1696-705. https://
doi.org/10.1016/S0140-6736(06)69705-5

	 PMid:17098089.
5.	 Sirtori CR, Lovati MR, Manzoni C, Castiglioni S, Duranti M, 

Magni C, et al. Proteins of white lupin seed, a naturally isoflavone-
poor legume, reduce cholesterolemia in rats and increase LDL 
receptor activity in HepG2  cells. J  Nutr. 2004;134(1):18-23. 
https://doi.org/10.1093/jn/134.1.18

	 PMid:14704287
6.	 Lee MW, Lee M, Oh KJ. Adipose tissue-derived signatures 

for obesity and Type  2 diabetes: Adipokines, batokines and 
MicroRNAs. J Clin Med. 2019;8(6):854. https://doi.org/10.3390/
jcm8060854

	 PMid:31208019.
7.	 Magni C, Sessa F, Accardo E, Vanoni M, Morazzoni P, 

Scarafoni  A, et al. Conglutin gamma, a lupin seed protein, 
binds insulin in vitro and reduces plasma glucose levels of 
hyperglycemic rats. J  Nutr Biochem. 2004;15(11):646-50. 
https://doi.org/10.1016/j.jnutbio.2004.06.009

	 PMid:15590267
8.	 Bertoglio JC, Calvo MA, Hancke JL, Burgos RA, Riva A, 

Morazzoni P, et al. Hypoglycemic effect of lupin seed γ-conglutin 
in experimental animals and healthy human subjects. 
Fitoterapia. 2011;82(7):933-8. https://doi.org/10.1016/j.
fitote.2011.05.007

	 PMid:21605639.
9.	 Lovati MR, Manzoni C, Castiglioni S, Parolari A, Magni C, 

Duranti M. Lupin seed γ-conglutin lowers blood glucose in 
hyperglycaemic rats and increases glucose consumption 
of HepG2  cells. Br J Nutr. 2012;107(1):67-73. https://doi.
org/10.1017/S0007114511002601

	 PMid:21733318
10.	 Duranti M, Consonni A, Magni C, Sessa F, Scarafoni A. The 

major proteins of lupin seed: Characterisation and molecular 
properties for use as functional and nutraceutical ingredients. 
Trends Food Sci Technol. 2008;19(12):624-33. https://doi.



A - Basic Sciences� Biochemistry

288� https://oamjms.eu/index.php/mjms/index

org/10.1016/j.tifs.2008.07.002
11.	 Capraro J, Magni C, Scarafoni A, Duranti M. Susceptibility of 

lupin gamma-conglutin, the plasma glucose-lowering protein 
of lupin seeds, to proteolytic enzymes. J  Agric Food Chem. 
2009;57(18):8612-6. https://doi.org/10.1021/jf9017542

	 PMid:19705831
12.	 Oh KJ, Lee DS, Kim WK, Han BS, Lee SC, Bae KH. 

Metabolic adaptation in obesity and Type  II diabetes: 
Myokines, adipokines and hepatokines. Int J Mol Sci. 
2016;18(1):8. https://doi.org/10.3390/ijms18010008

	 PMid:28025491
13.	 Żurawska-Płaksej E, Knapik-Kordecka M, Rorbach-Dolata  A, 

Piwowar A. Increased chitotriosidase activity in plasma of 
patients with Type 2 diabetes. Arch Med Sci. 2016;12(5):977-84. 
https://doi.org/10.5114/aoms.2016.60093

	 PMid:27695487
14.	 Martínez-Ayala AL, López-Laredo AR, González-Hernández 

A, Moreno A, Dávila-Ortiz G. The Molecular Characteristics 
of the Conglutin Gamma in Lupinus campestris. In Lupin, an 
Ancient Crop for the New Millennium. In: Proceedings of the 9th 
International Lupin Conference, Klink/Muritz, Germany, 20-24 
June, 1999. Baltimore MD: International Lupin Association; 
2000. p. 371-72.

15.	 Schägger H, von Jagow G. Blue native electrophoresis for 
isolation of membrane protein complexes in enzymatically 
active form. Anal Biochem. 1991;199(2):223-31. https://doi.
org/10.1016/0003-2697(91)90094-a

	 PMid:18127891
16.	 Reed MJ, Meszaros K, Entes LJ, Claypool MD, Pinkett JG, 

Gadbois TM, et al. A new rat model of Type 2 diabetes: The fat-
fed, streptozotocin-treated rat. Metabolism. 2000;49(11):1390-4. 
https://doi.org/10.1053/meta.2000.17721

	 PMid:11092499
17.	 Reeves PG, Nielsen FH, Fahey GC Jr. AIN-93 purified diets 

for laboratory rodents: Final report of the American institute of 
nutrition ad hoc writing committee on the reformulation of the 
AIN-76A rodent diet. J Nutr. 1993;123(11):1939-51. https://doi.
org/10.1093/jn/123.11.1939

	 PMid:8229312
18.	 Srinivasan K, Patole PS, Kaul CL, Ramarao P. Reversal of 

glucose intolerance by by pioglitazone in high fat diet-fed 
rats. Methods Find Exp Clin Pharmacol. 2004;26(5):327-33. 
https://doi.org/10.1358/mf.2004.26.5.831322

	 PMid:15319810
19.	 Srinivasan K, Viswanad B, Asrat L, Kaul CL, Ramarao P. 

Combination of high-fat diet-fed and low-dose streptozotocin-
treated rat: A model for Type 2 diabetes and pharmacological 
screening. Pharmacol Res. 2005;52(4):313-20. https://doi.
org/10.1016/j.phrs.2005.05.004

	 PMid:15979893
20.	 Algandaby MM, Alghamdi HA, Ashour OM, Abdel-Naim  AB, 

Ghareib SA, Abdel-Sattar EA, et al. Mechanisms of the 
antihyperglycemic activity of Retama raetam in streptozotocin-
induced diabetic rats. Food Chem Toxicol. 2010;48(8-9):2448-53. 
https://doi.org/10.1016/j.fct.2010.06.010

	 PMid:20538037
21.	 Sandoval-Muñíz RJ, Vargas-Guerrero B, Guzmán TJ, García-

López PM, Martínez-Ayala AL, Domínguez-Rosales JA, et al. 
Lupin gamma conglutin protein: Effect on Slc2a2, Gck and 
Pdx-1 gene expression and GLUT2 levels in diabetic rats. Rev 
Bras Farmacogn. 2018;28(6):716-23. https://doi.org/10.1016/j.
bjp.2018.08.0026

22.	 Saad MI, Kamel MA, Hanafi MY. Modulation of adipocytokines 
production and serum NEFA level by metformin, glimepiride, 
and sitagliptin in HFD/STZ Diabetic Rats. Biochem Res Int. 

2015;2015:138134. https://doi.org/10.1155/2015/138134
	 PMid:258389474.
23.	 Vogler GA. Anesthesia and Analgesia, in the Laboratory Rat. 

Netherlands: Elsevier; 2006. p. 627-64.
24.	 Matthews DR, Hosker JP, Rudenski AS, Naylor BA, Treacher DF, 

Turner RC. Homeostasis model assessment: Insulin resistance 
and beta-cell function from fasting plasma glucose and insulin 
concentrations in man. Diabetologia. 1985;28(7):412-9. 
https://doi.org/10.1007/BF00280883

	 PMid:3899825
25.	 Katz A, Nambi SS, Mather K, Baron AD, Follmann DA, 

Sullivan  G, et al. Quantitative insulin sensitivity check index: 
A  simple, accurate method for assessing insulin sensitivity 
in humans. J  Clin Endocrinol Metab. 2000;85(7):2402-10. 
https://doi.org/10.1210/jcem.85.7.6661

	 PMid:10902785
26.	 Katz M.H. Study Design and Statistical Analysis: A  Practical 

Guide for Clinicians. Cambridge: Cambridge University 
Press; 2006.

27.	 Zepeda-Peña AC, Gurrola-Díaz CM, Domínguez-Rosales JA, 
García-López PM, Pizano-Andrade JC, Hernández-Nazará ZH, 
et al. Effect of lupinus rotundiflorus gamma conglutin treatment 
on JNK1 gene expression and protein activation in a rat model 
of Type 2 diabetes. Pharm Biol. 2021;59(1):374-80. https://doi.
org/10.1080/13880209.2021.1893757

	 PMid:33784492
28.	 González-Santiago AE, Vargas-Guerrero B, García-López PM, 

Martínez-Ayala AL, Domínguez-Rosales JA, Gurrola-Díaz CM. 
Lupinus albus conglutin gamma modifies the gene expressions 
of enzymes involved in glucose hepatic production In vivo. Plant 
Foods Hum Nutr. 2017;72(2):134-40. https://doi.org/10.1007/
s11130-016-0597-7

	 PMid:28101822
29.	 Hininger-Favier I, Benaraba R, Coves S, Anderson RA, 

Roussel  AM. Green tea extract decreases oxidative stress 
and improves insulin sensitivity in an animal model of 
insulin resistance, the fructose-fed rat. J  Am Coll Nutr. 
2009;28(4):355-61. https://doi.org/10.1080/07315724.2009.107
18097

	 PMid:20368373
30.	 Tanaka S, Hayashi T, Toyoda T, Hamada T, Shimizu Y, Hirata M, 

et al. High-fat diet impairs the effects of a single bout of 
endurance exercise on glucose transport and insulin sensitivity 
in rat skeletal muscle. Metabolism. 2007;56(12):1719-28. 
https://doi.org/10.1016/j.metabol.2007.07.017

	 PMid:17998027
31.	 Singla S, Kaur K, Kaur G, Kaur H, Kaur J, Jaswal S. Lipoprotein 

(a) in Type 2 diabetes mellitus: Relation to LDL: HDL ratio and 
glycemic control. Int J Diabetes Dev Ctries. 2009;29(2):80-4. 
https://doi.org/10.4103/0973-3930.53125

	 PMid:20142873
32.	 Wu L, Parhofer KG. Diabetic dyslipidemia. Metabolism. 

2014;63(12):1469-79. http://doi.org/10.1016/j.metabol.2014.08.010
	 PMid:25242435.
33.	 Bouchoucha R, Ben frad MK, Bouchoucha M, Akrout M, Feki M, 

Kaabachi N, et al. Anti-hyperglycemic and anti-hyperlipidemic 
effects of Lupinus albus in Type  2 diabetic patients: 
A  randomized double-blind, placebo-controlled clinical trial. 
Int J Pharmacol. 2016;12(8):830-7. https://doi.org/10.3923/
ijp.2016.830.837

34.	 Trujillo ME, Scherer PE. Adipose tissue-derived factors: impact 
on health and disease. Endocr Rev. 2006;27(7):762-78. 
https://doi.org/10.1210/er.2006-0033

	 PMid:17056740.
35.	 Vargas-Guerrero B, García-López PM, Martínez-Ayala AL, 

https://oamjms.eu/index.php/mjms/index
https://doi.org/10.1016/0003-2697(91)90094-a
https://doi.org/10.1016/0003-2697(91)90094-a


� Bhieldeen et al. Conglutin Gamma’s Impact on Rat Diabetes

Open Access Maced J Med Sci. 2023 Sep 23; 11(A):281-289.� 289

Domínguez-Rosales JA, Gurrola-Díaz CM. Administration of 
Lupinus albus gamma conglutin (Cγ) to n5 STZ rats augmented 
Ins-1 gene expression and pancreatic insulin content. Plant 
Foods Hum Nutr. 2014;69(3):241-7. https://doi.org/10.1007/
s11130-014-0424-y

	 PMid:24894193
36.	 Kabadi MU, Kabadi UM. Effects of glimepiride on insulin 

secretion and sensitivity in patients with recently diagnosed 
Type 2 diabetes mellitus. Clin Ther. 2004;26(1):63-9. https://doi.
org/10.1016/s0149-2918(04)90006-9

	 PMid:149965189.
37.	 Capraro J, Clemente A, Rubio LA, Magni C, Scarafoni A, 

Duranti  M. Assessment of the lupin seed glucose-lowering 
protein intestinal absorption by using in vitro and ex vivo models. 
Food Chem. 2011;125(4):1279-83. https://doi.org/10.1016/j.
foodchem.2010.10.073

38.	 Buteau J, Roduit R, Susini S, Prentki M. Glucagon-like peptide-1 

promotes DNA synthesis, activates phosphatidylinositol 
3-kinase and increases transcription factor pancreatic and 
duodenal homeobox gene 1 (PDX-1) DNA binding activity in 
beta (INS-1)-cells. Diabetologia. 1999;42(7):856-64. https://doi.
org/10.1007/s001250051238

	 PMid:10440129
39.	 Nguyen TM. Adiponectin: Role in physiology and 

pathophysiology. Int J Prev Med. 2020;11:136. http://doi.
org/10.4103/ijpvm.IJPVM_193_20

	 PMid:330884646.
40.	 Nourbakhsh M, Nourbakhsh M, Gholinejad Z, Razzaghy-Azar M. 

Visfatin in obese children and adolescents and its association 
with insulin resistance and metabolic syndrome. Scand J Clin 
Lab Invest. 2015;75(2):183-8. https://doi.org/10.3109/0036551
3.2014.1003594

	 PMid:25723377


