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ABSTRACT

Increased plasma level of adiponectin can impraeilin resistance in skeletal muscle cells. Acibrabf PPAR
transcription factor can increase the expressioradiponectin gene and adiponectin level. Biochakira natural
compound, is a PPARagonist. The aim of this study was to investiglateeffect of Biochanin A administration on
adiponectin expression, insulin resistance and rmbmtf type 2 diabetes mellitus. Adult male Wistats were used
in this study. Induction of type 2 diabetes madlitwas performed by single intraperitoneal injectiof
Streptozotocin-Nicotinamide. Animals were randodilyded into 8 groups and Biochanin A was adminitgd for
a month at 4 different doses: 1 and 5 mg/kg IPah@ 20 mg/kg orally. Some biochemical parametech ss
fasting blood glucose, plasma insulin and HOMA naere measured. Adiponectin level in adipose ¢issas
examined by western blotting analysis. Resulthefpresent study demonstrated that Biochanin Awopson at
doses of 5mg/kg IP, 10 and 20mg/kg orally decreéisedasting blood glucose level, increased adiptindevel in
adipose tissue and improved insulin resistanceifsigmtly. Based on findings of present studyaim e concluded
that increased adiponectin level in adipose tissceompanies with improved insulin resistance.
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INTRODUCTION

Type 2 diabetes mellitus is defined as a chronitabwdic disorder characterized by increased bldadage level,
this often results from insulin resistance. Typdi@oetes mellitus strongly associates with sedgdifestyle and
obesity. Obesity can lead to insulin resistancelisarder in which skeletal muscle cells and adipegycannot
uptake glucose via glucose transporter 4 [Glut,4}622,24].

Hyperglycemia can accompany with complications saglkardiovascular diseases, nephropathies andpaghies.
According to epidemiological studies, world prevele of type 2 diabetes mellitus was 6.4% in 2010xyill
increase to 7.7% in 2030; that can affect 439 amillbeople all over the world[24,29].

Nowadays there are several anti-diabetic drugs diffierent mechanisms, but their long-term use aatompany
with adverse side effects such as hypoglycemiaatoépxicity and nephrotoxicity. Because of the etib
complications and the side effects of prolongedafsanti-diabetic drugs, management of diabeticepés is still a
challenge in developed countries.
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Recently, plants and natural products such as fleids have opened new avenues in the control &f 2ygiabetes
mellitus. Flavonoids are a class of plant secondawgtabolites. They can be classified into: flavalsoi
isoflavonoids and neoflavonoids. BiochaninA [BCA] an O-methylated isoflavone. BCA can be founded r
clover, soy and some legumes. In several studiesanti-diabetic effect of BCA was approved, bsiffitnction and
mechanism is still controversial. Probable antbdiic mechanisms that were indicated in differdotlies are
stimulation of insulin secretion from beta pandeatlls, insulin mimetics effect, increasing otighse uptake in
peripheral tissues and regulating the key enzymesuibohydrate metabolism. Some researchers believd8CA
is a peroxisome proliferator-activated recept¢PPARy] agonist. PPAR is a ligand inducible transcription factor,
mainly presents in adipocytes, colon and macrophagd regulates glucose homeostasis[2,11,21,27].

The activated genes by PPARtimulate glucose uptake by adipocytes and sMetetiscle cells. One of the genes,
that has PPAR responsive element [PPRE] in its promoter, ipadectin gene or adipocyte complement related
protein of 30kDa [Acrp30]. Adiponectinis an adipteylerived hormone that has an important role ucage
homeostasis and in several studies is known asntifdiabetic agent that can improve insulin resis&a Its
concentration in plasma is approximately 5-20 pg/diponectin receptors are mainly classified iathponectin
receptor 1 [Adipo R1] and adiponectin receptor 2liph R2]. Adipo R1 exists on the surface of skélatascle
cells and Adipo R2 exists only on the surface giatecytes[3,5,17]. PPARagonists such as BCA, can activate
PPARy as a transcription factor and activation of PRARI lead to increase in adiponectin gene expmssind
adiponectinlevel eventually [3,11,20].

This study was designed to investigate the effe@@A administration on adiponectin expression dipacytes of
Streptozotocin-Nicotinamide [STZ-NCD] induced ditibeats. Additionally, the effect of BCA on bodyeight
[BW], fasting blood glucose [FBG] and plasma insuével were examined.

MATERIALS AND METHODS

1-Animals

Adult male Wistar rats, with a body weight (BW) 800-250g, were obtained from central animal houke o
Hamadan University of Medical Sciences, Hamadam.|Animals were housed in 12-hour light/dark ctodiin a
constant temperature (21-23°C) and 55+10% reldtivmidity. Rats were fed with standard chow and wedteing
the experiment (22,24).The protocol of this anireflldy was approved by the Ethics committee of Hamad
University of Medical Sciences.

2-Diabetes mellitus induction

To induce diabetes mellitus in rats, after overhiglsting, 120mg/kg Nicotinamide (NCD, N3376,Signd&ésolved
in normal physiological saline was injected intndomeally (IP). After 15 minutes, 60mg/kg Strepttacin
(STZ,S130, Sigma) dissolved in 0.1M citrate sodiboifer (pH=4.7), was administrated IP. Diabetes litosl
induced with STZ-NCD is close to human type 2 diabamellitus; because nicotinamide exerts antioxtiédfects
and prevents the complete destruction of pancréatia cells. Seventy two hours after single IPcitije of STZ-
NCD, blood glucose (FBG) level was measured usigguaometer (Glucocard 01, Arkray, Japan). The afém
with FBG level higher than 126mg/dl were consideasddiabetic. The blood samples were taken frohvéin
(1,22).

3-Experiment procedure

The animals were randomly divided into 8 group$ @&nimals each as given below. BCA (BCA, D2016n%&iy
was dissolved in 0.5%Dimethyl Sulfoxide(DMSO) forab consumption and dissolved in 75%DMSO for IP
injection. Oral administration was performed byngsa gavage syringe(19).

Group 1: Healthy control (75% DMSO; IP) , GroupXabetic control (75% DMSO; IP)

Group 3: Diabetic + BCA(1mg/kg BW/day; IP), GroupDiabetic + BCA (5mg/kg BW/day; IP)
Group5: Healthy control (0.5% DMSO; orally), Grou@abetic control (0.5% DMSO; orally)
Group?7: Diabetic +BCA (10mg/kg BW/day; orally), Giu8:Diabetic+BCA (20mg/kg BW/day; orally)

Treatment was initiated 7 days after diabetes itida@nd continued for 30 days. FBG and BW weresuezsd 3

times: before diabetes induction, the first and s day of treatment. At the end of the treatmantmals were
anesthetized by ether and then visceral adiposeetisamples were separated. The samples were iatelgdiozen
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in liquid nitrogen and transferred into -80°C free£13). The blood samples were taken from theiganuncture;
serum was separated and stored at -20°C for megdnsulin level.

4-Insulin assay
Insulin level was measured using rat insulin ELISIA (ERINS, Thermo scientific). Insulin resistantelex or
homeostatic model assessment insulin resistanc®d@R)was calculated as follows:

Insulin(@U/ml)xglucose(mg/dl)/405(16).

5-Total protein extraction

Tissue lysates were prepared on ice by using RiB& buffer system (Sc-24948, Santa Cruz).A sarapfeozen
adipose tissue (0.2 g) was homogenized using 0.6fRIPA buffer and 10 pl protease inhibitor. Horeogtes
were centrifuged at 4°C (14000 g, 10minutesx2). ifiseluble fat layer was removed and the supertstailected
and stored at -20°C (7,10).Total protein conceiatnatvas measured using Bicinichoninic acid assay2®389,
Santa Cruz).

6-Western blotting

The prepared samples containing equal amounts taf fwotein were run on 10%SDS-polyacrylamide gel
electrophoresis (SDS-PAGE); and transferred tooodéulose membrane. The membrane was blocked %¢ith
skim milk in TBST (0.1% Tween 20 in Tris bufferedliae, pH=7.6) for 1-hour at room temperature oshaker.
For immunoblotting, the membrane was incubated \pitimary antibodies againgtactin (1/1000, Sc-130657,
Santa Cruz) oradiponectin(1/500, Sc-17044-R, S@nta) in TBST at 4°Cwith agitation overnight. F@moving
the residual primary antibodies after immunoblgjtiwhile agitation, the membrane was washed in TB8T30
minutes. The immunoblots were incubated by 1/20DGtidn of horse-radish peroxidase (HRP) — conjedat
secondary antibody (Sc — 2005, Santa Cruz) in TRBTL-hourat room temperature with agitation. Toowe the
residual secondary antibodies, the membrane wabkedassing TBST, as mentioned above. At the enchef t
process, the protein bands were detected usingteaneed chemiluminescence (ECL) detection kit (3482 Santa
Cruz). Densitometric analysis was performed by lena@oftware(17,18,28).

7-Statistical analysis

The SPSS software was used for statistical analy$is given values are expressed as meanzSD. ler dod
statistically compare the results between diffeggoups, one way ANOVA followed by post hoc Tukelesst was
used. A p value less than 0.05was considered gignifin all statistical analysis.

RESULTS

The effect of IP injection of BCA on animals'body veight

Table 1demonstrates the effect of IP injection @ABon BW in STZ-NCD induced diabetic rats. BW inased

significantly in the treated group by 5mg/kg BCAngmared to diabetic control and 1mg/kg BCA treatats r
(p<0.001), but it did not reach to BW of healthtsr§p<0.01). There was no considerable differend@W between
diabetic control and 1mg/kg BCA treated rats (p5p.0

The effect of oral administration of BCA on animal$ body weight

As is shown in Table 2, oral administration of B@Aboth doses of 10and 20 mg/kg, was able to &ser¢he BW
significantly compared to those of untreated digbetts (p<0.01). It should be noted that BCA asalof 20mg/kg
was more effective than 10mg/kg in weight gain (00Q). As can be inferred from Table 2, weight gaihealthy
rats was considerably higher comparing to dialretie (p<0.001).

The effect of IP injection of BCA on FBG, insulin evel and HOMA index

Table 3indicates the effect of IP injection of B@A FBG, insulin level and HOMA index in STZ-NCD wunckd
diabetic rats. FBG decreased significantly in ®dagroup withbmg/kg BCA compared to diabetic cdntmd
1mg/kg BCA treated rats(p<0.001).Injection of BCAdase of 1mg/kg had no considerable effect on k8@l
compared with diabetic untreated rats (p>0.05).@dwer, FBG level in healthy rats were not ably Iptiran that of
treated diabetic rats (p<0.001).Diabetic rats {e@and untreated)showed no remarkable differeincesulin level
(p>0.05). But HOMA index in animals treated by 5kggBCA compared with diabetic control and 1mg/kgABC
treated rats, improved considerably (p<0.001).BGAda@se of 1mg/kg was not able to improve HOMA index
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significantly (p>0.05).At the end, diabetic ratsdamealthy rats were notably different in insulimdeand HOMA
index (p<0.001).

The effect of oral administration of BCA on FBG, irsulin level and HOMA index

Table 4 shows administration of BCA at both dosed® and 20 mg/kg was able to decrease the FBA leve
significantly compared to untreated diabetic rats0(01). Obviously, FBG level in animals which tethby dose

of 20mg/kg was notably lower than animals whiclatee by dose of 10 mg/kg (p<0.001), but it did rezich to
FBG level of healthy rats (p<0.001). Remarkabléedifnces in FBG level were shown between healtlydiabetic
rats (p<0.001). Ten and twenty mg/kg oral admiaigtn of BCA could not affect insulin level in STYED
induced diabetic rats (p>0.05), but HOMA index iongd notably at both doses compared with contedbetic rats
(p<0.01). It should be noted that dose of 20 mglleg significantly better than dose of 10 mg/kg rimpioving
HOMA index (p<0.001). As it is shown in Table 4.eth were considerable differences between healtidy a
diabetic rats in HOMA index and insulin level (p€01).

The effect of IP injection of BCA on adiponectin lgel in adipose tissue

Fig.1ldemostrates that adiponectin level was inegaggnificantly (p<0.001) only in animals whicleated by dose
of 5mg/kg BCA, in the other words, dose of 1mg/KgBLA was not able to increase the adiponectin lleve
(p>0.05).The healthy, untreated diabetic rats, diabetic rats that treated by dose of 1 mg/kg ofABiGad
approximately the same level of adiponectin (p>D.05

The effect of oral administration of BCA on adiponetin level in adipose tissue

According to Fig.2, adiponectin level was consitégrehigher in treated diabetic rats compared wittireated
diabetic and healthy rats (p<0.01). Dose of 20mg/lag more effective in increasing the level of adigctin than
dose of 10mg/kg of BCA (p<0.001). Healthy and uatied diabetic rats, had approximately the samel lefve
adiponectin, in the other words, induction of diaisedid not affect the adiponectin level (p>0.05).

DISSCUSION

Several studies reported that increased plasméadéagliponectin can improve insulin resistancasleletal muscle
cells(3,11,25,26).Adiponectin improves insulin séance in skeletal muscle cells via the adaptoteprocalled
APPL 1. Adipo Rsafter stimulation by adiponectiacifitate the phosphorylation of APPL 1 in serimsidue.
Phosphorylated APPL1 joins with insulin receptobstrate (IRS) to make a complex which will faciié@athe
interaction between IRS and insulin receptor. batdon between IRS and insulin receptor, will letd
phosphorylation of IRS in tyrosine residue. Phosplated IRS will phosphorylate and activate Akt teia in
threonine residue. By activation of Akt and othestgins in signaling pathway of insulin, the numbéiGlut4 on
the surface of skeletal muscle cells will increasel subsequently glucose uptake via Glutdincrelaste other
words, adiponectin facilitates interaction betw@sulin receptor and IRS; in this way insulin résige, the main
cause of type 2 diabetes mellitus, will improvecéuing to above, increasing plasma level of adgatin, can be a
therapeutic target in type 2 diabetic patients@14,15,21,23,25-27).

Results of the present study, consistent with tlexipus studies, showed that administration of B&Aa PPAR
agonistcan increase expression of adiponectin gedeadiponectin level significantly. AdditionallyBG level and
HOMA index decreased at the end of the treatmemtit 8an be concluded that increasing the adipaméevel
leads to insulin resistance improvement.

Masanori et al. reported the presence of a PPRtanpromoter of adiponectingene; also PRAdgonists can
increase the expression of adiponectingene (26)&ital. indicated that Thiazolidondiones (TZDs, RPAR

agonists, improve insulin resistance via increasidigponectinlevel in fat diabetic rats(21). Guaktreported that
activation of PPAR via PPAR agonists, such as TZDs, can mediate anti-diatzatiion via improving insulin
resistance; however, the side effects of TZDs sashhepatotoxicity and heart failure limit the udetlrese
compounds as anti-diabetic drugs(9).Wang et alorted that BCA is a PPARagonist and PPARregulates
glucose homeostasis(27). Harini et al. demonstrdtatd BCA administration in diabetic rats, can éese FBG
level(12).Azizi et al. indicated that BCA admination has hypoglycemic and anti-lipidemic effeatsdiabetic
rats(2).
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Tablel: Effect of IP injection of BCA on the animak'body weight

Healthy Diabetic | Diabetic + 1mg/kgBCA Diabetic +
Control control 5mg/kg BCA
(@) @ @ @
Pre treatment day 0 242.8+16 | 248.5+9.1 243.616.6 245.2+14.1
7 days after diabetes induction| 247.79+12.6| 215.4+8.2 214377 216.8948.3
One month after treatment 298.549.9 | 167.4+1% 170.53+16° 260.32+14 .8

Mean+SDBW in healthy control (n=5), diabetic cort(np=5) and BCA-treated rats (1 and 5mg/kg; n=5)x@mpared with healthy control;

b:compared with diabetic control; c:compared witialgetic rats treated by 1mg/kg BCA.#:p<0.01,*:p<010

Table2: Effect of oral administration of BCA on theanimals’body weight

Healthy Diabetic Diabetic+ Diabetic+ 20mg/kgBCA|
Control Control 10mg/kgBCA
(@) (9) (9)
Pre treatment day 0 247.83+14.2| 248.57+19.6 | 246.78+7.1 245.63+12.9
7 days after diabetes induction| 252.51+15.5| 221.57+11.7 | 218.16+14.1 215.53+6.6
One month after treatment 300.29+13.9| 161.59+14.8 | 200.71+19.3* 268.54+14. ¥

Mean+SD body weight in healthy control (n=5), diibeontrol (n=5) and BCA-treated rats (10 and 20kyg n=5). a:compared with healthy

control; b:compared with diabetic control; c:comeat with diabetic rats treated by 10mg/kg BCA.#:(940*:p<0.001.

Table3: Effect of IP injection of BCA on FBG and irsulin level

Healthy control | Diabetic control Diabetic+ Diabetic+ 5mg/kg BCA
1mg/kg BCA
Pre treatment day OFBG (mg/dl) 74.1+6.7 75.2+8.3 73.5+7.4 76.4+7.2
7 days after diabetes induction FBG (mg/dl) 71.3+7.2 244.2+16.3 247.04+12.5 248+13.1
One month after treatmentFBG (mg/dl) 72.246.8 245.6+14 239+13.6° 185.8+14.9°"¢
Insulin (LU/ml) 12.8+1.1 8.39+0.9 8.580.8 8.210.4°
HOMA-IR 2.3610.3 5.17+0.9 5.280.¢ 3.4520.6*>"

Mean1SD FBG, insulin and HOMA-IR in healthy cont{o5) , diabetic control (n=5) and BCA-treated safl and 5 mg/kg; n=5). a:compared
with healthy control; b:compared with diabetic crit c:compared with diabetic rats treated by 1ngglCA.#: p<0.01, *: p<0.001.

Table4: Effect of oral administration of BCA on FBG and insulin level

Healthy control | Diabetic control | Diabetic+ 10mg/kgBCA | Diabetic + 20mg/kg BCA
Pre treatment day 0 FBG (mg/dl) 78.52+8.3 73.64+9.3 76.3£8.5 80.46+12.2
7 days after diabetes induction FBG mg/dl) 77+8.9 240.6£16.3 242.8+14 245.8+15.9
One month after treatment FBG (mg/dl) 73.8+7.3 252.73+9.4 221.14+13.9" 190.4+14.90"%
Insulin(uU/ml) 13.8+0.81 8.36+0.7% 8.1+0.84 8.25+0.9F
HOMA-IR 2.650.72 5.71+0.52 4.22+0.78" 3.87+0.64 "<

Mean+SD FBG, insulin and HOMA-IR in healthy contfp5) , diabetic control (n=5) and BCA-treatedtsg10 and 20 mg/kg; n=5). a
:compared with healthy control; b:compared withladic control; c:compared with diabetic rats tredtey 10mg/kg BCA.#: p<0.01, *:

p<0.001.
Healthy Dédic Diabetic+ Dédie+
Control Gant 5mg/kgBCA 1mg/kgBCA

Adiponectir
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a*,b*c

Relative Protein level of Adiponectin
N
o

Healthy control Diabeticcontrol Diabetic+5mg/kgBCA Diabetic+1mg/kgBCA

Fig.1. Results of western blot analysis of adipontiin adipose tissue. Protein levels are express@tarbitrary units after densitometric
analysis. Bars represent the mean+SD. a: comparedttv healthy control; b: compared with diabetic control; c: compared with diabetic
rats treated by 1mg/kg BCA.#: p<0.01, *: p<0.001

Healthy Diabetic Diabetic+ Déle+
Control Control 20mg/kgBCA  10mg/kgBCA
| —— ~———
B-actin —
——
| e———
Adiponectir

35 a¥*,b*,cn
30

a#,b#

Relative Protein level of Adiponectin

Healthy control Diabeticcontrol Diabetic+20mg/kgBCA  Diabetic+10mg/kgBCA

Fig.2. Results of western blot analysis of adipontain adipose tissue. Protein levels are expressé@darbitrary units after densitometric
analysis. Bars represent the mean+SD. a: comparedtiv healthy control; b: compared with diabetic control; c: compared with diabetic
rats treated by 10mg/kg BCA. ~: p<0.05,#: p<0.01,:*p<0.001

Based on the results of the present study, it @ddnuced that BCA consumption in both orally amédtion
forms, is effective in lowering the blood glucose, it can be used in both forms for controllingtyide 2 diabetic
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patients. More studies are needed to make Biochamin effective drug in type 2 diabetes mellittsatment; most
effective dose, the administration form and iteséffects of prolonged use are still controverdiie present study
was one of the first experiments that investigatesl mechanism of BCA in lowering the blood glucasel
improving the diabetes complications.

CONCLUSION

Results of our study indicated a dose dependentiatmt effect of BCA on the expression of adipoiméstadipose
tissue of diabetic rats. Additionally, increasedeleof adiponectin was accompanied by decreased BBG
improved insulin resistance. Based on the findiofgysur study, BCA can be useful for control of typaliabetes
mellitus; because it can improve insulin resistaticat is the main cause of type 2 diabetes msllitu
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