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Effect of Brassica rapa var. rapifera on Insulin Resistance
and Inflammatory Analysis of Visceral Adipose Tissue of
Obese Wistar Rats Under Glucolipotoxicity Condition
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SUMMARY: Obesity-related pathophysiologies such as insulin resistance and the metabolic syndrome show a markedly increased
risk for type 2 diabetes and atherosclerotic cardiovascular disease. This risk appears to be linked to alterationsigsaelifpostion,
leading to chronic inflammation and the dysregulation of adipocyte-derived f&tassica rapehave been used in traditional medici-
ne for the treatment of several diseases, including diabetes.. This study aimed to investigate the effect of nutritiohicstdeisg a
high-fat and high-sucrose diet on the pathophysiology of visceral adipose tissue and the therapeutiBeffesicafrapain male
Wistar rats. We subjected experimental rats to a high-fat (10 %) high-sucrose (20 %)/per day for 11 months and treat2€ tems for
with aqueous extract Br (AEBr) at 200 mg/kg at the end of the experiment. At the time of sacrifice, we monitored plassue and tis
biochemical parameters as well as the morpho-histopathology of visceral adipose tissue. We found AEBr corrected metaielis param
and inflammatory markers in homogenized visceral adipose tissue and reduced hypertrophy, hyperplasia, and lipid droplets. These
results suggest that AEBr enhances anti-diabetic, anti-inflammatory and a protective effect on adipose tissue morph@dgy in typ
diabetes and obesity.
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INTRODUCTION

Overweight and obesity are defined as abnormal @scruitment of immune cells (Finkel & Holbrook, 2000).
excessive accumulation of body fat that can impair healtthus, at the stage of insulin resistance, visceral adipose tissue
(Keyset al, 1972). Accumulation of fat in the abdominalpresents morphological (infiltration of inflammatory cells,
region during obesity is strongly implicated in thencrease in the size of adipocytes) and functional signs
development of insulin resistance, a necessary condition {@iitered adipokine secretion profile with an increase in pro-
the development of type 2 diabetes. In this situation, th&flammatory hormones and cytokines such as B\ R--
action of insulin is impaired, resulting in extensive lipolysis, and leptin, and decreased levels of proteins with anti-
and the release of free fatty acids. These used by the livélammatory and insulin-sensitizing properties such as
and muscle, to the detriment of glucose, favor the installatie@iponectin) established during obesity and type 2 diabetes
of glucolipotoxicity, marked by an overproduction of hepati¢wellen & Hotamisligil, 2003).
glucose, increased synthesis of hepatic and muscular
triglycerides, and a reduction in the consumption of glucose A variety of natural products have been proposed as
by the liver and muscular. Visceral adipose tissue is algbarmacological treatments for type 2 diabetes and metabolic
characterized by low-grade inflammation, marked by theyndromes. In traditional medicirgrassica rapaor "turnip"
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is used to treat various diseases such as hepatitis, jaundioeated with AEBr 200 mg/kg for the 20 last days of
boil, and sore throat. Turnip contains many biologically ae@xperimentation by intraperitoneal injection).
tive compounds, such as flavonoids (isorhamnetin,
kaempferol and quercetin glycosides), phenylpropanoid The third group was fed a high-fat high-sucrose diet
derivatives (Romaret al, 2006), indole alkaloids and sterol(HFSD) (n = 10 animals) and the fourth group (HFSD+
glucosides (glucosinolates) (Schonabél, 2004). Previous AEBr) (n = 10 animals induced by HFSD and treated with
studies have indicated that alcoholic extractBiafssica AEBr 200 mg/kg during the 20 last days of experimentation)
rapa have antidiabetic and antioxidant activities (Jehg was fed for 11 months.
al., 2008).
Biological study

In this context, our study focused on the influence of
glucolipotoxicity induced by a high fat high sucrose dieAnalytical methods. The animals were bled from the
(HFSD) on visceral adipose tissue and the action of aqueaatroorbital venous plexus. This technique eliminates the use
extract oBrassica rapd AEBr) related metabolic and histo- of anesthetic agents that affect the measurement of
morphological disorders, insulin-resistance pathwaysjochemical parameters. Blood was collected in dry tubes,

inflammation parameters centrifuged at 3000 rpm for 10 min, and stored atG20
Blood glucose, triglyceride, total cholesterol, LDL-ch, and
MATERIAL AND METHOD HDL-ch were measured using an enzymatic colorimetric

method with a biosystem test kit. Blood insulin levels were
Phytochemical study of of aqueous extract dBrassica determined by radioimmunoassay using the CIS test kit
rapa (AEBr): the preparation of AEBr has been describe(ORIS INDUS) CPK. In addition, creatinine and LDL levels
(Smailet al, 2017). were determined using an automated CKL, 0-323.

Diet. The composition of the standard laboratory didsolation of tissue At the end of the experiment, the animals

proposed by National Livestock Feed Office (ONAB)were euthanized by anesthesia with urethane (25 %) at a

https://www.onabnutrition.dz . A rat's daily intake is 20 gate of 0,4 mL/100 g. Visceral adipose tissue was

equivalent of 9 calories. immediately excised, frozen in liquid azote, and stored at -
80°C. The tissue was extracted in ice-cold solubilization

High fat succhrose diet (HFSD):this diet consists of a buffer by using a motor-driven Potter homogenizer (20 mM/

standard diet enriched with egg yolk (5 g equivalent of A5HEPES, 8 mM/L EDTA, 0.2 mM/L Na3vO4, 10 mM/L

calories) and sucrose (9 g equivalent of 36 calories) daMa4P207, 2.5 mM/L phenylmethylsulfonyl fluoride, 1 mg/

estimate of 90 calories. mL aprotinin, 2.5 mg/mL benzamidine, 2.5 mg/mL pepstatin,
2.5 mg/mL leupeptin, 160 mM/L NaF, 2 mM/L

Ethical approval.The present study was approved by thdichloroacetic acid, and 1 % Triton X-100, pH 7.4. After 20

institutional Animal Care Committee of the Nationalmin at £C, the samples were centrifuged at 20000 ¥ g, and

Administration of the Algerian Higher Education andhe supernatants were stored at'@0

Scientific Research (DGRSDT; https://www.dgrsdt.dz) and

Use Committee of the University of Bab Ezzouar (AlgiersThe total lipid. Content was determined according to the

Algeria; Permit number for the present research projectiethod of Folch (1957).

(F00220110048) and has been achieved according to the

Executive Decree no.10 n90 completing the executitaflammation markers

Decree no. 04- 82 of the Algerian government, establishing

the terms and modalities of animal welfare in animal facibetermination of Nitrogen Monoxide (NO).The measured

lities. concentration represents the sum of nitrite and nitrate. The
conversion of nitrate to nitrite is based on a cadmium

Animals. Forty adult male albino rats were housed in eeduction reaction described in Gragtdal (2001).

temperature controlled room and provided water and food

ad libitum. They were acclimatized to laboratory conditionSumor Necrosis Factora (TNF-a), Monocyte

for one week prior to the experiments. The rats wer@hemotactic Protein-1 (MCP1), and Nuclear Factor

randomly divided into four groups. Kappa B (NF«B): Assessment was performed using an
immunoenzymatic assay. Invitrogen ELISA Kits were used

The first group (control) (n = 10 normal animals) ando measure the levels of different markers in the visceral
the second group (Control+AEBTr) (n = 10 normal animaladipose tissue of all groups. The absorbance was measured
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at 450 nm using an ELISA plate reader (BioTek InstrumentsStatistical analysis:Data were analyzed by ANOVA using
Graph pad version 8. The results are expressed as the mean
Insulin Receptor Substrates (IRS1); Apoptosis Signal- + standard deviation. Differences were considered
regulated kinase 1 (AKT): Assessment was performedstatistically significant at R 0.05.
using Invitrogen ELISA.
RESULTS
Histology of visceral adipose tissueAfter fixation in
Bouin’s aqueous, the specimens of visceral adipose tissi®@chemical Analysis:The diet administered to animals in
was dehydrated, embedded in paraffin, and cupat.3rhe this study induced obesity and type 2 diabetes. In our
sections were stained with Masson'’s trichrome. experiment, we noted a significant increase in glycemia,
triglyceridemia, and cholesterolemia as well as a decrease
Inclusion and Sectioning of Samples in the O.C.T: in insulinemia in animals subjected to HFSD compared to
Fragments of visceral adipose tissue were placed horizontalye corresponding control signs of diabetes mellitus,
on a cryostat sample holder at -ZD. The samples were accompanied by an increase in atherogenic markers, LDL-
then coated evenly with O.C.T (Tissue Cryostat, Sakurajholesterol and a decrease in cardioprotective lipid HDL-
After a few minutes allowing the O.C.T to attach to the tissugholesterol (Figs.1 and 2). Treatment with AEBr corrected
and dry, the sample holder can then be positioned verticallye metabolic disorders by reducing glycemia,
in order to make Bm sections. Tissue sections were fixedriglyceridemia, cholesterolemia levels and increasing the
in formalin for 10 min and stained with Nile blue (Sigma)levels of insulin compared to diabetic animals (Figs.1 and
2), protected the animals’ vascular complications by
Culture of Adipocytes by Enzymatic DigestionVisceral decreasing atherogenic markers, and increased the levels of
adipose tissue was immediately immersed in a sterile tubardioprotective lipids (Fig. 2).
containing trypsin 1 % (Gibco, USA) and placed in a water
bath at 37°C for 30 min. Trypsin (1 %) facilitated cell Total Lipid: The estimation of the total lipid levels in visceral
separation, and the resulting suspension contained sepaeatipose tissue as well as its triglyceride content indicated a
adipocytes. significant increase in an animal group HFSD compared to
the corresponding controls, this increase is 79.44.29 vs
Morphological, Histochemical, and morphometric 59.76+ 9.92 mg / 100 g tissue of total lipids (P < 0.0001)
analyses:A drop of the cell suspension was spread on @@ig. 3). Administration of AEBr to animals subjected to
glass slide (26< 76 mm) placed on ahot plate, and thédFSD significantly decreased total visceral adipose lipid
adipocytes were fixed by heating on a glass slide. The ceatisntent by reducing lipid accumulation (Fig. 3).
were stained for 10 min with a solution of May Grunwald
Giemsa (v/v, 1/1, Fluka). To identify neutral lipids,Inflammation Markers: The estimation of inflammatory
histochemical analysis was performed by staining with Nilstates in visceral adipose tissue by rates of NO, MCP1,
blue (Sigma) for 10 min. Observations were performed usifidNFa, and NFKB showed significantly an increase in HFSD
an Olympus light microscope. Cell counts were performeghimal group compared to controls (Fig. 4). AEBr treatment
for 100 cells in different fields on several slides. significantly reduced the levels of these markers (Fig. 4).
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Fig. 1. Effect of AEBr in insulin-resistance after the administration of high fat-sucroseRi#tus norvegicu€ontrol:Rattus norvegicus
control ; Control + AEBrRattus norvegicusontrol treated with aqueoBsassica rapaextract ; HFSD Rattus norvegicueeceived a
high-fat (10 %) and high-sucrose (20 %) diet ; HFSD + ABEBattus norvegicueeceived a high-fat sucrose diet and was treated with
an aqueous extract Bfassica rapalRS1 p [S312] : Insulin Receptor Substrates; AKT p [S473]: Apoptosis Signal-regulated kinase 1
Data are expressed as the me&hE.M; (n =10)., ****p < 0.0001 (HFSD vs control) ; +++p < 0.001, ++++p < 0.0001 (HFSD + AEBr
vs HFSD);
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Fig. 2. Effect of AEBFr in lipid profile after the administration of high fat-sucrose diB@ittus norvegicusData are expressed as the
meant S.E.M; (n =10). ****p < 0.0001 (HFSD vs control); +++p < 0.001,++++p < 0.0001 (HFSD + AEBr vs HFSD).
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Fig. 3. Effect of AEBr in total lipid and triglyceride
levels in visceral adipose tissue in rats after the
administration of high fat-sucrose diet

Data are expressed as the meaB®.E.M; (n =10).
***xn < 0.0001 (HFSD vs control),++++p < 0.0001
(HFSD+AEBT vs. HFSD)
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Fig. 4. Effect of AEBr in the inflammation markers of visceral adipose tissue in rats after the administration of highdatesetcr
Data are expressed as the me&E.M; (n =10). ***p < 0.0001 (HFSD vs control), ++++p < 0.0001 (HFSD + AEBr vs HFSD);
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Insulin resistance markers: The evaluation of
IRS1 Ps 312 and AKT showed a large increase in
IRS1 and a decrease in AKT in visceral adipose
tissue in the HFSD group compared to the control
(Fig. 1), AEBr treatment significantly corrected the
levels of IRS1 Ps 312 and AKT.

Histopathology and histochemical analysis of
Visceral Adipose Tissue:Topographic staining
(Masson's trichrome) showed normal organization
of adipose tissue, characterized by lobules in which
f’zfﬁgells were limited by relatively dense connective
tissue (Figs. 6 and 7).
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In addition, we observed structural alterations werdorphological and cytochemical studies of the
marked mainly by an increase in the size of the adipocytesdipocytes: The adipocytes of rats subjected to a HFSD
indicating hypertrophy, and the presence of hemorrhagic asthined with MGG showed cellular hypertrophy, an increase
inflammatory foci such as fibrosis within adipose tissue (Fig. 6)n the number of adipocytes indicating hyperplasia, and the

appearance of budding of the membrane plasma were

Histochemical analysis (Nile blue) revealed neutrabbserved compared to their corresponding controls (Fig. 8).
lipids in pink and fatty substances with an acidic charact€@ytochemical examination by Nile blue staining of the same
(blue). Compared with the corresponding controls, weells revealed pinkish coloration of the lipid droplets,
observed structural alterations marked mainly by adipocyteghlighting neutral lipids.
hypertrophy (Fig. 7) and accumulation of neutral lipids within
adipocytes (Fig. 8).
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Fig. 6. Visceral adipose tissue histology after Masson’s trichrome stainindriatios norvegicutom each group: (A: GX 400 Scale
6,01uM (Control)), (B: GX 400 Scale 6,pM (Control+AEBI)), (C and D, GX 400 Scale 6j{M; E and F: GX 1000 Scale 22U

rHESD)), and (G: GX 400 Scale 6yl (HFSD+ AEBr)). — Adipocyte — Nucleus Lipid dropl--4=  Neutrophil,
Inflammatory focus, Hemorrhagic focu--4= Ruptureddilated blood vessel.
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Fig. 7. Histochemical study of visceral adipose tissue after Nile blue staininiRittos nbrvegicufsom each group: (A: GX 400 Scale
6,01uM (Control)), (B: GX 400 Scale 6,pM (Control+AEBT)), (C: GX 400 Scale 6,pM (HFSD)), and (D: GX 400 Scale

6,01uM (HFSD+ AEBr)). —# Neutral lipid in pin Nuclet == Lipid droplet» Axe
DISCUSSION

Long-term administration (11 months) of a HFSDhypoinsulinemia after 6 months of a high-carbohydrate diet.
causes metabolic disorders and alterations in viscetakewise, we noted the appearance of insulin resistance
adipose tissue in rats. Our results confirmed the work pfarked by an increase in the levels of IRS phosphorylated
(Smailet al, 2017) onPsammomys obesus our study, on serine residues and a decrease in the levels of AKT p
we observed hyperglycemia accompanied b$473, indicating an inhibition of the insulin receptor
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Blos s sl clhs D1
Fig. 8. Cyto-morphological study of isolated adipocytes after MGG staining (A, B, C, and D), and after Nile blue staining (A1,

B1, C1, and D1) fronRattus norvegicurom each group: (A, Al: GX 100 Scale 2441 (Control)), (B, B1: GX 100 Scale
24,41uM (Control+AEBT)), (C, C1: GX 100 Scale 244 (HFSD)), and (D, D1: GX 100 Scale 24y (HFSD+ AEBT).

o Axis — Adipocyte — Membrane buddins lipid drople —» Nucleus.

signaling pathway, characteristic of type 2 diabetes (Smadvealed a phenomenon a significant adipocyte hypertrophy
etal, 2017). Treatment with AEBr (200 mg/kg) during theand hyperplasia, with fat cells from obese rats much larger
last 20 days of the experiment improved hyperglycemthan those from controls, polyhedral in appearance and giant
and insulin resistance in diabetic rats by decreasing bloliypid droplet occupying ther entire cytoplasmic space. Very
glucose and IRS1 PS312 levels. and re-balanced the leseiall adipocytes with microdroplets inside were also
of insulin and AKT P473. Our results are in agreement witbbserved in these sections. According to Virtue & Vidal-
those of (Mohajeret al, 2011) in alloxan-diabetic rats Puig (2010) in the case of obesity, there is an increased
treated withBrassica rapa(200 mg/kg). The antidiabetic demand for lipid storage and to meet this demand and
effect ofBrassica junceaeed extract has been attributediccommodate excess lipids, adipose tissue increases its
to stimulation of glycogen synthesis, resulting in increasedforage capacity by increasing the size of its adipocytes
hepatic glycogen content and suppression of glycogémypertrophy) and/ or increasing their number (hyperplasia).
phosphorylase and other glyconeogenic enzyme activitiegpid storage and mobilisation are dynamically regulated
(Khanet al, 1995). Our results showed the occurrence @t the level of the lipid droplet making it more than just a
dyslipidemia marked by an increase in triglyceridemigylace of desposition (Paat al, 2012). Lipid droplet
LDL-Ch, and a decrease HDL-Ch, accompanied by ramodeling in a pathophysiological case such as obesity
hypertrophy and infiltration of inflammatory cells into lipid can be explained either by the addition of neutral lipids to
droplets of visceral adipose tissue. This situation dhe pre-existing droplet (Murphst al, 2010). Numerous
exacerbation of glycemia and lipidemia would be a markstudies have shown that in humans and rodents, obesity-
of glucotoxicity and lipotoxicity resulting in lipolysis associated inflammation is manifested by macrophage
induced by hyperleptinemia (Daryoushal, 2011); the infiltration in adipose tissue, with macrophages constituting
administration of AEBr improves the metabolic disordewup to 50 % of the cells in fat (Paetral, 2012). Adipose
Brassica rapanduces a hypoglycemic effect by decreasingssue is a source of increased levels of TNF in obese
glucose levels, improving insulin levels, and correctingracrophages and fat cells (Murpétyal, 2010). Although
dyslipidemia associated with increased HDL-Ch. Oumacrophages are potent sources of pro-inflammatory
results showed a reduction in triglyceridemia in lipictytokines, the triggers of adipose tissue inflammation are
droplets in visceral adipose tissue after the administratioot fully understood but may involve the secretion of
of Brassica rapan diabetic rats, which is consistent withcytokines or chemokines by adipocytes or endothelial cells.
numerous studies showing the effeBrassica Hypertrophy and necrosis may also occur (Baal, 2012).
antihypertriglyceridemic agent in diabetic rats (DaryousiNF inhibits the action of insulin in vitro and in vivo by

et al, 2011). Structural alterations were observed in thadtering the expression or activity of several proteins in the
adipose tissue of rats subjected of a HFSD. Staining ioBulin signaling pathway in cells. TNF decreases insulin
sections with Masson's trichrome and Nile blue sulfateeceptor stimulation by insulin as well as phosphorylation
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of insulin receptor substrate (IRS) in cultured cells an@ihese results suggest that the naturally occurring AEBr may
tissues (Kanget al, 2022). TNF is an endocrine andhave important implications for the prevention and early
paracrine mediator of insulin resistance in obesity. Inducégatment of T2DM and its complications.

hyperglycemia in T lymphocytes increases the synthesis

of pro-inflammatory cytokines, which are responsible foACKNOWLEDGEMENTS

the increase in NO by activation of inducible nitric oxide

synthase (iINOS) (Stenét al., 2005). Glucocolipotoxicity Team from the anatomy pathology laboratory of the
and insulin resistance activate the transcription factor NEHU of BENI MESSOUS

?B and play a role in inducing pro-inflammatory gene

expression and promoting the inflammatory process in
vascular tissue. The initial event of inflammation in vascul&MAIL, L.; HAMLAT, N.; BERDJA, S.; BOUMAZA, S.;

tissue begins with the recruitment of monocytes to lesioM$EGGAZI, S.; KACIMI, G.; BOUDARENE, L. &

where MCP-1 plays a key role (Dagtteal, 2005). NFkB BOUGUERRA,_S. A. Efectq ddBrassicglrgpfcvar rapiferaso- )
coordinates the induction of a wide range of genes encodﬁ’f§ Ia.reS|ster.10|a alainsulinay gl analisis |nflamator|q Qel teji-
pro-inflammatory cytokines (interleukins 1, 2 and 6 an quﬁ:pgfgxi\é'%;edrﬁ:td? ratgrs r\]’z)/ :Stjrzflt_;f;?_szgz ;%gi'c'ones de
TNFa), chemokines (IL-8 and MCP1), adhesion moleculeg, P T phot. ' '

acut_e pha_lse proteins, Immune receptors, growth factors, RESUMEN: La fisiopatologia relacionadas con la obe-
and inducible enzymes such as vascular endothelial grow§had, como la resistencia a la insulina y el sindrome metabdlico,
factor, cyclooxygenase-2 (COX-2), matrixmuestran un riesgo notablemente mayor de diabetes tipo 2 y
metalloproteinases, iINOS, all molecules involved irnfermedad cardiovascular aterosclerotica. Este riesgo parece
inflammation other than angiogenesis, cell proliferatiorgstar relacionado con alteraciones en la funcion del tejido adi-
adhesion, migration and invasion (Mahmau@l, 2013). Poso, lo que lleva a una inflamacién crénicay a la desregulacion
Brassica ameliorates inflammatory conditions. This resulf 10s factores derivados de los adipociBassica rapsse ha

is consistent with a previous study showing an improveme‘t‘,ﬂl'zado en la medicina tradicional para el tratamiento de va-

in inflammatory states with the presence of uercetiﬁlas enfermedades, incluida la diabetes. Este estudio tuvo como
y P q . objetivo investigar el efecto del estrés nutricional inducido por

!<aempferol, epigallocatechin gallate and curcumin reduur&ga dieta rica en grasas y sacarosa sobre la fisiopatologia del
inflammatory markers (NO, MCP-1, TFand NFkB) tejido adiposo visceral y el efecto terapéuticddassica rapa

in experimental diabetics models (Mahmaidl, 2013).  en ratas Wistar macho. Sometimos a ratas experimentales a una
The current study showed that a diet high in fat and sucragiéta rica en grasas (10 %) y alta en sacarosa (20 %)/por dia
increased the level of IRS1-p-serine and impaired AKdurante 11 meses y las tratamos durante 20 dias con extracto
activity in the visceral adipose tissue. Brassica normalizeduoso de Br (AEBr) a 200 mg/kg al final del experimento. En
IRS1 and AKT levels in diabetic rats. Hyperglycemia leadd) momento del sacrificio, monitoreamos los parametros
to the activation of several serine kinase cascades. ThBifgguimicos plasmaticos y tisulares, asi como la
are several potential targets for these kinases in the insulirfohistopatologia del tejido adiposo visceral. Encontramos

signaling pathway, including the insulin receptor (IR) anfarametros metab9llcos .correglplos por AEBry marcadores
Inflamatorios en tejido adiposo visceral homogeneizado y re-

insulin recePtor substrate .(lRS,) prc_>te|ns. Increas_%ccién de hipertrofia, hiperplasia y gotitas de lipidos. Estos
phosphorylation of IRS at serine sites, instead of tyrosingsitados sugieren que AEBr mejora el efecto antidiabético,
indicates impaired insulin activity. In fact, IRS1 seringntjinflamatorio y protector sobre la morfologia del tejido adi-
phosphorylation is less able to associate with downstregi#iso en la diabetes tipo 2 y la obesidad.

target molecules, particularly phosphatidylinositol 3-kinase/

AKT, because of impaired insulin action and glucose PALABRAS CLAVE: Brassica rapaAEBr; Diabéti-
transport. This state promotes hyperinsulinemia arf@®; Glucolipotoxicidad; Tejido adiposo visceral.
development of insulin resistance (Kahal.,, 2006).
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