Gum Arabic attenuates the development of nephropathy in type I diabetes rat
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Aims: Diabetic nephropathy (DN) is a severe long-term complication of diabetes affecting about 50% diabetic patients. This trial aimed to determine the effect of Arabic gum on diabetic rat model which was established by intraperitoneal injection of Streptozotocin (STZ).
Methods: Body weight, urinary glucose, protein, serum creatinine (Scr) and blood urinary nitrogen (BUN) concentrations were assayed. E-cadherin, α-SMA, Cytokeratin19, Vimentin and TGF-β1 genes mRNA expression determined. 
Results: The body weight and spleen weight were significantly (p<0.05) reduced in diabetic rats and diabetic rats treated with Gum Arabic compared to the control group (p<0.05). Gum Arabic treatment significantly (P < 0.01) reduced serum glucose, serum urea, urinary glucose, and urinary protein, yet serum creatinine significantly (P < 0.01) increased compared to STZ treated rats. Serum triglyceride was significantly lower (P < 0.01) in both diabetic and diabetic rats treated with gum Arabic compared to control. Gum Arabic treatment significantly (P < 0.05) lowered HDL-c compared to both diabetic rats and control; however, no significant differences were detected in total cholesterol and LDL-c. Alpha-SAM mRNA was significantly higher (P > 0.05) in STZ treated rats compared to control and Gum Arabic groups. The treatment of gum Arabic significantly reduced (P > 0.05) α-SAM and TGF-1 mRNA compared to STZ treated rats. In contrast, Gum Arabic significantly increased (P > 0.05) kidney cytokeratin19 and E-cadherin mRNA expression compared to STZ group. 
Conclusion: The results conclude that Gum Arabic can attenuate the development of nephropathy in type I diabetes rat.
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Introduction 
Diabetic neuropathy (DN) is a severe long-term complication of diabetes affecting about 50% diabetic patients 
 ADDIN EN.CITE 
1-2
. DN is associated with progressive degeneration of nerve fibers 3 and has become a growing concern of researchers and clinicians due to increased prevalence and vague etiology. The main features of DN are basement membrane thickening, microalbuminuria, proteinuria, glomerular, mesangial hypertrophy and ECM protein accumulation4. Glomerular and tubular proteins and enzymes are detectable even before the appearance of microalbuminuria and rise in serum creatinine 5. Currently, early diagnosis of diabetic nephropathy (DN) remains a major challenge. Thus, more investigations into new DN-related biomarkers are needed 
 ADDIN EN.CITE 
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. Epidemiological evidence supporting a genetic contribution to this disease includes ethnicity differences, familial clustering and the fact that only a subset of individuals with type 1 diabetes develops diabetic nephropathy regardless of metabolic control 
 ADDIN EN.CITE 
7
. Patients with diabetic nephropathy, especially with type 2 diabetes, have a high cardiovascular risk. 8 Indicated the risk for cardiovascular disease (CVD) was 3 fold higher in South Indian non-insulin-dependent diabetes mellitus (NIDDM) subjects with nephropathy when compared with their non-nephropathic counterparts. 
    Studies have shown that the immune damage during the occurrence of type 2 diabetes may play a role in the development of DPN 9. Recent evidences are being accumulated favoring the association between inflammation and type 2 diabetes, including its related complications like DPN 
 ADDIN EN.CITE 
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. Transforming growth factor beta (TGFβ1) is a multifunctional cytokine implicated in the pathogenesis of many forms of progressive renal disease, including diabetic nephropathy, by promoting renal hypertrophy and the accumulation of extracellular matrix 
 ADDIN EN.CITE 
12-13
. However, its potential role as a susceptibility gene for the development of this microvascular complication is unresolved 
 ADDIN EN.CITE 
14
. Protein and mRNA levels of TGFβ1 are significantly increased in the renal glomeruli and tubulointerstitium of animal models of diabetes and in humans with diabetes 
 ADDIN EN.CITE 
15
. Type 1 diabetic patients with overt nephropathy show increased TGF-β1 secretion by PBMC 16. Correlations were observed between the expression of renal cytoskeletal proteins and the progression of renal insufficiency17. Interstitial alpha-SMA proved to be a predictor of progressive diabetic nephropathy. This predictive value was superior to, and independent from, that of the best conventional histological predictive parameters; tubular atrophy and interstitial fibrosis17. E-cadherin expression was markedly decreased in renal tubular epithelial cells of patients with diabetic nephropathy versus healthy controls 
 ADDIN EN.CITE 
6
. Cytokeratin 19 fragment (CYFRA21-1) levels are elevated in chronic renal failure patients 
 ADDIN EN.CITE 
18
. Recent study showed that diabetic rats had elevated expressions of α-SMA, vimentin and TGF-β1 mRNA and α -SMA protein and decreased expression of E-cadherin and cytokeratin19 mRNA, and E-cadherin protein compared to control rats 
 ADDIN EN.CITE 
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.
    The beneficial uses of medicinal plants in traditional system of medicine of many cultures are extensively documented. Several plants have been used as dietary adjuvant and in treating the number of diseases even without any knowledge on their proper functions and constituents. This practice may be attributed to the uncompromised cost and side effects of synthetic hypoglycemic agents 20. Medicinal foods are prescribed widely even when their biologically active compounds are unknown, because of their safety, effectiveness, and availability 
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21
.Gum Arabic (GA) is a dietary fibrous heteropolysaccharide obtained from either Acacia Senegal or A. seyal trees, which are cultivated in the Sudan as a cash crop in agroforestry systems 22. The gum has a high molecular weight (approx. 350-850 kDa) and has galactose (44 %), rhamnose (13 %), glucuronic acid (16 %) and arabinose (27 %) residues, and some minerals like potassium, magnesium and calcium 
 ADDIN EN.CITE 
23-25
. GA is widely employed in the pharmaceutical, cosmetic and food industries as an emulsifier and stabilizer. It is also used in the traditional treatment of patients with chronic kidney disease in some Middle Eastern countries, such as the Sudan 
 ADDIN EN.CITE 
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. 
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 indicated that GA (10% in drinking water) significantly increased urinary excretion of Ca(2+) and significantly decreased plasma phosphate and urea concentrations, urinary flow rate, urinary Na(+), phosphate and glucose excretion, blood pressure and proteinuria. In the present study we noted that Gum Arabic can attenuates the development of nephropathy in type I diabetes rat.
Materials and Methods
Animals
Male Sprague-Dawley (SD) rats weighing 200±10g were obtained from Shanghai Laboratory Animal Center, Chinese Academy of Science (SLAC, CAS) and housed in a controlled environment with a 12h light–dark cycle. All procedures were used followed the guide for care and use of laboratory animals of Nanjing Agriculture University (Nanjing,   China).The animals were acclimatized for one week before the study and had free access to water and standard rat chow throughout the experiment.
Experimental protocol
Streptozotocin (STZ) was purchased from Sigma-Aldrich China (Shanghai, China).The   diabetic rat model was established by intraperitoneal injection of STZ dissolved in 0.1 mol/L sodium  citrate buffer  (pH 4.0) at  a dose of  60 mg/kg body weight. Fasting,  tail-vein, blood  glucose was  measured 24 and 72 hours   after  injection,  and rats that  had   a  glucose  level  over  16.7  mmol/L  were  considered  to   be  diabetic 28. The  rats  were divided  into 3 groups: (C) control group (n=7);  normal  rats   were  treated with  an  intraperitoneal  injection  of  citric  acid buffer and oral vehicle  (distilled  water);  (D)  diabetic   group   (n=7); diabetic   rats  were  oral   given  vehicle  (distilled  water);  and  gum arabic  treatment  group   (n=7)  were  diabetic  rats  given 15% gum arabic in drinking water,  all rats were euthanized after 30 days of treatment.
Samples collection

On day 30, the animals were fasted overnight. Urine was collected prior to euthanasia, blood glucose, body and kidney weights were measured. Serum, plasma and kidney were collected for future analyses; all samples were stored at −70 ◦C. 

Biochemical measurements
Urinary glucose, urinary protein, serum creatinine (Scr) and blood urinary nitrogen (BUN)   concentrations were assayed using kits purchased from Nanjing Jiancheng   Bioengineering Institute (Nanjing, China). Similarly total cholesterol, triglyceride, HDL-c and LDL-c were assayed using kits purchased from Nanjing Jiancheng   Bioengineering Institute (Nanjing, China).
Histopathology and electron microscopy

After being fixed in paraformaldehyde solution, kidneys cortex were embedded in paraffin, sectioned serially at 4 lm and stained with hematoxylin and eosin (H&E). These sections were analyzed for the morphologic changes in control, diabetic rat and diabetic rat treated with Gum Arabic. Slides at every time-point were stained with H&E and observed under a light microscope (Nikon, Tokyo, Japan).
RNA extraction and mRNA quantification

Kidney tissue was ground in liquid N2, and a portion of 100 mg was used for RNA extraction using TRIzol total RNA kit (Invitrogen, Biotechnology Co, Ltd, Carlsbad, CA, USA) according to the manufacturer's instruction. Two approaches were taken to ensure that all total RNA preparations are free of genomic DNA contamination. Firstly, total RNAs were treated with 10 U DNase I (RNase Free, D2215, Takara, Japan) for 30 min at 37°C, and purified according to the manufacturer’s protocol. Secondly, the primers for the reference gene (β-actin) were designed to span an intron, so any genomic DNA contamination can be reported easily with an extra product in the melting curves for real-time PCR. For establishing the effect of Gum Arabic on the development of nephropathy in type I diabetes rat some genes in Kidney tissue were expressed using real-time PCR performed in Mx3000P (Stratagene, USA). Mock RT and No Template Controls (NTC) were included to monitor the possible contamination of genomic and environmental DNA at both RT and PCR steps. The pooled sample made by mixing equal quantity of RT products (cDNA) from all samples was used for optimizing the PCR condition and tailoring the standard curves for each target gene, and melting curves were performed to insure a single specific PCR product for each gene. Primers listed in (Table 1) were synthesized by Geneary (Shanghai, China). Rat β-actin was used as a reference gene for normalization purposes. The method of 2−ΔΔCt was used to analyze the real-time PCR data 29.The mRNA abundances were presented as the fold change relative to the average level of the control group.
Statistical Analysis 
Data  are  expressed   as  the   mean  ±  SEM  and   compared   by  one way  analysis   of   variance  (ANOVA)  and   Student’s  T  test.  P < 0.05 was considered significant.  All statistical   analyses were performed using SPSS 16.0 software (SPSS,   Chicago, IL, USA).

Results
Body weight and Organs weight

Diabetic rats and diabetic rats treated with Gum Arabic were less weight compared to the control group (p<0.05) (Fig 1A). No significant differences were observed in liver weight and kidney weight between all groups. However, spleen weight for both diabetic rats and diabetic rats treated with Gum Arabic was significantly decreased compared to the control group (p<0.05) (Table2).

Water consumption 

The Gum Arabic was significantly decreased (p<0.01) water consumption compared to control and diabetic rats (Fig 1B).

Measurement of biochemical indices

Serum glucose, serum creatinine, serum urea, urinary glucose, and urinary protein, in   STZ rats (Diabetic group) were significantly higher compared to the   control group (P < 0.01). Gum Arabic treatment significantly decreased (P < 0.01) glucose, serum creatinine, serum urea, urinary glucose, and urinary protein but not serum uric acid (Table 3).

Serum lipid profile

Serum triglyceride was significantly lower (P < 0.01) in both diabetic and diabetic with Gum Arabic rats compared to control. Gum Arabic treatment significantly lowered (P < 0.05) HDL-c compared to both diabetic rats and control; however, no significant differences were detected in total cholesterol and LDL-c (Table4).
Histophathological change
Hematoxylin and eosin (HE) staining shown collagen fibers is blue, muscle fiber cytoplasm is red, and the nucleus is brown. Our results showed minimal collagen fiber deposition in the control rat kidney (angel), however, a significant increase in tubulointerstitial collagen was shown in the STZ treated rats (beer). Diabetic rats which received   Gum Arabic group, (coffee) had less tubulointerstitial collagen than the diabetic controls.
RNA extraction and mRNA quantification
α-SAM mRNA was significantly higher (P > 0.05) in STZ treated rats compared to control and Gum Arabic treatment groups. The treatment of Gum Arabic significantly reduced (P > 0.05) α-SAM mRNA compared to STZ treated rats (Fig.3A). In contrast, Gum Arabic treatment significantly increased (P > 0.05) kidney cytokeratin19 and E-cadherin mRNA expression compared to STZ treated group. No significant differences were observed between gum Arabic group and control (Fig.3B and E). In addition, no significant differences were seen in β-TGF-1 and Vimentin mRNA expression between all groups.

Discussion 

Diabetic nephropathy is the leading cause of end stage renal failure in the western world. There is substantial epidemiological evidence supporting a genetic predisposition to diabetic nephropathy, however the exact molecular mechanisms remain unknown. In the present study Gum arabic was administrated to attenuate the development of   nephropathy in type I diabetes rat. Gum arabic is used in pharmaceutical, cosmetic and food industries as an emulsifier and stabilizer. GA is a Ca (2+)-, Mg (2+) - and K (+)-rich dietary fiber used for the treatment of patients with chronic kidney disease in Middle Eastern countries 
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, and ameliorates adenine-induced chronic renal failure (CRF) in rats 
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 Indicated that the administration of β-casomorphin-7 attenuates renal interstitial fibrosis caused by diabetes. This protective effect may be associated in part with down regulation of epithelial-mesenchymal transition of renal tubular epithelial cells 
 ADDIN EN.CITE 
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. 30 gave powdered seeds of Acacia arabica orally to normal rabbits and rabbits with allaoxan–induced diabetes. It was found that the powder (at doses of 2, 3 and 4 mg/kg) significantly reduced the blood glucose concentration of normal, but not diabetic rabbits. In the current study we found that Gum Arabic can significantly (P < 0.01) reduced serum glucose, serum urea, urinary glucose, and urinary protein, but is significantly (P < 0.01) increased serum creatinine compared to STZ treated rats. 
 ADDIN EN.CITE 
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 indicated that GA treatment decreases blood pressure and proteinuria in diabetic mice and may thus prove beneficial in diabetic nephropathy. In healthy mice, GA treatment increases creatinine clearance, renal ADH excretion, as well as intestinal and renal excretion of Mg (2+) and Ca (2+) 
 ADDIN EN.CITE 
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.
     Serum triglyceride was significantly lower (P < 0.01) in both diabetic and diabetic with gum Arabic rats compared to control. Gum Arabic was significantly lowered (P < 0.05) HDL-c compared to both diabetic rats and control; however, no significant differences were detected in total cholesterol and LDL-c. 31 reported that GA increased Cholesterol biosynthesis in rats fed a cholesterol-containing diet, but had no effect in rats on a cholesterol-free diet. However, 
 ADDIN EN.CITE 
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 reported reductions of total serum cholesterol by 6% and 10.4%, respectively when subjects received 25 g/day and 30 g/day of GA for periods of 21 and 30 days. The decrease was confined to LDL and VLDL cholesterol only, with no effect on HDL and triglycerides. In contrast, consumption of GA at a dose of 15 g/ day for 4 weeks by normal 34 or hypercholesterolemic subjects 35 had no significant effect on plasma lipids. In rats, the results were as contradictory. 36 has shown that plasma cholesterol concentrations were unaffected by feeding GA, but plasma triacylglycerols were significantly lower than in controls. 

     In the present study gum Arabic was significantly reduced (P > 0.05) α-SAM and TGF-1 mRNA expression compared to STZ treated rats. In contrast, Gum Arabic was significantly increased (P > 0.05) kidney cytokeratin19 and E-cadherin mRNA expression compared to STZ treated group. No significant differences were seen in Vimentin mRNA expression between all groups. A number of studies have shown that Transforming growth factor (TGFβ1) is an important factor in diabetic nephropathy progression through the use of knockout (KO) mouse models for the TGF-β1 type II receptor
 ADDIN EN.CITE 
13, 37
, and may be directly upregulated in diabetes through high blood glucose levels 38. TGF-β1 increases extracellular matrix accumulation through the stimulation of collagen IV and fibronectin production 39, resulting in interstitial fibrosis and glomerular sclerosis. In addition to its fibrogenic capabilities, TGF-β1 reduces lysosomal activity 40 resulting in disrupted degradation of matrix components, which may also contribute to fibrosis in organs including the kidney and heart 41. Type 1 diabetic patients with overt nephropathy show increased TGF-β1 secretion by PBMC 16. Increased TGF-β1 secretion by PBMC may be associated with renal and vascular disease in Type1 diabetes mellitus 16.T GFβ1 is transcriptionally activated by high extracellular glucose in murine glomerular mesangial cells 
 ADDIN EN.CITE 
42
. Transgenic mice over-expressing TGFβ1 develop progressive renal failure, suggesting that chronically elevated levels of circulating TGFβ1 are integral to the pathogenesis of kidney disease 
 ADDIN EN.CITE 
43-44
. Direct blockade of TGFβ protein by chronic administration of anti-TGFβ1 antibodies has been shown to decrease renal insufficiency 
 ADDIN EN.CITE 
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. In normal kidneys, cells expressing alpha-SMA were confined to the vascular media and adventitia while immunoreactive Vimentin was detected in glomerular epithelial cells. In diabetic kidneys, cells expressing alpha-SMA were detected primarily in the renal interstitium and to a lesser extent in some glomeruli in association with mesangial proliferation 17. Vimentin immunostain decreased in glomeruli displaying diabetic hyalinosis and sclerosis. By contrast, strong Vimentin immunoreactivity was noted in atrophic diabetic tubules and to a lesser extent in the interstitium 17. Our results concluded that Gum Arabic can attenuate the development of nephropathy in type I diabetes rat.
Acknowledgment

The authors are highly grateful to Professor Shi Fangxiong and Professor Ruqian Zhao at the Nanjing Agricultural University, China for their support to conduct this research in their labs. 

References

1.
Wooten K. Clinical features and electrodiagnosis of diabetic peripheral neuropathy in the dysvascular patient. Phys Med Rehabil Clin N Am. Nov 2009;20(4):657-676.

2.
Tesfaye S, Selvarajah D. Advances in the epidemiology, pathogenesis and management of diabetic peripheral neuropathy. Diabetes Metab Res Rev. Feb 2012;28 Suppl 1:8-14.

3.
Boulton AJ, Vinik AI, Arezzo JC, et al. Diabetic neuropathies: a statement by the American Diabetes Association. Diabetes Care. Apr 2005;28(4):956-962.

4.
Padmashree DG, Swamy NR. Molecular signaling cascade of miRNAs in causing Diabetes Nephropathy. Bioinformation. 2013;9(8):401-408.

5.
Latha TPJ, P. Subramanyam. . Evaluation of Diabetic Nephropathy Using Selected Biochemical Markers in Settiyar (Vysya) Community of Nelloreand Parkasam Districts of Andhra Pradesh. India. Advances in Biological Research  2012;6 (2): 81-86,.

6.
Jiang H, Guan G, Zhang R, et al. Identification of urinary soluble E-cadherin as a novel biomarker for diabetic nephropathy. Diabetes Metab Res Rev. Mar 2009;25(3):232-241.

7.
Young BA, Maynard C, Boyko EJ. Racial differences in diabetic nephropathy, cardiovascular disease, and mortality in a national population of veterans. Diabetes Care. Aug 2003;26(8):2392-2399.

8.
Viswanathan M, McCarthy MI, Snehalatha C, Hitman GA, Ramachandran A. Familial aggregation of type 2 (non-insulin-dependent) diabetes mellitus in south India; absence of excess maternal transmission. Diabet Med. Mar 1996;13(3):232-237.

9.
Krendel DA, Costigan DA, Hopkins LC. Successful treatment of neuropathies in patients with diabetes mellitus. Arch Neurol. Nov 1995;52(11):1053-1061.

10.
Wang Y, Schmeichel AM, Iida H, Schmelzer JD, Low PA. Enhanced inflammatory response via activation of NF-kappaB in acute experimental diabetic neuropathy subjected to ischemia-reperfusion injury. J Neurol Sci. Aug 15 2006;247(1):47-52.

11.
Schram MT, Chaturvedi N, Schalkwijk CG, Fuller JH, Stehouwer CD. Markers of inflammation are cross-sectionally associated with microvascular complications and cardiovascular disease in type 1 diabetes--the EURODIAB Prospective Complications Study. Diabetologia. Feb 2005;48(2):370-378.

12.
Reeves WB, Andreoli TE. Transforming growth factor beta contributes to progressive diabetic nephropathy. Proc Natl Acad Sci U S A. Jul 5 2000;97(14):7667-7669.

13.
McKnight AJ, Savage DA, Patterson CC, Sadlier D, Maxwell AP. Resequencing of genes for transforming growth factor beta1 (TGFB1) type 1 and 2 receptors (TGFBR1, TGFBR2), and association analysis of variants with diabetic nephropathy. BMC Med Genet. 2007;8:5.

14.
Ng DP, Warram JH, Krolewski AS. TGF-beta 1 as a genetic susceptibility locus for advanced diabetic nephropathy in type 1 diabetes mellitus: an investigation of multiple known DNA sequence variants. Am J Kidney Dis. Jan 2003;41(1):22-28.

15.
Yamamoto T, Nakamura T, Noble NA, Ruoslahti E, Border WA. Expression of transforming growth factor beta is elevated in human and experimental diabetic nephropathy. Proc Natl Acad Sci U S A. Mar 1 1993;90(5):1814-1818.

16.
Korpinen E, Groop PH, Fagerudd JA, Teppo AM, Akerblom HK, Vaarala O. Increased secretion of TGF-beta1 by peripheral blood mononuclear cells from patients with Type 1 diabetes mellitus with diabetic nephropathy. Diabet Med. Feb 2001;18(2):121-125.

17.
Essawy M, Soylemezoglu O, Muchaneta-Kubara EC, Shortland J, Brown CB, el Nahas AM. Myofibroblasts and the progression of diabetic nephropathy. Nephrol Dial Transplant. Jan 1997;12(1):43-50.

18.
Kashiwabara K, Kishi K, Nakamura H, et al. Mechanism of increased serum cytokeratin 19 fragment levels in patients with diabetic nephropathy as a model of chronic renal failure. Intern Med. Nov 1998;37(11):917-921.

19.
Zhang W, Miao J, Ma C, Han D, Zhang Y. beta-Casomorphin-7 attenuates the development of nephropathy in type I diabetes via inhibition of epithelial-mesenchymal transition of renal tubular epithelial cells. Peptides. Aug 2012;36(2):186-191.

20.
Balaraman AK, Singh J, Dash S, Maity TK. Antihyperglycemic and hypolipidemic effects of Melothria maderaspatana and Coccinia indica in Streptozotocin induced diabetes in rats. Saudi Pharm J. Jul 2010;18(3):173-178.

21.
Dewanjee S, Das AK, Sahu R, Gangopadhyay M. Antidiabetic activity of Diospyros peregrina fruit: effect on hyperglycemia, hyperlipidemia and augmented oxidative stress in experimental type 2 diabetes. Food Chem Toxicol. Oct 2009;47(10):2679-2685.

22.
Lelon JKJ, .IO. Keter, J.K. Chemuku. W. Oduor, FDO: . Assessment of physical properties of gum Arabic from Acacia senegal varieties in Baringo District. Afr J Plant Sci  2010;4: 95-98.

23.
Williams PAP, G.O.  . Gum arabic. In: Handbook of Hydrocolloids. GO Phillips, PA Williams (eds), CRC Press, Boca Raton, FL 2000:155-168.

24.
AL-assaf SP, G.O. Wiliams, P.A.  . Studies on acacia exudate gums Part 1: The molecular weight of Acacia senegal gum exudate. . Food Hydrocoll   2005;19:647-660.

25.
Ali AA, Ali KE, Fadlalla AE, Khalid KE. The effects of gum arabic oral treatment on the metabolic profile of chronic renal failure patients under regular haemodialysis in Central Sudan. Nat Prod Res. Jan 10 2008;22(1):12-21.

26.
Ali BH, Beegam S, Al-Lawati I, Waly MI, Al Za'abi M, Nemmar A. Comparative efficacy of three brands of gum acacia on adenine-induced chronic renal failure in rats. Physiol Res. 2013;62(1):47-56.

27.
Nasir O, Umbach AT, Rexhepaj R, et al. Effects of gum arabic (Acacia senegal) on renal function in diabetic mice. Kidney Blood Press Res. 2012;35(5):365-372.

28.
Soulis-Liparota T, Cooper M, Papazoglou D, Clarke B, Jerums G. Retardation by aminoguanidine of development of albuminuria, mesangial expansion, and tissue fluorescence in streptozocin-induced diabetic rat. Diabetes. Oct 1991;40(10):1328-1334.

29.
Livak KJ, Schmittgen TD. Analysis of relative gene expression data using real-time quantitative PCR and the 2(-Delta Delta C(T)) Method. Methods. Dec 2001;25(4):402-408.

30.
Wadood AW, N. Shah, S.A.  . Effect of Acacia arabica and Caralluma edulis on blood glucose levels of normal and allaoxan diabetic rabbits. J. Pak. Med. Assoc.  . 1989;39:208-212.

31.
Kelley JJ, Tsai AC. Effect of pectin, gum arabic and agar on cholesterol absorption, synthesis, and turnover in rats. J Nutr. Apr 1978;108(4):630-639.

32.
Sharma RD. Hypocholesterolaemic effect of gum acacia in men. . Nutr. Res. 1985(1321-1326.).

33.
Ross AH, Eastwood MA, Brydon WG, Anderson JR, Anderson DM. A study of the effects of dietary gum arabic in humans. Am J Clin Nutr. Mar 1983;37(3):368-375.

34.
Haskell WL, Spiller GA, Jensen CD, Ellis BK, Gates JE. Role of water-soluble dietary fiber in the management of elevated plasma cholesterol in healthy subjects. Am J Cardiol. Feb 15 1992;69(5):433-439.

35.
Jensen CDSGAGJEM, A. F. Whittam, J. H.   . The effect of acacia gum and a water-soluble dietary fiber mixture on blood lipids in humans. . J. Am. Coll. Nutr. 1993;12:147-154.

36.
Topping DI, R.J. Trimble, R.P.  . Volatile fatty acid concentrations in rats fed diets containing gum Arabic and cellulose separately and a mixture. Nutr. Re. Int. 1985;32:  809-814.

37.
Kim HW, Kim BC, Song CY, Kim JH, Hong HK, Lee HS. Heterozygous mice for TGF-betaIIR gene are resistant to the progression of streptozotocin-induced diabetic nephropathy. Kidney Int. Nov 2004;66(5):1859-1865.

38.
Rocco MV, Chen Y, Goldfarb S, Ziyadeh FN. Elevated glucose stimulates TGF-beta gene expression and bioactivity in proximal tubule. Kidney Int. Jan 1992;41(1):107-114.

39.
Nakamura T, Miller D, Ruoslahti E, Border WA. Production of extracellular matrix by glomerular epithelial cells is regulated by transforming growth factor-beta 1. Kidney Int. May 1992;41(5):1213-1221.

40.
Schenk O, Ling H, Sebekova K, Vamvakas S, Heidland A. High-glucose media enhance the responsiveness of tubular cells to growth promoters: effect on lysosomal cathepsins and protein degradation. Miner Electrolyte Metab. 1998;24(4):254-260.

41.
Russo LM, Comper WD, Osicka TM. Mechanism of albuminuria associated with cardiovascular disease and kidney disease. Kidney Int Suppl. Nov 2004(92):S67-68.

42.
Hoffman BB, Sharma K, Zhu Y, Ziyadeh FN. Transcriptional activation of transforming growth factor-beta1 in mesangial cell culture by high glucose concentration. Kidney Int. Oct 1998;54(4):1107-1116.

43.
Isaka YF, Y. Ueda, N. Kaneda, Y. Kamada, T.  Imai, E. . Glomerulo sclerosis induced by in vivo transfection of transforming growth factor-beta or platelet-derived growth factor gene into the rat kidney. J Clin Invest 1993;92(6):2597-2601.

44.
Kopp JB, Factor VM, Mozes M, et al. Transgenic mice with increased plasma levels of TGF-beta 1 develop progressive renal disease. Lab Invest. Jun 1996;74(6):991-1003.

45.
Ziyadeh FN, Hoffman BB, Han DC, et al. Long-term prevention of renal insufficiency, excess matrix gene expression, and glomerular mesangial matrix expansion by treatment with monoclonal antitransforming growth factor-beta antibody in db/db diabetic mice. Proc Natl Acad Sci U S A. Jul 5 2000;97(14):8015-8020.



Figure Legend
Figure 1 Effect of gum Arabic on body weight (A) and water consumption (B). Values are expressed as means ± S.E.M., n = 6.
.

Fig. 2 Effect of Gum Arabic on the histopathological change of kidney 
A=control, B=diabetic and C= diabetic with gum Arabic.

Figure 3 Effect of gum Arabic on gene expressions in kidney. α-Sam (A), β-TGF-1 (B), Cytokeratin19 (C), Vimentin (D) and E-cadherin (E). Values are expressed as means ± S.E.M., n = 6.
Table 1 Real-Time PCR Primers

Table 2 Effect of Gum Arabic on organs weight. Values are expressed as means ± S.E.M., n = 6. Different superscript letters in the column are significant different at P<0.05.

Table 3 Effect of gum Arabic on blood and urine biochemistry. Values are expressed as means ± S.E.M., n = 6. Different superscript letters in the column are significant different at P<0.05.

 Table 4 Effect of Gum Arabic in serum lipid profile. Values are expressed as means ± S.E.M., n = 6. Different superscript letters in the column are significant different at P<0.05.
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Fig. 3
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Table 1 

	Target genes
	PCR products (bp)
	Primer sequences

	E-cadherin*
	99
	F : 5′- TGCTGCCACCAGATGACGATAC-3′

R : 5′- TGTGCAGCTGGCTCAAATCA-3′

	α-SMA*
	80
	F : 5′- ATTGCTGACAGGATGCAGAAGGA-3′

R : 5′- CGTTCTGGAGGAGCAATAATCTTG-3′

	Cytokeratin19*
	81
	F: 5′- TTACGGAGCCCAGCTGTCACACAT-3′

R: 5′- TCTGTGTCAGCACGCACGTTACTCA-3′

	Vimentin*
	92
	R : 5′- GCCCAGATTCAGGAACAGCAT-3′

R : 5′- TCATACTGCTGGCGGACATCAC-3′

	TGF-β1*
	112
	F: 5′- ATGCCTCTGCGTGGGACTTC-3′

R: 5′- TACTGCACGTGGCCCATCTC-3′

	β-Actin*
	186
	F: 5′- CCCTGTGCTGCTCACCGA-3′

R: 5′- ACAGTGTGGGTGACCCCGTC-3′


* All primers were given as a gift by 
 ADDIN EN.CITE 
19
.
Table 2 

	Group (n=5)
	Liver weight (g)
	Kidney weight (g)
	Spleen

	Control
	13.5±.0.34
	1.3±0.04
	2.4±0.2a

	Diabetic
	14.5±0.8
	1.7±0.08
	0.9±.08b

	Diabetic with Gum Arabic
	11.7±1
	1.4±0.11
	0.8±0.8b


Table 3
	Group (n=5)
	Serum Glucose/mmol/L
	Serum Urea mmol/L
	Serum Uric acid
	Serum Creatine
	Urine  glucose   (mmol/L)  
	Urine  protein  (mg/L)

	C
	2.52±0.52a
	9.42±0.83a
	66±6.9a
	28.8±1.1a
	0
	28.10±6.32a

	D
	4.63±0.71b
	13.05±0.95b
	55.25±1.1a
	18±5.7b
	12.56±0.74a 
	389.9±69.2b

	DG
	3.28±0.27a
	7.34±1.7a
	68±8.9a
	26.2±2.1a
	7.57±0.4b
	268.8±88.1a


.
Table 4 

	Group (n=5)
	Triglyceride
	Total cholesterol 
	HDL-c
	LDL-c

	C
	1.82±0.30 a
	1.8±0.23 a
	0.81±0.10 a
	0.33±0.04 a

	D
	0.86±0.18 b
	1.5±0.07 a
	0.69±0.06 a
	0.36±0.05 a

	DG
	0.99±0.20 b
	1.36±0.08 a
	0.56±0.06 b
	0.35±0.04 a
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