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Abstract 

 

Objective: Observe effects of Yam polysaccharides on P-selectin (Ps) expression 

and macrophage infiltration in diabetic nephropathy model rats. Method: 

Establish a Streptozocin-induced diabetic nephropathy rat model. After successful 

modeling, the rats are assigned into one of the following groups (10 rats/group): 

Model Group, Yam Polysaccharides Groups (50, 100, 200 mg·kg-1), and 

Metformin Hydrochloride Tablets (800 mg·kg-1) Group. The rats in the Yam 

Polysaccharides Dose Groups are administered intragastrically, and the rats in the 

Normal Control Group and the Model Group are administered intragastrically 

with an equal volume of distilled water, qd, for 8 consecutive weeks. Kidney 

weights, kidney indexes, 24-h urine protein excretion, blood glucose (Glu), 

creatinine (Crea), urea nitrogen (BUN), and albumin (ALB) in rats, as well as 

nitric oxide (NO), malonaldehyde (MDA), and superoxide dismutase (SOD) in 

kidney homogenate are measured. Changes in the expressions of glomerular Ps, 

CD68, transforming growth factor β1 (TGF-β1) in rats are observed by 

immunohistochemistry. Results: Blood glucose and 24-h urine protein excretion 



12                                                    YU Jiang et al. 
 
 

were decreased significantly in the Yam Polysaccharides Dose Groups. Kidney 

weights and kidney indexes, as well as the contents of Crea, BUN, and ALB in 

serum, and that of MDA in renal tissues were decreased significantly, and the 

contents of NO and SOD in renal tissues were increased in the 200 and 100 

mg·kg-1 Groups. Here, Yam polysaccarides 100 mg·kg-1 may also decrease the 

content of ALB in serum and that of MDA in renal tissues, and increase 

significantly the content of SOD in renal tissues. The immunohistochemical 

results demonstrated that, the expressions of glomerular Ps, TGF-β1 and CD 

68-positive cells were decreased significantly in diabetic nephropathy model rats 

in the Yam Polysaccarides 200 and 100 mg·kg-1 Dose Groups, and the expressions 

of Ps and TGF-β1 were also decreased significantly in the Yam Polysaccharides 

50 mg·kg-1 Dose Group. Conclusion: By decreasing blood glucose, Yam 

Polysaccharides may improve renal function and anti-lipid oxidation effects, and 

in rats with diabetic nephropathy, may inhibit expression of Ps in renal tissues, 

reduce local macrophage infiltration, downregulate expression of TGF-β1, and 

relieve inflammatory responses, to achieve renal protection. 
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Introduction 

Yam (Rhizoma Dioscoreae) is the rhizome of a plant of the Fam. Dioscoreaceae, 

and have the actions of tonifying spleen, nourishing stomach, promoting 

secretion of saliva and body fluid, reinforcing lung, invigorating kidney, and 

arresting seminal emission. Yam is always a key drug in treatment of 

consumptive thirsts (diabetes) in the medical community and in the folk. Yam 

Polysaccarides are an active ingredient of Yam, and have glucose-lowering, 

antiaging, antioxidation, immunity-improving, and gastrointestinal function- 

regulating effects, as well as protection against diabetic nephropathy, etc.[1]-[4] 

This experiment is intended to observe effects of Yam Polysaccharides on 

P-selectin (Ps) expression and macrophage infiltration in diabetic nephropathy 

model rats, and explore the mechanisms for macrophage infiltration in renal 

tissues under the condition of diabetic nephropathy, and for renal protection by 

Yam Polysaccharides, as well as mutual relationship of both of them. 

 

1. Materials and Methods 

1.1 Drugs and Reagents 

 

Extraction and separation of Yam Polysaccharides: Pulverize Huai Rhizoma  
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Dioscoreae, then extract in hot water at 100°C for 3 h, collect the extracts, 

concentrate under reduced pressure to an adequate volume, remove proteins by 

the Sevag Method, and precipitate by ethanol to obtain crude Polysaccharides. 

Carry out chromatographic separation by passing the crude Polysaccharides 

through a Sephadex G-100 column. Elute with distilled water, collect 

Polysaccharides solution around the peak, carry out dialysis by running water, 

concentrate appropriately, precipitate by ethanol, and then dry to obtain purified 

Polysaccharides; the content of total Polysaccharides is 92.3%[5]. Metformin 

Hydrochloride Tablets: Beijing Coway Pharmaceutical Co., Ltd. 

Streptozocin (STZ): America SIGMA Company. Goat anti-rat P-selectin 

antibody: Subpackaged by Santa Cruz Beijing Zhongshan Company. Rabbit 

anti-rat TGF-β1 antibody: Subpackaged by Santa Cruz Beijing Zhongshan 

Company. Rat anti-human CD68 monoclonal antibody: Beijing Zhongshan 

Company. Ready-to-use SP Kit: Beijing Zhongshan Company. DAB developing 

agent: Beijing Zhongshan Company. Glu, BUN, Crea, and ALB Kits: Provided 

by Sichuan Mike Biotechnology Co., Ltd. NO, MDA, and SOD Kits: Provided 

by Nanjing Jiancheng Biotechnology Institute. 

1.2 Experimental Animals 

Eighty (80) SD male rats, SPF Grade; certificate no.: SCXK (Chonging) No. 

20120006; provided by the Experimental Animal Laboratory, Chongqing 

Academy of Chinese Materia Medica. 

 

1.3 Key Instruments 

AW220 Type Electronic Balance: Manufactured by Japan HIMADZU 

Corporation. YXQ.SG41-280 Type Portable Electrothermic Pressure-stem 

Disinfector: Provided by Shanghai Medical Nuclear Instrument Factory. 

LG5-2A Type Centrifuge: Beijing Medical Centrifuge Factory. One Touch Type 

Glucometer: Manufactured by LIFESCAN Company. AU480 Full-automatic 

Biochemical Analyzer: Manufactured by America Beckman Coulter Company. 

TB-718E Type Microtome: Hubei Xiaogan Tai Micro. LEICA TP1020 Type 

Automatic Tissue Hydroextractor: Jermany Leica Instrument Co., Ltd. UF-II 

Photomicroscope: Japan Nippon Kogaku KK. Olympas Biomedical Image 

Analysis System: Japan OLYMPAS Company. 

 

1.4 Experimental Method [6] 

Eighty (80) experimental rats are accommodated for 1 week. Then, 10 rats are 

randomly selected and set as Normal Control Group. The remaining animals are 

fasted for 12 h, and bolus-injected intraperitoneally with one single dose of %1 

STZ (dissolved in 0.1 M citric acid-sodium citrate buffer pH 4.2, and injected in a 

dose of 65 mg·kg-1). Seventy-two (72) hours later, blood is drawn by cutting off  
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the animal's tail and blood glucose is measured; a rat with blood glucose of 

>=16.7 mmol·L-1 is identified as DM model. After successful modeling, 50 rats 

are assigned into one of the following groups (10 rats/group): Model Group, Yam 

Polysaccharides Groups (50, 100, 200 mg·kg-1), and Metformin Hydrochloride 

Tablets (800 mg·kg-1) Group. The rats in the Yam Polysaccharides Dose Groups 

are administered intragastrically, and the rats in the Normal Control Group and the 

Model Control Group are administered intragastrically with an equal volume of 

distilled water, qd, for 8 consecutive weeks. Two (2) days prior to sacrificing rats, 

a metabolism cage is used to collect accurately 24-h urine for determination of 

24-h urine protein. After administration of the final dose, the rats are fasted for 3 

h; blood is drawn via femoral artery, and serum is separated, and is analyzed by a 

biochemical analyzer for blood glucose (Glu), creatinine (Crea), urea nitrogen 

(BUN), and albumin (ALB). Sacrifice and anatomize the animals; weigh the 

kidney, and calculate renal index. To 0.3 g of renal tissue, add 2.0 mL of NS, carry 

out homogenization on a ice-water bath to obtain 15% homogenate, and 

centrifugate, using the supernatant for determination of nitric oxide (NO), 

malonaldehyde (MDA), and superoxide dismutase (SOD). Retain renal tissues, fix 

with 4% paraformaldehyde, and carry out paraffin sectioning. 

Carry out slicing by the streptavidin-peroxidase immunohistochemistry method 

(SP method), dewax in water, carry out antigen retrieval at a high temperature, 

allow it to cool, and then rinse with 0.01M PBS for 3 min * 3 times. Add the two 

normal anti  homologous serum blocking solution , and incubate at 37°C for 20 

min. Add dropwise the primary antibody, incubate overnight at 4°C, and rinse 

with 0.01 M PBS for 3 min * 3 times. Add dropwise the biotin-labeled 

secondary antibody, incubate at 37°C for 30 min, and rinse with 0.01 M PBS for 

3 min * 3 times. Add dropwise the horseradish peroxidase-labeled streptavidin 

working solution (S-A/HRP), incubate at 37°C for 30 min, and rinse with 0.01 

M PBS for 3 min * 3 times. Carry out DAB development. Wash with tap water, 

counterstain with hematoxylin, dehydrate by gradient alcohol, carry out 

transparentization with xylene, and carry out slide mounting with neutral glue, 

using PBS as negative control instead of the primary antibody. Carry out 

immunohistochemical image analysis is by the Olympas Biomedical Image 

Analysis System. After corrected by standard gray value, randomly select 5 

visual fields from each observation group, and measure mean integrated optical 

density values (IDP) of P-selectin (Ps) and transforming growth factor β1 

(TGF-β1). Glomerular CD68 (macrophage surface marker)-positive cell 

quantitation: Randomly select thirty (30) glomeruli under 400x visual fields are 

selected randomly, and measure CD68-positive cell count per glomerular 

transverse section unit area, and calculate the mean. 
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1.5 Statistical Method 

 

The data obtained from the experimental groups are expressed as x ±s. 

One-way analysis of variance is carried out for measurement data, and the 

comparison of enumeration data is carried out by Ridit analysis; the above test 

methods are carried out by the SPSS13.0 statistical software, taking P<0.05 as 

statistically significant. 

 

2. Experimental Results 

 

2.1 Effects on Kidney Weights and Renal Indexes in Rats 

According to Table 1, it is obvious that, compared with the Normal Control 

Group, kidney weights and renal indexes were increased significantly in rats in 

the Diabetic Nephropathy Model Group, suggesting successful modeling. After 

8-week administration, kidney weights and renal indexes were decreased 

significantly in diabetic nephropathy model rats in the Yam Polysaccharides 

High Dose Group, suggesting that Yam Polysaccharides has obvious protective 

effects in diabetic nephropathy model rats. 

 

 

Table 1, Effects on Kidney Weights and Renal Indexes in Diabetic Nephropathy 

Model Rats ( x ±s) 

 

Group 

Dose 

(mg·kg-1) 

Number 

of 

animals 

(rats) 

Kidney weight 

(g) 

Renal index 

(g/100 g body 

weight) 

Normal Control 

Group 
/ 10 13.31±1.402) 

3.09±0.582) 

Model Group / 10 18.99±2.21 5.70±0.79 

Metformin 

Group 
800 10 

15.24±1.971) 4.82±0.531) 

Yam 

Polysaccharides 

Groups 

200 10 

15.71±1.951) 4.92±0.601) 

 100 10 16.93±2.11 5.13±0.59 

 50 10 18.01±1.90 5.26±0.67 

Notes: Compared with the Model Control Group, 1)<0.05, 2) P<0.01 (same as in Tables 2-5). 
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2.2 Effects on Blood Glucose and 24-h Urine Protein Excretion in Rats 

According to Table 2, it is obvious that, compared with the Model Groups, after 

8-week administration, blood glucose (Glu) and 24-h urine protein excretion 

(UPE) were decreased significantly in the Yam Polysaccharides High and 

Medium Dose Groups, and were also decreased significantly in the Yam 

Polysaccharides Low Dose Group. The above changes of the indexes suggested 

that there was a obvious dose-effect relationship, suggesting that Yam 

Polysaccharides may decrease blood glucose and 24-h urine protein excretion in 

diabetic nephropathy model rats. 

Table 2, Effects on Blood Glucose and 24-h Urine Protein Excretion in Diabetic 

Nephropathy Model Rats ( x ±s) 

Group 
Dose 

(mg·kg-1) 

Glu  

(mmol·L-1) 

24UPE 

(mg) 

Normal Control 

Group 
/ 5.09±0.582) 5.93±1.122) 

Model Group / 16.49±2.24 26.34±5.35 

Metformin 

Group 
800 10.21±2.542) 13.21±6.022) 

Yam 

Polysaccharides 

Groups 

200 11.43±2.622) 15.70±6.372) 

 100 12.21±2.022) 17.47±8.352) 

 50 14.07±2.551) 20.98±5.871) 

 

2.3 Effects on Renal Function Indexes in Rats 

According to Table 3, it is obvious that, compared with the Model Groups, after 

8-week administration of the drug, creatinine (Crea), urea nitrogen (BUN), and 

albumin (ALB) in diabetic nephropathy model rats were decreased significantly 

in the Yam Polysaccharides High Dose Group, and ALB contents were also 

decreased significantly in the Yam Polysaccharides Medium Dose Group, 

suggesting that Yam Polysaccharides may improve significantly biochemical 

indexes of renal function in diabetic nephropathy model rats. 

 

Table 3, Effects on Biochemical Indexes of Renal Function in Diabetic Nephropathy 

Model Rats ( x ±s) 

Group 
Dose 

(mg·kg-1) 

CREA 

(mol·L-1) 

BUN 

(mmol·L-1) 

ALB 

(mmol·L-1) 

Normal Control 

Group 
/ 45.78±6.782) 5.09±1.012) 25.0±2.12) 
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Table 3, (Continued): Effects on Biochemical Indexes of Renal Function in Diabetic 

Nephropathy Model Rats ( x ±s) 

 

Model Group / 82.64±8.45 6.72±1.09 33.1±2.1 

Metformin 

Group 
800 68.09±7.322) 5.41±1.032) 27.2±2.42) 

Yam 

Polysaccharides 

Groups 

200 74.33±6.201) 5.49±1.062) 28.7±1.92) 

 100 77.95±8.96 6.00±1.04 30.2±2.21) 

 50 79.66±9.13 6.24±0.97 31.5±2.4 

 

2.4 Effects on NO, MDA, and SOD in Renal Tissues in Rats 

According to Table 4, it is obvious that, The contents of NO and SDO in renal 

tissues in the Model Groups were less significantly than those in the Normal 

Control Group, and the contents of MDA in renal tissues in the Model Groups 

were higher significantly than those in the Normal Control Group. Compared 

with those in the Model Group, after 8-weeks consecutive administration, the 

contents of NO and SOD were increased significantly and meanwhile the 

content of MDA was decreased significantly in the Yam Polysaccharides High 

Dose Group; the contents of SOD were increased significantly and the contents 

of MDA were decreased significantly in the Yam Polysaccharides Medium Dose 

Group, suggesting that Yam Polysaccharides has obvious antioxidation effects in 

diabetic nephropathy model rats. 

 

Table 4, Effects on NO, MDA, and SOD in Renal Tissues in Diabetic Nephropathy 

Rats ( x ±s) 

Group 
Dose 

(mg·kg-1) 

NO 

(U·L-1) 

MDA 

(mmol·L-1) 

SOD 

(U·L-1) 

Normal Control 

Group 
/ 2.36±0.282) 2.01±0.192) 75.85±7.262) 

Model Group / 1.60±0.45 3.24±0.39 55.89±8.43 

Metformin 

Group 
800 2.18±0.372) 2.45±0.372) 66.36±9.081) 

Yam 

Polysaccharides 

Groups 

200 2.15±0.292) 2.60±0.512) 73.21±8.152) 

 100 1.97±0.43 2.71±0.491) 65.92±10.241) 

 50 1.89±0.37 2.79±0.61 60.98±11.02 
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2.5 Effects on Glomerular Ps, TGF-β1, and CD68 Immunohistochemistry in 

Rats 

 

According to Table 5, it is obvious that, in rats of the Normal Control Group, 

glomerular Ps and TGF-β1 were in a slightly weak positive expression, 

glomeruli were with minimal macrophage infiltration, and renal 

tubules-interstitium were with minor macrophage infiltration. Ps and TGF-β1 

were highly expressed in Glomeruli, and renal tubule-interstitium in diabetic 

nephropathy model rats, and glomeruli were with macrophage infiltration 

increased obviously. Compared with those in the Model Groups, after 8-week 

administration of the drug, the expressions of glomerular Ps, TGF-β1 and CD 

68-positive cells were decreased significantly in diabetic nephropathy model rats 

in the Yam Polysaccarides High and Medium Dose Groups, and the expressions 

of Ps and TGF-β1 were also decreased significantly in the Yam Polysaccharides 

Low Dose Group. It suggested that, Yam Polysaccharides may inhibit expression 

of Ps in renal tissues in rats with diabetic nephropathy, reduce local macrophage 

infiltration, downregulate expression of TGF-β1, and relieve inflammatory 

responses, to reach renal protection. 

 

Table 5, Effects on Glomerular Ps, TGF-β1, and CD68 Immunohistochemistry in 

Diabetic Nephropathy Model Rats ( x ±s) 

Group 
Dose 

(mg·kg-1) 

Ps 

(IDP) 

TGF-β1 

(IDP) 

CD68 

(n·gcs-1) 

Normal Control 

Group 
/ 0.16±0.032) 0.59±0.142) 0.70±0.312) 

Model Group / 1.64±0.25 4.72±0.49 4.13±0.43 

Metformin 

Group 
800 0.89±0.322) 3.61±0.472) 3.20±0.492) 

Yam 

Polysaccharides 

Groups 

200 0.96±0.292) 3.88±0.462) 3.42±0.562) 

 100 1.15±0.362) 3.90±0.542) 3.73±0.421) 

 50 1.26±0.431) 4.24±0.401) 3.85±0.49 

 

3. Discussion 

 

Diabetic Nephropathy (DN) is one of the major microvascular complications of 

diabetes mellitus, and is the primary pathogenetic cause for end-stage renal failure. 
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The major pathological changes of DN include high perfusion, high filtration, 

thickened glomerular basement membrane (GBM), extracellular matrix 

accumulation (mainly in the glomerular mesanginal area) in kidney, leading to 

diffusive or nodular glomerular sclerosis; DN is characterized histologically with 

extensive mononuclear macrophages in glomeruli [7]. P-Selectin (Ps)-mediated 

endothelial injury and platelet aggregation are involved in occurrence and 

development of DN. In recent years, Katherine [8] proposed that diabetic 

nephropathy is considered as an inflammatory disease caused by metabolic 

disturbance. 

Through studies, Sassy-Prigent C, et al [7] found that, the extensive macrophage 

infiltration in renal tissues is an important histological feature in development of 

DN. Since Shigamatsu found the presence of macrophages in glomeruli in patients 

with crescentic glomerulonephritis under electron microscope from 1972, a lot of 

studies have demonstrated that, macrophage infiltration is a feature in all renal 

injuries, and is closely related with renal histological damages, proteinuria, and 

renal hypofunction [9]. By using adoptive transfer technique (using cyclophospha- 

mide to decrease white blood cell level in antiglomerular basement membrane 

antibody (AGBM)-associated glomerulonephritis model rats, and infusing bone 

marrow-derived macrophages via tail vein), Ikezumi, et al [10], found that infused 

macrophages may induce proteinuria formation and glomerular intrinsic cell 

proliferation, in a severity closely related with macrophage count, suggesting that 

mesangial cell proliferation is closely related with local macrophage infiltration. 

Through studies, Chow, et al [11], found that, DN occurrence is related with renal 

fibrosis and filtrated interstitial macrophages, while infiltrated macrophage count 

is positively correlated significantly with severity of hyperglycemia, as well as 

progression degree of renal function and renal fibrosis. Under the hyperglycemic 

environment, glomerular endothelial cells are activated due to damages from 

glycosylated end product, polyols, and oxidative stress, thus express a great 

quantity of P-selectin (Ps) as well as monocyte chemoattractant protein 1 

(MCP-1), interleukin 1 (IL-1), etc., and then raise monocytes adhered, activated, 

and finally infiltrated to extravascular area, reaching to renal interstitium and 

becoming macrophages, and initiating DN fibrosis. 

The immunohistochemical results from this experiment demonstrated that, the 

expressions of glomerular Ps, TGF-β1 and CD 68-positive cells were decreased 

significantly in diabetic nephropathy model rats in the Yam Polysaccarides High 

and Medium Dose Groups, and the expressions of Ps and TGF-β1 were also 

decreased significantly in the Yam Polysaccharides Low Dose Group. Meanwhile, 

Yam Polysaccharides may also decrease significantly kidney weights and renal 

indexes in diabetic nephropathy model rats, decrease significantly blood glucose 

and 24-h urine protein excretion in rats, and increase the contents of NO and SOD  
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and decrease the contents of MDA, suggesting that, by decreasing blood glucose, 

Yam Polysaccharides may improve renal function and anti-lipid oxidation effects, 

and in renal tissues in rats with diabetic nephropathy, may inhibit expression of 

Ps, reduce local macrophage infiltration, downregulate expression of TGF-β1, and 

relieve inflammatory responses, to achieve renal protection. 
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