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Abstract: This present study was designed to find out whether the acankoreagenin showed the 17 
antidiabetic and renoprotective effects in streptozotocin (STZ)-induced diabetic nephropathy (DN) 18 
rats. Type I diabetes was induced by a single intraperitoneal injection of STZ (70 mg/kg). At the end 19 
of the experiment, rats were euthanized and serum/plasma was separated for the determination of 20 
glucose, insulin, glycated hemoglobin A1c (HbA1c), C-peptide, biochemical parameters, and kidney 21 
function. One kidney was used for determining glutathione, superoxide dismutas, 22 
malondialdehyde, and tumor necrosis factor-alpha levels. The other kidney and pancreas were used 23 
for histopathological studies and immunohistochemical measurement of transforming growth 24 
factor beta (TGF-β) or NF-κB. Acankoreagenin (2 mg/kg) treatments led to a significant reduction 25 
in blood glucose assessed via oral glucose tolerance test (OGTT) in diabetic rats at 2 h. The treatment 26 
also resulted in improved body weight, decreased HbA1c, restored lipid profile, and renal oxidative 27 
stress. By inhibiting NF-κB, the release of proinflammatory cytokines was suppressed and by 28 
inhibiting TGF-β, the renal fibrosis was suppressed in STZ-induced diabetic rat model. 29 
Histopathological injury was also observed in pancreatic and renal tissues. These findings support 30 
the beneficial effect of acankoreagenin treatment in DN, which could be attributed to its antidiabetic 31 
and renoprotective effects. 32 

Keywords: diabetes mellitus; blood glucose; kidney; diabetic neuropathy; pancreas 33 
 34 

1. Introduction 35 

Diabetes mellitus is a fatal metabolic disorder with a high global prevalence and 36 

affecting multiple organ systems. It is characterized by insulin-secreting β-cells failure 37 

which leading to relative or absolute insulin deficiency. Pancreatic β-cells function plays 38 
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an important role in maintaining glucose homeostasis and in preventing the onset of 39 

diabetes. Therefore, more and more researches focus on how to maintain or restore the 40 

function of beta β-cells. The details of the mechanism underlying causes of increased 41 

prevalence of diabetes remain unclear. Type I diabetes is an autoimmune disease, thought 42 

to be induced by selective destruction of insulin producing β-cells of the Langerhans islets 43 

[1].  44 

DN is caused by diabetes-related metabolic abnormalities of glomerulosclerosis, 45 

accompanied by proteinuria, is one of the most common serious complications in diabetic 46 

patients, affecting the capillaries, and which may be the cause of disability. Since the 1950s, 47 

kidney disease has been recognized as a common complication of diabetes. DN affecting 48 

diabetic patients with 20-40%, and there is currently no satisfactory method or treatment 49 

target for DN [2]. Therefore, how to prevent the progression of DN has become a research 50 

hotspot.  51 

According to the overseas studies, renal fibrosis is one of the ultimate main pathways 52 

of DN, which can lead to renal failure and subsequently cause sudden death [3]. The major 53 

morphological changes associated with renal dysfunction in diabetic patients include 54 

deposition, contraction of extracellular matrix (ECM) material and overproduction, 55 

primarily collagen and fibronectin, in the glomeruli [4]. In DN, The increased expression 56 

of transforming growth factor-beta 1 (TGF-β1) could promoted the accumulation of ECMs 57 

proteins, such as epithelial–mesenchymal transition of proximal tubules, apoptosis, 58 

collagens and fibronectin, and dedifferentiation of podocytes, all of which are considered 59 

to facilitate renal hypertrophy and dysfunction [5]. 60 

The whole plant or plant-derived compounds, such as Terminalia chebula [6], Cuscuta 61 

reflexa [7], Sanguis draconis [8], aliskire [9], Trichilia catigua [10], Morinda lucida [11], 62 

Korean red ginseng [12], and Inonotus obliquus [13], have been shown to exert 63 

hypoglycemic effects or DN in response to STZ in vivo. 64 

Acanthopanax gracilistylus W. W. Smith is widely distributed in China, and the root 65 

bark, which has been listed in the Chinese pharmacopoeia, is used as medicine for the 66 

treatment for paralysis, bone pains, arthritis, rheumatism and sinew, and as a tonic in 67 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 22 October 2018                   doi:10.20944/preprints201810.0489.v1

http://dx.doi.org/10.20944/preprints201810.0489.v1


 3 of 24 

 

traditional Chinese medicine [14]. Moreover, the leaves of Acanthopanax gracilistylus 68 

(LAG) contain phenylpropanoids, triterpenoids, lignans, diterpenoids, polyacetylenes, and 69 

flavonoids [15-17]. One previous pharmacological studies of this plant have reported anti-70 

inflammatory actions [18] and suppressive effects on human lymphocytes [19]. Recently, 71 

the constituents of LAG have been reported that include lupane-triterpenoids, which have 72 

anti-diabetic activities [20]. In our very recent study showed that acankoreagenin, isolatef 73 

from LAG, has an anti-diabetic effect by STZ-induced type I diabetes in vitro study [21]. 74 

In the present study, we investigate the anti-diabetic effect of acankoreagenin from the 75 

LAG and whether this preparation can attenuate the development of DN in STZ-induced 76 

type I diabetic rats. 77 

2. Results  78 
2.1. Body Weight, Food Intake and Water Intake of Acankoreagenin in Normal and 79 

Diabetic Rats  80 

As shown in Table 1, significantly decreases (P < 0.05) of body weight (BW) and BW 81 

gains were detected in all diabetes groups than non-diabetes group. Type I diabetes control 82 

group showed the most decreased of BW and BW gains and showed the lowest of food 83 

intakes. At the concentration of 2 mg/kg in acankoreagenin group showed the highest FER 84 

than other diabetes groups (P < 0.05).  85 

On the first week, water intake was no significant change between each group (Table 86 

2). At the end of the experiment, the concentration of 2 mg/kg in acankoreagenin group 87 

showed the lowest water intake than other diabetes groups. These results suggest that 88 

acankoreagenin may reduce the blood glucose and thus the rats showed the lower water 89 

intake.  90 

2.2. Effect of Acankoreagenin on Blood Glucose and OGTT Levels in Normal and Diabetic 91 

Rats 92 

After injection with STZ, there was no significant change between diabetes groups on 93 

the fasting blood glucose levels (Figure 1). After 3 weeks of administration, the blood 94 

glucose levels of the positive control significantly lower (P < 0.05) than the control group. 95 

At the concentration of 2 mg/kg in acankoreagenin group showed much decreased of blood 96 
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glucose levels than the positive control group, but it was higher than normal group (P < 97 

0.05). These suggest that acankoreagenin could decrease the fasting blood glucose and 98 

showed the same effect than positive control.  99 

The blood glucose level in the normal group rose to a peak value 1 h after glucose load 100 

and decreased to near normal levels at 2 h (Figure 2). In the diabetes control group, the peak 101 

increase in blood glucose concentration was observed after 1 h and remained high over the 102 

next 1 h. Even though the blood glucose level in the positive control group decreased after 103 

1 h, it was not to near normal levels at 2 h. Only at the concentration of 2 mg/kg in 104 

acankoreagenin group, no significant decrease (P < 0.05) in blood glucose concentration at 105 

2 h compared with 0 h. 106 

2.3. Effect of Acankoreagenin on Plasma Insulin, HbA1c and C-peptide Levels in Normal 107 

and Diabetic Rats 108 

There was a significantly elevation (P < 0.05) the level of HbA1c while the levels of 109 

plasma insulin and C-peptide decreased during type I diabetes groups when compared to 110 

normal group (Table 3). At the concentration of 0.4 mg/kg in acankoreagenin group showed 111 

the same plasma insulin level when compared to the positive control, and in 2 mg/kg group 112 

showed higher level than the positive control. At the concentration of 2 mg/kg in 113 

acankoreagenin group also showed lower level than the positive control. Only at the 114 

concentration of 2 mg/kg group showed the same C-peptide level as the positive control. 115 

These suggest that acankoreagenin may have the antidiabetic effect. 116 

2.4. Effect of Acankoreagenin on Biochemical Parameters in Normal and Diabetic Rats 117 

There showed a significantly elevation (P < 0.05) the level of AST, ALT, TB, TG, 118 

and T-C while the level of H-C decreased during type I diabetes groups when compared to 119 

normal group (Table 4). At the concentration of 2 mg/kg in acankoreagenin group, AST 120 

showed lower level than the positive control. While it also showed the lower ALT, T-Bil, 121 

TG and T-Chol levels than the positive control. And it showed higher H-Chol level than 122 

the positive control. These suggest that relatively to normal rats, diabetic rats expressed 123 

significant elevation in plasma T-Chol and TG as well as reduction in H-Chol. 124 

Acankoreagenin may improve the lipid profiles in type I diabetes rats. 125 
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2.5. Effect of Acankoreagenin on Kidney Function Tests in Normal and Diabetic Rats  126 

The levels of BUN, creatinine, and albumin in normal and experimental groups in 127 

type I diabetes rats were shown in Table 5. There was a significantly elevation (P < 0.05) 128 

the level of BUN, creatinine, and albumin during type I diabetes groups when compared to 129 

normal group. At the concentration of 2 mg/kg in acankoreagenin group had the same BUN 130 

level when compared to the positive control. At the concentration of 0.4 mg/kg in 131 

acankoreagenin group had the same creatinine level when compared to the positive control, 132 

while in 2 mg/kg acankoreagenin group had lower level than positive control. At the 133 

concentration of 0.4 mg/kg in acankoreagenin group had the same albumin level when 134 

compared to the positive control, while in 2 mg/kg acankoreagenin group was had lower 135 

level than positive control. These suggest that acankoreagenin can improve the relieving 136 

kidney damage in type I diabetes rats.  137 
2.6. Effect of Acankoreagenin on TNF-α Level in Normal and Diabetic Rats 138 

The level of TNF-α in normal and experimental groups in type I diabetes rats were 139 

shown in Figure 3. There was a significantly elevation (P < 0.05) the level of TNF-α during 140 

type I diabetes groups when compared to normal group. The positive control had much 141 

decreased the TNF-α level, but it was significantly higher (P < 0.05) than compared to the 142 

normal group. At the concentration of 2 mg/kg in acankoreagenin group was significantly 143 

decreased (P < 0.01) when compared to the normal group.  144 

2.7. Effect of Acankoreagenin on the Oxidative Stress Biomarkers in Normal and Diabetic 145 

Rats 146 

The levels of GSH, MDA, and SOD in normal and experimental groups in type I 147 

diabetes rats were shown in Table 6. There was a significantly elevation (P < 0.05) the level 148 

of MDA while the level of GSH, and SOD decreased during type I diabetes groups when 149 

compared to normal group. At the concentration of 0.4 mg/kg in acankoreagenin group had 150 

the same GSH level when compared to the positive control, while in 2 mg/kg in 151 

acankoreagenin group had higher level than positive control. At the concentration of 0.4 152 

mg/kg in acankoreagenin group had the same MDA level when compared to the positive 153 

control, while in 2 mg/kg acankoreagenin group was had lower level than positive control. 154 
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At the concentration of 2 mg/kg in acankoreagenin group was had higher SOD level than 155 

positive control while it was significantly lower (P < 0.05) than compared to the normal 156 

group. These suggest that acankoreagenin can improve in kidney oxidative stress in type I 157 

diabetes rats.   158 

2.8. Effect of Acankoreagenin on NF-kB Expressions in Normal and Diabetic Rats 159 

Pancreas  160 

NF-κB and I-κBα expression in the pancreas tissues from each group were shown in 161 

Figure 4. NF-κB expression in the control group showed much higher than those in the 162 

normal group, while I-κBα expression showed much lower than those in the normal group. 163 

At the concentration of 2 mg/kg in acankoreagenin group showed a higher I-κBα expression 164 

and lower NF-κB expression than positive control group.  165 

2.9. Effect of Acankoreagenin on TGF-β1 Expressions in Normal and Diabetic Rats Kidney 166 

NF-κB, p-p38 and TGF-β1 expression in the kidney tissues from each group were 167 

shown in Figure 5. NF-κB, p-p38 and TGF-β1 expression in control group showed much 168 

higher than those in the normal group. At the concentration of 2 mg/kg in acankoreagenin 169 

group showed a low expression in NF-κB, p-p38 and TGF-β1.  170 

2.10. Effect of Acankoreagenin on Histopathological Findings in Normal and Diabetic Rats 171 

Pancreas and Kidney 172 

The effect of acankoreagenin ameliorated the pancreas histopathology as shown is 173 

Figure 6. Three weeks after the establishment of the diabetes model, the diabetic rats 174 

showed severely damaged Langerhans islets were visible compared to normal rats. In 175 

diabetic rats with acankoreagenin treatment, high-dose of concentration was reduced 176 

Langerhans islets damaged, necrosis or inflammation when compared to the normal rats.  177 

The effect of acankoreagenin ameliorated the renal histopathology as shown is Fig. 178 

7. Three weeks after the establishment of the diabetes model, the diabetic rats showed 179 

severely damaged glomerulus was visible compared to normal rats. In diabetic rats with 180 

acankoreagenin treatment, high-dose of acankoreagenin was reduced glomerulus damaged. 181 

Especially, it showed a better renoprotective effect when compared to positive control rats.  182 

3. Discussion 183 
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STZ-induced diabetes is characterized by pancreatic β-cell damage and insufficient 184 

insulin synthesis [22], which are all related to oxyradicals. In this study, sharply reduced 185 

body weights and increased fasting blood glucose levels were observed in rats with STZ-186 

induced type I diabetes, and significantly reversed by administration of acankoreagenin. 187 

We were encouraged to find that acankoreagenin enhanced the serum levels of insulin, 188 

indicating their amelioration of the metabolic disturbance of glucose enzymes and had 189 

renoprotective effect in diabetic rats.  190 

The changes of body weight, food consumption and water intake have previously been 191 

reported as important parameters in pathophysiology of STZ-induced diabetes [23]. In the 192 

present study, STZ administration inhibited the percentage weight gain, induced an increase 193 

in water and food consumption as compared to the normal control animals. The OGTT is a 194 

more sensitive measure of early abnormalities in glucose regulation than fasting plasma 195 

glucose or HbA1c level testing [24]. The OGTT showed that blood glucose levels peaked 196 

and then returned to fasting values after 2 h in both normal and acankoreagenin-treated 197 

diabetic rats. In untreated diabetic rats, blood glucose levels remained greater than 450 198 

mg/dl, even after 2 h. Thus acankoreagenin treatment effectively prevented the increase in 199 

blood glucose.  200 

In the insulin synthesis pathway, preproinsulin, consisting of an A-chain, a B-chain, a 201 

C-peptide, and a signal sequence, is first translocated into the endoplasmic reticulum of the 202 

pancreas beta cells. The signal peptide is cleaved from the N- terminal of the peptide by 203 

peptide peptidase, producing proinsulin. In the Golgi apparatus (beta-granules), when 204 

proinsulin is packaged into vesicles, the C-peptide is removed, leaving the A and B chains 205 

bound together by disulfide bonds that make up the insulin molecule [25]. In vivo studies 206 

in type I diabetes animal models have established that C-peptide administration 207 

significantly improves neurological and renal function. Therefore, in animals with early 208 

symptoms of DN, replacement doses of C-peptide therapy can improve peripheral nerve 209 

function, as evidenced by increased nerve conduction velocity, increased nerve Na +, K + 210 

ATPase activity, and significantly improved nerve structural changes [26]. ALT and AST 211 

are important hepatic markers, high plasma concentrations of these markers are indicators 212 
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of liver pathology, as evidenced hepatic. The increase of ALT and AST activity in STZ 213 

intoxication has been reported previously, and was confirmed in the present study [27]. 214 

However, further investigations are needed to clarify the detailed roles of the oxidative 215 

system in acankoreagenin-mediated antidiabetic activity.  216 

DN is a major cause of end-stage renal disease, can be defined as progressive reduction 217 

in the glomerular filtration rate, increased proteinuria, and tubulointerstitial fibrosis due to 218 

renal pathological changes. Renal fibrosis is a common consequence of DN and other 219 

chronic kidney diseases, and may eventually lead to serious clinical complications and 220 

dysfunction [28,29]. Compared with the diabetic control group, the renoprotective effect of 221 

acankoreagenin was manifested by normalization of BUN, creatinine, and albumin levels. 222 

Major antioxidant enzymes, such as SOD and GSH, are thought to be the first line of 223 

defense against ROS produced by peroxide decomposition during oxidative stress, while 224 

blocking lipid peroxidation [30]. The content of MDA is an important indicator of oxidative 225 

stress, and its formation is promoted in the kidney by reactive oxy gen species (ROS). 226 

Antioxidants can effectively alleviate the symptoms of diabetes and DN [31]. In the present 227 

study, the levels of SOD and GSH showed a significantly increased and a strong reduction 228 

in MDA concentration after a 3-week treatment with acankoreagenin.  229 

NF-κB, such as TNF-α and IL-1β, is a transcription factor involved in cellular response 230 

and regulates the expression of inflammatory cytokines. Activation of NF-κB contributes 231 

to the gradual decrease of β-cells during diabetes, whereas blocking this process protects β-232 

cells against cytokine-induced apoptosis [32]. In diabetes patients, increased NF-κB levels 233 

in many tissues have been observed. Via inhibition of NF-κB activities transferrin 234 

effectively suppressed the intracellular signaling essential for I-κB gene expression [33]. 235 

Our study found that by inhibiting NF-κB, the release of proinflammatory cytokines was 236 

suppressed in STZ-induced diabetic rats model. An increased influx of glucose through the 237 

hexosamine pathway leads to the increased of TGF-β formation. In the development of 238 

glomerulosclerosis TGF-β plays an important role, through stimulating the ECM collagen 239 

types I, III, and IV and fibronectin to lead to the tubulointerstitial fibrosis [34]. TGF-β1 240 

signal transduction involves the activation of complex intracellular networks, thereby 241 
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regulating the biological functions of multipotency. Our study found that by inhibiting 242 

TGF-β, the renal fibrosis was suppressed in STZ-induced diabetic rat model.  243 

TGF-β1 signaling involves activation of complex intracellular networks to regulate 244 

pleiotropic biological functions. As shown in Figure 8, the active form of TGF-β1 is 245 

transmitted signals by type I and II receptors, TβRI and TβRII. These cell surface receptors 246 

contain threonine kinases, which phosphorylate the transcription factor proteins called 247 

Smads to initiate the typical TGF-β signaling pathway [35]. TGF-β1 also activates Smad-248 

independent signaling, like the MAPK, mediated via the Ras-Raf-MEK-ERK pathway, and 249 

TGF-β-activated kinase 1 (TAK1), mediated via the TAK1-TAK1-binding protein 1 250 

(TAB1) pathway. TGF-β1-induced activation of TAK1 transmits signals via MKK4-JNK 251 

and MKK3-p38 pathways, activates transcription factors activator protein-1 (AP-1) and 252 

activator transcription factor-2 (ATF-2), respectively, and activates NF-κB-mediated pro 253 

fibrotic responses [36].  254 

4. Material and Methods 255 

4.1. Plant Materials and Isolation of Acankoreagenin from LAG  256 
The LAG were collected at Changsha, Hunan province, China, in October 2015 and 257 

confirmed by Professor Liu xiangqian at the Hunan University of Chinese Medicine. A 258 
voucher specimen (no.20151006) was deposited in the authorized laboratory. The following 259 
isolation method of acankoreagenin from LAG was described by Liu xiangqian [37]. The 260 
dried leaves of the plant (500 g) were extracted repeatedly with hot MeOH to give an extract 261 
(71.36 g), which was chromatographed on Diaion HP-20P column by using gradient elution 262 
with H2O, 30 % MeOH, 50 % MeOH, 80 % MeOH and MeOH. A saponin mixture eluted 263 
with 80 % MeOH was evap-orated to dryness in vacuo, and was subsequently 264 
chromatographed on a silica gel by using gradi-ent elution with V (CHCl3) : V (MeOH) : V 265 
(H2O) =9 : 1 : 0.1→7 : 3 : 0.5 to give seven fractions. Fr.2 was chromatographed again on 266 
silica gel column using V (CHCl3): V (MeOH): V (H2O) = 9: 1: 0.1→8: 2: 0.2 to obtain 267 
compound 1 (3.59 g). The chemical structure of compound 1 was characterized on the basis 268 
of 1H- and 13C-NMR spectral analysis, and comparisons with published spectral data. The 269 
purity of the compounds was over 98%. The chemical structure of acankoreagenin was shown 270 
in Figure 9. 271 
4.2. Animals and Experimental Group Design  272 

Adult male Sprague-Dawly (SD) rats, 6 weeks (190-210 g) were purchased from 273 

Samtako (Osan, Korea), 3 animals per cage, rats were housed in a laminar flow cabinet with 274 

a 12-h light/dark cycle (06:00-18:00 h) and temperature (23.0 ± 1 °C). All animals were 275 
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maintained on standard laboratory chow ad libitum. Food and water intake were evaluated 276 

daily, and measured body weight weekly. After one week of adaptation, the animals were 277 

divided into six groups (n = 6 animals/group); (N) normal, non-diabetic group; (C) control, 278 

type I diabetes group; (Gua) guava, 500 mg/kg, positive group; (Acan 0.08) 279 

acankoreagenin 0.08 mg/kg; (Acan 0.4) acankoreagenin 0.4 mg/kg; (Acan 2) 280 

acankoreagenin 2 mg/kg. The current study protocol was also approved by the Institutional 281 

Animal Care and Use Committee of Wonkwang University (Permit No. WKU 17-92). 282 

4.3. Induction of Type I Diabetes  283 

To induce type I diabetes, rats were overnight and then treated via intraperitoneal 284 

injection with STZ (Sigma-Aldrich, St. Louis, MO, USA) dissolved in 0.1 M sodium citrate 285 

buffer (pH 4.0), by a single dose of 70 mg/kg. Three days after STZ administration, blood 286 

was taken from the lateral veins of the tail and blood glucose was measured by a glucometer 287 

(ACCU-CHEK® Advantage, Roche Diagnostics, Mannheim, Germany), and the animals 288 

that showed fasting blood glucose > 250 mg/dl were considered diabetes.  289 

4.4. Sample Treatment  290 

All the groups were treated daily with orally administered by via gavage for 3 weeks. 291 

The samples were diluted in 0.2% carboxymethyl cellulose (CMC) and treated daily with 292 

orally administered. The dilution was performed immediately prior to the intragastric 293 

administration. Rats from non-treated groups received vehicle solution (0.2% CMC) 294 

without sample. The treatment occurred between 10:00 and 11:00 a.m.  295 

4.5. OGTT  296 

An overnight fast, oral glucose load was administered via gavage 2 g/kg of body 297 

weight. Blood glucose levels were measured from tail bleeds. To assess the fasting blood 298 

glucose levels, blood samples were collected from each subject at 0, 30, 60 and 120 min 299 

after administration of glucose.  300 

4.6. Determination of Plasma Insulin, HbA1c and C-peptide  301 

Plasma insulin level was assayed using with rat insulin ELISA kit (ALPCO Co). 302 

Plasma HbA1c level was assayed using with Rat Glycated hemoglobin A1c ELISA Kit 303 

(Cusabio Biotech Co., Ltd., WH, HB, China). Serum C-peptide level was assayed using 304 
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with rat C-peptide ELISA kit (ALPCO Co). 305 

4.7. Blood Biochemical Parameters  306 

Blood samples were used for measurement of aspartate transaminase (AST), alanine 307 

transaminase (ALT), Total Bilirubin (T-Bil), Total Cholesterol (T-Chol), HDL-Cholesterol 308 

(H-Chol) and Triglyceride (TG) were using with clinical chemistry test instrument 309 

(Spotchem Ez, koka, konan, Japan).  310 

4.8. KidneyFfunction Tests  311 

Plasma creatinine was assayed using with creatinine detection kit (Arbor assay). Serum 312 

albumin was assayed using with rat albumin ELISA kit (Shibayagi, Shibukawa, Gunma, 313 

Japan). Blood urea nitrogen (BUN) was assayed using clinical chemistry test instrument. 314 

4.9. Kidney Tumor Necrosis Factor-Alpha (TNF-α) level  315 

TNF-α level in kidney was assessed using with rat TNF-α ELISA kit (BD Biosciences, 316 

San Diego, CA, USA).  317 

4.10. Oxidative Stress Biomarkers  318 

Kidney reduced glutathione (GSH) content was assayed using with GSH detection kit 319 

(Enzo, Farmingdale, NY, USA). Kidney malondialdehyde (MDA) was assayed using with 320 

lipid peroxidation (MDA) assay kit (Sigma-Aldrich). Serum superoxide dismutase (SOD) 321 

activity was assayed using with SOD (Sigma-Aldrich) assay kit.   322 

4.11. Western Blotting Analysis  323 

Take each group the frozen kidney and pancreas tissue were homogenized in lysis 324 

buffer (iNtRON Biotech) on ice and the centrifuged 17,000 rpm for 10 min at 4 . The ℃325 

resultant protein extracts were denatured and separated by SDS-PAGE and then transferred 326 

to PVDF membranes for 2 h. Membranes were blocked in 5% skim milk and probed with 327 

primary antibodies (1 μg/ml) against I-κBα, iNOS, NF-κB, β-actin (Cell Signaling, Beverly, 328 

MA, USA) p-38, TGF-β1 (Santa Cruz, CA, USA) were incubated overnight at 4 . Then ℃329 

the membranes were incubated with anti-rabbit or anti-mouse IgG antibodies for 2 h at 330 

room temperature. Reactive bands were visualized using ECL reagent and protein 331 

expressions were analyzed by the signals captured on the PVDF membranes using a Fluor 332 

Cheme E image analysis. 333 
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4.12. Histopathology  334 

Pancreas and kidney specimens were immediately fixed in 10 % formalin solution, 335 

dehydrated, embedded in histological paraffin and sectioned (5 μm) in non-serial cuts. 336 

Specimens were stained with hematoxylin & eosin (H&E) to identify morphological 337 

changes. The tissue sections were deparaffinized, rehydrated and blocked against 338 

endogenous peroxidase, washed in 0.01 M phosphate (PBS, pH 7.4) buffer asline and then 339 

the sections were incubated with Protein Block Serum-Free (DAKO, Carpinteria, CA, USA) 340 

to block non-specific staining. Digital images from the pancreas and kidney using 40 digital 341 

images (100 magnification) from each group.  342 

4.13. Statistical Analysis  343 

All experiments were performed in triplicate. Dates were analyzed using the SPSS 344 

(Statistical Package for the Social Science, Ver. 18.0) program. The data are expressed as 345 

the mean ± SEM values. The differences between the means of the experimental and 346 

control groups were performed using Student’s t-test. And comparisons between multiple 347 

groups were made by ANOVA and Duncan's tests. Differences with a p value <0.05 were 348 

considered statistically significant. 349 

5. Conclusions 350 

In conclusion, the ability of acankoreagenin to decrease blood glucose levels in STZ-351 

induced type I diabetic rats towards normal levels confirms its antidiabetic activity. It also 352 

inhibited diabetic complications by preventing changes in plasma concentration of TG and 353 

cholesterol, as well as AST and ALT activities. These findings suggested a mechanism by 354 

which acankoreagenin improves renal tissue fibrosis. Furthermore, this study demonstrated 355 

that treatment with acankoreagenin could attenuate the progression of renal dysfunction in 356 

STZ-induced type I diabetic rats. The protective effect of acankoreagenin may be correlated 357 

with TGF-β1 signaling through NF-κB, p-p38 pathway. These data indicate that 358 

acankoreagenin may have a beneficial effect in preventing the progress of type I diabetes. 359 

However, the proposed mechanism and its clinical prospect in protection against DN 360 

require further investigation. 361 

 362 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 22 October 2018                   doi:10.20944/preprints201810.0489.v1

http://dx.doi.org/10.20944/preprints201810.0489.v1


 13 of 24 

 

Acknowledgments: This paper was supported by Wonkwang University in 2016. 363 

Author Contributions: Xiang-Qian Liu and Eun-Hee Hwang designed the experiments and 364 
revised the paper. Yang Yang performed the experiments, analyzed the data, and wrote the 365 
paper. Man-Xia Lu and Qin-Peng Zou helped analyze experimental data. All authors read 366 
and approved the final manuscript. 367 
Conflict of interest: The authors declare that there are no conflicts of interest in this paper. 368 
References 369 
1. American Diabetes Association. Diagnosis and classification of diabetes mellitus. 370 

Diabetes Care 2014; volume 47, p.81−90. 371 

2. Liu, Y.; Sun, J.; Rao, S.; Su, Y.; Li, J.; Li, C.; Xu, S.; Yang, Y. Antidiabetic activity of 372 

mycelia selenium-polysaccharide from Catathelasma ventricosum in STZ-induced 373 

diabetic mice. Food Chem Toxicol. 2013, 62, 285−291.  374 

3. Mauer, S.M.; Steffes, M.W.; Ellis, E.N.; Sutherland, D.E.; Brown, D.M.; Goetz, F.C. 375 

Structural-functional relationships in diabetic nephropathy. J. Clin. Invest. 1984, 74, 376 

1143−1155. 377 

4. Mason, R.M.; Wahab, N.A. Extracellular matrix metabolism in diabetic nephropathy. 378 

J. Am. Soc. Nephrol. 2003, 14, 1358−1373.  379 

5. Herman-Edelstein, M.; Thomas, S.C.; Thallas-Bonke, V.; Saleem, M.; Cooper, M.E.; 380 

Kantharidis, P. Dedifferentiation of immortalized human podocytes in response to 381 

transforming growth factor-b: A model for diabetic podocytopathy. Diabetes 2011, 382 

60, 1779−1788.  383 

6. Gandhipuram, P.S.; Palanisamy, A., Durairaj, S.K., Korimuthu, P.S. Anti-diabetic 384 

activity of fruits of Terminalia chebula on streptozotocin induced diabetic rats. J. 385 

Health Sci. 2006, 52, 283−291. 386 

7. Diptirani, R.; Durga, M.K.; Sandeep, K.P.; Laxmidhar, M. Antidiabetic effects of 387 

Cuscuta reflexa Roxb.instreptozotocininduced diabetic rats. J. Ethnopharmacol. 2016, 388 

192, 442−449. 389 

8. Hu, C.M.; Li, J.S.; Cheah, K.P.; Lin, C.W.; Yu, W.Y.; Chang, M.L.; Yeh, G.C.; Chen, 390 

S.H.; Cheng, H.W.; Choy, C.S. Effect of Sanguis draconis (a dragon's blood resin) on 391 

streptozotocin- and cytokine-induced β-cell damage, in vitro and in vivo. Diabetes Res. 392 

Clinl. Pract. 2011, 94, 417−425.  393 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 22 October 2018                   doi:10.20944/preprints201810.0489.v1

http://dx.doi.org/10.20944/preprints201810.0489.v1


 14 of 24 

 

9. Mahfoz, A.M.; El-Latif, H.A.; Ahmed, L.A.; Hassanein, N.M.; Shoka, A.A. Anti-394 

diabetic and renoprotective effects of aliskiren in streptozotocin-induced diabetic 395 

nephropathy in female rats. Naunyn-Schmiedeberg's Arch. Pharmacol. 2016, 389, 396 

1315−1324. 397 

10. Gomes, R.M.; de Paulo, L.F.; Bonato Panizzon, C.P.D.N.; Neves, C.Q.; Cordeiro, B.C.; 398 

Zanoni, J.N.; Francisco, F.A.; Piovan, S.; de Freitas Mathias, P.C.; Longhini, R. Anti-399 

Diabetic Effects of the Ethyl-Acetate Fraction of Trichilia catigua in Streptozotocin-400 

Induced Type 1 Diabetic Rats. Cell Physiol. Biochem. 2017, 42, 1087−1097. 401 

11. Domekouo, U.L.; Longo, F.; Tarkang, P.A.; Tchinda, A.T.; Tsabang, N.; Donfagsiteli, 402 

N.T.; Tamze, V.; Kamtchouing, P.; Agbor, G.A. Evaluation of the antidiabetic and 403 

antioxidant properties of Morinda lucida stem bark extract in streptozotocin intoxicated 404 

rats. Pak. J. Pharm. Sci. 2016, 29, 903−911. 405 

12. Kim, Y.L.; Sung, H.C. Renoprotective effects of korean red ginseng. J. Ginseng Res. 406 

2004, 28, 111−119. 407 

13. Wang, J.; Hu, W.J.; Li, L.Z.; Huang, X.; Liu, Y.; Wang, D.; Teng, L. Antidiabetic 408 

activities of polysaccharides separated from Inonotus obliquus via the modulation of 409 

oxidative stress in mice with streptozotocin-induced diabetes. PLoS ONE 2017, 12, 410 

e0180476. 411 

14. Chinese Pharmacopoeia Commission. The state pharmacopoeia commission of P. R. 412 

China Pharmacopoeia of People’s Republic of China. Chinese Medical Science and 413 

Technology Press: BeiJjing, China, 2010; p.61.  414 

15. Liu, X.Q.; Yook, C.S.; Chang, S.Y. Chemical constituents of Acanthopanax 415 

gracilistylus. Zhong Cao Yao 2004, 35, 250−252. 416 

16. Liu, X.Q.; Chang, S.Y.; Yook, C.S. Lupane-triterpenoids from the leaves of 417 

Acanthopanax gracilistylus. J. Lanzhou Univ. Nat. Sci. 2006, 42, 86−92. 418 

17. Yook, C.S.; Liu, X.Q.; Chang, S.Y.; Park, S.Y.; Nohara, T. Lupane triterpene glycosides 419 

from the leaves of Acanthopanax gracilistylus. Chem. Pharm. Bull. 2002, 50, 420 

1383−1385. 421 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 22 October 2018                   doi:10.20944/preprints201810.0489.v1

http://dx.doi.org/10.20944/preprints201810.0489.v1


 15 of 24 

 

18. Liu, X.Q.; Chang, S.Y.; Park, S.Y.; Nohare, T.; Yook, C.S. A new lupane triterpene 422 

glycosides from the leaves of Acanthopanax gracilistylus. Arch. Pharm. Res. 2002, 25, 423 

831−836. 424 

19. An, S.Y.; Qian, S.H.; Jiang, J.Q.; Wang, K.C. Chemical constituents in leaves of 425 

Acanthopanax gracilistylus. Zhong Cao Yao 2009, 40, 1528−1534.  426 

20. Zhang, B.X.; Li, N.; Zhang, Z.P.; Liu, H.B.; Zhou, R.R.; Zhong, B.Y.; Zou, M.X.; Dai, 427 

X.H.; Xiao, M.F.; Liu, X.Q.; Fan, X.G. Protective effect of Acanthopanax gracilistylus 428 

extracted acankoreanogenin A on mice with fulminant hepatitis. Int. 429 

Immunopharmacol. 2011, 11, 1018−1023. 430 

21. Lu, M.X.; Yang, Y.; Zou, Q.P.; Luo, P.; Zhang, B.B.; Liu, X.Q.; Hwang, E.H. Anti-431 

Diabetic Effects of Acankoreagenin from the Leaves of Acanthopanax Gracilistylus 432 

Herb in RIN-m5F Cells via Suppression of NF-κB Activation. Molecules 2018, 23, 958. 433 

22. Zhao, L.Y.; Lan, Q.J.; Huang, Z.C.; Ouyang, L.J.; Zeng, F.H. Antidiabetic effect of a 434 

newly identified component of Opuntia dillenii polysaccharides. Phytomed. 2011, 18, 435 

661-668. 436 

23. Tian, H.L.; Wei, L.S.; Xu, Z.X.; Zhao, R.T.; Jin, D.L.; Gao, J.S. Correlations between 437 

blood glucose level and diabetes signs in streptozotocin-induced diabetic mice. Global 438 

J. Pharmacol. 2010, 4, 111−116. 439 

24. Ceriello, A. Postprandial hyperglycemia and diabetes complications: is it time to treat? 440 

Diabetes 2005, 54, 1−7. 441 

25. Samnegard, B.; Jacobson, S.H.; Jaremko, G.; Johansson, B.L.; Sjöquist, M. Effects of 442 

C-peptide on glomerular and renal size and renal function in diabetic rats. Kidney Int. 443 

2001, 60, 1258−1265. 444 

26. Sima, A.A.; Zhang, W.; Sugimoto, K.; Henry, D.; Li, Z.; Wahren, J.; Grunberger, G. 445 

C-peptide prevents and improves chronic Type I diabetic polyneuropathy in the 446 

BB/Wor rat. Diabetologia. 2001, 44, 889−897. 447 

27. Mobasher, A.; Sairah, H.K.; Afroze, M. Protective effect of crude Curcuma longa and 448 

its methanolic extract in alloxanized rabbits. Pak. J. Pharm. 2014, 27, 121−128. 449 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 22 October 2018                   doi:10.20944/preprints201810.0489.v1

http://dx.doi.org/10.20944/preprints201810.0489.v1


 16 of 24 

 

28. Berthier, C.C.; Wahl, P.R.; Le Hir, M.; Marti, H.P.; Wagner, U.; Rehrauer, H.; 450 

Wüthrich, R.P.; Serra, A.L. Sirolimus ameliorates the enhanced expression of 451 

metalloproteinases in a rat model of autosomal dominant polycystic kidney disease. 452 

Nephrol. Dial. Transplant. 2008, 23, 880−889. 453 

29. Bai, Y.; Wang, L.; Li, Y.; Liu, S.; Li, J.; Wang, H.; Huang, H. High ambient glucose 454 

levels modulates the production of MMP-9 and alpha5(IV) collagen by cultured 455 

podocytes. Cell Physiol. Biochem. 2006, 17, 57−68. 456 

30. Chen, X.; Tang, J.; Xie, W.; Wang, J.; Jin, J.; Ren, J.; Jin, L.; Lu, J. Protective effect of 457 

the polysaccharide from Ophiopogon japonicus on streptozotocin-induced diabetic rats. 458 

Carbohydr. Polym. 2013, 94, 378−385. 459 

31. Li, X.; Wang, L.; Gao, X.; Li, G.; Cao, H.; Song, D.; Cai, S.; Liang, T.; Zhang, B.; Du, 460 

G. Mechanisms of Protective Effect of Ramulus Mori Polysaccharides on Renal Injury 461 

in High-Fat Diet/Streptozotocin-Induced Diabetic Rats. Cell Physiol. Biochem. 2015, 462 

37, 2125−2134. 463 

32. Habibi, F.; Ghadiri, S.F.; Ghiasi, R.; Khamaneh, A.M.; Alipour, M.R. Alteration in 464 

Inflammation-related miR-146a Expression in NF-KB Signaling Pathway in Diabetic 465 

Rat Hippocampus. Adv. Pharm. Bull. 2016, 6, 99−103. 466 

33. Saksida, T.; Miljkovic, D.; Timotijevic, G.; Stojanovic, I.; Mijatovic, S.; Fagone, P.; 467 

Mangano, K.; Mammana, S.; Farina, C.; Ascione, E.; Maiello, V.; Nicoletti, F.; Stosic-468 

Grujicic, S. Apotransferrin inhibits interleukin-2 expression and protects mice from 469 

experimental autoimmune encephalomyelitis. J. Neuroimmunol. 2013, 262, 72−78. 470 

34. Kiran, G.; Nandini, C.D.; Ramesh, H.P.; Salimath, P.V. Progression of early phase 471 

diabetic nephropathy in streptozotocin-induced diabetic rats: evaluation of various 472 

kidney-related parameters. Indian J. Exp. Bio. 2012, 50, 133−140. 473 

35. Susztak, K.; Raff, A.C.; Schiffer, M.; Böttinger, E.P. Glucoseinduced reactive oxygen 474 

species cause apoptosis of podocytes and podocyte depletion at the onset of diabetic 475 

nephropathy. Diabetes 2006, 55, 225−233. 476 

36. Sureshbabu, A.; Muhsin, S.A.; Choi, M.E. TGF-β signaling in the kidney: profibrotic 477 

and protective effects. Am. J. Physiol. 2016, 310, 596−606. 478 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 22 October 2018                   doi:10.20944/preprints201810.0489.v1

http://dx.doi.org/10.20944/preprints201810.0489.v1


 17 of 24 

 

37. Zou, Q.P.; Liu, X.Q.; Lee, H.Y.; Oh, O.J. Lupane-triterpenoids from the methanol 479 

extracts of leaves of Acanthopanax gracilistylus W.W. Smith. J. Lanzhou Univ. 2011, 480 

47, 120-126. 481 

 482 

 483 

 

 
Figure 1. Blood glucose of normal and diabetic rats per one day during 3 weeks. Acan. 0.08: 484 

acankoreagenin 0.08 mg/kg; Acan. 0.4: acankoreagenin 0.4 mg/kg; Acan. 2: acankoreagenin 2 485 
mg/kg.  486 

 487 
 488 

 
Figure 2. OGTT levels of normal and diabetic rats. The groups are the same as described 489 

in Figure 1. 490 
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Figure 3. The changes of the TNF-α level of acankoreagenin in rat kidney. The groups are 491 

the same as described in Figure 1. Bars indicate the mean ± SEM (n=6). *, P < 0.05 and **, 492 

P < 0.01 versus normal group. 493 

 494 
 495 
 496 

 

Figure 4. NF-κB and I-κBα expression in the pancreas tissues from each group. Normalized 497 

by β-actin.  498 

 499 
 500 
 501 
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Figure 5. NF-κB, p-p38 and TGF-β1 expression in the kidney tissues from each group. 506 

Normalized by β-actin.  507 

 508 
 509 
 510 
 511 
 512 
 513 
 514 

 

Figure 6. Effects on the histological change in diabetic rat pancreas. The cellular 515 

morphologies of islets were examined after counterstaining with H&E. (Magnification 516 

100×). The groups are the same as described in Figure 1.  517 

 518 
 519 
 520 
 521 
 522 
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Figure 7. Effects on the histological change in diabetic rat kidney. The cellular 524 

morphologies of kidney were examined after counterstaining with H&E. (Magnification 525 

100×). The groups are the same as described in Figure 1. 526 

 527 
 528 
 529 

 

Figure 8. Transforming growth factor-β1 (TGF-β1) signaling pathways. 530 

 531 
 532 
 533 
 534 
 535 
 536 
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 538 

Figure 9. The chemical structure of acankoreagenin. 539 
 540 
 541 
 542 
 543 

Table 1. The changes of body weight, food intakes and food efficiency ratio (FER) of 

rats during 4 weeks. 

Group Initial BW (g) Final BW (g) 
BW gains 

(g/d) 

Food intakes 

(g/d) 
FER 1 

Normal 163.41 ± 3.21 311.67 ± 4.01a 5.49 ± 3.82a 
91.66 ± 1.20b 0.059 ± 0.82a 

Control 162.72 ± 3.52 173.33 ± 2.11e 0.39 ± 3.14f 
66.00 ± 2.51c 0.005 ± 0.41ef 

Guava 163.97 ± 3.62 181.67 ± 3.07de 0.65 ± 2.92e 
91.00 ± 4.0 b 0.007 ± 0.67e 

Acan 0.08 162.46 ± 4.37 185.00 ± 8.46d  0.83 ± 7.15d 
 92.66 ± 3.38b 0.009 ± 0.17de 

Acan 0.4 162.06 ± 2.72 240.00 ± 7.05c  2.88 ± 9.74c  100.64 ± 4.20ab 0.028 ± 4.33c 

Acan 2 162.27 ± 6.30 260.00 ± 6.32b  3.62 ± 5.68b  103.52 ± 2.45a 0.035 ± 0.68b 

The data were expressed as the mean ± SEM (n=6). P < 0.05 versus a-f normal, non-diabetic group. 1 Weight gain/Food 544 

intake. 545 

 546 

  547 
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Table 2. The changes of water intake of acankoreagenin in rats during 4 weeks. 

Group 
Water intake (ml/d) 

1 week 2 week 3 week 4 week 

Normal 41.66 ± 0.33  71.33 ± 0.33f   85.33 ± 0.33f 
 85.35 ± 1.45f 

Control 41.00 ± 0.57 546.66 ± 3.33a  556.66 ± 3.33a 
560.00 ± 7.54a 

Guava 41.66 ± 0.33 530.00 ± 5.77bc  453.33 ± 3.36de 
400.00 ± 7.52d 

Acan 0.08 42.00 ± 0.57 521.00 ± 1.00c  516.66 ± 3.36b 
 513.37 ± 3.35b 

Acan 0.4 42.00 ± 0.57  513.33 ± 6.66cd  476.66 ± 3.33c  453.33 ± 8.01c 

Acan 2 41.33 ± 0.66 503.33 ± 3.33e  446.66 ± 3.38e  363.33 ± 6.64e 

The data were expressed as the mean ± SEM (n=6). P < 0.05 versus a-f normal, non-diabetic group.  548 

 549 

Table 3. The changes of plasma insulin, HbA1c, and C-peptide levels of 

acankoreagenin. 

Group 
Plasma insulin 

(ng/ml) 
HbA1c (%) C-peptide (pM) 

Normal 0.94 ± 0.14a  5.73 ± 0.28f 15.32 ± 0.28a 

Control 0.32 ± 0.16f 13.05 ± 0.42a  3.31 ± 0.32e 

Guava 0.61 ± 0.32c   9.63 ± 0.47c 10.32 ± 0.37b 

Acan 0.08 0.37 ± 0.44ef  12.04 ± 0.67b  4.61 ± 0.38d 

Acan 0.4 0.55 ± 0.62d   8.98 ± 0.71d  7.02 ± 0.37c 

Acan 2 0.72 ± 0.52b   7.01 ± 0.48e  10.38 ± 0.46b 

The data were expressed as the mean ± SEM (n=6). P < 0.05 versus a-f normal, non-diabetic group. 550 

 551 

 552 

 553 

 554 

 555 
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 556 

Table 4. The changes of the biochemical parameters of acankoreagenin in rats. 

Group 
AST 

(IU/l) 

ALT 

(IU/l) 

T-Bil 

(mg/dl) 

TG 

(mg/dl) 

T-C 

(mg/dl) 

H-C 

(mg/dl) 

Normal  67.83 ± 1.22f   8.05 ± 0.25f  0.35 ± 0.04f  38.00 ± 0.44f  75.83 ± 1.27d 53.50 ± 1.82a 

Control 
531.16 ± 

7.40a 459.33 ± 4.24a 3.05 ± 0.09a 201.66 ± 7.45a 132.16 ± 3.32a 30.00 ± 1.87d 

Guava 
360.16 ± 

4.02c 229.83 ± 7.85d  1.28 ± 0.10d  59.66 ± 3.16e  93.00 ± 4.34c 40.02 ± 1.73bc 

Acan0.08 
511.06 ± 

5.08b 426.00 ± 6.44b  2.50 ± 0.16b 145.83 ± 5.54b 101.33 ± 4.94b 30.50 ± 1.62d 

Acan0.4 
347.33 ± 

8.02d 280.83 ± 8.52c 1.73 ± 0.14c 125.00 ± 6.19c 91.33 ± 4.80c 38.66 ± 1.42c 

Acan2 
235.50 ± 

8.05e 164.66 ± 8.28e  0.93 ± 0.09e 74.00 ± 3.33d 78.66 ± 2.81d 44.68 ± 1.65b 

AST: aspartate transaminase; ALT: alanine transaminase; T-Bil: Total Bilirubin; TG: Triglyceride; T-C: Total 557 

Cholesterol; H-C: HDL-Cholesterol. The data were expressed as the mean ± SEM (n=6). P < 0.05 versus a-f normal, 558 

non-diabetic group. 559 

 560 

Table 5. The changes of kidney function tests of acankoreagenin in rats. 

Group BUN (mg/dl) Creatinine (mg/dl) Albumin (ng/ml) 

Normal 10.83 ± 0.74e 
   0.77 ± 0.04e  787.33 ± 3.62a 

Control 61.82 ± 1.16a 
   2.58 ± 0.13a  219.00 ± 4.21f 

Guava 37.00 ± 1.68d 
   1.40 ± 0.11c  492.33 ± 8.87c 

Acan0.08 51.50 ± 1.86b 
   2.50 ± 0.26a  307.67 ± 4.45e 

Acan0.4 44.33 ± 2.48c 
   1.64 ± 0.27b  453.33 ± 8.53d 

Acan2 33.02 ± 1.00d 
    0.92 ± 0.22d  553.34 ± 7.93b 

BUN: Blood Urea Nitrogen. The data were expressed as the mean ± SEM (n=6). P < 0.05 versus a-f normal, non-diabetic 561 

group. 562 
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Table 6. The changes of kidney oxidative stress biomarkers of acankoreagenin in 

rats. 

Group GSH (uM/mg protein) MDA (nM/g protein) SOD (U/ml) 

Normal 1.86 ± 0.17a 
   24.43 ± 0.06d  89.06 ± 1.78a 

Control 0.26 ± 0.06f 
   43.40 ± 0.12a  39.96 ± 1.30f 

Guava 1.23 ± 0.08c 
   31.30 ± 0.81b  65.60 ± 0.61c 

Acan0.08 0.36 ± 0.15e 
   40.86 ± 0.27a  46.16 ± 0.40e 

Acan0.4 0.99 ± 0.16d 
   32.30 ± 1.41b  59.06 ± 1.70d 

Acan2 1.53 ± 0.17b 
   27.86 ± 0.74c  73.63 ± 0.63b 

GSH: reduced glutathione; MDA: malondialdehyde; SOD: Superoxide Dismutase; NAD: Nicotinamide adenine 563 

dinucleotide. The data were expressed as the mean ± SEM (n=6). P < 0.05 versus a-f normal, non-diabetic group. 564 

 565 
 566 
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