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Abstract Vascular calcification due to elevated phos-

phate levels is the major contributor of cardiovascular

dysfunction. The oxidative stress and gene expression

events modulate the transdifferentiation of vascular smooth

muscle cells into osteogenic phenotype. This present study

intends to evaluate the dose-dependent effect of diosgenin,

an antioxidant on high phosphate induced vascular calci-

fication in adenine-induced chronic renal failure rats. High

phosphate environment causes elevated calcium accumu-

lation with related histological changes and alkaline

phosphatase activity in aorta. Further it downregulates the

activity of enzymatic antioxidants and elevates the level of

lipid peroxidative markers. Moreover, the renal failure

leads to reduced nitric oxide production. But, treatment

with diosgenin at a dose of 10, 20, and 40 mg/kg given via

oral gavages causes reversion of all the above events in a

dose-dependent manner. The highest dose has shown more

potential activity than other two doses, which has the

ability to protect the alteration of liver markers and red

blood cell antioxidant system without any adverse effects

and it does not alter the kidney associated changes too.

Finally, the Fourier transform infrared spectroscopy study

strongly supports its ability to protect the macromolecules

from oxidative stress. All the above evidences show that

diosgenin has overall benefits against renal failure-induced

vascular calcification-associated oxidative stress.
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Introduction

Vascular calcification is a prominent pathogenic event in

aging, diabetes, chronic kidney disease (CKD), and

inflammatory diseases. Vascular calcification is now con-

sidered to be an organized, regulatory process comparable

to bone mineralization. The presence of various compo-

nents associated with bone mineralization, such as bone

morphogenetic protein (BMP), osteocalcin, osteopontin,

osteoblast-like cells, and matrix vesicles in atherosclerotic

lesions, supports this concept [1–3]. Vascular smooth

muscle cell (VSMC) populations within the normal vas-

cular media are responsible for maintaining proper vascular

tone. Consequently, they exhibit a contractile phenotype

which is characterized by the high expression of genes

which encode proteins which are involved in maintaining

myofilament structure and function. Studies on human

VSMCs in vitro and in vivo have demonstrated that phe-

notypic change is often associated with the ability of

VSMCs to acquire characteristics of a diverse range of

mesenchymal lineages, including osteoblastic, chondrocy-

tic, and adipocytic [4–7].

A previous study indicates that chronic inflammation and

oxidative stress have a critical role in vascular calcification

[8]. Oxidative stress occurs when oxidant production

exceeds local antioxidant capacity, resulting in increased

oxidation of important macromolecules, including proteins,
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lipids, carbohydrates, and nucleic acids and may sometimes

drastically lead to tissue damage or changes via several

different cellular molecular pathways [9]. In addition,

reactive oxygen species (ROS) mediate increase in BMP2

expression and signaling, favouring osteogenesis [10].

Previous study reports that, Tempol, an antioxidant, ame-

liorated osteogenic transdifferentiation of VSMCs and

arterial medial calcification in uremic rats, together with

reduction in aortic and systemic oxidative stress levels [11].

Diosgenin, a steroidal saponin present in fenugreek

(Trigonella foenum graecum) and other plants suppress

inflammation, inhibit proliferation and induce apoptosis in

a variety of tumor cells [12]. Figure 1 illustrates the

structure of diosgenin. Studies have also suggested a lower

incidence for coronary artery diseases and disorders related

to estrogen deficiencies in humans who have a high con-

sumption of diet rich in phytoestrogens (e.g., genistein,

daidzein, and diosgenin) [13–16]. Recent study on the

effect of diosgenin on VSMC under TNF-a-induced con-

dition reports that diosgenin abrogated tumor necrosis

factor-a (TNF-a) induced production of intracellular ROS

and phosphorylation of p38 mitogen-activated protein

kinase (p38 MAPK), extracellular signal-regulated kinase

(ERK), jun N-terminal kinases (JNK), and protein kinase B

(PKB/Akt). Diosgenin was also shown to inhibit nuclear

factor-kappa B (NK-jB) activation induced by TNF-a
[17]. Another finding suggested that diosgenin has benefi-

cial role against aortic remodeling induced by oxidative

stress in diabetic state, which was evident from the pro-

pensity of diosgenin to modulate the antioxidant defence

and to decrease the lipid peroxidation in aorta [18].

Understanding the mechanisms of novel natural molecules

that control SMC transdifferentiation to osteochondro

progenitors and subsequent vascular calcification may help

developing novel strategies that prevent or reverse vascular

calcification. No sufficient work has been done until now to

study the calcification prevention activity of diosgenin.

Therefore, the present study was designed to determine the

dose-dependent effect of diosgenin in adenine-induced

chronic renal failure albino wistar rats.

Materials and methods

Animals and chemicals

Male albino Wistar rats, 7–10-weeks-old (weighing

180–220 g) were procured from the Central Animal House,

Department of Experimental Medicine, Rajah Muthiah

Medical College and Hospital, Annamalai University. The

experimental study was approved by the Ethical Commit-

tee of Rajah Muthiah Medical College and Hospital,

Annamalai nagar, Tamil Nadu, India. Diosgenin was pur-

chased from Sigma-Aldrich (St. Louis, Missouri, USA).

All other chemicals used in this study were of analytical

grade obtained from Merck and HIMEDIA, India.

Vascular calcification and drug administration

Vascular calcification in wistar rats was induced by feeding

the animals with a diet containing 0.75 % adenine for

5 weeks. Each of the following groups consisted of 6

animals. Diosgenin was administered everyday orally by

dissolving it in corn oil (vehicle) from the beginning till

end of the fifth week in parallel with adenine treatment.

Group I—Control (animals fed with rat chow)

Group II—Control ? diosgenin 40 mg/kg body weight

(b.w) of animals

Group III—Control animals fed with 0.75 % adenine—

Chronic renal failure animals (CRF)

Group IV—CRF ? diosgenin 10 mg/kg b.w of animals

Group V—CRF ? diosgenin 20 mg/kg b.w of animals

Group VI—CRF ? diosgenin 40 mg/kg b.w of animals

Blood collection and tissue homogenization

Blood was collected from orbital sinus with great care

using a dry test tube and allowed to coagulate at ambient

temperature for 40 min. Serum was separated by centri-

fugation at 2249g for 10 min. The blood, collected in a

heparinized centrifuge tube, was centrifuged at 2249g for

10 min and the plasma was separated by aspiration. After

the separation of plasma, the buffy coat, enriched in white

cells, was removed and the remaining erythrocytes were

washed three times with physiological saline. Erythrocytes

were lysed with hypotonic phosphate buffer at pH 7.4. The

hemolysate was separated by centrifugation at 3509g for

10 min and 0.5 mL of supernatant was used for the esti-

mation of enzymatic antioxidants. Aorta tissues were sliced

into pieces and homogenized in appropriate buffer in cold

condition (pH 7.0) to give 20 % homogenate (w/v). The

homogenate was centrifuged at 5609g for 10 min at 4 �C

in a refrigerated centrifuge. The supernatant was separated

and used for various biochemical estimations.Fig. 1 Structure of diosgenin
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Aortic calcium accumulation

Aorta was perfused with saline, harvested, and cleaned.

After drying and weighing, a small piece of aorta, extracted

overnight in 1 M HCl and calcium content in the extract,

was measured colorimetrically by o-cresolphthalein com-

plexone method as described [19]

ALP activity in aorta

Aortic alkaline phosphatase was measured colorimetrically

as the hydrolysis of p-nitrophenyl phosphate according to

instructions given from the supplier (Fisher scientific, ker-

ala). Aorta was homogenized in HEPES buffer on ice and

centrifuged in a microfuge at 8,0009g for 5 min. Superna-

tant was removed for assay as described previously [20].

Plasma nitric oxide metabolites level

Nitrite and nitrate [stable nitric oxide metabolites] in the plasma

samples were measured based on the Griess reaction [21].

Antioxidant enzyme activity and lipid peroxidation

products in aorta and RBC

Aortic antioxidant enzyme assay and lipid peroxidation

assays had been done for all the groups. But, the maximum

dose of 40 mg/kg was found to have more pronounced

effect than other two doses, so the high dose group only

was included for RBC, plasma analysis, and further anal-

ysis. Superoxide dismutase (SOD), catalase (CAT), and

glutathione peroxidase (GPx) were assayed by the methods

of Kakkar et al. [22], Sinha [23], Rotruck et al. [24],

respectively. Total protein was assayed by the method of

Lowry et al. [25]. The level of thiobarbituric acid-reactive

substances (TBARSs) and lipid hydroperoxides was esti-

mated by the methods of Niehaus and Samuelson [26],

Jiang et al. [27].

Serum biochemistry and kidney markers

Calcium was measured in serum by o-cresolphthalein

complexone method and phosphorous content was mea-

sured by the ammonium molybdate method as previously

described [19]. The serum urea, uric acid, and creatinine

were estimated using the diagnostic kit based on the

method of Fawcett and Scott [28], Caraway [29] and Jaffe

[30], respectively.

Level of liver markers

The activities of serum aspartate aminotransferase (AST),

alanine aminotransferase (ALT), and alkaline phosphatase

(ALP) were assayed using commercially available kit (Fisher

scientific, Kerala). The activity of gamma glutamyl transferase

(GGT) was measured by the method of Rosalki and Rau [31].

FTIR analysis

FTIR analysis was carried out as described previously [32].

A small and equal amount of aorta samples of 4 groups

(Group 1, 2, 3, and 6) were homogenized and freeze dried.

Samples were stored under -80 �C until further use. For

FTIR analysis, the samples were mixed with KBr at ratio of

1:100. The mixture was then subjected to a pressure of

1,100 kg/cm2 to produce KBr pellets for use in FTIR

spectrometer. Pellets of the same thickness were prepared

by taking the same amount of sample and applying the

same pressure. FTIR spectra of the region 4,000–400 cm-1

were recorded at the temperature of 25 ± 1 �C on a

Nicolet-Avatar-360 FTIR spectrometer.

Histopathology analysis of aorta

Excised aorta samples were cleared of blood and imme-

diately fixed in neutral buffered solution of 10 % formalin

for 24 h. 5-lm thick tissue sections from aorta of each

animal were prepared from processed paraffin-embedded

samples. Sections were stained with Hematoxylin and

Eosin for light microscopic examination. The cross-sec-

tional area of aorta was evaluated from photographs of

tissue sections taken at 409 magnification.

Statistical analysis

Values are given as mean ± SD for six rats in each group.

Data were analyzed by one-way analysis of variance fol-

lowed by Duncan’s multiple range test using SPSS version

11.5 (SPSS, Chicago, IL). The limit of statistical signifi-

cance was set at P \ 0.05.

Results

Aortic calcium accumulation

The results demonstrated that renal failure-induced high

phosphate condition significantly increased calcification in

rat aorta, whereas 40 mg/kg diosgenin significantly

decreased aorta calcification than 10 and 20 mg/kg in a

dose-dependent manner as illustrated in Fig. 2.

ALP activity in aorta

The results demonstrated that renal failure rats have shown

significantly elevated ALP activity compared with control

Mol Cell Biochem (2013) 378:9–18 11
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as shown in Fig. 3. However, the treatment of 40 mg/kg

diosgenin more significantly decreased ALP activity in

aorta than 10 and 20 mg/kg diosgenin groups.

Effects of diosgenin on nitric oxide metabolites

Figure 4 depicts the levels of nitric oxide metabolites

(nitrite and nitrate) in plasma. Adenine-fed renal failure

rats had significantly (P \ 0. 05) decreased levels of total

nitrite and nitrate in plasma and treatment with diosgenin

significantly (P \ 0.05) elevated the levels of nitric oxide

metabolites in a dose-dependent manner with the maxi-

mum effect at 40 mg/kg.

Enzymatic antioxidants

The activities of SOD, CAT, and GPx in aorta and red

blood cells (RBC) are presented in Tables 1 and 2,

respectively. The activities of these enzymatic antioxidants

significantly decreased in renal failure rats. Treatment with

diosgenin significantly (P \ 0.05) restored the activity of

these enzymatic antioxidants in aorta in a dose-dependent

manner. 40 mg/kg diosgenin treatment group has shown

more effect on the above assays than the other two doses.

So, further studies used the above dose only. Enzymatic

antioxidant activity in RBC has shown that 40 mg/kg

diosgenin exhibited significant protective effect.

Tables 1 and 2 portrays the levels of TBARS, lipid

hydro peroxides in aorta and RBC, respectively. Levels of

lipid peroxidation products in aorta and plasma were sig-

nificantly elevated in renal failure rats, whereas treatment

of diosgenin significantly reduced the lipid per oxidation

products in a dose-dependent manner in aorta and the

40 mg/kg dose shown more effective. 40 mg/kg diosgenin

treatment shows significant suppression of lipid peroxida-

tion level in plasma.

Effect of diosgenin on serum calcium, phosphorous,

and kidney function markers

Table 3 illustrates the effect of diosgenin on serum calcium

and phosphorous level. Results have shown that phospho-

rous concentration was elevated significantly in the renal

failure rats, but the calcium level was not altered. Treat-

ment with diosgenin did not significantly alter the phos-

phorous and calcium level. Levels of renal function marker

such as urea, uric acid, and creatinine were significantly

elevated in serum. But, diosgenin does not have any sig-

nificant impact on renal function markers

Effect of diosgenin on liver markers

Table 4 summarizes the effects of diosgenin on the activities

of hepatic function marker such as aspartate aminotransfer-

ase, alanine aminotransferase, alkaline phosphatase, and

gamma glutamyl transferase in serum of rats. The activities

Fig. 2 Aortic calcium accumulation. * Significant difference from

the value of control at P \ 0.05. # Significant difference from the

value of CRF at P \ 0.05

Fig. 3 Aortic ALP activity. One unit was defined as 1 g tissue protein

producing 1 mg phenol for 15 mins. * Significant difference from the

value of control at P \ 0.05. # Significant difference from the value

of CRF at P \ 0.05

Fig. 4 Effects of diosgenin on plasma nitrite/nitrate concentration. *

Significant difference from the value of control at P \ 0.05.

# Significant difference from the value of CRF at P \ 0.05
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of these pathophysiological marker enzymes were signifi-

cantly elevated in renal failure rats. Treatment with dios-

genin 40 mg/kg significantly declined these levels of hepatic

markers toward normal. Moreover, the diosgenin-alone-

treated group (group II) does not show any significant

alteration.

Table 1 Antioxidant enzyme activity and lipid peroxidation products in aorta

Groups SOD (U*/mg

protein)

CAT (U#/mg

protein)

GPX (U$/mg

protein)

TBARS (mmol/100 g

wet tissue)

LOOH (mmol/100 g

wet tissue)

Control 6.51 ± 0.32a 8.13 ± 0.54a 6.77 ± 0.41a 0.71 ± 0.08a 62.21 ± 4.32a

Control ? 40 mg/kg diosgenin 6.59 ± 0.35a 8.35 ± 0.32a 6.91 ± 0.21a 0.62 ± 0.05a 59.54 ± 3.64a

CRF 2.92 ± 0.23b 4.54 ± 0.37b 3.91 ± 0.24b 2.87 ± 0.15b 135.12 ± 5.54b

CRF ?diosgenin 10 mg/kg 3.82 ± 0.31c 5.93 ± 0.45c 4.82 ± 0.19c 2.21 ± 0.09c 105.43 ± 5.68c

CRF ?diosgenin 20 mg/kg 4.92 ± 0.29d 6.81 ± 0.23d 5.94 ± 0.21d 1.52 ± 0.11d 83.65 ± 5.91d

CRF ?diosgenin 40 mg/kg 6.11 ± 0.25a 7.97 ± 0.54a 6.67 ± 0.23a 0.82 ± 0.13a 65.11 ± 3.77a

U* enzyme concentration required to inhibit the chromogen produced by 50 % in one minute under standard condition. U# lmol of H2O2

consumed/minute. U$ lg of GSH utilized/minute

Values are mean ± S.D. for six rats. Values not sharing a common superscript differs significantly at P \ 0.05 (Duncan’s multiple range test)

Table 2 Antioxidant enzyme activities in erythrocyte and plasma lipid peroxidation products

Groups SOD (U*/mgHb) CAT (U#/mgHb) GPX (U$/mgHb) TBARS (mmol/dl plasma) LOOH (mmol/dl plasma)

Control 7.41 ± 0.55a 165.23 ± 5.53a 13.45 ± 1.27a 0.16 ± 0.04a 9.47 ± 0.98a

Control ? 40 mg/kg

diosgenin

7.19 ± 0.34a 162.45 ± 6.11a 14.38 ± 1.11a 0.17 ± 0.08a 9.11 ± 0.48a

CRF 3.23 ± 0.45b 101.12 ± 4.21b 7.67 ± 0.79b 0.57 ± 0.04b 23.21 ± 1.18b

CRF ?diosgenin 40 mg/kg 7.12 ± 0.37a 159.17 ± 5.79a 12.97 ± 1.14a 0.18 ± 0.07a 10.76 ± 1.13a

U* enzyme concentration required to inhibit the chromogen produced by 50 % in 1 min under standard condition. U# lmol of H2O2 consumed/

minute. U$ lg of GSH utilized/minute

Values are mean ± S.D. for six rats. Values not sharing a common superscript differs significantly at P \ 0.05 (Duncan’s multiple range test)

Table 3 Effect of diosgenin on serum biochemistry and kidney function markers

Groups Calcium (mmol/L) Phosphate (mmol/L) Urea (mg/dL) Uric acid (mg/dL) Creatinine (mg/dL)

Control 2.16 ± 0.92a 1.71 ± 0.27a 22.43 ± 1.33a 1.43 ± 0.12a 0.74 ± 0.03a

Control ? diosgenin 40 mg/kg 2.32 ± 0.78a 1.68 ± 0.35a 21.15 ± 1.54a 1.40 ± 0.08a 0.71 ± 0.05a

Renal failure rats 2.29 ± 0.59a 5.72 ± 1.23b 48.79 ± 3.79b 3.82 ± 0.28b 2.12 ± 0.17b

Renal failure rat ? diosgenin 40 mg/kg 2.43 ± 0.93a 5.34 ± 1.98b 46.12 ± 4.23b 3.61 ± 0.25b 2.03 ± 0.22b

Values are mean ± S.D. for six rats. Values not sharing a common superscript differ significantly at P \ 0.05 (Duncan’s multiple range test)

Table 4 Serum level of liver markers

Groups Aspartate

aminotransferase (IU@/L)

Alanine

aminotransferase (IU@/L)

Alkaline phosphatase

(IU*/L)

Gamma glutamyl

transferase (IU $/L)

Control 65.34 ± 4.23a 35.23 ± 2.17a 73.21 ± 4.23a 14.54 ± 1.74a

Control ? diosgenin 40 mg/kg 62.78 ± 5.21a 33.53 ± 1.91a 70.12 ± 4.52a 13.95 ± 1.93a

CRF 99.23 ± 7.54b 52.89 ± 4.87b 110.74 ± 8.11b 26.87 ± 4.22b

CRF ? diosgenin 40 mg/kg 81.87 ± 6.74c 43.74 ± 3.89c 88.17 ± 7.14c 19.11 ± 3.81c

IU@ lmol of pyruvate liberated per hour. IU* lmol of phenol liberated per minute. IU$ lmol of p-nitroanilide liberated per minute

Values are mean ± S.D. for six rats. Values not sharing a common superscript differ significantly at P \ 0.05 (Duncan’s multiple range test)
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Molecular alterations

The representative FTIR spectra of a control aorta with

wave number of all the macromolecular bonding regions

are shown in Fig. 5. The wave numbers were assigned from

previous studies [33, 34]. Frequency shifts of macromole-

cules are illustrated in Table 5. The bands in 3,405 cm-1

region arose from N–H and O–H stretching modes of

proteins and intermolecular hydrogen bonding. In the

experiment, Amide A appeared at 3,405 cm-1 in control

and the band frequency was significantly shift in renal

failure rats, whereas the diosgenin treated protects the

changes significantly and there was no significant change

between control and diosgenin alone treated group. CH2

symmetric stretching of lipids/fatty acids appears at

2,868 cm-1 in control and in renal failure it was shifted

increase in wave number significantly, whereas the dios-

genin treated group significantly brought back the shift to

control level. The most important molecular bonds of

proteins, amide linkages were significantly altered in renal

failure group, in which the amide I band was appeared in

1,655 cm-1. In the wave number of amide II linkage, the

control group appeared at 1,544 cm-1 and the significant

change in frequency shift was observed. But, this change

was significantly protected by diosgenin in amide I, but not

in amide II region.

Histopathology of aorta

The histopathology study of aorta is shown in Fig. 6.

Pictures of aorta exhibited that control and diosgenin-

alone-treated groups have shown no pathogenic signature

in the aortic medial layer and the normal arrangement of

vascular cells were found, whereas aorta from CRF rat has

shown patched calcification and calcium accumulation in

the medial layer of vasculature. Diosgenin-treated CRF rats

have shown no calcified region in the aorta. This indicates

that diosgenin treatment in CRF rats has prevented the

vascular calcification in aorta.

Discussion

Previous reports have shown that high phosphate envi-

ronment causes elevated calcium accumulation and ALP

activity and VSMC transdifferentiation [35]. In this animal

model, the results showing elevated serum phosphorus

levels increased aortic calcium accumulation and showing

marked elevation in ALP activity indicate the osteogenic

conversion of aortic VSMCs. The treatment with diosgenin

reduced this kind of VSMC transdifferentiation in a dose-

dependent manner. The histopathology of aorta was con-

sistent with the calcium quantification analysis. The his-

tology shows that there was an intense accumulation of

calcium in the medial layer of vasculature in CRF rat,

whereas treatment with diosgenin in CRF rat has shown to

prevent vascular calcification. Previous reports have shown

that diosgenin abrogated TNF-a-induced production of

intracellular ROS and phosphorylation of p38, ERK, JNK,

and Akt. Diosgenin was also shown to inhibit NF-jB

activation induced by TNF-a [17]. Moreover, the

involvement of oxidative stress, p38 MAPK, ERK, and Akt

in vascular calcification was already explored [36]. From

this point of view, the protective action of diosgenin

against VSMC transdifferentiation may be in partly due to

its effects on the above pathways including oxidative

stress. So, this study focused on the antioxidant potential of

diosgenin.

Kidney function-related physiological parameters have

shown that the phosphorus, urea, uric acid, and creatinine

levels were elevated, but the treatment of diosgenin has no

impact on these parameters indicating that it has no action

or less renal protection potential against adenine-induced

renal failure. Moreover, this indicates that the action of

diosgenin against vascular calcification is independent of

Fig. 5 FTIR Spectra of control

aorta and study regions
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blood chemistry and most exactly depends on the direct

action on VSMCs.

In the oxidative stress mechanistic point of view, the

high phosphate environment causes mitochondrial dys-

function and generation of excess free radicals and oxida-

tive stress [37]. Previous study have shown that calcifying

VSMCs treated with inorganic phosphate (Pi) exhibited

mitochondrial dysfunction, as demonstrated by the

decreased mitochondrial membrane potential and ATP

production; the disruption of mitochondrial structural

integrity and concurrently increased the production of ROS

[38]. Previous study reports that excess free radical gen-

eration can cause dysfunction of the enzymatic antioxidant

system which is comprised of SOD, CAT, and GPx. Free

radical-scavenging enzymes such as SOD, CAT, and GPx

are the first line of cellular defense against oxidative injury.

SOD reduces superoxide anion to form H2O2 and oxygen.

CAT removes H2O2 by breaking it down directly to oxygen

[39]. In this study, SOD, CAT, and GPx activity decreased

significantly in the renal failure aortic calcification group,

which might be due to an excessive formation of super-

oxide anions. Further, the decrease in enzyme activity can

result in the decreased removal of free radicals and may

favor oxidative stress driven calcification [40]. Treatment

with diosgenin dose dependently increases the antioxidant

enzymes activity in both aorta and in RBC; this indicates

the antioxidant potential of diosgenin. Moreover, excess

production of free radicals causes membrane lipid

Table 5 FTIR Wave number alterations of major macromolecular groups

Molecular vibration Control Control ? Diosgenin (40 mg/kg) CRF CRF ? diosgenin (40 mg/kg)

N–H stretching proteins 3405.12 ± 1.09a 3403.15 ± 1.03a 3419.12 ± 2.1b 3411.20 ± 1.34c

CH2symmetric (lipids–fatty acids) 2868.42 ± 1.13a 2868.52 ± 1.3a 2871.72 ± 1.19b 2866.55 ± 1.1a

Amide I (protein) 1655.21 ± 1.34a 1655.75 ± 1.11a 1652.44 ± 0.2b 1654.77 ± 0.11a

Amide II (protein) 1544.14 ± 0.21a 1545.23 ± 1.21a 1540.87 ± 1.1b 1541.33 ± 0.17b

Values are mean ± S.D. for six rats. Values not sharing a common superscript differ significantly at P \ 0.05 (Duncan’s multiple range test)

Fig. 6 Histopathology of aorta.

Control rat aorta shows normal

structural arrangement (A),

aorta from control ? diosgenin

40 mg/kg shows no pathogenic

signatures (B), CRF aorta shows

patchy calcification occurred in

medial layer vascular smooth

muscle cell (C), CRF ?

diosgenin 40 mg/kg shows

normal arrangement of cells in

vasculature without any

signature of vascular

calcification (D)
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peroxidation and damage, which is already reported in a

previous study on heart [41]. In this study, also, the lipid

peroxidation products such as TBARS and LOOH were

elevated significantly in both aorta and plasma, whereas the

treatment of diosgenin dose dependently reduces the level

of lipid peroxide markers. It was already shown that ele-

vated oxidative stress in aorta causes increase in lipid

peroxidation and treatment with diosgenin significantly

restores the changes [18]. Further, a study on membrane-

stabilizing effect of diosgenin, in experimentally induced

myocardial infarction, shows that antilipid peroxidative

potential of diosgenin may be due to its antioxidative

activity [41].

Endothelium is also a considerable target in the patho-

genesis of increased cardiovascular disease in CKD

patients with hyperphosphatemia. Moreover, hyperphos-

phatemia impaired endothelial function by increasing ROS,

inhibiting endothelial nitric oxide synthase (eNOS),

increased oxidative stress, and apoptosis in endothelial

cells [42]. In this study, the serum nitrite/nitrate level

which is the indicator of nitric oxide production was

reduced, but the antioxidant potential of diosgenin reversed

the above changes in a dose-dependent manner.

The FTIR spectroscopy monitors the vibration modes of

functional groups present in proteins, lipids, polysaccha-

rides, and nucleic acids. Shifts in peak positions indicate

the molecular changes associated with macromolecules in a

physiological condition. In this analysis, the N–H stretch-

ing of proteins were changed significantly in calcification,

this indicates that the intramolecular hydrogen bonding in

proteins may be disturbed [33]. This effect might be due to

the oxidative stress generated during calcification. This

effect protected by diosgenin-treated group indicated its

antioxidant potential against oxidative stress generated

during calcification.

The wave number of fatty acid species changed signif-

icantly in renal failure aorta; this indicated the acyl chain

modification of membrane lipids. The frequency of the

CH2 bands of acyl chains depends on the degree of con-

formational disorder and level of flexibility. The position of

these bands provides information about the lipid acyl chain

flexibility (order/disorder state of lipids) [43]. The shift of

the peak position of these bands to higher values indicated

that increase lipid order and acyl chain flexibility. A pre-

vious study indicates that this kind of changes may be

associated with oxidative stress [33]. The above shift sig-

nificantly protected by diosgenin indicated its protective

effect on lipid species through its antioxidant and anti lipid

peroxidative potential in aorta [18]. This effect further

supports antilipid peroxidation potential of diosgenin on

vascular calcification related oxidative stress and lipid

peroxidation in an indirect way.

Amide bands are the most important indicators of oxi-

dative stress. The shift in amide I and amide II in renal

failure calcification group compared with control indicates

the excess production of free radicals and free radical-

mediated protein damage. However, diosgenin treatment

significantly protected the Amide I-associated changes,

while this effect was not extended in amide II. According

to the findings of a previous study, all the constituent

amino acid side-chains in proteins are susceptible to free

radicals, but some are more vulnerable than others. Thus,

the exposure of proteins to free radical-generating systems

may induce secondary structural changes. Secondary

structure is stabilized by hydrogen bonding of the peptide

backbone and interference with the functional groups of the

peptide bonds may cause structural modifications. Further,

the shift in amide I and II regions corresponds to the alpha-

helix protein conformational change [44]. Thus, the above

effect may directly indicate the antioxidant and preventive

potential of diosgenin on protein modification.

In the present study, we found that diosgenin-inhibited

chronic renal failure induced calcification by preventing

oxidative stress independent of kidney protection and it

extends its beneficial effects to RBC. The effect of dios-

genin was dependent on dose and restoration of the anti-

oxidant pathway through which it prevent the VSMC

phenotype changes. Furthermore, this beneficial effect was

supported by its preventive ability on nitric oxide produc-

tion and macromolecular protection potential and its effects

on liver makers showing its non-toxicity. Our results reveal

novel pathways by which diosgenin deregulate renal fail-

ure-induced calcification. Thus, diosgenin will be used as a

good therapeutic molecule for vascular calcification.
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