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Abstract. Aged heart is well-defined via functional and structural dysfunction. 

Presence of excessive D-gal activates glycation pathway, where D-gal converts 

via non-enzymatic reaction with free amino groups to form advanced glycation 

end-products (AGEs). Further, AGEs and Receptor of AGEs (RAGE) interaction 

trigger oxidative stress and inflammation through regulating Nrf-2 and NF-κB 

pathway respectively. Current study aimed to evaluate the protective effect of the 

novel phytocomplex in D-gal-induced cardiac aging. Eight-week-old male albino 

Wistar rats have received D-gal (500 mg/kg body weight) subcutaneous injection 

for eight weeks. Afterwards, rats were treated intragastrically with three different 

doses of phytocomplex (high - 200 mg/kg body weight, medium - 100 mg/kg 

body weight, low - 50 mg/kg body weight) and rapamycin (1 mg/kg body weight) 

as a standard drug for four weeks. Tissue damage and Nrf2, NF-κB expressions 

were observed through histopathological and immunohistochemical analysis 

respectively. Cardiac tissue lysates were analyzed for glycation, oxidative stress, 

and detoxification markers. Phytocomplex treated groups have shown 

antiglycation properties through maintaining free amino and thiol group, 

suppressing β-amyloid aggregation and AGEs levels. Additionally, increased 

glutathione levels and catalase activity, reduced nitric oxide, malondialdehyde 

levels, advanced oxidation protein products formation, and aldose reductase 

activity in the phytocomplex treated groups collectively confirm its antioxidant 

activity. In histopathological study, phytocomplex treated groups have mitigated 

the D-gal-induced cardiac structural deterioration. Medium dose (100 mg/kg 

body weight) of phytocomplex has shown better antiglycation and antioxidant 

activity compared to other two doses. 
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1 Introduction 

Cardiovascular diseases (CVDs) prevalence is closely associated with the age. 

According the American Heart Association, the occurrence of CVDs in American 

people is approximately 40% in the age group of 40–59 years, 75% for the age group 

of 60–79 years, and 86% for people with the age of ≥80 irrespective of gender. Hence, 

aging is certainly one of the major factors for CVDs [1]. Significant functional and 

structural changes happen in microcirculation, vessels and in hearts due to aging [2]. 

Specifically, people without CVDs also experience lessening in cardiomyogenesis and 

increment in fibrosis due to aging [3]. 

D-galactose (D-gal)-induced model is the commonly accepted and well-established 

model for the investigation of animal senescence, which also causes cardiac aging-

related complications [4]. D-gal is a monosaccharide commonly found in both dairy 

and non-dairy products. At low concentrations D-gal is metabolized into glucose but, 

at the higher concentrations, excess D-gal converts to hydroperoxides and aldoses by 

galactose oxidase, generates oxygen-derived free radicals like superoxide anion (O₂•⁻), 

hydroxyl radical (•OH), and hydrogen peroxide (H₂O₂) [5]. It also changes the protein 

and peptide structure by reacting with their free amine groups to form unstable and 

reversible Schiff base. Followed by, Schiff bases are rearranged to form stable Amadori 

compounds, and intermediate compounds like alpha-dicarbonyls (glyoxal, 

methylglyoxal) and eventually AGEs via oxidation and cross-linking. Protein carbonyl 

compounds and AGEs increase the production of reactive oxygen species (ROS) by 

reacting with membrane bound proteins like NADPH oxidase and the receptor of AGEs 

(RAGE), resulting in aging [6, 7]. AGEs-RAGE interaction, subsequently leading to 

the activation and overexpression of nuclear factor kappa-light-chain-enhancer of 

activated B (NF-κB), subsequently decreasing the expression of nuclear factor erythroid 

2-related factor 2 (Nrf2) [8].  

Induction of D-gal can lead to aging as both acute (short-term and high dose of D-

gal) and chronic (long-term and low dose of D-gal) induction though the senescence of 

heart, kidney liver, brain, and skin [9]. Chronic uptake of D-gal causes structural and 

functional alterations in the cardiac muscles similarly as natural aging [10]. For that 

significant changes happen in myocardial cells, disrupting both structural and 

functional integrity, eventually impacting cardiac function [11]. The important features 

of the aged heart are hypertrophy, fibrosis, and cell death [12]. Still there is no potential 

compound to improve the cardiac structure and function of heart in the aged individual. 

Therefore, discovering novel therapeutic approaches with the potential to prevent or 

treat aging-related heart disorders requires an understanding of the underlying 

mechanisms. In this study, a phytocomplex consisting of bioactive phytocompounds 

such as rutin (flavonoid), β-sitosterol (phytosterol), and ferulic acid (phenolics) are used 

for their protective action against D-gal-induced toxicity in cardiac tissue. Previous 

study [13] from our group has showed rutin, β-sitosterol and ferulic acid have the better 

anti-glycation, anti-inflammation, and anti-amyloid fibrillation properties among other 

phytochemicals. Also, antioxidant, anti-inflammatory, and antiglycation activity of 

rutin [14, 15]; β-sitosterol [166, 17]; and ferulic acid [18] are well reported. Which, 

intrigues to discover the synergistic effects of these compounds are yet to be explored. 
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Phytocomplex made of these compounds might have synergistic mechanisms of 

action that aid in reducing oxidative damage and inflicting injury to cardiac tissues. The 

present study aims to explore the effect of phytocomplex on D-gal-induced rat hearts 

by studying the NF-κB-Nrf-2 pathway. Histological study was conducted to understand 

the myocardial damage. Furthermore, the antioxidant and detoxification enzyme 

activities in cardiac tissue lysates were studied. Protein expression of the NF-κB-Nrf2 

pathway were studied by immunohistochemistry (IHC). Current study proposes that 

phytocomplex delays cardiac aging through regulating NF-κB-Nrf-2 pathway. 

2 Methodology 

2.1 Materials 

Chemical reagents were procured from and HiMedia, Sigma and Sisco Research 

Laboratories (SRL). Antibodies against NF-κB (510500) and Nrf2 (PA5-27882), were 

purchased from Thermofisher scientific (US). 

2.2 Animal details 

Male albino Wistar rats 7-8 weeks old, weighing 180–200 g, were used in the study. 

The rats were procured from LACSMI BIOFARMS Private Limited, Pune via 

obtaining the approval of Institutional Animal Ethics Committee (registration number 

SSBS/IAEC/08-2023). All rats (n=36) were acclimatized for one week prior to the 

experimentation at normal atmospheric temperature (23 ± 2°C) and 50–60% of relative 

humidity. The 12 h light and dark cycle were maintained with standard diet and water 

ad libitum. Further, for the treatment purpose rats were equally (n=6) divided into 

respective groups. 

2.3 D-gal induced Cardiac aging 

For eight weeks, aging was induced in rats by subcutaneous injection of D-gal (500 

mg/kg body weight) except the control group, which received 0.9% saline. After this 

period, treatment with rapamycin (1 mg/kg) [19] and phytocomplex was administered 

at three different doses: 50 mg/kg (low), 100 mg/kg (medium), and 200 mg/kg (high). 

A pilot study was conducted to decide the optimal dose and treatment time prior to the 

main experiment. The treatment lasted for four weeks. Meanwhile, the control and D-

gal groups received 1% carboxymethylcellulose (CMC) as a vehicle control. Further 

details of the experimental design are provided in the following Table. 
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Table 1. Treatment of phytocomplex to D-gal-induced rats 

Groups (n = 6) Treatment (intragastrically)

Control (untreated) 1% CMC for four weeks 

D-gal (500 mg/kg) 1 % CMC for 4 weeks  

D-gal + Rapamycin (standard inhibitor) (1 mg/kg) rapamycin for 4 weeks 

D-gal + Low Dose (50 mg/kg) low dose for 4 weeks  

D-gal + Medium Dose (100 mg/kg)  medium dose for 4 weeks  

D-gal + High Dose (200 mg/kg)  high dose for 4 weeks 

(Abbreviation: D-gal - D-galactose; CMC – Carbo ymethylcellulose) x

2.4 Rat dissection and lysate preparations 

After 4 weeks of treatment, the rats were anesthetized using a combination of 

ketamine and xylazine (ketamine - 0.08 mg/gm mouse and xylazine – 0.012 mg/gm 

mouse) in phosphate buffer saline [2020], followed by perfusion in with 0.8% saline 

and heart was removed for further analysis. Cardiac tissue lysates were prepared by 

radioimmunoprecipitation assay (RIPA) buffer and one-half portion of tissue was fixed 

with formalin for IHC and histology study. 

2.5 Effect of phytocomplex on cardiac tissue glycation markers 

Firstly, 200 mg of cardiac tissues were taken and homogenized in 2 mL of RIPA 

buffer using homogenizer (REMI motor, USA). Then, tissue lysates were centrifuged 

at 12000 rpm for 20 min at 4 ◦C. Then the supernatant was transferred aseptically and 

stored at -20 ◦C for respective analysis. The protein content was estimated 

spectrophotometrically through Bradford method [21]. To elucidate the effect of 

phytocomplex on D-gal-induced rat cardiac tissue, glycation markers such as 

fructosamine [22], free thiol groups [233], free amino groups [24], and β-amyloid 

content [25] of the tissue lysates were determined. The fluorescence AGEs level of the 

tissue lysates was measured at different wavelengths using BioTek Synergy H1 

spectrofluorometer. 

2.5.1 Fructosamine content 

The fructosamine content of the tissue lysates were estimated using nitroblue 

tetrazolium (NBT) dye (0.7 mM in 100 mM Na2CO3) [22].  NBT dye (800 µL) was 

added with 40 µL of lysate and kept in incubation for 30 min at 37°C. Absorbance was 

recorded at 530 nm using Multiskan Skyhigh spectrophotometer. 2 to 10 mM of 

dimethylformamide was used as a standard for calculating the value of fructosamine 

content and the value was calculated as nM of fructosamine/μg of protein.  

2.5.2 Free thiol groups 

Free thiol groups were estimated by the reported method of Ellman [23]. In brief, 250 

μL of lysate was added with 750 μL of 5,5’-Dithio-bis(2-nitrobenzoic acid) (0.5 mM, 

made in 0.1 M phosphate buffer, pH 7.3). The solution was kept in incubation at room 
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temperature for 15 min. After the incubation absorbance was measured at 410 nm. The 

free thiol content was calculated using a molar extinction coefficient of 5,5’-Dithio-

bis(2-nitrobenzoic acid), 73.53 mM-1/cm, and results were calculated as nM of thiol/mg 

protein. 

2.5.3 Free amino groups 

The level of free amino groups was determined using benzoquinone assay. To initiate 

the reaction, 100 µL of tissue lysates and similar amount of PBS were added with 40 

µL benzoquinone (0.1 M, prepared in DMSO). The reaction was kept for incubation at 

37°C, after 30 min the absorbance was recorded at 480 nm. Standard data was obtained 

using 0–100 mM/mL of alanine. Results were calculated as nM of the free amino 

group/µg protein [24]. 

2.5.4 β-amyloid content 

β amyloid aggregates study was performed through thioflavinT, a fluorescent dye. To 

perform the assay, 100 µL of tissue lysate was added with 900 µL of thioflavin T 

reagent (10 µM, prepared using 50 mM glycine‐sodium hydroxide buffer), followed by 

60 min incubation at normal room temperature. Fluorescence (λex - 435 nm, λem - 485 

nm) was measured after the incubation, having a slit width of 10 nm using BioTek 

Synergy H1 spectrofluorometer. The fluorescence value was calculated in (arbitrary 

unit)/µg protein [25]. 

2.5.5 Quantification of Fluorescent AGEs 

For the estimation of fluorescent AGEs content, the tissue lysates (100 μL) were 

incubated overnight at 4 ◦C with methanol (100 μL) and chloroform (200 μL). The 

mixture was centrifuged at 4 ◦C with 10,000 rpm for 30 min [26]. The fluorescence 

activity of the supernatant was measured at different wavelengths using plate reader 

(BioTek Synergy H1, Vermont, USA): Pentosidine (λex - 335 nm, λem - 385 nm), 

Crossline (λex - 379 nm, λem - 463 nm), Argpyrimidine (λex - 335 nm, λem - 400 nm) and 

Tryptophan (λex - 280 nm, λem - 320 nm). The levels of different AGEs were calculated 

as arbitrary units (A.U.)/mg protein [27, 288]. 

2.6 Oxidative stress markers 

Oxidative stress markers in the cardiac tissue lysate were evaluated via quantifying 

carbonyl content, Malondialdehyde (MDA) level and Advanced oxidation protein 

products (AOPP) levels. Carbonyl content [29], AOPP levels [30] were determined 

using established spectrophotometric methods and MDA (λex - 520 nm, λem - 560 nm) 

using spectrofluorometric method. 

2.6.1 Carbonyl content 

The dinitrophenylhydrazine method was used to quantify the protein carbonyl 

content of the cardiac tissue lysates [29]. In short, 250 µL of 10 nM DNPH (made in 

2.5 M HCl) were added to a 250 µL of the sample, and the mixture was allowed to 

incubate at room temperature for 60 min. 200 µL of 20% trichloroacetic acid was then 

added with the mixture and centrifuged for 10 min at 1000 rpm. The pellet was 

dissolved in 250 µL of ethanol and ethyl acetate (equally mixed). The pellet was then 

solubilized in 1000 µL of 6 M urea and centrifuged again for 10 minutes at 7000 rpm. 
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At the end 100 µL supernatant was collected in a fresh Eppendorf tube, 0.9 mL of Mili 

Q water was added, and the absorbance value was recorded at 365 nm and 280 nm. 

Protein carbonyl content (nM/µg protein) was calculated through using a molar 

extinction coefficient of 22 mM-1 cm-1. 

2.6.2 AOPP levels 

The AOPP levels in the tissue lysates were quantified using the established method 

[30]. According the protocol, 200 μL of lysates was mixed with 5 μL of MgCl2 (2 M) 

and 20 μL of 4% phosphotungstic acid which is prepared in sodium hydroxide (0.19 

M), followed by centrifugation at 1000 rpm for 20 min. After the centrifugation, 

supernatant was separated and the absorbance was recorded at 340 nm. Simultaneously, 

different concentrations of chloramine T ranging from 0 to 100 μM was run as a 

standard. Followed by, results were calculated in chloramine T‐equivalent/μg protein. 

2.7 Detoxification markers 

Detoxification markers in the cardiac tissue lysate were evaluated via quantifying 

enzyme activity of glyoxalase I (GLO I) activity [31] and aldose reductase (AR) [32] 

activity using spectrophotometric method. 

2.7.1 GLO I activity 

The GLO I activity of the tissue lysates were evaluated using the technique described 

by Arai et al. [31]. For the reaction, 0.28 mL of distilled water, 0.5 mL of sodium 

phosphate buffer (100 mM, pH 6.6), 0.1 mL each of 20 mM methylglyoxal solution 

and 20 mM glutathione (GSH) were added together and kept in incubation for 10 min 

at 37 ◦C. Absorbance was recorded immediately after the addition 20 μL of tissue lysate, 

continuously for 5 min at 240 nm. Following that, the enzyme activity was calculated 

using the molar absorption coefficient of hemithioacetal (ΔE240= 2.86 mM−1, cm−1, pH 

6.6) and the value was expressed as Unit/mg protein. 

2.7.2 Aldose reductase (AR) activity 

AR activity was measured spectrophotometrically using the modified method of 

Jung et al. [32]. To initiate, a 1 mL reaction mixture were prepared by the subsequent 

addition of 480 µL of 50 mM potassium phosphate buffer (pH 6.2), 100 µL of 0.2 M 

lithium sulfate, 200 µL of 10 mM DL-glyceraldehyde and equal volume of 66 mM 

NADPH, 20 μL of tissue lysate. Then the absorbance was recorded at 340 nm for 1 min 

and the enzyme activity was calculated and expression in U/mg protein. 

2.8 Antioxidant activity 

The effect of the phytocomplex on the antioxidant capacity of cardiac tissue lysates 

was assessed by estimating GSH level [23], NO level [33], SOD [34] and catalase [35] 

activity. 

2.8.1 GSH levels 

Cardiac tissue lysate (250 μL) was mixed with 500 µL of EDTA buffer (1 mM EDTA 

with 5% trichloroacetic acid) and the mixture was centrifuged at 3000 rpm for 10 min. 

Then, 100 μL of the supernatant was mixed with 0.01% of 5, 5′‐dithiobis‐2‐nitrobenzoic 

acid, then the mixture was incubated at room temperature for 10 min. Followed by, the 
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absorbance was recorded at 412 nm, and GSH levels were calculated as mM GSH/mg 

protein. 

2.8.2 NO levels 

The NO levels were estimated using Griess reagent [33]. It was composed of 25% 

orthophosphoric acid (v/v), 0.1% naphthalene diamine dihydrochloride, and 1% 

sulphanilamide. After adding 100 μL of tissue lysates, equal volume of Griess reagent 

was added.  Then, the mixture was incubated at room temperature for ten minutes. After 

determining the absorbance at 540 nm, NO levels were measured in nM/mg protein. 

2.8.3 SOD activity 

SOD activity was performed using established methodology of Kono [34].  962 μL of 

50 mM of sodium carbonate, 75 μL nitroblue tetrazolium (1.6 mM), 50 μL 

hydroxylamine hydrochloride (0.1 M), and 15 μL Triton X (10%) were combined to 

create a reaction mixture for SOD activity. Additionally, 20 μL of tissue lysate was 

added, and the spectrophotometer was used to measure the absorbance at 560 nm for 

five minutes at intervals of one minute. SOD activity was measured at the enzyme 

catalysis level and reported as Katal units/mg of protein. 

2.8.4 Catalase activity 

A mixture containing 100 μL of cardiac tissue lysate and 100 μL of H2O2 (50 mM) was 

prepared to estimate the catalase activity. The absorbance was recorded at 0th and 1st 

min at 240 nm. Catalase activity was expressed as unit/µg protein via calculating the 

reduction in the absorbance in 60 sec [35]. 

2.9 IHC analysis of cardiac tissue 

The ethanol-xylene-induced dehydration and deparaffinization were applied to 

paraffin-embedded sections. Antigen was recovered through citrate buffer and 

hydrogen peroxide (3%) was used to reduce endogenous peroxidase activity. Goat 

serum was used for the blocking purpose, followed by the tissue sections were 

incubated with primary antibodies of NF-κB (1:500) and Nrf2 (1:500). Sections were 

then incubated for ten minutes with PolyExcel target binder and then for ten minutes 

with PolyExcel PolyHRP. After that, sections were treated with diaminobenzidine in a 

controlled environment for seven minutes. Following the counterstaining procedure, 

the sections were dehydrated and then treated with xylene and ethanol before being 

attached to glass slides. The slides were then examined at a magnification of 400X using 

compound microscope (Leica DM 2500 microscope, Leica Microsystems, Wetzlar, 

Germany) [36]. 

2.10 Statistical analysis 

GraphPad Prism (version 8.0.1) was used for statistical analysis, via one-way 

analysis of variance (ANOVA) with post-hoc Tukey’s test. Two types of comparisons 

were performed: Firstly, all the groups were compared with control #(p < 0.05), ##(p < 

0.01), ###(p < 0.001), and ####(p < 0.0001); followed by the comparison with D-gal 

treated group *(p < 0.05), **(p < 0.01), ***(p < 0.001), ****(p < 0.0001). Data are 

represented as the mean ± SD. 
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3 Results 
3.1 Phytocomplex alleviated glycation markers and AGEs content in D-

gal-induced cardiac tissue 

The antiglycation potential of phytocomplex in cardiac tissues were evaluated 

through measuring the level of different glycation parameters such as fructosamine, 

free amino, free thiol groups and level of fluorescent AGEs. The results showed that 

fructosamine content was higher in the D-gal-treated group (Fig. 1A). Additionally, 

fructosamine level was slightly lower in the rapamycin and phytocomplex-treated 

group than in the D-gal-treated group. As seen in Fig. 1B, the D-gal-treated group had 

a considerably lower free amino group levels than the control group.  

High dose of the phytocomplex has showed significant protection to the free amino 

group (p < 0.01).  Minute decrease in the thiol content was found in the D-gal treated 

group compared to control (Fig. 1C). Thiol content was found to be reduced in the 

phytocomplex treated group. Comparing to the control group, substantial increase in β-

amyloid level was found in the D-gal treated group (Fig. 1D). Phytocomplex treated 

groups have shown a significant dose dependent reduction in β-amyloid level (p < 0.01). 

Additionally, the fluorescent AGEs such as pentosidine, crossline and argpyrimidine 

levels were reduced with the treatment of phytocomplex, specially with the medium 

and low dose compared to D-gal treated groups (Fig. 1E-G). Holistically, the results 

confirm the antiglycation potential of the phytocomplex, especially the medium dose. 

 

 

 

 

 

 

 

 

 

 

Fig. 1. Phytocomplex treatment alleviates glycation markers and AGEs content in 

cardiac tissue lysates of D-gal-induced rats A) Fructosamine content, B) Free amino 

groups, C) Free thiol group, D) β-amyloid content, E) Pentosidine, F) Crossline G) 

Argpyrimidine, H) Tryptophan. All the values are expressed as mean ± SD (n = 6). 

Statistical analysis - comparison with control group#(p < 0.05), ##(p < 0.01), ###(p < 

0.001), and ####(p < 0.0001).; comparison with D-galactose group*(p < 0.05), **(p < 

0.01), ***(p < 0.001), ****(p < 0.0001). 
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3.2 Phytocomplex alleviated the myocardial oxidative stress via 

preserving antioxidant and detoxification status in D-gal-treated rat 

The effect of phytocomplex in maintaining the oxidative balance were evaluated via 

measuring the levels of oxidative stress markers and the detoxification and antioxidant 

enzyme. The elevated oxidative stress decreases the antioxidant defense mechanism in 

cardiac tissues. As observed in Fig. 2A-2C, elevated protein oxidation product carbonyl 

content, MDA, and AOPP were maintained in the phytocomplex treated group 

compared with D-gal treated groups. MDA levels were significantly reduced in the low 

and medium dose of phytocomplex-treated groups (p < 0.0001). In AOPP dose 

dependent reduction was found in the phytocomplex treated group. Further 

phytocomplex treatment showed significant increment in the catalase and SOD 

activities. Similarly, in case of detoxification enzyme GLO I, D-gal-treated group has 

showed significant reduction in GLO I activity (Fig. 2D). Further, the treatment of 

rapamycin and phytocomplex has significantly restored the function of GLO I enzyme 

in cardiac tissue lysate, medium dose (100 mg/kg) being the highest. As depicted in 

Fig. 2E, the AR activity was significantly increased in the D-gal-treated group 

compared to the control (p < 0.0001). Along with that, the phytocomplex treatment (p 

< 0.0001) has showed a remarkable reduction in AR activity. Among the three different 

phytocomplex doses, medium dose (100 mg/kg) has showed best activity in every 

aspect in maintaining the oxidative stress in cardiac tissue than low (50 mg/kg) and high 

dose (200 mg/kg). GSH content was reduced in D-gal-treated group compared to 

control. The administration of phytocomplex has showed dose dependent improvement 

in GSH content. As antioxidant defense system both SOD and catalase work in 

combination to balance the redox potential. As shown in Fig. 2H and 2I, in D-gal 

treated group, SOD and catalase activity were found to be less compared to control. 

Collectively, these results established the detoxification and antioxidant properties of 

the phytocomplex which in turn protecting the cardiac tissue from oxidative stress 

mediated disorders. 
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Fig. 2. Phytocomplex treatment maintained the oxidative stress in cardiac tissue 

lysates of D-gal-induced rats A) Carbonyl content, B) MDA, C) AOPP, D) catalase 

activity, E) SOD activity, F) GSH content G) NO levels, H) AR activity I) GLO I 

activity. All the values are expressed as mean ± SD (n = 6). Statistical analysis - 

ccomparison with control group#(p < 0.05), ##(p < 0.01), ###(p < 0.001), and 

####(p < 0.0001).; comparison with D-galactose group*(p < 0.05), **(p < 0.01), 

***(p < 0.001), ****(p < 0.0001). 
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3.3 Phytocomplex attenuated D-gal-induced cardiac aging though 

regulating NF-κB/Nrf2 expression 

D-gal-induced myocardial injury is a well-established model for studying heart 

aging. H & E and silver impregnation staining was conducted to detect structural 

alteration in myocardial tissue. In silver impregnation, collagen deposition was 

assessed, which was found to be dense in the D-gal group and eventually reduced in the 

phytocomplex-treatment groups. Results have showed distorted fiber arrangement in 

D-gal-treated groups, which was restored by further treatment of phytocomplex (Fig. 

3A, 3B). IHC results showed that in the D-gal treated group, expression of NF-κB 

protein is diffuse and strong.  Whereas phytocomplex treated groups displayed a weak 

NF-κB expressions (Fig. 3C). The Nrf2 protein expression in the D-gal treated group 

was moderate in comparison with control. As observed in Fig. 3D, the phytocomplex 

have showed increase on the Nrf2 expression in the myocardial tissue. The scoring of 

NF-κB and Nrf-2 have confirmed the same (Fig. 3E, 3F). 

 

 

 

 

 

 

 

 

Fig. 3. Phytocomplex attenuated D-gal-induced cardiac aging by regulating NF-

κB/Nrf2 expression A) Representation of histological alteration though H and E staining 

(400X), B) Representation of histological alteration though silver impregnation staining 

(400X), C) IHC of NF-κB, D) IHC of Nrf2, E) Mean Nf-κB score, F) Mean Nrf-2 score. 

All the values are expressed as mean ± SD (n = 6). Statistical analysis - ccomparison with 

control group#(p < 0.05), ##(p < 0.01), ###(p < 0.001), and ####(p < 0.0001).; 

comparison with D-galactose group*(p < 0.05), **(p < 0.01), ***(p < 0.001), ****(p < 

0.0001). 

4 Discussion 
Aging is one of the major risk factors for cardiac hypertrophy, which is recognized 

through cardiomyocytes disarray via histopathological study [37]. In current scenario, 

complementary and alternative medicine systems have gained a lot of interest as a 

potential therapeutic strategy for aging related complications. Hence, current study tries 
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to provide remarkable insights of novel phytocomplex as a therapeutic solution for 

cardiac aging. 

Current study indicates that administration of the phytocomplex to D-gal treated rats 

have decreased the structural and functional modification of protein and fluorescent 

AGEs level in cardiac tissue. Similarly, phytocomplex treated groups have maintained 

oxidative stress level through regulating antioxidant-detoxification pathways. 

Phytocomplex also helps in lessening cellular damage via reducing AR activity, which 

converts the D-gal to galactitol which leads to the osmotic stress and cellular damage 

[38]. Similarly, the activity GLO I enzyme which helps in the degradation of 

methylglyoxal, a precursor molecule for AGEs formation [39] was also restored by 

phytocomplex treatment. In addition, histological alterations in the aged hearts 

including distorted cardiac fibers, and enhanced intracellular distance, which was 

further restructured or maintained through the treatment of phytocomplex. Major 

pathways concerned with the inflammation and oxidative stress are NF-κB, and Nrf-2, 

which are maintained by redox-regulated proteins [40]. Further in IHC, different doses 

of phytocomplex reduces oxidative stress and enhances antioxidant-detoxification 

activity via regulating the molecular interplay between NF-κB and Nrf-2. Overall, this 

study unveils the mechanistic role of the phytocomplex for the treatment of cardiac 

aging. Study from our group has showed the glycation mediated dysregulation of Nrf-

2, enhances oxidative stress in diabetic cardiomyopathy [41]. Another recent article has 

showed, activation of Nrf-2 leads to the overexpression of detoxification enzyme Glo1 

[42]. 

Previous study has shown that Klotho gene delays cardiac tissue senescence through 

the ROS-NF-κB and NLRP3 pathway in D-gal-induced cardiomyocytes by treating 

with N-acetyl-L-cysteine [11]. Similarly, olive oil treatment showed protection against 

D-gal-induced cardiac aging though increasing antioxidant effects, and upregulating 

the expression of different genes like SIRT1, TFAM, PGC-1α, Bax and Bcl2 [10]. 

Overall, current findings give a scientific foundation to explore more on the effect of 

phytocomplex in glycation and oxidative stress mediated disorders. 

5 Conclusions 
The current study explains underlying mechanism of the phytocomplex in reducing 

glycation-mediated cardiac aging in D-gal treated rats. Myocardial damage was 

prevented by the phytocomplex therapy. The medium dose (100 mg/kg) of the 

phytocomplex was found to have more efficacious antioxidant and antiglycation 

properties than the rest. Through activation of Nrf2 and subsequent downregulation of 

NF-κB expression, phytocomplex therapy revealed its’ efficacy at the molecular level. 

The current study clarifies the unique molecular characteristics of the phytocomplex in 

delaying cardiac aging. Further research on gene and protein expression is required to 

prove this phytocomplex as a therapeutic intervention. 
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