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ABSTRACT 

Metformin is intended to function as an agonist of SIRT1, a nicotinamide adenine dinucleotide (NAD +)-dependent deacetylase that 
mediates a number of beneficial metabolic responses. We investigated the effect of metformin in DAHP (GTPCH1 inhibitor) treated 
EAhy926 endothelial cells on cellular senescence. Cellular senescence was evaluated through senescence associated parameters viz., 
namely Beta galactosidase assay, p21 and p53 mRNA expression, nicotinamide (NAD+ content), asymmetric dimethylarginine content 
(ADMA) content, protein arginine methylation (PRMT1) and Sirt 1 protein expression. We also performed an in silico investigation of 
the possible interactions between metformin and SIRT1 that focuses on molecular docking which revealed that metformin binds with 
Sirt1 and that the binding affinity of metformin with Sirt1 is prominent through docking score. Oxidative stress (OS) indices such as 
intracellular biopterin concentrations (tetrahydrobiopterin-BH4 and dihydrobiopterin-BH2) were also determined. Metformin 
treatment exhibited distinct anti senescence effect in endothelial cells by downregulating the senescence markers such as beta 
galactosidase activity, p21 and p53 gene expression and PRMT1 protein expression while upregulating NAD+ content and Sirt1 
content compared to the respective controls. We postulate that metformin restores early onset of cellular senescence potentially 
through oxidative stress mediated cellular events in endothelial cells, one of a kind report.  
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INTRODUCTION 

CH1 is the enzyme that slows down in the 
production of tetrahydrobiopterin (BH4), an 
important co-factor for nitric oxide synthase (NOS). 

Neuronal NOS (nNOS), inducible NOS (iNOS), and 
endothelial NOS (eNOS) are the three isoforms of nitric 
oxide synthase. NOS proteins form homodimers when BH4 
levels are sufficient, which then oxidise the substrate L-
arginine to produce nitric oxide (NO), a process known as 
NOS coupling1. eNOS uncoupling and consequent NO 
shortage are caused by abnormal degradation of GTPCH1 
and successive BH4 insufficiency under oxidative stress 
state. Since DAHP affects the amounts of biopterins, it 
promotes eNOS uncoupling and oxidative stress (OS) 
hence it’s been widely used to figure out the functions of 
BH4 and DAHP mediated-GTPCH1 inhibition in pathological 
situations2. In particular, in the cardiovascular and 
cerebrovascular systems, DAHP-mediated GTPCH1 
inhibition has had opposite outcomes. Recent studies on 
DAHP have reported, i) reactive oxygen species formation3 
apoptosis inhibition, and reduction in brain injury, 
indicating that DAHP has neuroprotective properties 

against focal cerebral ischemia ii) DAHP also influences 
endothelial cell death by up regulating reactive oxygen 
species generation; and iii) in biopterin bioavailability is 
altered under hyperglycaemic state4. 

PRMTs are classified into three categories based on their 
catalytic activity: type I (PRMT1 to 8) produces asymmetric 
dimethylarginine (ADMA) and N-monomethylarginine 
(NMMA); type II (PRMT5 and 9) produces symmetric 
dimethylarginine (SDMA) and NMMA; and type III 
produces monomethylarginine (MMA) (MMA). PRMTs 
catalyse the transfer of the methyl group from SAM to 
methylarginine and s-adenosylhomocysteine (SAH), which 
is then converted to homocysteine (HCY) in the 
remethylation pathway. PRMTs have also been found to 
methylate or impact important cell cycle and DNA damage 
repair regulatory proteins such Cyclin D1, p53, and p21. 
This shows that arginine methylation regulates the cell 
cycle and that SAM-dependent MTs are involved in the 
process5. As a result, arginine methylation can be targeted 
for novel medication development in diseases linked with 
aberrant methylation patterns, as well as aging-related 
disorders, by better understanding the molecular players 
and their associated mechanisms6. 

Aging is a major factor contributing to a living organism's 
functional deterioration through time. The markers of 
ageing, such as cellular senescence and stem cell 
exhaustion, have recently been received much more 
attention directing ageing research and intervention 
techniques. PRMT1 and NAD+ are important predictors of 
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cellular-senescence rate among the various variables 
linked to pathological senescence. Cell cycle regulation, 
cellular senescence, apoptotic signalling, and tissue 
healing have all been connected to PRMT17. Metformin, a 
modest medication capable of suppressing the 
development of comorbidity due to ageing, has the ability 
to change the way we conceive about medicine in 
contemporary era. Metformin's ability to extend longevity 
has been established in animal models such as worms, 
mice, and rats. Metformin is thought to target a number of 
cellular signalling pathways involved in the progression of 
ageing, including inflammation, cellular survival, stress 
defence, autophagy, and protein synthesis8. Metformin's 
capacity to imitate the effects of dietary restriction by 
boosting adenosine monophosphate activated protein 
kinase (AMPK), the primary energy sensor in cells to lower 
energy consuming processes is one well accepted 
mechanism of metformin's lifetime extension. However, 
there is paucity of information on how metformin can slow 
down human cellular ageing and what processes underpin 
its potential effects in humans9. 

Despite the research findings have shown that DAHP is 
linked to OS and cellular senescence, the role of DAHP in 
alterations in NAD+ and PRMT1 is not clearly understood. 
In this study, we tested the effect of DAHP on cellular NAD+ 
depletion and arginine methylation in endothelial cells in 
the presence or absence of metformin with an aim to 
better understand metformin’s antagonistic effect. We 
have also investigated metformin's potential to improve 
NAD+-dependent SIRT1 activity using insilico docking as 
well as laboratory-based experimental validation. Our 
findings provide a first-of-its-kind structural foundation for 
understanding metformin's activity as a PRMT1 regulating 
compound10. 

MATERIALS AND METHODS 

Endothelial cell culture treatment 

Human endothelial line EAhy926 was a kind gift from Dr. 
Suvro Chatterjee, AU-KBC Life sciences, Anna University, 
India. The cells were supplemented in DMEM consisting of 
10% FBS (v/v). They were then treated for 24 hours with 
test compounds of 10mM DAHP and 0.01mM metformin 
(Pubchem ID: 4091). Each T25 flask was seeded with 1×106 
cells per ml of medium at 37 °C in a humidified CO2 
incubator. 

Β Galactosidase assay 

The cultured endothelial cells were subjected to different 
experimental conditions to assess senescence related beta 
galactosidase activity. Endothelial cells were fixed in either 
4% paraformaldehyde (PFA) and then stained for SA-βgal 
and quantified using flow cytometry. Growing endothelial 
cells were fixed and examined without SAβgal staining as a 
control11. 

ADMA measurement 

Treated cell lysates were deproteinized using 3-kDa 
amicon filters12. Inertsil NH2 column was used as stationary 

phase and mobile phase consisted of 10mM of ammonium 
acetate or methanol at the flow rate of 400µl /min, 40°C 
using PDA detector at 260 nm. A 25µl sample was put into 
the HPLC system with and without spiking, and a known 
concentration of ADMA was used as a reference 
standard13. 

NAD+ measurement 

Deproteinized samples as previously described were 
injected into NH2 column (250 mm × 179 4.6 mm, 5 µm 
Inertsil NH2 column) detected using UV detector at 261 
nm. Linear gradient separation was employed using mobile 
phase of (A) 0.05 M phosphate buffer and (B) 100% (v/v) 
methanol at a flow rate of 1 ml/min. The retention time of 
NAD+ was 10.2 min and the interpretation was performed 
using Lab solution software14. 

BH4 and BH2 measurement 

BH4 and BH2 quantification in the experimental samples 
were carried out using HPLC system using UV detector at 
wavelength of 254 nm. The deproteinized sample 
processed using 3kDa amicon filter was injected into ODS 
column (4.6x15, 5µm, 40°C at flow rate of 1ml.min. 
Isocratic elution program was used with 100% mobile 
phase A consisting of 12% methanol in 30mM KH2PO4 and 
0.6Mm EDTA15. The sample of 20µl was injected and 
processed with and without spiking with known 
concentration of BH4 and BH2 as reference standard. 

p 21 and p 53 gene expression 

The purity of isolated total RNA (TRIZOL reagent) was 
analysed spectrometrically and the RNA was used for cDNA 
synthesis using reverse transcriptase enzyme with Qiagen 
cDNA reverse transcriptase kit.  The reaction mixture 
consisted of 3µl of total RNA, 1µL of oligo Dt18, 9µl of PCR 
grade water, 0.5µl of RNase inhibitor, 4 µl of reverse 
transcriptase buffer, 0.5µl of reverse transcriptase and 2µl 
of deoxynucleotide mix of total 20µl. The resultant cDNA 
was used for RT-PCR analysis using 10µl master mix, 2μl of 
synthesized cDNA and 1μl of each reverse and forward p21 
and p53 primer sequences in a thermal cycler with GAPDH 
as internal control16.  

p21: Forward 5ˊ GACCAGCATGACAGATTTC3ˊ and Reverse 
5ˊ- TGAGACTAAGGCAGAAGATG-3ˊ. 

p53: Forward   5’TGCGTGTGGAGTATTTGGATG 3’ and 
Reverse 5’ TGGTACAGTCAGAGCCAACCTC 3’ 

Sirt1 and PRMT1 protein expression 

To determine the relative changes in the expression of 
Sirt1and PRMT1 in the experimental samples, the 
immunoblot was carried out on 12% SDS gel. The 
separated band were transferred to nitrocellulose 
membrane and the membrane was blocked using blocking 
buffer consisting of 0.1% TBST and 5%BSA. The blocking 
was followed to incubation with primary antibody for 12 
hrs at 4°C.The blotted membrane was then hybridized with 
HRP conjugated secondary antibody for I hr. The resultant 
blot was then developed using ECL kit after three washes 
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with TBS-T. The visualized bands were then quantified 
using Image Lab software17,18. 

Template selection 

The amino acid sequence of human SIRT1 (Q96EB6) was 
obtained from the Uniport database19. The Protein Data 
Bank (PDB) was used to search for templates using the 
Basic Local Alignment Search Tool (BLAST) method. For 
modelling, we employed two key criteria for selecting 
templates: low E-value and high sequence identity20,21. A 
good structure's forecast is based on the % identity of at 
least 30-40%.Because the best picked template 
determines the quality of the models, the identity of the 
template with the query sequence is important. In this 
situation, we chose two templates for human SIRT1 that 
met the criteria for template selection. 

Homology modelling 

All homology modelling data were determined by 
performing the programs of molecular modelling i.e. 
EASYMODELLER, I-TASSER22 and AUTODOCK4.2 on 
Microsoft windows. 

When the sequence information of the protein is only 
available, homology modelling is considered to be an 
important tool in 3D structure of a protein, as we observed 
in the case of human SIRT1 protein sequence. Therefore, 
we have studied the homology modeling by using various 
templates of human SIRT1 utilizing two different modeling 
platforms i.e. I-Tasser and EasyModeller. The I-Tasser 
which is known as Iterative Threading ASSEmbly 
Refinement uses the server called Local Meta-Threading 
Server (LOMETS) which is an online web server that uses 
hierarchical method for the prediction of protein three-
dimensional structure whereas Easymodeller platform 
performs by incorporating the Modeller in the backend to 
generates models.  

Model validation 

Various methods of model validation were used to 
determine the models created using homology modelling. 
Initially, the root mean square deviation was used to 
calculate the distance between the created models and 
the appropriate templates. Using the Yet Another Scientific 
Artificial Reality Application (YASARA) tool 
(http://www.yasara.com/servers), energy reduction of the 
created models was carried out to remove the superfluous 
loops in the models. The energy reduced models were 
validated first utilising online servers, such as the 
RAMPAGE online server (http://raven.bioc.cam.ac.uk/ 
rampage) for ERRAT plot and Ramachandran plot 
validation. PROVE, an online tool, has the capacity to 
identify outlier amino acid residues. The Verify 3D tool was 
used to determine the similarity between the model 
generated and the amino acid sequence for analysing the 
three-dimensional (3D) profile. The QMEAN score was 
then determined using a composite scoring method in 
QMEAN server to determine the quality of the model 
developed. Low root mean square deviation (RMSD) values 

between the template and the models helped us choose 
the best model.  

Molecular docking analysis  

The interaction of biomacromolecular targets and ligands 
is validated using AUTODOCK4.The Lamarckian Genetic 
Algorithm (LGA) is utilised in this automated tool for 
molecular docking studies to validate the binding of 
Metformin with the developed model of human SIRT1. 
AUTODOCK (ADT) Tools1.5.6 was used to prepare the 
macromolecules (protein) and small molecules (ligand) for 
molecular docking23. The protonation of the ligand and 
receptors was then completed. The default Kollman 
charges and solvation parameters were then applied to the 
protein atoms. All of the ligand atoms were given Gasteiger 
charges. Furthermore, the docking area was chosen by 
constructing a grid box and spacing the target protein 
active site by 0.375, and the binding affinity of each ligand 
atom type was computed beforehand using Autogrid. 
Autodock4.2 was then used to simulate docking with 
various docking parameters based on LGA (Lamarckian 
Genetic Algorithm) searches, such as a maximum number 
of energy assessments of 25,000,000, a population size of 
150, and 10 runs. Finally, the rank by energy method was 
used to assess the docking results of ligand and protein 
conformations. For further study, the ligand conformation 
with the lowest free binding energy was chosen as the 
optimal binding conformation. 

RESULTS 

Metformin restores BH4/BH2 levels in endothelial cells 
treated with DAHP 

To assess the restorative property in biopterin levels by 
metformin, we compared intracellular BH4/BH2 
concentrations in cells treated with DAHP with and 
without metformin. Compared to control, cells treated 
with DAHP significantly increased and decreased levels of 
BH2 and BH4 respectively (Fig 1).Interestingly the altered 
levels of BH2 and BH4 in cells treated with DAHP were 
normalised in the presence of metformin. 

BH4 and BH2 measurement 

 

Figure 1: Effect of metformin restored BH4 and BH2 levels 
in DAHP- induced EAhy926 endothelial cells. HPLC analysis 
was performed to determine BH4 and BH2 levels using 
reference standard. Representative chromatogram of BH4 
and BH2 with and without spiking. Endothelial cells were 
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treated with test compounds of 0.1mM metformin, 10Mm 
of DAHP independently and in combination as shown. 

Metformin downregulate β-Gal activity in endothelial 
cells treated with DAHP 

 In DAHP-treated endothelial cells, β-gal activity (a 
senescence marker) was significantly increased by 8-fold 
compared to the control, whereas metformin significantly 
reduced beta galactosidase activity by 4 fold implying its 
anti-senescence activity as shown in Fig 2. 

Beta galactosidase activity 

 

Figure 2: Effect of metformin reduces beta galactosidase 
enzyme activity under DAHP induced EAhy926 endothelial 
cells. Beta galactosidase activity in all the experimental 
conditions were quantitatively determined at 420nm.  

Metformin decreases ADMA levels 

In endothelial cells, DAHP treatment increased the 
intracellular content of ADMA by 88% (p<0.05). 
Interestingly metformin reduced ADMA levels by 36.5 % 
(p<0.05) compared to the levels seen under DAHP 
treatment independently as shown in Fig 3. 

ADMA measurement  

 

Figure 3: Effect of metformin on ADMA levels in DAHP- 
induced EAhy926 endothelial cells. HPLC analysis was 
performed to determine ADMA levels using reference 
standard. Bar graph representing ADMA levels in the 
experimental groups. Endothelial cells were treated with 
test compounds of 0.1mM metformin and 10Mm of DAHP 
independently and in combination as shown. Data are 
mean ± SD for n=3, * Indicates P< 0.05 compared to control 

and ** P<0.05 compared to DAHP. C – control, M –
metformin, DAHP- 2,4-diamino-6-hydroxypyrimidine. 

Metformin reinforce NAD+ levels: 

When compared to the control, DAHP treatment lowered 
intracellular NAD+ content significantly (p<0.05) in 
endothelial cells. Metformin mitigated the DAHP-induced 
inhibitory effect on NAD+ concentration by increasing it 
significantly (p < 0.05) as shown in Fig 4. 

NAD+ measurement 

 

Figure 4: Effect of metformin restored NAD+ levels to the 
physiological level induced by DAHP in EAhy926 cells. 
NAD+ levels in the experimental conditions were 
determined using HPLC analysis using reference standard. 
Endothelial cells were treated with test compounds of 
0.1mM metformin and 10Mm of DAHP independently and 
in combination.Representative HPLC chromatogram of 
NAD+. C – control, M –metformin, DAHP- 2,4-diamino-6-
hydroxypyrimidine 

Metformin downregulate p53 and p21 expression : 

There was an increase in p53 and p21 mRNA expression 
under DAHP treatment compared to the control (89 %, 
p0.05) and (80 %, p<0.05), respectively. When compared 
to DAHP, cells treated with DAHP+ metformin significantly 
reduced levels of p21  and p53 mRNA levels (30 % and 38 
% respectively, p <0.05) as depicted in Fig 5 (A and B). 

RTPCR p21 and p53 

 

Figure 5 A: Effect of metformin reduces p21 mRNA levels 
under DAHP induced EAhy926 endothelial cells. 
Endothelial cells were treated with test compounds of 
0.1Mm metformin, and 10mM of DAHP independently and 
in combination as shown. .Data are mean ± SD for n=3, * 
Indicates P< 0.05 compared to  control and ** P<0.05 

NAD+ 
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compared to DAHP. C – control, M –metformin, DAHP- 2,4-
diamino-6-hydroxypyrimidine 

 

Fig 5B: Effect of metformin downregulates p53 mRNA 
levels under DAHP induced EAhy926 endothelial cells.  
Endothelial cells were treated with test compounds of 
0.1Mm metformin and 10mM of DAHP independently and 
in combination as shown. Data are mean ± SD for n=3, * 
Indicates P< 0.05 compared to control and ** P<0.05 
compared to DAHP. C – control, M –metformin, DAHP- 2,4-
diamino-6-hydroxypyrimidine. 

Sirt1 and PRMT1 protein expression by western blot 

Compared to control cells, cells treated with DAHP 
exhibited a significant decrease in Sirt1 protein levels 
(45%,p≤0.0 5) and significant increase in PRMT1 protein 
levels (52%,p≤0.05) as shown in Fig 7. Interestingly, the 
alterations induced by DAHP were significantly (p≤0.05) 
normalised and restored in cells treated with metformin as 
depicted in Fig 6. 

Western blot 

 

Figure 6: Effect of metformin on Sirt1 protein expression 
under DAHP induced EAhy926 endothelial cells. (A) 
Western blot analysis presents an increasing tendency in 
Sirt 1 expression in the DAHP+MET group, as compared 
with the respective controls. C – control, M –metformin, 
DAHP- 2,4-diamino-6-hydroxypyrimidine 

 

Figure 7: Effect of metformin on PRMT1 protein expression 
under DAHP induced EAhy926 endothelial cells. (A) 

Western blot analysis presents an decreasing tendency in 
PRMT11 expression in the DAHP+MET group, as compared 
with the respective controls. C – control, M –metformin, 
DAHP- 2,4-diamino-6-hydroxypyrimidine. 

Template selection 

The templates for human SIRT1 protein structure 
modelling were identified using the Basic Local Alignment 
Search Tool (BLAST) search technique against the PDB 
(Protein Data Bank). SIRT1 (PDB IDs: 5BTR, 4ZZH) was 
found as a suitable modelling template through a BLAST 
search. The top templates were chosen based on the 
routine selection criteria, which required sequence 
identity to be greater than 40% and query coverage to be 
greater than 70%. Fig 8 depicts the sequence alignment 
between the chosen template (5BTR) and human SIRT1. 
The chosen template has query coverage of greater than 
50% and sequence identity of 90-100 %. 

Homology model generation and validation 

The homology models were created with the help of two 
separate modelling platforms: I-TASSER and Easymodeller 
4.0.  

Following model generation, the resulting models were 
validated using the RMSD value between the template and 
the model, as well as other validation servers. The model 
was validated using the Ramachandran plot24, ERRAT plot, 
QMEAN score, Verify3D, PROVE, and ProSA Z-score 
servers. Model07 (EasyModeller) and model01 (Human 
SIRT1) were chosen as the best human SIRT1 models (I-
TASSER). The validation statistics data of the selected 
human SIRT1 models are shown in Table.1. 

The produced model 07's DOPE score in human SIRT1 was 
-49818.058, and the RMSD value with the template was 
0.851. The majority of residues (96.8%) are found in the 
favourable and authorised regions, with an ERRAT plot-
based quality factor score of 32.707 (Fig 9 B). Model 01 
revealed 75.3 percent favourable residues and 16.2% 
acceptable residues. The model 01's ERRAT score was 
89.959, which is a good value. The model 01's PROVE value 
is 7.2, and the model 07's ProSA Z-score is -3.3. The model 
07 had a QMEAN core of -7.13, whereas the model 01 had 
a score of -7.90. In the 3D/1D profile, 64.52 percent of the 
residues scored 0.2 in the verify 3D validation score for 
model 01 similarly, 56.22 of the residues in model 07 had 
a score of 0.2. These statistical model validations revealed 
that the models created were suitable and viable for 
molecular docking research. 

Molecular docking analysis 

Metformin was docked with the human SIRT1 models that 
were created. The macromolecule (protein) was docked 
with the tiny molecule using the Autodock 4.2 tool. The 
human SIRT1 structure was individual docked with the 
selected ligand Metformin. The docking score depicted 
that confirmations highlighted in yellow formed strong 
hydrogen bonding interaction with the SIRT1 active site 
pocket. Metformin showed strong hydrogen bonding with 
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active site residue SER682, PRO688 with the dock score -
5.34. These docking interactions suggested that these 
selected ligands exhibit effective inhibition effect to down 
regulate the enzymatic activity of methyl transferases 
activity that can be used effectively against myocardial 

related disorders and type2 diabetes treatment and 
plausibly could have clinical benefits. Table 2 shows the 
molecular docking of human SIRT1 predicted model 07 
with Metformin. From docking, the predicted binding 
configuration of Metformin bound to human SIRT1. 

Homology model generation and validation 

Table 1: Represents Ramachandran plot values and generated model of SIRT1 validation score values 

Table 2: Predicted interaction conformation of Metformin with human SIRT11 structure. The hydrogen bond formation 
between the residuesSER682, PRO688 and ligand (yellow lines) and side chain hydrophobic residues 

Protein Ligand Total AUTODOCK 
Score 

Number of 
H-bonds 

Residues involved in H-
bonding with ligand 

Residues involved in hydrophobic 
bonds formation 

SIRT1 Metformin -5.34 2 SER682, PRO688 PHE698, ASP707, PRO271, VAL285, 
GLY385 

 

DISCUSSION 

We observed four senescence-related events, four cellular 
function variables as OS indicators, and a first-in-class 
computational research to detangle metformin's probable 
binding mechanisms to the SIRT1 enzyme while DAHP 
increases cellular senescence it appears that metformin 
offers an antagonistic impact against cellular senescence. In 
our study, metformin inhibited the onset of cellular 
senescence induced by DAHP in endothelial cells, as evident 
from decreased intracellular beta galactosidase activity, 
ADMA depletion, NAD+ accumulation, decreased p21, p53 
gene expression, increased Sirt1 expression, and decreased 
PRMT1 protein expression27. Despite the fact that 
metformin is predicted to interact with SIRT1's catalytic 
domain, the present study shows that it can improve 
SIRT1's catalytic efficiency. Metformin has previously been 
proven to serve as a true SIRT1 agonist to prevent Th17 cell 
development when taken at low millimolar dosages 
incapable of activating the energy-sensing AMPK/mTOR 
pathway, similar to well-known SIRT1 activators such as 
resveratrol and SRT1720. Several cellular processes have 
been found to have an antagonistic effect against cellular 
senescence, including GTPCH1 inhibition, beta 
galactosidase activity, NAD+ depletion, p21, p53 depletion, 
and Sirt1 accumulation28. It appears that metformin has a 
regulatory role in cellular senescence in a pathogenic 
situation based on our observations and conclusions, 
because DAHP promulgates cellular senescence29.  

DAHP enhances OS and affects several senescence-related 
processes and this has been widely reported18. DAHP 
influences OS, mitochondrial redox, and metabolic activity, 
as well as eNOS uncoupling, through altering senescence 
mechanisms via peroxynitrite synthesis, antioxidant 

depletion, ATP generation, PARP, and DNA damage. 
Metformin-induced increased NO bioactivity is also 
consistent with previous studies that demonstrated 
metformin improving endothelial vascular function via 
increasing AMPK-dependent, hsp90-mediated eNOS 
activation30. DAHP decreased vasorelaxation and eNOS 
uncoupling-induced heart damage due to BH4 deficiency. 
Furthermore, DAHP impaired cardiac contractile 
performance by accumulating reactive oxygen species in 
mitochondria, and cardiac ageing was associated to 
diminished mitochondrial function and myocardial 
contraction31. 

Metformin has been shown to improve endothelial function 
and protect the macro- and microvasculature in diabetic 
patients via mechanisms unrelated to its hypoglycemia 
effects32.As a result of these findings in microvascular 
endothelial cells, Sirt1 appears to be a crucial target for 
metformin's endothelium-protective effects33. Sirt1 has 
been reported to work as a deacetylase for a number of 
transcription factors, including p53, and therefore could 
regulate cell differentiation, senescence, and survival in 
response to cellular stress. Oxidative stress-induced 
downregulation of Sirt1 caused eNOS acetylation and 
endothelial dysfunction. Furthermore, as evidenced by 
increased β-galactosidase activity in HUVECs, a decrease in 
SIRT1 expression caused by hyperglycemia/ROS, as well as 
the Sirt1 inhibitor sirtinol, accelerates vascular 
senescence34. When compared to controls, metformin 
treatment attenuated the effects of DAHP-induced 
endothelial dysfunction-mediated cellular senescence, as 
demonstrated by decreased levels of senescent markers 
such as  p21, p53 gene expression, decreased  β-
galactosidase activity, and increased levels of  Sirt 1 protein 
expression35. 

Model RMSD 
(Å) 

Ramachandran plot DOPE 
Score 

ERRAT 
 

ProSA 
Z-

score 

PROVE QMEAN 
score 

Verify 
3D% Number of 

residues in 
favored region 

Number of 
residues in 

allowed region 

1 0.459 576 (75.3%) 121 (16.2%) NA 89.959 NA 7.2 -7.90 64.52 

7 0.851 684 (91.8%) 37 (5.0%) -49818.058 32.707 -3.3 NA -7.13 56.22 
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With substantial docking scores of -5.34, metformin has a 
greater binding affinity for Sirt1's active site. Metformin 
showed great potency in terms of cell cycle arrest and 
PRMT1 transcript decrease, as well as two hydrogen 
bonding interactions with SER682, PRO688 with a high 
docking score. Similarly, docked confirmation of the ligands 
metformin and Sirt1 revealed that the ligands made 
significant bonded and non-bonded interactions with the 
residues of the target enzyme Sirt1, resulting in higher 
docking scores – 5.34.Sirt1, metformin, and SER682, 
PRO688, and hydrophobic interactions with 
PHE698,ASP707,PRO271,VAL285 and GLY385. In terms of 
Sirt1 transcripts, ADMA concentration, and p21, p53 
expression in endothelial cells, metformin had a higher 
docking score than the most active molecule, indicating 
that the antagonistic effect of the most active drug could be 
due to mechanisms other than PRMT1 inhibition36. We 
performed HPLC measurement of intracellular NAD+ and  
ADMA levels to further confirm our findings on senescence. 
The combined treatment increased NAD+ levels by 72 % 
and reduced ADMA by 34 %, while DAHP alone lowered 
NAD+ levels by 46 % and reduced ADMA by 74 %. 

Several studies have found that physiological NAD+ levels 
are important in slowing down the ageing process. For 
instance, NAD+ depletion, which is mostly induced by OS, 
has an impact on the activities of NAD+-dependent 
enzymes including PARP and sirtuins37. Because PARP 
controls oxidative DNA damage repair, cell cycle 
progression, cell survival, and genomic integrity, normal 
PARP activation is a physiological response to NAD+ 
depletion38.However in pathological conditions, PARP over-
activation depletes NAD+ and reduces cell viability. In our 
study, metformin caused significant NAD+ modulation, with 
levels of NAD+ increasing by more than 50%.This could be 
one of the main reasons for the decreased beta 
galactosidase activity in cells treated with 
metformin39.Second, PARP-mediated NAD+ depletion 
depletes the internal ATP pool, allowing autophagy 
molecules to be released and cell death to proceed. Finally, 
sirtuins play a role in ageing, senescence, and apoptosis. For 
proper sirtuin1 (SIRT1) deacetylase activity, physiological 
NAD+ content is essential. Hyper-activated PARP-mediated 
NAD+ depletion affects SIRT1 activity in pathological 
circumstances, resulting in hyper-activation of apoptotic 
effectors such as p21 and p53, causing cells to become over-
sensitized to apoptosis. NAD+ deficiency has an indirect 
effect on cellular GSH, whereas increased reactive oxygen 
species have a direct effect on GSH concentration40. Low 
levels of NAD+ and GSH impeded energy metabolism, anti-
oxidative, and anti-apoptotic properties, according to an in 
vitro experiment41. Our new findings imply that a sufficient 
amount of NAD+ is required to maintain SIRT1 active, which 
aids in the repair of OS-induced cellular damage and 
prevents apoptosis. As a result of our findings, which reveal 
a considerable drop in intracellular NAD+ level in DAHP 
treated cells that is recovered by metformin treatment, it is 
probable that the intracellular OS response mechanisms are 
repaired, potentiating the antisenescence impact42. 

Sirt1 and PRMT1 both reduce GTPCH1 activity because 
GTPCH1 is found in eNOS and caveolin143. DAHP has been 
shown to closely regulate OS via Sirt1 and caveolin1 
protein-protein interactions44. These findings suggest that 
the appropriate intracellular functioning of GTPCH1, Sirt11, 
and PRMT1 are interdependent. In this context,it's worth 
examining if metformin modulates PRMT1 via Sirt1 in the 
DAHP-induced endothelial dysfunction state. In a DAHP-
induced scenario, metformin raised intracellular NAD+ 
protein levels while decreasing PRMT1 protein 
concentrations, as per immunoblot analyses of Sirt1 and 
PRMT145. As previously stated, it is possible that PRMT1 
hypermethylation induces senescence. A recent study that 
found consistent cellular senescence and enhanced DNA 
damage in PRMT1-KD cells, as well as PRMT1 deletion in 
MEF cells, led to spontaneous DNA damage, supports our 
conclusion that metformin could regulate cellular 
senescence46. In the DAHP groups, we detected p53 and 
p21 induction at the RNA level. The gene expression of p53 
and p21, on the other hand, was reduced in a metformin-
treated state47. The expression of p21, p53 targets, and 
cyclin-dependent kinase inhibitor determines cell 
senescence. These findings confirm the importance of p53 
and p21 in triggering senescence genes in endothelial cells 
during DAHP-induced senescence48. Endothelial 
dysfunction is a common complication of diabetes and is 
significantly linked to the risk of cardiovascular disease. 
Metformin treatment was linked to lower levels of sVCAM-
1 in the blood, as well as improved endothelial regulation of 
haemostasis, leucocyte adhesion, and fibrinolysis49. 
Metformin's effects on endothelial function were largely 
unrelated to reductions in hyperglycemia, insulin dosage, or 
BMI, implying that metformin had direct effects on the 
endothelium 50. 

Our research does have certain limitations. Despite the fact 
that pharmacological inhibition of GTPCH1 has clearly 
demonstrated, GTPCH1's role in senescence, future siRNA-
based research will shed light on the effect of GTPCH1 
inhibition or BH4 depletion on cell senescence. There is a 
scarcity of data on physiological reactive oxygen and 
nitrogen species produced by superoxide/peroxynitrite 
inhibitors or reactive oxygen species scavengers. GTPCH1 
inhibition, metformin treatment, altered redox signalling, 
and senescence all intersect, providing an opportunity to 
learn more about this notion. 

CONCLUSION 

While endothelial cells treated with DAHP exhibits several 
stress signals alteration and increased senescence, 
metformin boosts NAD+ content, deteriorates beta 
galactosidase activity, lowers ADMA content, downregulate 
gene expression of p21, p53 and upregulate Sirt1 protein 
level and reduces PRMT1 protein levels with a net result of 
its antisenescent activity. 
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