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Introduction 

Chronic hyperglycemia initiates non-enzymatic DNA glycation, a 

sequential series of chemical reactions involving the interaction between 

amino groups of nucleic acids and carbonyl groups of reducing sugars 

(1). The end products of this process are “advanced glycation end 

products” (AGEs), which are recognized as significant contributors to 

the development of diabetic complications and have been shown to be 

elevated in both urine and tissues in animal models of the disease (2), 

coupled with the pathogenesis of other conditions, including Parkinson's 

disease, Alzheimer's disease, and the aging process (3). 

Herbal medicinal products exhibiting both antiglycation and 

antioxidant activities are considered to be of critical importance in the 

prevention and mitigation of AGE-mediated complications associated 

with diabetes mellitus (4). Tamarix aphylla (T. aphylla), a medium-sized 

arboreal species widely distributed across the Middle East and regions 

of Southern and Western Asia (4), possesses a substantial history of 

application in traditional medical practices. Within traditional medicine, 

T. aphylla has been recommended for the management of a diverse range 

of ailments and disorders, including its use as an antipyretic, 

antimicrobial, antifungal, analgesic, antirheumatic, and anti-

inflammatory agent (5-7).  

T. aphylla represents a potentially valuable natural resource due to 

its high content of polyphenolic compounds, including flavonoids, 

phenolic acids, tannins, and coumarins, thus positioning it as a 

prospective source for the development of novel antioxidant 

pharmaceuticals (7-9). Moreover, the T. aphylla leaf extract has 

demonstrated hypoglycemic activity under diabetic conditions and may 

offer protective effects against diabetic complications associated with 

elevated blood glucose (Glc) levels (10). Consequently, the current 

investigation was undertaken to ascertain the antiglycation potential of 

T. aphylla extract in the presence of Glc utilizing UV-Vis 

spectrophotometry, fluorescence spectroscopy, CD spectroscopy, and 

agarose gel electrophoresis. 

 

Methods 

Chemicals  

The following chemical reagents and biological materials were procured 

from Sigma-Aldrich (USA): β-D Glc, DNA derived from calf thymus, 

agarose, ethidium bromide, acetoacetate (AA), sodium dihydrogen 

orthophosphate, disodium hydrogen phosphate, 

ethylenediaminetetraacetic acid (EDTA), nitro-blue tetrazolium (NBT), 

sodium chloride, and Tris-hydrochloride (Tris-HCl).   

Preparation of Advanced Glycation End Product (AGE)-DNA  

DNA (25 μg/mL) and dextrorotatory Glc (D-Glc) (130 mM) were 

combined in a 200 mM sodium phosphate buffer solution adjusted to a 

pH of 7.4. This mixture was prepared with and without the addition of 

T. aphylla extract at a final concentration of 0.05%. Following a four-

week incubation period, the resulting mixtures underwent dialysis 

against the sodium phosphate buffer for 48 hours to eliminate unbound 

molecular species. Subsequently, the samples were stored at a 

temperature of -30 °C. The control sample consisted of DNA incubated 

in the absence of both Glc and the plant extract. The protocol for the 

preparation of AGE-DNA was conducted in accordance with previously 

established methodologies and our prior published research (11-13). 
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Ultraviolet-Visible (UV-Vis) analysis 

UV-Vis spectroscopic analyses were performed using a Cary 

spectrophotometer (UV-2100, Rayleigh, China) following previously 

published methodologies (13,14). The absorbance spectra of the 

samples were recorded across a wavelength range of 200 to 600 nm. 

Fluorescence analysis  

Fluorescence analyses were conducted following previously published 

protocols (12,13,15) utilizing a spectrofluorophotometer (RF-5301-PC, 

Japan) at excitation wavelengths of 290 and 400 nm.   

Circular Dichroism (CD) analysis 

For the conduction of CD spectroscopic analyses, a spectropolarimeter 

(Jasco J-815, Japan) was utilized across a wavelength range of 220 to 

400 nm. The experimental procedure adhered to previously published 

methodologies (12,13).  

Agarose Gel Electrophoresis 

DNA samples were subjected to agarose gel electrophoresis for a 

duration of 2 hours at a constant current of 30 mA, utilizing a 0.8% 

agarose gel matrix. The running buffer consisted of 40 mM Tris-acetate 

and 2 mM EDTA. Following staining with ethidium bromide, DNA 

bands were visualized through UV illumination (13,16). 

Plant material and preparation of extract 

Fresh leaves of T. aphylla L. were harvested in April 2021 from Zabol, 

Iran. Botanical identification and authentication of the plant material 

were performed by Dr. Esmaeilzadeh at the Department of Biology at 

University of Zabol. The extraction procedure adhered to the 

methodology outlined in prior research (17). Specifically, the harvested 

leaves were subjected to shade drying at a temperature range of 30 to 35 

°C. Following the drying process, the leaves were mechanically 

pulverized into a coarse powder using an automated blender. The 

resultant powdered material (3.24 kg) underwent maceration in a 

hydroethanolic solvent system (500 mL, 50% v/v ethanol and water) at 

ambient temperature (26 ± 1 °C) for 48 hours, with intermittent 

agitation. The obtained filtrate was subsequently concentrated under 

reduced pressure at a temperature of 40 °C until the extraction solvent 

was completely removed. This process yielded a dark green, soluble 

crude residue (Approximately 214.27 g, 6.61% w/w extraction yield). 
 

Results 

Ultraviolet-Visible (UV-Vis) spectroscopy  

Figure 1 illustrates the UV-Vis spectra obtained for all experimental 

conditions, encompassing the control-DNA, DNA + T. aphylla, DNA + 

Glc + T. aphylla, and DNA + Glc. The data presented in this figure 

indicate that the highest absorbance value was observed for the DNA + 

Glc. Notably, the inclusion of T. aphylla in the Glc-containing sample 

resulted in a reduction of approximately 42.85% in absorbance, as 

depicted in Figure 1.  

 
Circular Dichroism (CD) analysis  

Figure 2 illustrates the CD spectra obtained for all experimental 

conditions. The control-DNA sample exhibited a negative ellipticity 

peak of -8 millidegrees (mdeg) at a wavelength of 255 nm and a positive 

ellipticity peak of +17 mdeg at 275 nm. The samples containing DNA + 

T. aphylla, DNA + Glc + T. aphylla, and DNA + Glc displayed negative 

ellipticity peaks of -6.3, -4.4, and -3.2 mdeg, respectively, all shifted to 

a wavelength of 245 nm. These samples also presented positive 

ellipticity peaks at 275 nm with magnitudes of 16.9, 12.1, and 11.9 

mdeg, respectively.   

 
Fluorescence spectroscopy  

The fluorescence emission spectra obtained for all experimental 

conditions are presented in Figure 3. As illustrated therein, the highest 

fluorescence intensity was observed in the DNA + Glc group. These 

findings indicate that the presence of T. aphylla resulted in a reduction 

of the fluorescence emission of DNA when compared to the DNA + Glc 

group.  

 
Agarose Gel Electrophoresis  

Electrophoretic analyses of all experimental groups are illustrated in 

Figure 4. The DNA + Glc group exhibited the highest electrophoretic 

mobility in comparison to other groups. Notably, the co-incubation of T. 

aphylla extract with DNA and Glc resulted in a substantial reduction in 

electrophoretic mobility, as demonstrated by the electrophoresis results 

presented in Figure 4. 

 

 
Figure 1. Ultraviolet spectra of control-DNA, DNA + Tamarix aphylla, DNA 
+ glucose + Tamarix aphylla, and DNA + glucose after 4 weeks of incubation 

at 37 ºC in 200 mM phosphate buffer pH 7.4 

 
Figure 2. Fluorescence intensities of control-DNA, DNA + Tamarix aphylla, 

DNA + glucose + Tamarix aphylla, and DNA + glucose after 4 weeks of 

incubation at 37 ºC in 200 mM phosphate buffer pH 7.4 

 
Figure 3. Circular dichroism of control-DNA, DNA + Tamarix aphylla, DNA 
+ glucose + Tamarix aphylla, and DNA + glucose after 4 weeks of incubation 

at 37 ºC in 200 mM phosphate buffer pH 7.4 

 

Figure 4. Agarose gel electrophoresis of native and modified DNA after 4 

weeks of incubation at 37 ºC in 200 mM phosphate buffer pH 7.4: Lane 

(A), native DNA; Lane (B), DNA + glucose; Lane (C), DNA + Tamarix 

aphylla; Lane (D), DNA + glucose + Tamarix aphylla. 
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Discussion 

Despite ongoing efforts to elucidate the structural and functional 

alterations in proteins resulting from glycation, the non-enzymatic 

glycation of eukaryotic DNA has been the subject of comparatively 

limited in-depth investigation. Existing literature has documented the 

contribution of accumulating AGEs on both proteins and DNA to the 

development of diabetes mellitus and age-related pathologies (1,13). 

The DNA glycation process ultimately culminates in structural 

alterations, strand breaks, and the induction of mutations (20). Several 

compounds have demonstrated inhibitory effects on the glycation 

process, including vitamin B6 (21), aminoguanidine (22), quercetin 

(23), and aspirin (24). Research into agents that inhibit glycation is of 

significant importance for identifying their potential benefits in 

preventing not only the complications associated with diabetes mellitus 

but also certain age-related neurodegenerative disorders.  

In recent scientific inquiry, there has been a significant focus on 

herbal medicines possessing both antiglycation and antioxidant 

properties as potential agents for preventing and mitigating the 

complications associated with the accumulation of AGEs (4). 

Illustratively, the seed extract of Nigella sativa has been demonstrated 

to inhibit protein glycation in bovine serum albumin and has also 

exhibited a substantial capacity for protecting against DNA damage 

(25). Based on the UV-Vis spectrophotometry results obtained in the 

present investigation, the inclusion of T. aphylla extract led to a 

reduction in the absorbance of DNA incubated with Glc. Prior research 

indicates that the UV-Vis absorbance of glycated DNA is augmented due 

to the partial unwinding of the double helical structure and the 

consequent exposure of chromophoric bases (26). Furthermore, existing 

literature has documented that Glc induces alterations in the biophysical 

and chemical characteristics of DNA (13,14). For instance, DNA 

exposed to Glc demonstrates hyperchromicity, a reduction in melting 

temperature (Tm), and an increase in emission intensity, exhibiting a 

temporal dependence (20). The present investigation constitutes an in 

vitro study that reports, for the first time, the impact of a T. aphylla 

extract on the structural alterations of glycated DNA. Therefore, 

considering the aforementioned direct effects of Glc on DNA structure, 

it is plausible that T. aphylla diminishes the UV-Vis absorbance of DNA 

through a dual mechanism involving direct interactions with the DNA 

molecule and indirect effects mediated by its established antioxidant and 

reactive oxygen species (ROS) scavenging activities. Given that ROS 

serve as potent mediators of cellular stress originating from the auto-

oxidation of sugars (27), the antioxidant capacity of T. aphylla may 

contribute to the observed effects.  

Based on the findings obtained from fluorescence spectroscopy, the 

fluorescence emission of the DNA + Glc + T. aphylla sample exhibited 

a reduction in intensity when compared to the DNA + Glc sample. Prior 

research indicates that glycated DNA has an excitation wavelength of 

400 nm and an emission wavelength of 290 nm (28). Consequently, the 

observed decrease in fluorescence intensity suggests that the presence 

of T. aphylla exerts an inhibitory effect on DNA glycation and associated 

structural alterations. These results are in agreement with a previous 

investigation from our laboratory, which demonstrated the inhibitory 

effect of 3-β-hydroxybutyrate on the fluorescence intensity of DNA + 

Glc (13). 

The results obtained from CD spectroscopy indicated that the 

negative and positive ellipticity bands in the CD spectra of the DNA + 

Glc exhibited an increase and a decrease in magnitude, respectively, 

when compared to the CD spectra of control-DNA. This observation is 

consistent with the findings reported in prior published research (26). 

Moreover, the DNA sample demonstrated fewer structural alterations 

when incubated in the presence of both Glc and T. aphylla extract. 

Consequently, the co-incubation of this plant extract with DNA and Glc 

appears to mitigate structural alterations and, ultimately, the formation 

of DNA-AGEs. These spectroscopic findings are in agreement with the 

results obtained from UV-Vis spectrophotometry. 

Electrophoretic analysis revealed that DNA + Glc exhibited 

increased mobility compared to the control-DNA, a finding consistent 

with prior studies (13,25). Conversely, the electrophoretic mobility of 

DNA samples incubated with both Glc and T. aphylla was lower in this 

investigation. These results suggest that the presence of T. aphylla exerts 

an inhibitory effect on the extent of structural alterations and damage to 

DNA compared to DNA + Glc. 

Conclusion 

While ongoing research endeavors are dedicated to elucidating the 

structural and functional alterations in proteins resulting from glycation, 

the non-enzymatic glycation of eukaryotic DNA has been the subject of 

comparatively limited in-depth investigation. The present study offers 

compelling and evidence-based findings regarding the advantageous 

effects of T. aphylla on DNA glycation and associated structural 

modifications in the presence of Glc. Specifically, T. aphylla 

demonstrated an inhibitory influence on Glc-induced DNA structural 

alterations and the subsequent formation of AGEs. A reduction in the 

formation of AGEs was demonstrated through UV-Vis and fluorescence 

spectrometry. The incubation of the plant extract with DNA and Glc 

resulted in a decrease in UV-Vis absorbance and fluorescence intensity 

by approximately 33.6% and 26.6%, respectively. These observed 

effects appear to be mediated through both direct interactions with DNA 

and indirect mechanisms stemming from the established antioxidant and 

ROS scavenging activities of T. aphylla. Moreover, the observed effects 

may be attributed to the extract's potential to preserve the global 

conformation of the DNA molecule. This implies a possible interaction, 

such as stacking, with glycated nucleotides, which may direct ligands 

towards the glycated core. This interaction could consequently 

counteract the impact of inter-strand cross-links formed within the 

double-stranded DNA. Regardless of the precise underlying 

mechanisms, the findings of the current investigation warrant further in-

depth studies to elucidate the detailed molecular mechanisms involved. 
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