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Abstract: The interaction of HSA with 
hydrochlorothiazide in absence and presence 
of glucose was studied through UV-Vis 
absorption and fluorescence spectroscopy 
at 37 ºC. The interaction of a drug with 
human serum albumin influences its 
bioavailability and the high blood glucose 
level can promote the formation of glycation 
end products, and affect protein ability to 
transport drugs. To assess the glucose effect 
on the ability of hydrochlorothiazide to bind 
HSA, normoglycemic (80 mg glucose/dl) and 
hyperglycemic (320 mg glucose/dl) solutions 
were used. Competitive binding studies 
were performed using markers for Sudlow I 
(warfarin) and Sudlow III (digitoxin). Results 
showed good correlation of the observations 
made through the UV-Vis spectroscopy 
and the spectrofluorimetric measurements, 
concerning the association of ground state 
and the disturbance in the microenvironment 
around the aromatic amino acid residues. 
The fluorescence quenching of HSA by 
hydrochlorothiazide in the GLU absence and 
presence occurred by formation of complex 
drug-HSA. High glucose concentrations may 
decrease the number of available binding 
sites for drug in the IIA subdomain, probably 
due to albumin conformational change, 
making the binding of drug in the vicinity 
of residue Triptophan-214 difficult. Results 
suggest that a glycemic control is required 
to obtain an appropriate treatment with 
hydrochlorothiazide.
Keywords: Diabetes mellitus, glucose, 
hydrochlorothiazide drug, human serum 
albumin, spectroscopy.

INTRODUCTION
Diabetes mellitus (DM) is a chronic disease 

that has been a major threat to human health 
in recent decades, and is characterized by 
the high level of blood sugar resulting from 
the lack of insulin production or the insulin 
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resistence or both (Shrivastva et al., 2020). It 
can lead to premature deaths, as well as serious 
complications and disabilities, especially 
among younger populations in developing 
countries, including India and Brazil (Fu et al., 
2020; Ramachandran et al., 2007). Projections 
for 2030 and 2040 indicate, respectively, 439 
and 642 million people living with diabetes 
worldwide (Hajizadeh-Sharafabad et al., 
2020). 

Currently, the diagnosis of patients with 
DM is based on the blood glucose level after 8 
hours of fasting. The values established by the 
Diabetes Association for the concentration of 
glucose (GLU) in the blood vary from 70 to 
100 mg/dl, for normoglycemic patients, and 
above 125 mg/dl, for those considered diabetic 
(American Diabetes Association, 2003). 

DM can cause dyslipidemia and 
hypertension, including macrovascular 
complications in the coronary arteries, 
as well as peripheral and cerebrovascular 
vascular diseases. In addition, microvascular 
complications related to retinopathy, 
nephropathy and neuropathy can also be 
found (Ramachandran et al., 2007; Ginsberg, 
2000). 

Since the main cause of morbidity in 
patients with DM is due to macro and 
microvascular complications, the risk of 
arterial hypertension is high, therefore, being 
the pressure control a great challenge for 
these patients (Chanda et al., 2009; Yeates et 
al. 2015). Several classes of drugs have been 
used to treat hypertension in patients with 
DM, such as beta-blockers, ACE inhibitors, 
calcium channel blockers, thiazide diuretics 
and others (Krum et al. 2003; Bertoluci et al., 
2014). 

The group of thiazide diuretics, as 
hydrochlorothiazide (HCTZ), has been used 
for the treatment of hypertension for more 
than 50 years. HCTZ is the drug of choice for 
the initial treatment of hypertensive diabetic 

patients, since it reduces blood volume, 
leading to a decrease in vascular resistance and 
a consequent reduction in blood pressure, and 
is frequently introduced into therapy when 
other classes of drugs do not are tolerated (Lin 
et al. 2016; Scheen, 2018; American Diabetes 
Association, 2004). 

However, some clinical studies do not 
recommend the use of HCTZ for hipertensive 
patients, diabetic or non-diabetic, due to 
the possility of GLU induce tolerance and 
cause adverse metabolic effects, promoting 
clinical complications (Krum et al. 2003; 
Bertoluci et al., 2014; Lin et al. 2016; Scheen, 
2018; American Diabetes Association, 2004; 
Mazzuchello et al. 2016; Rosendorff, 2011; 
Ribeiro, 2014). But, there are clinical studies 
indicating low impact on the alteration of 
fasting GLU, and they not support the idea 
of effects on glycemic control and lipid 
profile (Hall et al., 2020). Others suggest that 
the adverse effects caused by HCTZ may be 
associated to prolonged use and high doses (> 
50 mg/day) (Carter & Basile, 2005; Burniera 
et al., 2019).

HCTZ continues to be used, mainly in 
low doses (<25 mg/day) and, according to 
the VI Brazilian Guidelines on Hypertension, 
published in 2010, thiazide diuretics reduce 
morbidity and mortality (Ribeiro, 2014). In 
general, the published works present a large 
number of data showing the positive and 
negative use of HCTZ, but they do not clarify 
the reason that this medication causes or not 
the possible adverse effects mentioned (Carter 
& Basile, 2005; Burniera et al. 2019).

The interaction of a drug with blood 
components influences its bioavailability and 
can affect the function of several biomolecules, 
endogens and exogens (Tamura et al., 1990). 
Human serum albumin (HSA) is the main 
transport protein in blood, comprising 60% of 
the total protein, and it plays an effective role 
in the balance of plasmatic concentrations 
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of drugs and their metabolites, influencing 
significantly on their absorption, distribution, 
elimination and clinical effects (Silva et 
al. 2004a; 2004b). In this way, the study 
on the interaction of HCTZ with albumin 
becomes relevant, especially to verify how 
hyperglicemia influence on this interaction. 
It is important to highlight that the increase 
in the human blood GLU can promote the 
formation of advanced glycation end products, 
which may cause structural perturbation on 
the blood proteins and affect their ability to 
transport drugs (Brownlee, 2005).

Spectrofluorimetry have been widely 
used in these types of studies, especially 
fluorescence quenching measurement. HSA 
containn 585 amino acids residues (molecular 
weight of 66.5 kDa) distributed into three 
main domains (I, II and III). These domains 
are subdivided into A and B, have helical form 
and cross-linked extensively through disulfide 
bridges. Tryptophan (Trp) residue at position 
214 in subdomain IIA is the main responsible 
for the intrinsic fluorescence of HSA. (Morais-
Coura, et al. 2021; Cortez et al., 2012; Silva et 
al., 2013; Simmons et al., 2014) 

The present work describes the results of 
a study on the interaction between HSA with 
GLU and HCTZ using UV-Vis absorption 
and steady-state fluorescence at 37 ºC. To 
assess the effect of GLU on the ability of HSA 
to bind HCTZ, normoglycemic (80 mg GLU/
dl blood) and hyperglycemic (320 mg GLU/dl 
blood) concentrations was used.

MATERIAL AND METHODS
MATERIAL
HSA, D - (+) - glucose, phosphate buffer 

solution (PBS) and HCTZ (6-chloro-3-
3,4-dihydro-2H-1,2,4-benzothiadiazine-7-
sulfonamide1,1-dioxide) were purchased 
from Sigma-Aldrich Chemical Company, 
St. Louis, USA and used without further 
purification. Figure 1 shows the chemical 

structure of HCTZ. In all experiments, it was 
used purified water from a Millipore Milli-Q 
system (company Merck KGaA, Darmstadt, 
Germany). Methanol (spectroscopic grade) 
was obtained from Vetec, Química Fina Ltda, 
Rio de Janeiro, Brazil.

Figure 1. Chemical structure for 
hydrochlorothiazide (HCTZ).

Steady-state fluorescence spectra were 
obtained on a Jasco J-815 spectrophotometer 
coupled to a Jasco PFD425S15F thermostatic 
cuvette door (Jasco Easton, MD, USA) 
with 0.1 ºC accuracy. The UV-Vis spectra 
were obtained using a Varioskan LUX 
Multimode cuvette reader with an internal 
temperature control system (Thermo Fisher 
Scientific, Oregon, USA). For synchronous 
fluorescence measurement was used a 
Xe900 fluorometer model from Edinburgh 
Instruments (Edinburgh, UK). Spectroscopic 
measurements used a 1.0 cm quartz cells, and 
the corresponding background correction 
was carried out.

METHODS
As the purpose of the work was to simulate 

the behavior of GLU in the human body upon 
HCTZ administration, experiments were 
performed at 37 ºC, because of its proximity 
to physiological temperature, and using 
solutions of HSA (pure or not) 10-5 M in PBS 
at pH 7.4. 

UV-Vis Measurements
The UV-Vis absorption spectra were 

registred from 200 to 500 nm wavelength, 
for five different solutions: (1) pure HSA 
solution (10-5 M in PBS); (2) HCTZ solution 
(1.34x10-5 M in PBS); (3) HSA and HCTZ 
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solution (HSA-HCTZ, 10-5 M and 1.34 x10-5 
M); (4) HSA, GLU and HCTZ (HSA-GLU-
HCTZ) solution with 80 mg/dl of GLU; and 
(5) HSA-GLU-HCTZ solution with 320 mg/dl 
of GLU. These GLU concentrations are within 
of glycemic ranges considered normal (from 
70 to 100 mg/dl) and diabetic blood glucose 
(high than 126 mg/dl) (Pereg et al., 2010). 
Thus, here, normoglycemic HSA solution 
refers HSA solution containing 80 mg/dl of 
GLU, and hyperglycemic HSA solution refers 
HSA solution containing 320 mg/dl of GLU.

Steady-State Fluorescence Measurements
The steady-state fluorescence emission 

spectra were registred from 310 to 400 nm, 
using excitation wavelength (λexc) of 295 nm. 

Fluorescence Spectra were registered for 
addition of HCTZ (0.17; 0.34; 0.50; 0.67; 
0.84; 1.00; 1.17 and 1.34 x10-5 M) in solutions 
of (1) pure HSA solution (10-5 M in PBS); 
(2) normoglycemic HSA solution; and (3) 
hyperglycemic HSA solution. HTCZ was 
added from concentrated stock solutions so 
that volume increment was negligible.

Since HCTZ showed significant absorption 
at the excitation and emission wavelengths 
(295 and 340 nm, respectively), the inner 
filter correction was applied to the steady-
state fluorescence data, according to equation: 
Fco = Fob10[(Aex+Aem)/2], where Fco and Fob are 
the corrected and observed fluorescence 
intensity values, respectively; Aex and Aem are 
the absorbance values for ligand at excitation 
(λexc = 295 nm: ε = 3271/cm.M in PBS) and 
emission wavelength (λem = 340: ε = 511.4 /
cm.M in PBS).

Graphs were plotted according to the 
equations (Lakowicz, 2006):

where F0 and F are the steady-state 
fluorescence intensities of HSA in the absence 
and presence of ligand, respectively. The Ksv, 
kq, τo and (Q) are the Stern-Volmer quenching 
constant, bimolecular quenching rate, 
fluorescence lifetime constant of pure HSA 
(5.98 ± 0.16 x 10-9 s) and ligand concentration, 
respectively.

The values of apparent binding constant 
(Kb) and the binding site classes (n) were 
determined by using the equation (Lakowicz, 
2006):

 (2)

SYNCHRONOUS FLUORESCENCE 
EXPERIMENTS
Synchronous fluorescence (SF) of pure 

HSA and HSA solutions containing 80 or 320 
mg/dl GLU were registred for each addition of 
HCTZ (0.17; 0.34; 0.50; 0.67; 0.84; 1.00; 1.17 
and 1.34 x10-5 M), defining, ΔλEE = 15 nm 
(ΔλEE = excitation and emission wavelengths) 
and ΔλEE = 60 nm for tyrosine (Tyr) and Trp 
residues, respectively, in the 240-320 nm 
range, at room temperature.

COMPETITIVE BINDING STUDIES
Competitive binding studies were 

performed using markers for Sudlow I and 
Sudlow III sites: warfarin and digitoxin, 
respectively. HSA-marker solution and 
normoglycemic and hyperglycemic HSA-
marker solutions were titrated with HCTZ. 
For each data point, the internal filter was 
corrected. The values of apparent binding 
constant (Kb) and the binding site classes (n) 
were determined by using Eq. 2.

RESULTS
Figure 2 shows the UV-Vis absorption 

spectra for solutions of 10-5 M HSA (black), 
1.34 x10-5 M HCTZ (blue), and HSA 
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containing HCTZ (HSA-HCTZ, red) in PBS, 
pH = 7.4, as well as the difference between 
the absorption spectra (green) of HSA-HCTZ 
and pure HCTZ solutions. The detail on this 
figure highlights the 250-300 nm region of 
spectra. The increase in the level of UV-Vis 
absorption caused by the addition of HCTZ 
to the HSA solution is clear, as well as the shift 
towards blue (to the left) of the maximum UV 
absorption, compared to the spectrum of pure 
HSA.

In Figures 3, the UV-Vis absorption 
spectra for solutions 10-5 M HSA (black), GLU 
containing 1.34 x10-5 M HCTZ (GLU-HCTZ, 
blue) and HSA containing GLU and HCTZ 
(HSA-GLU-HCTZ, red) in PBS to pH=7.4. 
The green spectrum refers to the difference 
in UV-Vis absorption of HSA-GLU-HCTZ 
and GLU-HCTZ solutions. Figure 3a shows 
the spectra for the normoglycemic solution 
(GLU = 80 mg / dl) and Figure 3b shows 
the spectral behavior for the hyperglycemic 
solution (GLU = 320 mg / dl). The detail on 
these figures also highlights the 250-300 nm 
regions. Comparing these spectra, it is clearly 
observed that the addition of HCTZ to the 
HSA solution containing GLU also causes 
blue shifts of the UV absorption maximum, in 
relation to the spectrum of pure HSA. 

Figure 4a shows the fluorescence spectra 
of HCTZ-titrated HSA (from 1.7 to 13.4 x10-5 
M) at 37°C. Analysis of this figure shows that 
the gradual quenching of HSA fluorescence 
is followed by a slight red shift (right shift) 
in the fluorescence spectrum. The excitation 
wavelength was 295 nm and the emission 
spectra were recorded from 300 to 400 nm. 
In Figures 4b and 4c are the fluorescence 
spectra resulting from titration of HSA 
normo and hyperglycemic solutions by 
HCTZ, respectively. Comparing the spectra 
in these two figures, it can be seen that the 
fluorescence quenching caused by HCTZ was 
more intense in the hyperglycemic than in the 

normoglucemic HSA solution.
Figure 5a presents the Stern-Volmer 

plots for the HSA-HCTZ interaction in 
the absence and presence of GLU (normo 
and hyperglycemic solutions) at 37°C. 
This figure evidences the linearity of the 
plots for drug interacting with pure and 
normoglycemic HSA solution, but the 
plot for the hyperglycemic HSA solution 
curves downwards with increasing HCTZ 
concentration. This behavior clearly not linear 
suggests that other sites for HCTZ opening 
when its concentration increases. To estimate 
Stern-Volmer constants, regions of low HCTZ 
concentrations were solely considered (detail 
on Figure 5a), where we can study the highest 
affinity interactions [Silva et al. 2004b). Figure 
5b exhibits the plots log (F0-F)/F) versus log 
[Q] (Eq. 2). 

The values corresponding to KSV (Eq. 1a) 
and kq (Eq. 1b) for the interaction of HTCZ 
with HSA in the presence and absence of 
GLU, calculated for low titrant concentrations 
(detail Figure 5a), are shown in Table 1, as well 
as the Kb and n values (Eq. 2). It is important to 
note the small difference between the KSV and 
Kb values for the interactions of HCTZ with 
pure and normoglycemic HSA, indicating that 
the presence of GLU does not significantly 
affect the quenching rate constant. However, 
important increases in KSV values (from 1.38 
to 2.88 x104 /M) and Kb (from 1.47 to 4.52 
x104 /M) occurred for the drug interaction 
with hyperglycemic HSA. Furthermore, the 
value of n (number of binding site classes) 
decreases with increasing GLU concentration 
in the HSA solution, moving away from 1.

Figures 6a and 6b show the SF results of 
pure HSA solution titrated by HCTZ for ΔλEE 
=15 nm and ΔλEE = 60 nm, respectively. Figures 
6c and 6d allow to compare the behavior of 
the fluorescence spectra of the hyperglycemic 
solution of HSA (GLU = 320 mg / dl) titrated 
by drug. Note that important redshift of the 
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Figure 2. UV-Vis spectra for HSA (black) and HCTZ (blue) HSA-HCTZ (red) in PBS solution (pH = 7.4), 
and mathematical subtraction (HSA-HCTZ) – (HCTZ) (green). [HSA] = 10-5 M, [HCTZ] = 1.34 x10-5 M.
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Figure 3. UV-Vis spectra for HSA (black), GLU-HCTZ (blue) and HSA-GLU-HCTZ (red) in PBS solution, 
PH 7.4. In (a) [GLU] = 80 mg/dl and (b) [GLU] = 320 mg/dl; mathematical subtraction (HSA-GLU-

HCTZ) - (GLU-HCTZ) in green. [HSA] = 10-5 M, [HCTZ] = 1.34 x10-5 M.
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Figure 4. Steady-state fluorescence spectra of (a) HSA-HCTZ, (b) HSA-GLU-HCTZ for [GLU] = 80 mg/
dl, and (c) HSA-GLU-HCTZ for [GLU] = 320 mg/dl, at 37 ºC and pH = 7.4 (λexc = 295 nm). [HSA] = 10-5 

M.

Figure 5. (a) Stern–Volmer plots for the interactions HSA-HCTZ in absence and presence of GLU at 37 
ºC; (b) Double logarithmic plots for the interaction HSA-HCTZ in absence and presence of GLU at 37 ºC. 

[HSA] = 10-5 M, [Glucose] = 80 and 320 mg/dl, pH = 7.4 (λexc = 295 nm).
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Sample KSV 
(x104 /M)

kq 
(x1012 /M.s)

Kb 
(x104 /M) n

HSA-HCTZ 1.38 ± 0.01 2.12 1.47 ± 0.01 0.96 ±0.02

HSA-GLU-HCTZ1 1.57 ± 0.03 2.19 1.87 ± 0.01 0.88 ±0.03

HSA-GLU-HCTZ2 2.82 ± 0.09 2.17 4.53 ± 0.02 0.68 ±0.01
180 mg/dl and 2320 mg/dl of glucose (GLU).

Table 1. Values of KSV, kq, Kb and n for interaction HSA-HCTZ, in the absence and presence of GLU, at 37 
ºC.
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Figure 6. Synchronous fluorescence spectrum for: (a) HSA-HCTZ, DlEE = 15 nm; (b) HSA-HCTZ, DlEE= 
60 nm; (c) HSA-GLU-HCTZ, DlEE = 15 nm; and (d) HSA-GLU-HCTZ, DlEE= 60 nm (ΔλEE = excitation 
and emission wavelengths), at 37 ºC and pH = 7.4 (λexc = 295 nm). [HSA] = 10-5 M, [Glucose] = 320 mg/

dl.
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Figure 7. Normalized quenching curves for (a) pure HSA titrated by HCTZ, (b) normoglycemic and 
hyperglycemic HSA solutions titrated by HCTZ in presence of warfarin, (c) HSA titrated by GLU in 

presence of warfarin and digitoxin, at 37 ºC and pH = 7.4. [HSA] = 10-5 M (λexc = 295 nm).
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fluorescent emission maximum occurs with 
the HCTZ concentration increase for ΔλEE 
=60 nm for pure HSA and hyperglycemic HSA 
solutions. This wavelength refers to changes in 
the environment close to Trp (37).

Figs. 7a shows normalized quenching 
curves of pure HSA titrated by HCTZ in 
absense and presence de warfarin at 37°C, 
as well as normo and hyperglycemic HSA 
solutions titrated by HCTZ in presence of 
warfarin. Fig. 7b presents the same of Fig. 
7a, but for digitoxin, and Fig. 7c allows to 
comparing the normalized quenching curves 
of HSA titrated by HCTZ in presence of the 
both markers of sites, warfarin and digitoxin.

It is possible observe in Fig.7a that 
warfarin increased the level of fluorescence 
HSA quenching caused by HCTZ, which still 
became more intense with the concentration 
increase of GLU in solution. At 1:1 molar 
ratio of HCTZ/HSA, HCTZ quenches about 
6.3% of HSA fluorescence. In presence of 
warfarin, the fluorescence quenching falled 
to about 13.4%, 35.4% and 40.6% for HSA-
HCTZ and normo and hyperglycemic HSA-
CHTZ-GLU, respectively. In Fig. 7b we can 
be seen that digitoxin effect on fluorescence 
was lower than that warfarin. Comparing to 
fluoresecence quenching caused by HCTZ 
on pure HSA, at 1:1 molar ratio of HCTZ/
HSA, quenching increased 9.54% in presence 
of digitoxin, and increased of 10.94% and 
19.90% with adition of GLU, respectively, 80 
mg/dl GLU and 320 mg/dl of GLU. Figure 7c 
evidences that the quenching of GLU on HSA 
was more intense than that digitoxin. At first 
adition of GLU to HSA 10-5 M, fluorescence 
was rediced of 13.63% and 2.63% in presence 
warfarin and digitoxin, respectively.

DISCUSSION
Absorption spectroscopy UV-Vis is a 

direct method that has been frequently 
applied to explore structural changes and the 

complex formation between a protein and 
small molecules (Suryawanshi et al., 2016). 
HSA presents maximum absorbance peaks at 
222 and 280 nm, attributed to n-π* and π-π* 
transitions, respectively, which are associated 
with the aromatic amino acid residues: Trp, 
Phe (phenylalanine) and Tyr (Lakowicz, 
2006; Shi et al., 2016; Zhou et al., 2019). 
HCTZ exhibits maximum absorbance peaks 
at 225 and 269 nm, attributed to the π-π* 
and n-π* transitions of the aromatic ring and 
sulfonamide groups, respectively.

After the addition of HCTZ to the HSA 
solution, a significant blue shift is observed 
in albumin spectrum (Figure 2), indicating 
a disturbance in the microenvironments 
around the aromatic amino acid residues due 
to the HSA-HCTZ interaction (Naik et al., 
2015; Zhang et alo,. 2013; Roy et al., 2015). In 
the presence of GLU (Figures 3), the addition 
of HCTZ to normoglycemic (Figure 3a) and 
hyperglycemic (Figure 3b) HSA solutions 
also generated blue shifts in the respective 
UV-Vis absorption spectra, indicating the 
same disturbance trend in the aromatic 
microenvironments. Furthermore, comparing 
the GLU-HCTZ interaction spectra in Figures 
3a and 3b HSA, it is possible to observe at 
normal GLU level a slight hyperchromic 
effect comparing to the hyperglycemic level. 
These results suggest a decreasing in the HSA 
capacity to bind HCTZ in hyperglycemic state.

STEADY-STATE FLUORESCENCE 
ANALYSIS
The HSA fluorescence intensity gradually 

decreases with increasing concentration 
of HCTZ (Figure 4a) and spectral changes 
suggest the presence of a primary binding site 
for HCTZ near or within the IIA subdomain, 
where residue Trp-214 is located, in addition 
a possible proteic conformational change 
affecting the microenvironment around that 
residuo (Zhu et al., 2007; Stan et al., 2009).
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It is known that the main HSA binding 
sites for drugs are located in hydrophobic 
cavities in the IIA and IIIA subdomains, 
where the Sudlow I and Sudlow II sites are 
located, respectively, but the presence of drug 
sites in the IB subdomain have already been 
identified (Fragoso et al., 2016; Fragoso et 
al., 2012). Anionic heterocyclic compounds 
of large molecular size bind especially in the 
site Sudlow I, located in subdomain IIA. The 
site Sudlow II (in subdomain IIIA) presents 
higher affinity to aromatic carboxylic drugs 
in therapeutic concentration (Morais-Coura 
et al., 2021). Hydrophobic and electrostatic 
interactions, as well as steric factors, play an 
essential role in determining the affinity and 
specificity of ligand binding at these sites 
(Ricciardi et al., 2020; Ermakova et al., 2020).

The quenching of HSA fluorescence by 
HCTZ became more intense with the increase 
of GLU concentration (Figures 4). The shift 
of the fluorescence maximum of HSA (Figure 
4a) upon addition of HCTZ is opposite to 
that observed in the UV-Vis spectra (Figure 
2), and it is important to remember that these 
result from different phenomena. The UV-
visible absorption involves several amino 
acids present in the protein structure, while 
the fluorescence spectra concern the intrinsec 
fluorescence due to the residue Trp-214, since 
the lexc = 295 (Lakowicz, 2006).

A slight redshift (Dl ˜˜3 nm) in the 
fluorescence maximum of normo and 
hyperglycemic HSA solutions titrated by 
HCTZ (Figures 4b and 4c) is indicating that 
even in the presence of GLU, HCTZ can still 
interact in the IIA subdomain, causing some 
conformational change in this region (Silva 
et al., 2004b; Liang et al., 2020; Cheng et al., 
2013).

No significant difference is observed in 
Table 1 between the KSV and Kq values for 
HCTZ interactions with HSA in the absence 
and presence of 80 mg/dl GLU, indicating 

that the ability of HCTZ to quench HSA 
fluorescence is not significantly influenced 
in normoglycemic conditions. But the same 
cannot be said for the HCTZ-HSA interaction 
for the hyperglycemic condition. In this 
condition, the values of KSV and Kq were 
about 2.1 and 1.81 times higher than in the 
absence and presence of 80 mg/dl of GLU, 
respectively, confirming the interference of the 
glycemic level in the drug-HSA interaction. 

Values obtained for kq are of the order of 
1012 /M.s, three orders of magnitude higher 
than the limiting constant of the diffusion 
rate in the water (kdif ˜˜7.40 x109 /M.s at 25 
ºC, according to the Smoluchowski-Stokes 
Einstein Theory) (Montalti et al., 2006). This 
suggests that fluorescence quenching by HSA-
HCTZ interaction, in the absence and presence 
of GLU, is mainly due to a static process, and 
results from UV-vis measurements confirm 
it. Thus, HCTZ binds to HSA by forming 
complex.

It is know that quenching may result 
from various processes such as energy 
transfer, excited state reactions, ground-
state complex formation and collisional 
processes. Collisional or dynamic quenching 
is due to collisions between the quencher 
and fluorophore. In static quenching there is 
ground-state complex formation between the 
quencher and fluorophore, and significant 
change in the UV-Vis absorption spectrum 
can be observed (Lakowicz, 2006).

The Kb value for HSA-HCTZ is on the order 
of 104 /M (Table 1), indicating a moderate 
binding capacity of HCTZ to serum albumin 
at 37°C, in the absence and presence of GLU 
(Yan et al., 2015; Chaves et al., 2016). 

In hyperglycemic condition, the Kb value 
estimated from steady state fluorescence 
quenching for HSA-HCTZ increased in 
relation to the two other conditions tested 
(absence of GLU and normoglycemia), 
maintaining the order of magnitude. But the 
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value of n (n»1) estimated for interatyion 
HCTZ-HSA in absence of GLU suggests 
the existence of only one class of binding 
site for HCTZ in HSA at 37 °C, the primary 
binding site probably being located in the IIA 
subdomain, where is found the amino acid 
residue Trp-214. 

However, increasing the GLU 
concentration in the HSA solution decreases 
the value of n. This suggests that hyperglycemic 
concentrations of GLU may disturb the 
albumin structure and decrease the number 
of sites available for the drug in the vicinity 
of Trp. In high concentration, GLU can 
adsorb on the protein surface, decreasing 
the accessibility of HCTZ to the binding site 
(Naveenraj & Anandan, 2013).

SYNCHRONOUS FLUORESCENCE 
ANALYSIS
Synchronous fluorescence spectroscopy 

(SF) is a fluorescence technique using 
difference between the excitation and emission 
wavelengths (ΔλEE) of 15 and 60 nm, which 
allows to check changes in the environment 
close to Tyr and Trp, respectively (Lakowicz, 
2006). 

Analysis of the results from SF shows 
that the HSA fluorescence quenching with 
the increase of the HCTZ concentration for 
ΔλEE=15 nm (Figure 6a) was not accompanied 
by a visible change in the maximum 
fluorescence emission. This is indicative that 
microenvironments around Tyr residues were 
not affected by the presence of drug. But, the 
same cannot be considered for residue Trp-
214, since a visible red shift in the emission 
maximum, shown in Figure 6b, supports the 
occurrence of change in albumin conformation 
due to the HSA-HCTZ interaction for ΔλEE = 
60 nm (Sudlow et al., 1976).

SF also showed that for hyperglycemic HSA 
solution there was no significant change in the 
fluorescent emission maximum with addition 

of HCTZ that might indicate alteration in the 
environment around tyrosine residues (Figure 
6c). But the spectral alteration observed in 
Figure 6d reflets an importante change around 
of Trp-214.

The results from SF analysis are in 
agreement with those obtained from the 
UV-Vis spectra (Figures. 2 and 3). These 
suggest that even in the presence of GLU, the 
environment around the Trp-214 residue can 
undergo changes in its hydrophobicity.

COMPETITIVE BINDING
The quenching capacity estimated for the 

HSA-HCTZ interaction increased (Figure 
7a) for the presence of both, warfarin and 
digitoxin. In the first case, the observed 
increase in quenching was 7.1% (from 6.3% 
to 13.4%), and in the second, the increase 
was 3.2% (Figure 7b), for the 1:1 molar ratio 
HCTZ/HSA. These increases were expanded 
in the presence of GLU and warfarin, as HSA 
fluorescence quenching by HCTZ increase 
in was 29.1% (from 6.3% to 35.4%), for the 
normoglycamic solution, and 34.3% (from 
6.3% to 40.6 %) for hyperglycemic. It is 
known that the displacement of the ligand 
from its binding site in HSA by site markers 
may generate fluorescence quenching (Tan et 
al., 2019; Sun et al., 2016).

 In the case of digitoxin, the increase 
was 1.4% (from 9.5% to 19.9%). The 
titration of HSA with GLU in the presence 
of site markers (Fig. 7c) showed that the 
quenching capacity of the fluorescence 
of this carbohydrate was important in the 
presence of warfarin and digitoxin (68% 
and 53%, respectively, for GLU 12 mg/dl). 
Such results suggest that both HCTZ and 
GLU compete with warfarin present in 
Sudlow’s site I (IIA subdomain) of HSA, 
suggesting the existence of binding sites for 
both in the region where Trp-214 is located. 
However, local site III (for digitoxin) can 



14
International Journal of Health Science ISSN 2764-0159 DOI 10.22533/at.ed.1592120104

also accommodate these ligands, but to a 
lesser extent.

Therefore, the increase in HCTZ 
concentration appears to have increased 
the competitive ability of HCTZ by binding 
sites, and it ends up binding to sites in the 
IIIA subdomain. These data confirm the 
results shown in steady-state fluorescence 
quenching. Those results evidence the 
existence of a primary binding site for HCTZ 
in the IIA subdomain, and that increasing the 
GLU concentration must decrease the value 
of n. Therefore, the presence of GLU disturbs 
the interaction of HCTZ with HSA in the 
environment around residue Trp-214.

CONCLUSION
The analysis of the results shows the 

existence of a good correlation between the 
observations made through the UV-Vis and 
spectrofluorimetric measurements for the 
HSA-HCTZ interaction in normoglycemic 
(GLU=80 mg/dl) and hyperglycemic 
(GLU= 320 mg/dl) solutions, in relation 
to the association of ground state and the 
disturbance in the microenvironment around 
the aromatic amino acid residues, mainly for 
the hyperglycemic state.

The KSV values indicate that the increase 
in GLU concentration does not affect the 
quenching capacity of HCTZ on HSA 
fluorescence, and kq values are three orders 
of magnitude greater than kdif. This confirms 
that fluorescence quenching by HSA-HCTZ 
interaction in the absence and presence of 
GLU occurs by the formation of a drug-HSA 
complex.

The binding constant (Kb) values obtained 
by the double logarithm approximation 
suggest an increase in the binding strength 
of HCTZ with albumin with increasing GLU 
concentration. However, the increase in Kb 
was accompanied by a decrease in the number 
of available sites (n) for drug binding in the 

IIA subdomain, making the HCTZ-HSA 
interaction in the vicinity of residue Trp-
214 more difficult, probably due to albumin 
conformational change. 

HCTZ has the ability to compete with 
warfarin and digitoxin by binding sites. At 
lower concentrations, the binding site is close 
to residue Trp-214 (where is warfarin binding 
site), but for high glycemic indices increase 
(320 mg/dl), HCTZ it ends up binding to sites 
in the IIIA subdomain (where is digitoxin 
binding site). 

Results suggest that the need of a glycemic 
control in the human bloodstream to obtain 
the appropriate pharmacotherapeutic 
treatment at use the commercial drug HCTZ.
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