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Abstract: Cardiovascular diseases (CVDs), especially arterial hypertension, stand as prominent
contributors to global mortality. Regrettably, individuals with diabetes encounter a two-fold increase
in the risk of mortality associated with CVDs. Hydrochlorothiazide (HCTZ) represents a primary
intervention for hypertension, particularly in diabetic patients. Nevertheless, there has not yet been a
comprehensive assessment of the biophysical characteristics regarding the impact of glucose levels on
its binding affinity with human serum albumin (HSA). Thus, the present work reports the interactive
profile of HSA /HCTZ in nonglycemic, normoglycemic (80 mg/dL), and hyperglycemic (320 mg/dL)
conditions by time-resolved fluorescence, saturation transfer difference-nuclear magnetic resonance
(STD-NMR), and surface plasmon resonance (SPR). There was a moderate ground state association of
HSA /HCTZ with subdomain IIA that was affected in the presence of different glucose levels. The
hyperglycemic condition decreased the binding affinity of HCTZ to subdomain IIA and increased the
possibility of subdomain IB also being considered as a secondary binding site due to cooperativity
and/or alterations in the protein’s structure. Overall, the glucose level under hyperglycemic condi-
tions led to the cavities being more likely to receive more ligands, offering insights into the necessity
of glucose control in the human bloodstream to not impact the residence time (pharmacokinetic
profile) and pharmacotherapeutic potential of HCTZ.
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1. Introduction

Cardiovascular diseases (CVDs) are the main causes of death, and among them, the
most representative is arterial hypertension [1-3], e.g., according to studies by the Global
Burden of Disease, in 2017, among the 17 million deaths from CVDs, arterial hypertension
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was responsible for at least 51% of them. Overall, arterial hypertension already affects
at least 600 million people worldwide, with an estimated increase of 60% in cases until
2025 [4-6]. The risk of death from CVDs increases in diabetic patients, especially if there is
another comorbidity [7-9]. As the main cause of morbidity in patients with diabetes mellitus
(DM) is due to macro- and microvascular complications, the risk of arterial hypertension is
high, and blood pressure control is a major challenge for these patients [10,11].

In this sense, several classes of drugs have been used in the treatment of hypertension
in patients with DM, e.g., beta-blockers, calcium channel blockers, and thiazide diuret-
ics [12,13]. Hydrochlorothiazide (HCTZ; Figure 1) belongs to the group of thiazide diuretics
and is the drug of first choice for the initial treatment of hypertensive patients, reducing
blood pressure. HCTZ is mainly used daily in low doses (<25 mg/day). According to the
recent 2023 European Society of Hypertension (ESH) guidelines, as well as the previous
2018 European Society of Cardiology (ESC) and ESH guidelines on hypertension, both thi-
azide and thiazide-like diuretics are indicated as drugs to be used in combination therapies
for the first-line therapy of hypertension [14,15].

H
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/N s
ONNO] O

Figure 1. Chemical structure of hydrochlorothiazide (HCTZ).

The interaction of a drug with blood components influences its bioavailability and can
affect the functions of various endogenous and exogenous compounds [16-19]. Human
serum albumin (HSA) is the main transport protein in the human bloodstream, consti-
tuting 60% of the total globular proteins, playing an effective role in the balance of the
plasma concentration of drugs and their metabolites, influencing their absorption, dis-
tribution, elimination, and clinical effects [20-25]. From a structural point of view, HSA
contains 585 amino acid residues (with a molecular weight of 66.5 kDa) distributed in
three main domains (I, II, and III). These domains are subdivided into A and B, having a
helical shape, and are extensively cross-linked through disulfide bonds. The tryptophan
residue (Trp) at position 214 in subdomain IIA is primarily responsible for the intrinsic
fluorescence of HSA [26,27]. Recently, a report on the interactive profile between HSA and
the monosaccharides fructose, glucose, and arabinose [20] indicated a spontaneous and
weak binding with subdomain IIA. Additionally, the spectroscopic and in silico results
showed that the monosaccharides might cause functional perturbation in the binding
capacity of albumin to endogenous and exogenous compounds, highlighting the impor-
tance of characterizing the binding affinity of commercial drugs in normoglycemic and
hyperglycemic conditions [20,28]. Glucose levels in a normoglycemic condition are in the
range of 70-100 mg/dL, while an increased risk for diabetes is considered when glucose
levels are in the 100-125 mg/dL range, and glucose levels higher than 200 mg/dL indicate
a hyperglycemic condition. For this reason, there are some reports on the biophysical
characterization of albumin-binding drugs at 80 and 320 mg/dL glucose levels under
in vitro normoglycemic and hyperglycemic conditions [20,29].

Previously, Soares and coworkers [30] reported a preliminary interactive profile be-
tween HSA and HCTZ in nonglycemic, normoglycemic (80 mg/dL), and hyperglycemic
(320 mg/dL) conditions via absorption and steady-state fluorescence techniques. The spec-
troscopic data indicated high glucose concentrations might perturb the available binding
sites due to the albumin’s conformational change, making the binding of HCTZ in the vicin-
ity of the Trp-214 residue difficult. These results indicated that glycemic control is required
to obtain an appropriate treatment with HCTZ. However, we did not identify the main
fluorescence quenching mechanism, which is extremely important to verify the best mathe-
matical approach to determine the binding affinity. It is also important to mention that there
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are more sensitive techniques than absorption and steady-state fluorescence to determine
the binding affinity [31], e.g., saturation transfer difference (5TD) is the most encountered
ligand-detecting nuclear magnetic resonance (NMR) method for small-molecule target
studies, while surface plasmon resonance (SPR) is a very sensitive technique to explore
specific binding sites [32]. Thus, to continue the binding characterization of albumin/HCTZ
and better clarify the effect of glucose levels on the binding affinity, the present work reports
the interactive profile of HSA/HCTZ in nonglycemic, normoglycemic (80 mg/dL), and
hyperglycemic (320 mg/dL; extreme case) conditions using time-resolved fluorescence
combined with the STD-NMR and SPR techniques. Overall, understanding the influence
of glucose on the HSA /HCTZ association will provide valuable insights into the struc-
tural dynamics and binding specificity, emphasizing the importance of comprehensively
exploring molecular interactions in complex physiological environments.

2. Materials and Methods
2.1. Chemicals

Commercially available HSA (purity > 99%), D-(+)-glucose, phosphate buffer solution
(PBS; pH 7.4), digitoxin, warfarin, Ludox®, and HCTZ were purchased from the Merck
KGaA company (Darmstadt, Germany) and used without further purification. Ethanolamide
and the amine-coupling agents 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide (EDC) and
N-hydroxysuccinimide (NHS) were purchased from Cytiva/GE Healthcare (Piscataway;,
NJ, USA), while the sensor chip with a matrix of carboxymethylated dextran covalently
attached to a gold surface (COOHS5) was acquired from FortéBio—Sartorius BioAnalytical
Instruments (New York, NY, USA). Milli-Q water was obtained with a Direct System QUV3-
Millipore (Darmstadt, Germany) at 24.1 °C and 18.2 m(). The concentration of the stock
solutions of albumin was confirmed by the UV absorption, using a molar absorptivity (¢)
0f 35,700 M~! cm ™! at 280 nm in the PBS [26].

2.2. Time-Resolved Fluorescence Measurements

The spectrofluorometer model FL920 CD (Edinburgh Instruments Ltd., Livingston,
UK) was used to obtain the time-resolved fluorescence decays (Aexc = 280 &= 10 nm) at room
temperature (298 K). The corresponding decays in nonglycemic conditions were obtained
for 10 uM of HSA solution (3 mL in PBS) without and with HCTZ at a concentration of
13.4 uM. In normoglycemic and hyperglycemic conditions, the fluorescence decays for HSA
(10 pM) in the presence of 80 and 320 mg/dL of glucose were recorded, respectively, before
and upon the addition of 13.4 pM of HCTZ. The instrument response function (IRF) was
obtained for a mixture of titanium dioxide (TiO;), water, and glycerol (Ludox® dispersion).
The fluorescence decay lifetimes were analyzed using deconvolution software provided
by Edinburgh Instruments. The average fluorescence lifetime (Taverage) was determined
following Equation (1):
YA T
Taverage = YA T

where T; is the fluorescence lifetime, and A; is the pre-exponential factor.

1)

2.3. STD-NMR Measurements

The STD-NMR experiments were performed at 298 K with a Bruker Avance III spec-
trometer (Bruker BioSpin, Rheinstetten, Germany) operating at a 'H frequency of 600 MHz
equipped with a triple-resonance Z-axis gradient 5 mm probe. The D,O signal was used as
the lock signal for the instrument, while tetramethylsilane (TMS) was used as an internal
reference. The HSA sample used for these experiments was prepared in PBS. The samples
were prepared with a 100-fold excess of HCTZ (2 mM) vs. protein, at 20 uM. The experi-
ments performed in the presence of glucose (at 2 mM, 10 mM, and 20 mM) were acquired
in the same experimental conditions. The on-resonance spectrum was obtained with the
saturation of protein signals at 0.78 ppm and the off-resonance spectrum at —10 ppm, using
the Bruker standard parameters (STDDIFFGP.3). A spin-lock filter of 40 ms was used to
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suppress protein signals. A saturation time build-up curve was obtained to evaluate if an
accumulation of saturated ligand molecules was occurring. The saturation times used were
0.5,1.0,1.5,2.0,2.5, 3.0, 3.5, and 4.0 s with a recycling delay of 4.0 s. The STD amplification
factor (Agtp) values were determined using the mathematical approximation reported in
the literature [33]. The relative STD percentages were obtained using 2.5 s for saturation.
The highest intensity of Agtp was set to 100%, and all other STD signals were calculated
relative to this.

2.4. Surface Plasmon Resonance (SPR) Measurements

The SPR experiments were performed with an optical biosensor transduction SensiQ®
Pioneer FortéBio—Sartorius BioAnalytical Instruments (New York, NY, USA) at room
temperature (298 K). The samples of protein were incubated (for 30 min at 298 K) with
a 10 mM acetate buffer (pH 4.5), and then the protein immobilization was performed as
previously described in [34,35] with modifications. Briefly, a COOHS5 sensor chip was
functionalized with HSA (100 ug) using the EDC/NHS coupling method. The COOH5
covering with HSA was performed with running PBS (pH 7.4) in sequential steps at a
continuous flow rate: (i) injection of 50 pL of the mixture (1:1; 0.4 M EDC and 0.1 M
NHS) for 2 min at 50 pL/min; (ii) injection of HSA (100 ng) for 5 min at 50 uL/min; and
(iif) injection of 150 uL of 100 mM ethanolamine at 20 uL/min.

Binding assays were performed with 50 pL injections of different concentrations
(0.21-26.8 uM) of HCTZ and site markers (warfarin and digitoxin) at a continuous flow rate
(50 uL/min) to access the bioavailability of HSA binding sites after immobilization on the
sensor chip. Calibration curves were plotted for each ligand and then competition assays
were performed with combinations of the concentration of these ligands based on the
affinity constant (Kp) obtained for each. Subsequently, the influence of a glucose-enriched
environment (80 mg/dL and 320 mg/dL) on HSA binding to HCTZ was evaluated by the
new Kp value obtained, maintaining an equimolecular rate concentration. Subsequently, the
binding of HCTZ (13.4-209 uM) to HSA was evaluated in a glucose-enriched environment,
maintaining a stoichiometric ratio with glucose, based on the amount of HSA immobilized
per sensor chip surface area (1.24 ng in 0.155 mm?). After binding pulses with each ligand
concentration, the sensor chip was subjected to a regeneration pulse (30 s with 10 mM
glycine-HCl at pH 1.5) followed by a stabilization period (30 s) and, finally, a buffer injection
(60 s) to verify the mass transfer effect.

Binding assays were assessed in real-time by a sensorgram of association and dissocia-
tion for the complex formation, and changes in the SPR angle were expressed as resonance
units (RU) using the Qdat software (version 4.3.1, FortéBio, New York, NY, USA). To avoid
artifacts, RU values from the reference channel were subtracted from the RU values of the
test samples. The rate constants that measure interactions between proteins—drugs can be
expressed as an association rate constant (k; or ko,;) and/or a dissociation rate constant (k; or
kogp), which are used to determine the equilibrium or affinity constant (Kp; Equation (2)) [36].
Thus, Kp was the nomenclature adopted in this work to define affinity.

ka

Kp = —
D K

()

3. Results and Discussion
3.1. Identification of the Main Fluorescence Quenching Mechanism

According to Soares and coworkers [30], the bimolecular quenching rate constant (k)
values for the interaction of HSA/HCTZ in nonglycemic, normoglycemic, or hyperglycemic
conditions are in the order of 1012 M1 g~ 1, larger than the diffusion rate constant in
water (kgig~7.40 X 10° M~ s~ at 298 K, following the Smoluchowski-Stokes—FEinstein
theory) [37], indicating a ground state association. However, in the Stern—Volmer plot, we
noticed the appearance of a negative curvature at the highest glucose level (320 mg/dL),
which was not expected in a pure static quenching mechanism [31]. Thus, to clarify the
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fluorescence quenching mechanism operating in the HSA/HCTZ complex, time-resolved
fluorescence measurements were conducted in the absence and presence of the maximum
HCTZ concentration used in the reported steady-state fluorescence analysis [30] (Figure 2

and Table 1).
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Figure 2. Time-resolved fluorescence decays for HSA (10 uM) in nonglycemic, normoglycemic
(80 mg/dL), and hyperglycemic (320 mg/dL) conditions without and in the presence of HCTZ
(13.4 uM) at room temperature.

Table 1. Time-resolved fluorescence parameters for HSA, HSA/HCTZ, HSA/glucose, and
HSA /glucose/HCTZ in a PBS solution (pH 7.4) at room temperature.

System T1 (ns) %Relative Ty (ns) % Relative  Tayerage (ns) X2
HSA 1.76 + 0.09 24.8 5.75 £+ 0.09 75.2 4.76 1.158
HSA/HCTZ 1.69 + 0.09 25.1 5.66 £ 0.09 74.9 4.66 1.125
HSA /glucose (80 mg/dL) 1.73 £0.10 23.2 5.65 4 0.09 76.8 4.74 1.115
HSA /glucose (320 mg/dL) 1.71 +0.09 239 5.73 £ 0.09 76.1 4.77 1.191
HSA /glucose/HCTZ (80 mg/dL) 1.75 + 0.09 255 5.74 £+ 0.09 74.5 4.72 1.154

HSA /glucose/HCTZ (320 mg/dL) 1.71 £0.10 22.1 5.59 £ 0.09 77.9 473 1.193
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The fluorescence decays were better fitted in a bi-exponential function (residuals in
Figure 2), with the measured corresponding shorter (1) and longer lifetimes (1) for non-
bound HSA in a nonglycemic condition of 1.76 & 0.09 and 5.75 % 0.09 ns, in full agreement
with the literature data [38,39]. Since the fluorescence lifetimes for HSA did not significantly
change in the presence of HCTZ, it can be stated that the quenching process occurred
through a purely static mechanism [31], indicating that the Stern—Volmer technique, and
not the double-logarithmic approach, is the best mathematical approximation to estimate
the binding affinity of HSA/HCTZ [40,41]. Thus, the reported Stern—Volmer quenching
constant (Ksy), and not the apparent binding constant (K}), must be considered to estimate
the binding affinity of albumin/HCTZ, correcting the approach carried out by Soares and
coworkers [30]. In this sense, the reported K, value of (1.38 & 0.01) x 10* M1 at 310 K [30]
indicated a moderate binding affinity.

Glucose in both normoglycemic and hyperglycemic concentrations in the HSA solution
did not significantly decrease the lifetimes of albumin (Table 1), agreeing with previous
trends reported for different monosaccharides [20]. The interaction of HSA/HCTZ in
normoglycemic and hyperglycemic conditions decreased albumin’s average fluorescence
lifetime by less than 1% (Table 1), indicating that under the two different glucose levels
used in this work, the fluorescence quenching mechanism induced by HCTZ continues
to be purely static. Energy transfer (from the dynamic quenching mechanism) does not
operate in the system under study. Thus, even in the presence of glucose, HCTZ still might
interact via a ground state association, and the reported Kgy values of 1.57 £ 0.03 and
2.82 +0.09 x 10* M~ for normoglycemic and hyperglycemic conditions, respectively, [30]
indicate that these glucose levels might increase HCTZ'’s affinity to albumin, increasing by
about two-fold at extreme glucose concentrations.

It is important to highlight that high glucose levels cause oxidative changes in proteins
(glycoxidation), inducing the formation of Maillard reaction products and further advanced
glycation end-products [42]. Thus, glycoxidation in patients with diabetes under long
exposure to high glucose concentrations in the blood is feasible, leading to the formation of
glycated albumin [43]. Under the experimental in vitro conditions used in this work, we
did not induce the glycoxidation of albumin. We did not identify any significant change in
the T values for HSA and HSA /glucose that could indicate glycoxidation [44,45].

3.2. STD-NMR Analysis

To deeply evaluate the binding mode of HCTZ with HSA, we performed STD-NMR
experiments. The STD-NMR technique enables the identification of the binding epitope on
the ligand by assessing the efficiency of saturation transfer from the specifically saturated
protein. The saturation transfer efficiency is quantitatively expressed by the amplification
factor (Astp), representing the average number of transient contacts of the ligand per
molecule of the receptor within a given saturation time [33]. The Agrp plot obtained for
HCTZ (Figure 3) depicts that for the three observable hydrogens in HCTZ’s structure (H3,
H7, and H10), H10 exhibited a stronger Agtp than H7 (100% vs. 67.1%, respectively) while
no signal corresponding to H3 was observed in the on-resonance spectrum. Thus, the
STD percentage data indicate that H10 is closer than H7 to the amino acid residues of
albumin, and H3 is the most distant from the binding site, contributing to a comprehensive
understanding of the interaction of albumin/HCTZ.
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Figure 3. Analysis of STD-NMR reveals the binding epitope of HCTZ in HSA protein in nonglycemic
conditions. The reference spectrum acquired in the off-resonance condition is depicted in black,
while the corresponding STD-NMR spectrum is presented in blue. The chemical structure of HCTZ
featuring assigned protons is illustrated as an inset in the reference spectrum. The STD amplification
factor is plotted as a function of the saturation time, accompanied by the estimated relative STD
percentages for each HCTZ signal. Elements’ color: Chlorine, oxygen, nitrogen, sulfur, and carbon in
green, red, blue, yellow, and black, respectively.

To contribute to the evaluation of glucose’s effect on the interaction of HSA/HCTZ, we
conducted STD-NMR experiments on HCTZ in the presence of increasing concentrations
of glucose. In this case, we did not observe any evidence of glucose binding in HSA, even
with the highest concentration of glucose (20 mM), which gave a 1000-fold ligand excess
compared with the protein (Figure 4A-C). From the literature, it is known that glucose
might interact with albumin very weakly with a binding constant of 10> M~ [20,46], and,
probably for this reason, the STD-NMR results did not detect the complex of HSA /glucose.
Moreover, the presence of glucose in an equimolar proportion of HCTZ did not affect the
binding of the drug to albumin. There was not any significant alteration in the amplifica-
tion factor of HCTZ signals in the mixture (Figure 4D). In the concentrations of glucose
five- and ten-fold higher than the drug, the interaction of HSA/HCTZ (Figure 4B,C) was
still observed with an improvement in the Agrp (Figure 4D), indicating that glucose in
concentrations higher than those of HCTZ might increase the binding capacity of this drug
to albumin, agreeing with the time-resolved fluorescence results.
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Figure 4. STD-NMR experiments on HCTZ with increasing concentrations of glucose: (A) 2 mM,
(B) 10 mM, and (C) 20 mM. The reference spectrum acquired for each glucose concentration is given
in black (off-resonance), and the corresponding STD-NMR spectrum is colored in blue. (D) Agrp plot
of HCTZ in the presence and absence of glucose.

Overall, the new interpretation of the reported Kgy values [30] based on the obtained
time-resolved fluorescence and STD-NMR data indicates that high glucose levels signif-
icantly increase the binding capacity of HCTZ to albumin, indicating the importance of
glycemic control in the human bloodstream to obtain the appropriate residence time and
pharmacotherapeutic treatment for the commercial drug HCTZ.

3.3. SPR Analysis

Balaei and Ghobadi [47] detected the interaction of albumin/HCTZ in subdomain ITA
(the warfarin-binding site, site I) and not in subdomain IIIA (the ibuprofen-binding site,
site II); however, they did not explore the possibility of interaction with subdomain IB (the
digitoxin-binding site), a newly discovered binding region that, due to its importance in
albumin—drugs interactions, is considered site III [48]. Since both time-resolved fluorescence
and STD-NMR experiments indicated an improvement in the binding capacity of HCTZ
with glucose, positive cooperativity was expected to increase the drug interaction with
subdomain ITA or with other subdomains, e.g., IB. Site III can be considered a feasible
binding site for HCTZ due to its high positive electrostatic potential region like site I [21,49].
Thus, SPR experiments were performed without and in the presence of the site markers
warfarin or digitoxin to provide the binding property of HCTZ to subdomains IIA and IB.

The binding of HSA to the sensor chip exhibited a significant binding rate of
8000 resonance units per second (RU/s). Therefore, the HSA binding site was accessi-
ble to interactions with specific ligands in the solution. The variation in RU/s time over
200 s was used to evaluate the interactions between HSA and HCTZ, warfarin, and digi-
toxin (Figure 5A). The site markers (warfarin and digitoxin) and the antihypertensive drug
were further analyzed using a series of concentrations, which demonstrated an increase in
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SPR signals (RU/s), indicating a direct binding to immobilized HSA in a concentration-
dependent manner (R? = 0.99 for all tests; Figure 5B).
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Figure 5. SPR assays assessing the interactions between the HSA and some specific ligands. These
experiments were performed with HSA on a COOHS5 chip. (A,B) Accessing the bioavailability of
multiple HSA binding sites after immobilization onto the sensor chip by using warfarin, HCTZ, and
digitoxin. (C,D) Inhibition assays of (i) HSA binding to HCTZ without inhibitor (wi) and in the
presence of warfarin or digitoxin. (E,F) Competition assays of HCTZ binding to HSA in nonglycemic,
normoglycemic (80 mg/dL), and hyperglycemic (320 mg/dL) conditions. (A,C,E) Data are presented
as average sensorgrams (resonance signal versus time, representative of three independent experi-
ments) and (B,D,F) nonlinear regression curve fit (the error bars represent a standard deviation of
approximately 1.0% of the average value, rendering them barely visible in the graphs); 1.34 x 107°M
(M), 6.70 x 10~° M (M), 3.35 x 10~ M (M), 1.68 x 10~° M (M), 8.38 x 10~7 M (M), 4.19 x 10~/ M
(M), and 2.09 x 10~7 M ().

The binding affinities between HSA and the three specific ligands were evaluated
by the affinity constant (Kp; Table 2). The obtained results showed the bioavailability of
multiple HSA binding sites after immobilization on the sensor chip, which was confirmed
due to the different Kp values for warfarin, digitoxin, and HCTZ. The obtained Kp values
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for the site markers were in the same order of magnitude as those previously reported in the
literature [50,51]. The Kp value for HCTZ under the nonglycemic condition was comparable
to the reported Kgy value in [30], indicating the reliability of the new approach obtained by
time-resolved fluorescence measurements (Section 3.1). Competitive binding studies were
performed in the presence of the site markers warfarin and digitoxin. There was a higher
inhibition of HCTZ binding in the presence of warfarin than digitoxin on the HSA after
immobilization on the sensor chip. Furthermore, it was possible to verify that digitoxin
can affect drug binding at a concentration of 0.67 uM (Figure 5C,D). These results indicate
that subdomain IIA is the main binding site of HCTZ to albumin; however, subdomain IB
can also accommodate HCTZ but to a lesser extent, corroborating the previous discussion
(Section 3.2) about more than one feasible binding site. This trend was not previously
detected by Balaei and Ghobadi [47] due to the lack of drug-displacement assays for
subdomain IB.

Table 2. Binding affinity values (Kp x 10~° M) of the interactions between HSA and drugs.

Binding Sites Inhibition of HCTZ Binding in Competition with HCTZ
Biodisponibility Presence of: Binding
HCTZ Digitoxin Warfarin Digitoxin Warfarin Normoglycemic  Hyperglycemic
180.0 £ 40 78.0 £4.0 370+ 1.0 229406 62.0+4.0 218.0 £ 6.0 114.0 £2.0

The binding profile of HCTZ with HSA under glucose-enriched conditions was also
evaluated (Figure 5E,F). The results suggest that glucose in the SPR running buffer can
affect the affinity of HCTZ for albumin mainly in the hyperglycemic condition, i.e., the
Kp value in the hyperglycemic condition decreased by about 1.6-fold compared with the
normoglycemic condition (Table 2). This result agrees with recent research that indicates
the presence of glucose influences the drug-albumin interaction via cooperativity and/or
perturbation in the albumin structure, which induces the protein’s pockets to receive
drugs [29].

4. Conclusions

The time-resolved fluorescence analysis for HSA/HCTZ indicated that the fluores-
cence lifetime average did not significantly change in both nonglycemic, normoglycemic,
and hyperglycemic conditions. Thus, a purely static quenching mechanism is operating,
which results in a ground-state association close to the fluorophore Trp-214 residue (subdo-
main II). Thus, the reported Kgy value is the best constant via fluorescence to estimate the
binding affinity—moderate. The SPR results agreed with the time-resolved fluorescence
data, indicating subdomain IIA as the main binding site; however, there is the possibility
of subdomain IB also being considered as a secondary binding site, mainly in the hyper-
glycemic condition, due to the cooperativity and/or perturbations in the protein’s structure.
Finally, both the time-resolved fluorescence and STD-NMR results showed that even in the
presence of different levels of glucose, HCTZ continuously interacted with albumin, indicat-
ing that glucose under hyperglycemic conditions led the cavities to be more likely to receive
more ligands. Thus, there is a necessity for glucose control in the human bloodstream to
not impact the residence time (pharmacokinetic profile) and pharmacotherapeutic potential
of HCTZ.
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