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A B S T R A C T   

The growing understanding of nanoemulsion biomedical applications necessitates a basic un-
derstanding of protein–drug-loaded nanoemulsion interaction. In our present study, we investi-
gated the binding interactions of Mefloquine (MEF)-loaded black cumin seed oil (Thymoquinone) 
nanoemulsion of different concentrations towards human and bovine serum albumin (HSA&BSA). 
Fluorescenceemission,three-dimensionalspectra,UV–visible spectroscopy, and FTIR-spectroscopy, 
techniques were used together with molecular docking studies to identify the binding effects. The 
ground state complex formation between Mefloquine-loaded black cumin seed oil nanoemulsion 
and protein fluorophores was confirmed by a decrease in fluorescence intensity and disputed 
hyper-chronicity found in the UV–visible spectra of albumins. According to three-dimensional 
fluorescence spectral analysis, the addition of MEF in thymoquinone impacted the microenvi-
ronment around aromatic amino acid (tryptophan and tyrosine) residues in HSA. The quenching 
mechanism is determined to be static contact by stern–volmer analysis, resulting in the formation 
of a stable bioconjugate. Significant modifications in the amide FTIR frequencies at around 1600 
cm− 1 correlate to variations in the secondary alpha-helical structures of biomolecules at the MEF- 
loaded nanoemulsion interface. Molecular dynamic studies have shown the binding affinity scores 
of the proteins BSA and HSA with the drug, MEF-loaded black cumin seed oil nanoemulsion. The 
determined thermodynamic parameters were found to agree with molecular docking data, indi-
cating that vander-waals and hydrogen bonding forces were important in the interaction process. 
MEF prefers a highly polar binding site at the exterior area of domains in HSA than BSA, as shown 
in the molecular model, and the hydrogen bonds are highlighted. From our results, we have 
observed that drug delivery has a detrimental effect on protein frame confirmation by altering its 
physiological function.   

1. Introduction 

In order for the injected active component to be sufficiently dispersed in the aqueous environment and available at the site of action 
throughout the body, the process of drug delivery must be abided [1]. A variety of colloidal systems, including liposomes, solid lipid 
nanoparticle systems, emulsions, nanoemulsions and microemulsions, have been developed as drug delivery vehicles [2]. Oil/water 
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nanoemulsion, for example, have a lot of promise for delivering poorly water-soluble drugs because of their many advantages, 
including ease of fabrication, increased drug loading, improved drug solubility and bioavailability, reduced patient variability, 
controlled drug release, and resistance to enzymatic degradation [3].The nanoemulsion segmented hydrophobic and hydrophilic 
domains aid in the assimilation of polar and non-polar molecules [4]. 

Essential oils made from plants include bioactive components by nature, making them considered safer than synthetic goods for 
usage in the food and pharmaceutical industries [5]. Several studies have suggested that nanoemulsion could be used as a carrier for 
targeted drug delivery, as a preventive measure in bioweapons incidents, as an adjuvant for mucosal vaccines, as a non-toxic disin-
fectant cleaner, and for oral drug delivery [6]. As a result, the nanoemulsion in our work were made using the oils indicated above, 
which contain considerable bioactive chemicals, and their interactions with biomolecules were studied[35,41]. It could reveal details 
about the negative effects of using the nanoemulsion technologies described above as drug delivery vehicles within the body [7]. In 
summary, nanocarrier interactions with proteins cause structural conformational changes by exposing novel epitopes on the protein’s 
surface [8]. As a result, research into the interaction of essential oil-based nanoemulsions with biological proteins has emerged as a 
major topic in biomedical research, with the goal of learning more about the structural changes that can occur [9–11]. In blood plasma, 
serum albumin is still the most abundant carrier protein. They aid in the transport and distribution of both exogenous and endogenous 
materials in the bloodstream [12]. 

Bovine serum albumin (BSA) is a protein found in blood plasma that aids in the disposition and transportation of several nutrients 
[13]. Human serum albumin (HSA) is still the most abundant soluble protein in the circulatory system [14]. The higher range of 
molecules, it has excellent acceptor capabilities. They are crucial in the development of new therapeutic agents, the prediction of drug 
pharmacokinetic behaviour, and the modulation of pharmacodynamics [15]. The sequences of BSA and HSA are 76% identical. The 
number of tryptophan residues is the main difference between them. HSA only has one tryptophan residue (W131), whereas BSA has 
two (W131 and W214) (W214) [16]. The major intrinsic fluorophores in serum albumins are tryptophan, tyrosine, and phenylalanine 
[17]. In comparison to phenylalanine, tryptophan and tyrosine residues contribute higher quantum yield in practical measurements 
[12]. As a result of such binding interactions, the intramolecular forces that govern the secondary structure of proteins may be altered, 
resulting in conformational changes in the protein [18]. Many drugs have had their ligand interactions with bio macromolecules 
studied such as anti-malaria drugs are a significant subset of these drugs [19]. Any change in the bio macromolecule’s structure or 
function can be considered a drug’s side effect [20]. Drug interactions with bio macromolecules like HSA &BSA can also affect their 
bioavailability and circulating lifetimes [21]. Strong interactions result in a decrease in the free fraction of drugs in plasma, while weak 
interactions result in a shorter lifetime and poor drug distribution [22].MEF is an antimalarial drug that has been approved by the FDA 
and is currently used to treat malaria [23]. It is a quinine derivative that aids in the attack on Plasmodium during the intra erythrocytic 
stage of the parasite’s life cycle. As a result, MEF has an advantage in treating P. falciparum malaria which is resistant to chloroquine. 

Sekar et al. investigate how blood proteins and nanoemulsion interact, binding pattern concerning potential changes in the serum 
albumin nanoemulsion complex’s structural conformation. They are more suited for in situ biomolecule collection and non-destructive 
measurement since they are highly sensitive, reasonably simple, and sensitive overall. A few studies have suggested that the variation 
in the protein folding and aggregation mechanism is caused by the protein binding on nanosurfaces [24]. According to research on 
biomolecules according to their physico - chemical properties, nanoparticles such as fullerene, CNTs, polymeric and fluorinated ones 
[25], have been shown to significantly alter the amyloid fibrillation pathway. According to a structural study, curcumin binds to BSA 
through polypeptide polar groups and has significant binding constants. It has been proven that trapping curcumin in nanoformulation 
prevents its hydrolysis [26]. The technology demonstrated delayed constant release and 99% encapsulation efficacy. In vivo in-
vestigations on pharmacokinetics, biodistribution, vasodilation, and toxicity inhibitory effects on the growth of tumor tissue will be 
used to determine the formulation’s safety and effectiveness [27]. 

In previous research, we developed essential oil-based nanoemulsions and investigated their interaction with human serum al-
bumins [28,29]. The study revealed that possible binding cum structural changes and biosafety studies as a result of the interaction 
process [30]. We used commonly spectroscopic methods to derive the binding pattern of serum albumin, MEF-loaded black cumin seed 
(Thymoquinone) oil-based nanoemulsion complex in conjunction with possible structural conformation disturbances. Optical tech-
niques such as UV–Visible spectroscopy, fluorescence spectrophotometry, and Fourier transform infrared spectroscopy were the most 
commonly used among the various techniques to study molecular interactions [11,27,31]. However, no research has been done on the 
antimalaria drug (MEF)-loaded black cumin seed (Thymoquinone) nanoemulsion to bind to serum albumin proteins. We aim to present 
an extensive study of the interactions between MEF-loaded black cumin seed oil nanoemulsion (Thymoquinone) with HSA and BSA, 
which includes not only assessing the strength but also how the drug-loaded nanoemulsion binds to the protein, as well as structural 
alterations and the drug-protein binding site. We anticipate that the current investigation will provide important insights into the 
biological and therapeutic effects of MEF-Thymoquinone as well as the impact of biosafety on pharmacology. This study offers a 
persuasive viewpoint on how body’s carrier protein is affected by nanophase medication delivery (serum albumin). 

2. Materials & methods 

Bovine serum albumin and human serum albumin were obtained from HI Media, India. Phosphate buffer of pH 7.2 bought from 
Sigma-Aldrich, USA. Nagila Sativa (Black cumin seed) oil bought from Sigma-Aldrich, Tween 80(sorbitan monolaurate) was obtained 
from S.D.-Fine Chem. Limited, Mumbai. USA. Mefloquine hydrochloride was procured from Sigma-Aldrich, USA. Milli -Q water. All 
chemicals are of analytical grade. Excess Mefloquine was added to black cumin seed essential oil and vortexes for 15 min [32]. The 
sample was shaken for 72 h in an orbital shaker after the observation to dissolve the Mefloquine in black cumin seed essential oil [33]. 
The undissolved Mefloquine centrifugation at 3000g rpm (spin win, Tarson product Pvt. Ltd) was used to separate the water from the 
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oil [34]. The physical solubility was then investigated, and Mefloquine in the form of a pellet was found to be undissolved. Subse-
quently, 1 mg/mL of drug-loaded NE was selected as the ideal dosage for further description and implementation. 

2.1. Nanoemulsion preparation 

The drug loaded nanoemulsion was made with Black cumin seed oil (6% v/v), non-ionic surfactant, “Tween 80” and MilliQ [35]. 
The final concentration of Mefloquine hydrochloride in Black cumin seed oil was 1 mg/mL. MEF-loaded black cumin seed oil and 
surfactant properly mixed for 30 min at 250 rpm using a magnetic stirrer [3]. After formulation, it was sonicated using an ultra-
sonicator emulsifier (Sonics, VIbra cell line, USA) for 10 min at 20 kHz with a 40% amplitude [36]. The sample container was placed in 
an ice bath during the ultrasonication process to keep it cool. Before being used in characterization experiments, a clear MEF-loaded 
nanoemulsion was left at room temperature for one night to observe phase separation [37]. 

2.2. Characterization 

2.2.1. Thermodynamic study 
The thermodynamic stability of the MEF-loaded nanoemulsion was investigated in an order to ensure the physical stability. Such as, 

Centrifugation: The prepared drug-loaded nanoemulsion was centrifuged for 30 min at 7000 rpm to check for any phase separation 
[38]. The heating-cooling cycle was carried out for three times, with the temperatures being set at 45 and 4 ◦C for 48 h each time. At 20 
and 25 ◦C,48-h freeze-thaw cycles were carried out for triplicate [39]. 

2.2.2. Droplet size and polydispersity index 
Dynamic light scattering (DLS) analysis is used to determine the droplet size distribution and polydispersity index (PI) of MEF- 

loaded nanoemulsion. (HITACHI, USA). Prior to analysis, the samples have been diluted with “double-distilled” water in a 1:30 
ratio before analysis to reduce the effects of multiple scattering [2]. 

2.2.3. 3Turbidity studies 
The turbidity of MEF-loaded nanoemulsion was measured at 600 nm using a UV–Visible spectrophotometer (HITACHI, U-2910)). 

Prior to the experiment, the samples were diluted in a 1:10 ratio with double distilled water to decrease turbidity [40]. 

2.3. Spectroscopic measurements 

2.3.1. UV absorption 
UV spectrophotometric absorbance measurements were carried out with a 0.1 nm resolution twin beam spectrophotometer. In the 

spectral range of 250–350 nm, the absorbance of BSA and HSA was determined. Samples were allowed to interact with diluted MEF 
loaded nanoemulsion concentrations, such as 2–10 μl [41]. 

2.3.2. Intrinsic fluorescence spectroscopy 
Fluorescence spectra were recorded using a spectrofluorometric (Jasco FP-6500) with a quartz cuvette (10 mm path length) filled 

with a protein solution and placed in a thermostatically controlled cell holder [18]. For the fluorescence measurements of MEF-loaded 
black cumin seed nanoemulsion, with a standard solution of BSA and HSA was allowed to interact with varying concentrations, such as 
2–10 l in the orbital shaker for 5 min [42]. A stern-volmer plot was created from the fluorescence spectra by plotting the volume of the 
drug-loaded nanoemulsion along with the ratio of BSA and HSA’s fluorescence intensities before and after their interaction with the 
drug-loaded nanoemulsion system [43]. 

For spectral measurements, the following settings were used: excitation and emission bandwidths of 5 nm each; λex = 333 nm; λem 
= 300–500 nm; detector voltage = 240 V; scan speed = 500 nm min‾1; and data pitch = 1 nm. The ratio of the fluorescence intensity of 
BSA and HSA before and after contact with the oil nanoemulsion system, along with the nanoemulsion volume on the x-axis, was used 
to make the Stern-Volmer plot from the fluorescence spectra [16]. 

The fluorescence spectra (at λ max = 333 nm) were analysed using the stern-volmer equation (1) [13]:0 

F0

F
= 1 + ksv[Q] (1)  

where F0 is the intensity of free HSA/BSA fluorescence and F is the intensity of HSA/BSA fluorescence after interaction with MEF-black 
cumin seed nanoemulsion. Stern–volmer quenching constant and drug concentration are denoted by KSV and [Q], respectively. F0/F 
against MEF-loaded black cumin seed nanoemulsion concentration graphs were created. The KSV is calculated using the linear 
regression of this plot. The graphs of log (F0–F)/F is log [MEF-BMC] were also plotted and used to calculate the binding constant (Kb) 
and the number of binding sites (n) using the modified stern–volmer equation-(2) [29,30]. 

log
BMC

= logkb + nlog[Q] (2)  
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2.3.3. Three dimensional (3D) flurosencespectra 
Using the experimental parameters listed in the instruction manual, the three-dimensional fluorescence spectra of HSA and BSA 

were measured [9,28]. The start and end wavelengths of excitation and emission were adjusted at 300 and 500 nm, respectively [18]. 
The sampling intervals for excitation and emission were adjusted to 30 and 10 nm, respectively. The scan speed stays at 60,000 nm 
min− 1 and the voltage remained at 360 V, at 5 nm the excitation and emission slits were fixed [14]. Drug-loaded nanoemulsion was 
present or absent from the contour plot of biomolecules. Between the emission and excitation wavelengths, the Stokes shift (nm) was 
calculated. 

2.3.4. Fourier transform infrared (FTIR) spectroscopy 
It analysis of control (BSA&HSA) and MEF loaded-nanoemulsions interacted with protein (BSA&HSA) samples are performed at a 

resolution of 1. The device includes a Kbr and Mylar beam splitter, and the powder mixed with Kbr was compressed into to pellets 
under low pressure (1.5psi). At 25 ± 3 ◦C, the spectrum was measured from 4500 to 400 cm− 1. The control sample (BSA&HSA) and 
MEF loaded nanoemulsion interacted with BSA& HSA were examined to evaluate any potential changes to the amide areas that 
correspond to the structural shape of the helical filament. 

2.4. Data curation 

2.4.1. Protein receptor data set curation 
The protein 3D structure was downloaded for Bovine Serum Albumin (BSA) protein along with the 3D coordinates from Protein 

Data Bank (PDB) database (https://www.rcsb.org/) with a PDB ID: 4F5S [44]. The obtained protein structure is a monomeric molecule 
with a single unique chain. Whereas, the Human Serum Albumin (HSA) protein does not have any available 3D structures in the PDB 
database. We have retrieved the protein sequence for HSA from the UniProt protein sequence database and modeled the protein using 
the Swiss-Model online server [45]. The model has been generated using the templet with 90% similarity scores. The modeled protein 
is further used for protein refinement and docking analysis. 

2.4.2. Protein refinement 
Prior to molecular docking, the Pymol tool was used to further improve the protein structures by eliminating the crystallographic 

water molecules and undesirable heteroatoms [46]. The non-standard residues including the water molecules, ligand, phosphate, and 
sulphate groups should be removed for the successful completion of the docking procedure using Autodock tools. 

2.4.3. Ligand dataset curation 
The drug bank database (https://www.drugbank.com) and PubChem compound database (https://pubchem.ncbi.nlm.nih.gov/) of 

the National Center for Biotechnology Information (NCBI) was used to download the ligand structures [47]. The ligand molecules 
(Mefloquine and Thymoquinone) structures were retrieved from the Drug bank database. 

2.4.4. Protein-ligand docking analysis 
The protein structures were further prepared as per the Autodock tool docking protocol. Polar hydrogen atoms were added and 

non-polar hydrogen atoms were merged followed by adding Kolman charges to the protein molecule. The ligand molecule was also 
prepared as per the protocol and saved the ligand molecule as “ligand.pdbqt” file format. Autodock-Grid alogorithm is used for 
preparing the grid around the protein molecule. A genetic algorithm is used for the protein-ligand docking process as a part of the 
standard docking protocol of Autodock-Dock [30]. The best-docked complex for each set of dockings is selected based on the binding 
affinity scores and the binding orientation has been visualized using discovery studio. 

2.4.5. Protein-ligand complex visualization and analysis 
The complex is visualized using the discovery studio [11]. The binding positions for each set of docking were captured and the 

binding amino acids were identified. The binding forces helpful for stabilizing the protein-ligand were analysed using the Discovery 
studio tool. Discovery studio facilitates to visualization of the Hydrogen bonds along with the other stabilizing bonds such as the 
hydrophobic interactions and van Der Waals interactions. 

3. Result and discussion 

The results of physicochemical characterization of the formulated drug-loaded nanoemulsion are provided in Table 1. The visual 

Table 1 
Physiochemical characterization of formulated drug-loaded nanoemulsion.  

Parameter Black cumin seed NE MEF-Black cumin seed NE 

z-Average/Zeta potential 72.9nm/-2.5 mV 86.1nm/-2.8 mV 
Polydispersity Index 0.154 ± 0.0014 0.189 ± 0.0024 
Thermodynamic stability Stable Stable 
pH 6.98 ± 0.21 6.23 ± 0.58  
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appearance of coarse emulsion Fig. 1(A), nanoemulsion Fig. 1(B) and MEF-loaded nanoemulsion of black cumin seed oil had in Fig. 1 
(C). The UV Visible Spectrophotometer at 600 nm revealed that the Black cumin seed nanoemulsion has a percent transmittance of 
more than 90%, indicating that the emulsion is optically transparent and size dependant. Because of the smaller droplet size, the 
emulsion is less turbid Fig. 1(B &C).The coarse emulsion initially had larger droplet sizes in the 100–300 nm range and was milky white 
in colour Fig. 1(A) [48]. Initially, the coarse emulsion Fig. 1(A) was milky white with bigger droplet sizes in the 100–300 nm range. 

Ultra-sonicated MEF-loaded black cumin seed oil nanoemulsions were very clear and less viscous Fig. 1(C), with a 50–100 nm size 
range. For the emulsification and dispersion of substances, the food and pharmaceutical industries frequently use “Tween 80" (HLB =
15), a non-ionic hydrophilic surfactant. As illustrated in Table 1, the mean droplet diameter of the formed nanoemulsion and drug- 
loaded nanoemulsion was to be 72.9 nm and 86.1 nm, respectively, with polydispersity indexes (PDI) of 0.154 and 0.189 as deter-
mined by dynamic light scattering (DLS). Both nanoemulsions had PDIs smaller than 0.5, indicating that the emulsions were homo-
geneous [36,49]. The zeta potential value of black cumin seed nanoemulsion and MEF loaded Black cumin seed nanoformulation were 
depends upon the surfactant used in the nano-formulation [50,51]. As mentioned in the study in zeta potential and particle size 
measurements, single and binary mixtures of non-ionic and ionic surfactants were used. However, there were noticeable differences 
between the surfactants, such as how nonionic surfactants reduced the absolute magnitude of zeta potential of powders in a pH range 

Fig. 1. Visual appearance of formulated MEF loaded Black cumin seed oil Nano emulsion (A: Coarse Emulsion of Black cumin seed oil, B: Nano 
formulation of Black cumin seed oil, C: Mefloquine loaded Black cumin seed oil Nanoemulsion(1:3 ratio)). 

Fig. 2. UV–Visible spectroscopy in the interaction of BSA and HSA (0.01%) produced in a phosphate buffer with a pH of 7.2 and increasing volumes 
of MEF-loaded black cumin nanoemulsion systems. 
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of 2.0–11 [25]. Because of the presence of non-ionic surfactants, the absolute values of zeta potential are expected to be relatively low 
despite being in the stable range. It has been reported that the presence of non-ionic surfactants reduces the magnitude of zeta potential 
over a wide pH range [52]. Both emulsion’s thermodynamic stability was stable as evidenced from the heating cooling cycle process at 
varied temperatures, with no notable variations in size [53]. As high pH generates oil-in water emulsion, it was verifying from the 
provided pH value in table-1 [3]. 

3.1. UV -absorption 

UV Visible spectroscopy is the most efficient tool for investigating protein absorbance [14].In the absorption spectrum of BSA and 
HSA, a broad peak at 280 nm and 295 nm corresponds to transitions in the aromatic rings of Tryptophan(Trp), Tyrosine (Tyr) and 
Phenylalanine (Phe) residues. In Fig. 2(A&B), as the BSA & HSA-MEF loaded in Black cumin seed nanoemulsion containing solution 

Fig. 3. BSA and HSA fluorescence emission spectra in the presence of MEF loaded nanoemulsion made of (A) BSA-MEF loaded black cumin loaded 
nanoemulsion (B) HSA- MEF loaded black cumin seed oil nanoemulsion. The peak shift and decreasing intensity support the BSA and HSA’s affinity 
for the drug loaded nanoemulsion surface. 

Fig. 4. (A) BSA-MEF loaded Black cumin loaded nanoemulsion (B) HSA- MEF loaded Black cumin seed oil nanoemulsion conjugate system 
stern–volmer plots. I0/I versus nanoemulsion volume shown in a linear fashion. The graph’s Ksv and Kq values are included in the text. 
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increases, so does the absorption strength of this peak, confirming the changes in protein framework structure in the presence of the 
MEF loaded Black cumin loaded nanoemulsion [16]. The graph depicts the sample composition of drug-loaded nanoemulsion with BSA 
and HSA, Milli Q to calculate the final volume, which is shown in Fig. 2. Both protein-ligand interaction studies at constant con-
centration produced a distinct peak. This could be due to the duration of the interaction or the binding effect. Protein has a maximum 
absorbance of roughly 280 nm in general [54]. This originates from the π–πn transition of aromatic amino acid residues such as 
tryptophan and tyrosine. The aromatic microenvironment of amino acid 1residues affects the molecular conformation of proteins [13]. 
Furthermore, changing the maximum wavelength to longer wavelengths (redshift) shows an increase in the hydrophobicity of the 
environment around Trp and Tyr [55]. In the ground state, the complex’s affinity would have exposed the aromatic bonds and raised 
the molecule’s UV absorbance. As a result, biomolecules’ UV–visible spectra shift in response to changes in their microenvironment 
[15]. 

3.2. Fluorescence spectroscopy 

The mechanism of black cumin seed oil nanoemulsion –BSA & HSA interaction was investigated in this paper by measuring changes 
in the biomolecule’s intrinsic fluorescence spectra. Fig. 3(A&B) shows MEF-loaded black cumin seed oil nanoemulsion increases on 
BSA as well as HSA fluorescence intensity(FI), indicating that the intensity of fluorescence of BSA and HSA reduces as MEF-loaded 
black cumin seed oil nanoemulsion concentration increases. When HSA was excited at 290 nm, its fluorescence intensity (FI) 
peaked at 334 nm. There was a red shift from 334 to 337 nm in HSA and 320–324 nm BSA after adding MEF loaded Black cumin 
nanoemulsion oil nanoemulsion. When MEF was added to the HSA solution, the FI at 343 nm gradually decreased and at the highest 

Fig. 5. Three-dimensional spectra of BSA and HSA before after it interacts with, respectively(A) BSA (Control) (B) BSA- MEF loaded Black cumin 
seed oil nanoemulsion. 

Fig. 6. Three-dimensional spectra of BSA and HSA before after it interacts with, respectively(A) HSA (Control) (B) HSA- MEF loaded Black cumin 
seed oil nanoemulsion. 
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MEF concentration (27 M), a 49% percent reduction in the FI was observed [9]. 27 M concentration of Mefloquine in the sample with 
BSA and HSA, In the figure it was mentioned the total concentration of drug-loaded formulation with protein compounds In addition, 
at 27 M MEF concentration, there was a slight (2 nm) blue shift in HSA emission maxima. The binding of the protein’s tryptophan 

Fig. 7. FTIR of (A) BSA (Control) (B) BSA- MEF loaded Black cumin seed oil nanoemulsion.The secondary structure of BSA changes in response to 
changes in the amide band. 

Fig. 8. FTIR of (A) HSA (Control) (B) HSA- MEF loaded Black cumin seed oil nanoemulsion.The secondary structure of BSA changes in response to 
changes in the amide band. 

Table 2 
Peaks of BSA and HSA in the absence and presence of MEF-loaded black cumin seed Nanoemulsion.  

BSA(control) 
(cm− 1) 

HSA(control) (cm− 1) BSA-MEFloaded Nanoemulsion(cm− 1) HSA-MEFloaded Nanoemulsion(cm− 1) Band Assignment 

2922.59 2902.69 2929.59 2912.59 Amide-A NH stretching 
2851.24 2855.24 2854.13 2858.38 CH stretching 
1743.33 1749.35 1746.23 1752.33 Amide-I C1/4 O stretching 
1024.98 1028.98 1029.98 1035.08 Secondary Amine CN Stretching  
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residues to the nanoemulsion surface so, it also shows that the tryptophan residues found in the native protein’s hydrophobic core 
region are exposed to solvent. The increased interaction of drug-loaded nanoemulsion systems with chromophore residues, combined 
with changes in the molecular environment surrounding them, has resulted in a quenching effect with a significant blue shift.Where 
[Q] is the nanoemulsion concentration, KSV is the Stern-Volmer quenching constant, and I0 and I are the fluorescence intensities of 
HSA and BSA in the absence and presence of different nanoemulsion systems, respectively [28]. 

The plot of I0/I versus nanoemulsion-loaded drug concentration must be linear, according to the Stern–Volmer model of binding 
[30]. As demonstrated in Fig. 4(A and B), our BSA and HSA interact with MEF-loaded black cumin seed oil nanoemulsion data to fit the 
Stern–Volmer plot well and achieve good linearity. The Ksv(MEF-loaded black cumin seed oil-based nanoemulsion-HSA&BSA systems 
were found to have values of 0.0212 and 0.0358 (l mol− 1) based on the slope of the linear equation of the stern-volmer plot.), 
respectively based on the Stern-Volmer plot’s linear equation’s slope. Ksv is equal to the product of Kq and τ0 in the equation, where Kq 
is the collisional quenching binding constant of nanoemulsion-protein conjugates and Without any quencher, the average biomolecule 
lifetime is Ksv (1 × 10‾8 s). As a result, the Kq values of MEF loaded Black cumin seed oil nanoemulsion – BSA & HSA conjugates were 
calculated to be1.36 × 10− 8 and 2.01 × 10− 8 (l mol− 1 S− 1), respectively. Where K is the binding constant, n is the number of binding 
sites, I0 and I are the fluorescence intensities in the presence and absence of a quencher, Q is the concentration of the MEF-loaded Black 
cumin seed oil nanoemulsion in molar units [29]. The higher the correlation coefficient, the closer it is to one, indicating the presence 
of independent binding sites. UV–Visible spectral data will be used to determine the precise quenching mechanism between the 
nano-bio conjugates [15]. In general, quenching mechanisms can be divided into two types: dynamic and static [16]. In contrast to 
static quenching, dynamic quenching achieved through collision and energy transfer does not produce any change in the UV spectrum 
of biomolecules upon engagement with the quencher [9].The UV–Visible absorbance and fluorescence emission of both nanoemulsion 
systems varied, indicating that the mechanism is static in nature. Regardless of the mechanism, fluorescence emission spectra were 
effective in obtaining information about changes in the protein’s aromatic microenvironment [12]. 

3.3. Three dimensional (3D) flurosencespectra 

Biomolecular three-dimensional spectroscopic examinations give thorough details on fluorescence and structural alterations. The 

Fig. 9. The 3D structures of the protein and ligand molecules visualized using Pymol visualization tool. A) 3D structure of Bovine Serum Albumin 
(BSA) protein. B) 3D structure of Human Serum Albumin (HSA) protein. C) 3D structure of Mefloquine drug molecule. D) 3D structure of Thy-
moquinone drug molecule. 

P. Mohapatra and N. Chandrasekaran                                                                                                                                                                            



Heliyon 9 (2023) e12677

10

Fig. 10. Docking of BSA and HSA protein receptors with the Thymoquinone drug molecule were visualized using Discovery studio: A) The 
interacting amino acid residues and the binding affinity scores of the BSA vs. Thymoquinone complex. B) The interacting amino acid residues and 
the binding affinity scores of the HSA vs. Thymoquinone complex. 

Table 3 
Molecular docking results. Energies of hydrogen bonds in the interaction process between Thymoquinone and Mefloquine responsive amino 
acids.  

Amino Acid Energy (kcal mol− 1) Bond Length (A
◦

) Hydrogen Bond 

ARG347 − 0.55 1.3 2 
SER226 − 0.53 2.4 2 
TYR149 − 0.23 5.9 2 
ARG210 − 0.27 4.3 2  
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contour view plots were used to express the biomolecules’ 3D scan spectra in absence and presence of MEF-loaded nano-emulsion in 
this work. A contour map depicts the emission maxima of biomolecules as well as their associated excitation wavelength. The surface of 
the 3D map depicts a plot that illustrates not only biomolecules conformations change when they contact with nanoemulsions, but also 
the residues of aromatic amino acids [29]. The contour view spectra in Fig. 5 (A (control), 5 (B) is BSA–MEF loaded Black cumin seed 
oil nanoemulsion), and 6(A (control), 6(B) is HSA–MEF loaded Black cumin loaded oil nanoemulsion describes the shifts in biomol-
ecule emission spectra, as well as the wavelength shift.In Fig. 5(A&B), Fig. 6(A&B) describes about BSA (5A) and BSA-MEF loaded 
black cumin seed oil with Peak a, peak b, peak 1, and peak 2 are all present in each spectrum. The first Rayleigh scattering corresponds 
to peaks a and b where the maximum excitation (ex) equals the maximum emission (em) [15]. The aggregation of BSA and HSA onto 
the drug-loaded nano-emulsion surface was confirmed by a peak intensity increase during interaction with the nanoemulsion. As 
aggregation improves, the system’s size grows, resulting in a better scattering mechanism. The emission maxima at 380 and 450 nm 
were seen in the contour plots of BSA and HSA (control) in Figs. 5A and 6A, with the excitation wavelength position of 420 nm. These 
peaks were determined to have values of 90 and 80 nm, respectively. The value did not change considerably while interacting with 
MEF-loaded nanoemulsion (the emission maxima did not shift significantly), but the intensity reduced, as shown in Fig. 5(A&B) and 
Fig. 6(A&B). Although the intensity of the spectra was found to diminish, neither (bovine nor human serum albumin) showed any 
significant changes in their values after interaction with MEF-loaded Black cumin seed oil nano-emulsion. These findings imply that 
the influence of MEF-loaded Black cumin oil nanoemulsion on serum albumins may affect their aromatic environment, as indicated by 
the fluorescence quenching data [30]. Furthermore, peak 2 of both albumins did not significantly change when they interacted with 
MEF loaded the Black cumin seed oil nanoemulsion surface, demonstrating that the contact phenomena are unsuccessful in altering the 
conformations of the peptide strands according to the 3D spectrum result. As a result, the three-dimensional spectra show that the 
action of MEF loaded Black cumin seed oil nanoemulsion is limited to the rather peptide conformation, tryptophan, and tyrosine 
residues have an aromatic microenvironment. 

3.4. FTIR spectroscopy 

Biomolecules’ structural and conformational dynamics can be studied using FT-IR spectroscopy. In general, proteins have an amide 
I C1/4 O band between 1600 and 1700 cm− 1 that results at 1548 cm‾1, and an amide II band results from C––O stretching. This is due 
to the CN stretching and NH bending modes, and also to the amide III band size at 1300 cm‾1 [13]. The amide I band remains more 
prone to modifications in protein secondary structure than the amide II band. [40]. They exhibit a substantial connection between the 
structural conformation of the alpha-helical structure [16]. Despite the use of nanoemulsion systems, BSA and HSA displayed their 
amide A NH peaks at 2922.69 and 2902.69 cm¡1 in the current investigation, as shown in Figs. 7A & 8A. 

However, when the peak was exposed to MEF-loaded black cumin seed oil nanoemulsion, BSA shifted 2922.59 to 2929.59 cm¡1 

and HSA shifted 2902.69 to 2912.59 cm¡1, as seen in Figs. 7B & 8B. Additional peaks were observed in BSA and HSA at around 
2855.24 and 2858.38 cm¡1 of CH stretching, 1746.23 and 1752.33 cm¡1 of amide I C1/4O band stretching, 1029.98 and 1035.08 
cm¡1 of secondary amine CN stretching in contact with MEF-loaded black cumin oil nanoemulsion. The changes in the amide I band of 
BSA and HSA detected when they interacted with MEF-loaded black cumin seed oil nanoemulsion show that changes in biomolecule 
secondary structures are possible [15].Table 2 contains all of BSA & HSA’s FTIR peaks in the absence and presence of MEF-loaded black 
cumin seed oil nanoemulsion. 

3.5. Analysis of computational studies 

The protein 3D structures obtained from PDB database were visualized using Pymol tool. The drug molecules were obtained in “. 
mol2” file format and converted them to “.pdb” file format which is an acceptable file formats for the molecular docking procedure 
Fig. 9 (A,B,C,D). 

The protein receptors BSA and HSA have shown binding affinity scores of − 6.57 and − 6.38 with the ligand molecule Thymo-
quinone. The analysis of binding forces for the complex has shown that the Thymoquinone has formed three hydrogen bonds with the 
amino acids ARG347 483 and ARG484 with a ligand efficiency value of − 0.55, inhibition constant value of 15.35 μM whereas the 
HSA protein has shown two hydrogen bonds LYS223 and SER226 with a ligand efficiency value of − 0.53, inhibition constant value of 
21.05 μM. The 2D representation of protein-ligand binding of BSA with Thymoquinone is provided in Fig. 10A and HSA with Mef-
loquine in Fig. 10B (Table 3). 

Table 4 
Molecular docking results. BSA and HSA interaction with Thymoquinone- 
Mefloquine.  

Pose BE(BSA) 
(kcal mol− 1) 

BE(HSA) 
(kcal mol− 1) 

1 6.06 − 7.03 
2 5.09 − 6.98 
3 5.48 − 6.01 
4 5.26 − 5.75 
5 5.24 − 5.34 
6 5.03 − 5.11  
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In other docking studies, we have observed that BSA protein has shown a binding energy score of − 6.06 with Thymoquinone ligand 
whereas the HSA protein has shown a binding energy score of − 7.03as (Table 4). 

The analysis of binding forces for the protein-ligand complex has shown that Mefloquine has formed three hydrogen bonds with the 
amino acids TYR149, HIS241, and ALA260 with a ligand efficiency value of − 0.23, inhibition constant value of 36.15 μM whereas the 
HSA protein has shown two hydrogen bonds with ARG210 with a ligand efficiency value of − 0.27, inhibition constant value of 7.08 
μM. The 2D representation of protein-ligand binding of BSA with Mefloquine is provided in Fig. 11A and HSA with Mefloquine in 
Fig. 11B. 

The molecular docking results have demonstrated that the protein HSA has shown better binding affinity scores than the BSA 

Fig. 11. Docking of BSA and HSA protein receptors with the Mefloquine drug molecule were visualized using Discovery studio: A) The 
interacting amino acid residues and the binding affinity scores of the BSA vs. Mefloquine complex. B) The interacting amino acid residues and the 
binding affinity scores of the HSA vs. Mefloquine complex. 
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protein when performed with the drug Mefloquine. From the results, we can assume that the Mefloquine drug along with the Thy-
moquinone drug can be more efficient when targeting the HSA. Our comparative studies have shown a significant variance in the 
binding affinity scores when docked with the two drugs used for the nanoemulsion. 

4. Conclusion 

In conclusion, we studied the mechanism of interaction between MEF-loaded black cumin seed nanoemulsion with HSA and BSA 
using a mix of spectroscopic and molecular modelling methods. The findings suggest that drug-loaded transport could unfold protein 
structure and increase chromophore group exposure in the interior hydrophobic area, resulting in a change in the microenvironment of 
amino acid residues. Incorporation of hydrophobic drugs in a topical formulation along with favorable patient compliance is not 
feasible, but nanoformulation form of the same drug does that efficiently. Rationalized formulation development of nanoformulation 
for various drugs could solve various problems related to drug solubility, stability, and drug release associated with other topical 
formulations [11]. The addition of reduces the a-helix content from 68.62% to 62.76%. They were eventually able to create a stable 
bioconjugate using hydrogen bonding. Furthermore, the binding site was discovered to be positioned at the domains. This study 
demonstrates that drug delivery has a detrimental effect on protein frame conformation, compromising its physiological properties. 
Given the influence on proteins, the biocompatibility of this drug-loaded delivery should be given greater consideration. This study not 
only shows that HSA and BSA interacts with MEF-loaded black cumin nanoemulsion, but it also gives a method for evaluating protein 
structure. Nev - ertheless, when it comes to analysing the harmful effect of drugs on proteins, the degeneration of physiological ac-
tivities of proteins is a factor. Protein- The usage of drug-encapsulated nanoemulsion could enhance medication delivery, clinical 
implications for biosensing, therapeutic targeting, and other topics in the future. 
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