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Abstract 

The interaction between lipase and rheumatoid arthritis drug meloxicam (MEL)were studied by synchronous fluorescence 

method under pH=7.40. The results showed that MEL quenched the fluorescence of Tyr residues and Trp residues in a static 

quenching manner. Fluorescence quenching ratio showed that the binding position was closer to the Trp residue. The binding 

rate of MEL to Tyr residue in lipase was W(Q)=1.10%~0.77%, W(B)=1.10%~30.96%, and the binding rate to Trp residue 

W(Q)= 1.64%~1.01%, W(B)= 1.64%~40.23%, respectively, the binding model was established. The main types of MEL and 

lipase binding system are hydrophobic interaction and hydrogen bonding, and there is no synergistic effect in the binding. The 

molecular docking results indicate that the optimal binding position is near the active center of lipase, and the combination of 

the two changes. In the microenvironment at the active center, the combined reaction may have an effect on the digestion of 

fatty substances. 
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1. Introduction 

The text must be in English. NSAIDs (non-steroidal anti-

inflammatory drugs) are compounds which are widely used 

in the symptomatic treatment of inflammatory diseases, 

such as rheumatoid arthritis and they act by reducing the 

pain and edema. The mechanism of action of these drugs is 

the inhibition of the enzyme cyclooxygenase (COX), 

causing a decrease in the biosynthesis of the prostaglandins 

(PGs), which are important chemical mediators of 

inflammation. However, the chronic use of NSAIDs may 

cause many collateral effects such as gastritis, ulcers, and 

kidney and liver problems [1]. There are several classes of 

NSAIDs, and they exhibit different chemical structures. One 

such class is oxicams (e.g., piroxicam, tenoxicam and 

meloxicam), which are drugs that were developed in the 

1980s by PfizerTM [2]. 

MEL is 4-hydroxy-2-methyl-N-(5-methyl-2-thiazolyl)-2H-

1,2-benzothiazine-3-carboxamide-1,1-dioxide [3], and its 

structure is shown in Fig. 1. Amid NSAIDs is MEL, which 

is a superior selective cyclooxygenase (COX)-2 inhibitor 

through less gastrointestinal toxicity than nonselective 

NSAIDs [4]. However, using MEL long-term will still 

seriously affect the digestive function of the gastrointestinal 

tract. 

 

 
 

Fig 1: Chemical structure of MEL 
 

Lipase is a hydrolase that decomposes triacylglycerol. It is 

an intracellular enzyme. Its catalytic site contains a 

nucleophilic catalytic triad (SHD or SHE). The catalytic site 

is buried inside the molecule and the surface is formed by 

relatively hydrophobic amino acid residues. Covered by a 

spiral lid structure to protect the catalytic part of the triplet 
[5]. Human lipase is mainly secreted by pancreatic acinar 

cells, so it is also called pancreatic lipase, and plays a role in 

digesting fat in the duodenum. It plays an important role in 

the absorption of triglycerides in the small intestine. 

Hydrolyzed triglyceride is converted into Glycerin and fatty 

acids are absorbed by the body [6] and play an important role 

in the process of digestion and absorption. Zhao Lining et 

al. [7] studied the interaction of three mercaptopropionic 

acid-terminated CdTe quantum dots with lipase, and proved 

that three mercaptopropionic acid-terminated CdTe quantum 

dots can cause toxic side effects on lipase; Zhang Rui et al. 
[8] studied the interaction of bisphenol A with lipase in vitro 

to better understand the toxicity and toxicity mechanism of 

bisphenol A. 

At present, the methods for exploring the mechanism of 

drug and protein reaction are mainly to investigate the 

excitation wavelengths of 280 nm and 295 nm, and the 

fluorescence of the protein is quenched with the drug 

concentration, which is the overall effect of the study of 

drugs and proteins [9]. Synchro fluorescence combines the 

advantages of good selectivity, high sensitivity, narrowing 

the band and reducing scattering interference [10]. In the 

study of the mechanism of drug and protein reaction, the 

synchronous fluorescence method is mainly used to 

synchronize the displacement of fluorescent peaks and 

investigate changes in protein conformation [11]. At present, 

the use of simultaneous fluorescence and molecular docking 

techniques to study the interaction mechanism between 

meloxicam and Tyr residues and Trp residues in lipase 

molecules has not been reported. The binding rate of the 

system obtained based on the experimental results is helpful 

to study the combination of drug molecules and proteins, as 

well as the pharmacological and pharmacological effects of 

drugs, while the fluorescence quenching ratio fraction and 
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molecular docking model can reveal drug molecules and 

amino acids at a deeper level. The reaction mechanism of 

residues provides a reference for the study of the 

combination of small molecule drugs and proteins. 

 

2. Materials and Methods 

2.1 Apparatus 

These fluorescence spectra were acquired with a Shimadzu 

RF-5301PC spectrofluorophotometer. All pH measurements 

were made with a pHS-3C precision acidity meter (Leici, 

Shanghai, China). All temperatures were controlled by a 

SYC-15B superheated water bath (Sangli, Nanjing, China). 

 

2.2 Materials 

Porcine pancreatic lipase (PPL) was purchased from Sigma-

Aldrich (purity grade inferior 99%, Shanghai, China), 

preparation of PPL standard solution 5.0×10-6 mol/L. 

Preparation of MEL (CAS#, 71125-28-7) standard solut ion 

4.0×10-4 mol/L. Tris-HCl buffer solution was used to keep 

the pH of the solution at 7.40, and NaCl (0.10 mol/L) 

solution was used to maintain the ionic strength of the 

solution. All other reagents were of analytical grade, and all 

aqueous solutions were prepared with fresh double-distilled 

water and stored at 277 K. The fluorescence intensity 

measured in the experiment was corrected by the "internal 

filter effect" Eq. (1) [12]: 
 

 (1) 
 

Where Fcor and Fobs are the corrected and observed 

fluorescence intensities, respectively, and Aex and Aem are 

the absorbance values of MEL-PPL system at excitation and 

emission wavelengths, respectively. The fluorescence 

intensity used in this article was corrected. 

 

2.3 Synchronous fluorescence experiment 

1.0 mL Tris-HCl buffer solution (pH=7.40), 2.0 mL PPL 

(5.0×10-6 mol/L), and different volume of MEL were added 

into 10 mL colorimetric tube successively. The samples 

were diluted to scaled volume with double-distilled water, 

mixed thoroughly by shaking, and kept static for 30 min at 

different temperatures (298 K, 310 K and 318 K). Place the 

prepared solution in a 1.0 cm quartz cuvette and set the slit 

width to 5 nm. At the same time fixed Δλ =15 nm or Δλ=60 

nm, the synchronous fluorescence spectra of MEL and PPL 

were recorded. 

 

2.4 Molecular docking 

The crystal structure of PPL (PDB ID: 1GPL) was obtained 

in a Protein Data Bank, and the structure of the MEL was 

processed using the software ChemDraw Pro 14.0 and the 

software ChemBio 3D Ultra 14.0. Molecular docking of 

MEL and PPL in AutoDock 4.2.6 software uses genetic 

algorithms to calculate possible conformations with proteins 

and drug molecules [13]. 

 

3. Results & Discussion 

3.1 Synchronous fluorescence experiment 

For synchronous fluorescence spectra of proteins, when the 

Δλ value between the excitation and emission wavelengths 

is stabilized at 15 or 60 nm, the synchronous fluorescence 

gives characteristic information for Tyr or Trp residues [14]. 

As shown in Fig. 2, the addition of MEL quenched the 

fluorescence of the Tyr residue or the Trp residue, and the 

degree of quenching was further enhanced as the drug 

concentration increased. The results indicated that MEL 

interacted with PPL to form a stable conjugate. A blue shift 

of the λmax of Tyr residues and Trp residues were observed. 

The blue shift of Tyr residues and Trp residues implied that 

the microenvironment of these residues become more 

hydrophobic and polarity enhancement. The results 

indicated that the addition of MEL caused a change in the 

conformation of the PPL. 

 

 
 

 
 

Fig 2: Synchronous fluorescence spectra of MEL-PPL system 

(T=310 K). (A) Δλ=15 nm, (B) Δλ=60 nm. CPPL=1.0×10-6 mol/L, 

1~8 CMEL= (0, 0.1, 0.2, 0.5, 1.0, 2.0, 3.0, 4.0) ×10-5 mol/L 
 

Table 1: Quenching reactive parameters of MEL-PPL system at 

different temperatures 
 

Δλ 

(nm) 
T/(K) Kq (L/mol·s) Ksv (L/mol) r1 Ka (L/mol) n r2 

15 

298 1.34×1012 1.34×104 0.9969 1.41×104 0.98 0.9915 

310 1.12×1012 1.12×104 0.9957 1.13×104 1.12 0.9963 

318 0.91×1012 0.91×104 0.9946 0.88×104 0.91 0.9938 

60 

298 1.79×1012 1.79×104 0.9955 1.95×104 0.95 0.9941 

310 1.53×1012 1.53×104 0.9913 1.68×104 1.10 0.9947 

318 1.28×1012 1.28×104 0.9937 1.27×104 0.93 0.9919 

r1 is the linear relative coefficient of F0/F∼[L]; r2 is the linear 

relative coefficient of lg[(F0-F)/]~lg{[L]-n[Bt](F0-F)/F0} 
 

To confirm the quenching mechanism, the fluorescence 

quenching data were analyzed using the Stern-Volmer Eq. 

(2) [15]: 
 

 (2) 
 

Where F0 and F represent the fluorescence signals in the 
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absence and presence of quencher, respectively. τ0 is the 

average lifetime of fluorescence without quencher, which is 

about 10-8 s. Ksv is the Stern-Volmer quenching constant. Kq 

is the bimolecular quenching constant, and [L] is the 

concentration of MEL. The results were shown in Table 1. 

Table 1 showed that the values of Kq decreased with 

increasing temperature in all systems. In addition, all the 

values of Kq were much greater than the maximum scatter 

collision quenching constant values of various quenchers 

(2×1010 L/mol·s) in different temperatures. The relationship 

between the Ksv value of the system and the temperature was 

negatively correlated, so it could be inferred that the 

annihilation mode of the MEL-PPL system was static 

quenching [16]. The relationship between fluorescence 

intensity and the concentration of quencher can usually be 

described using Eq. (3) to obtain the binding constant (Ka) 

and the number of binging sites (n): 

 

  (3) 

 

Where [Bt] is the concentration of PPL. On the assumption 

that n in the bracket is equal to 1, the curve of lg(F0-F)/F 

versus lg{[L]-n[Bt](F0-F)/F} is drawn and linearly fitted, 

then the value of n can be obtained from the slope of the 

plot. On the basis of value of n obtained, the binding 

constant Ka can also be determined. The results were listed 

in the Table 1. The results showed that all the values of n 

were approximately equal to 1 at different temperatures, 

implying that there was just one high affinity binding site 

existing in PPL [17]. Meanwhile, the binding constant 

between MEL and PPL decreased with an increasing 

temperature, further suggesting that the quenching of MEL-

PPL system was a static process. It could be further seen 

from the data in the table that the Ka value at Δλ = 15 nm is 

significantly smaller than the Ka value at Δλ = 60 nm, which 

indicated that the MEL reacts more strongly with the Trp 

residue. 

The degree of decrease in the synchrotron fluorescence 

intensity is represented by the quenching ratio RSFQ, 

RSFQ=1−F/F0 
[18]. Calculate the RSFQ(Tyr) and RSFQ(Trp) values 

under the same temperature and drug concentration, and 

define NSFQR(Tyr)=(RSFQ(Tyr)/(RSFQ(Tyr) + RSFQ(Trp))% is the of 

the fluorescence quenching ratio fraction of the Tyr residue 

and NSFQR(Trp)=100%-NSFQR(Tyr) is the fluorescence quenching 

ratio fraction of the Trp residue. 

The NSFQR(Tyr) at CMEL/CPPL= (2, 5, 10, 20, 30, 40) at 310 K 

were: 44.08%, 45.12%, 45.66%, 46.47%, 46.90%, 47.45%, 

and the average result was 45.95%. NSFQR(Trp) were: 55.92%, 

54.88%, 54.34%, 53.53%, 53.10%, 52.55%, and the average 

result was 54.05%. The results indicated that both Tyr 

residues and Trp residues were involved in the reaction, and 

NSFQR(Trp)> NSFQR(Tyr), indicating that the reaction position 

should be closer to Trp, further indicating that MEL reacts 

more strongly with Trp residues. 

 

3.2 MEL-PPL system binding rate 

According to the experimentally obtained Ka, the drug 

binding rate and protein binding rate of MEL and PPL can 

be calculated [19]. 

The binding rate of drug can be given `by Eq. (4): 

 

  (4) 
 

The binding rate of protein can be given by Eq. (5): 
 

 (5) 
 

Q represents the total concentration of MEL; B represents 

the total concentration of PPL. At 298K, 310K and 318K, 

the drug binding rate W(Q) of Tyr residues in MEL and PPL 

was calculated according to formulas (4) and (5), 

respectively, from 1.34% to 0.88% (298K), 

1.10%~0.77%(310K), 0.87%~0.65%(318K), protein 

binding rate W(B) was 1.34%~35.36%(298K), 

1.10%~30.96%(310K), 0.87%~25.91%(318K). The drug 

binding rate W(Q) of Trp residues in MEL and PPL was 

2.01%~1.12% (298K), 1.64%~1.01% (310K), 

1.29%~0.86% (318K), protein binding rate W(B) were 

respectively 2.01%~45.13% (298K), 1.64%~40.23% 

(310K), 1.29%~34.53% (318K). At three temperatures, the 

drug binding rate and protein binding rate of Tyr residues 

and Trp residues in MEL and PPL decreased with increasing 

temperature, and the free drug and protein content increased 

with temperature. The results indicated that the stability of 

the combined system decreases as the temperature 

increased. The binding rate of MEL to Trp residues at 

different temperatures was higher than that of MEL to Tyr 

residues, indicating that MEL reacted more strongly with 

Trp residues. This view was consistent with the results of 

simultaneous fluorescence experiments. 

Assumed the ratio of total concentration of drug to total 

concentration of protein was R, R = Q/B. According to the 

relationship between W(Q), W(B) and R, the results were 

shown in Fig. 3. It could be seen from Figure 3 that with the 

increase of MEL concentration, W(Q) showed a weak 

downward trend, and W(B) showed a significant increase 

trend. Taking 310K data close to human body temperature 

as an example: The W(Q) of MEL and Tyr residues and Trp 

residues were 1.10%~0.77% and 1.64%~1.01%, 

respectively, which indicated that MEL increased with the 

addition of MEL. Interaction with PPL has little effect on 

the efficacy of MEL. The W(B) of MEL and Tyr residues 

and Trp residues were 1.10%~30.96% and 1.64%~40.23%, 

respectively. This result indicated that the protein binding 

rate changed greatly with the increased of MEL addition, 

possibly to pancreatic lipase. The activity had an effect, 

which affected the digestion and absorption of fat. 

Therefore, in order to reduce the impact of MEL on 

digestive function, it is necessary to properly control the 

drug intake during the administration of MEL. 

 

 



International Journal of Pharmaceutical Science and Research 

10 

 
 

Fig 3: Binding rate of MEL to Tyr residue and Trp residue of PPL 

at different temperatures. (A) Δλ=15 nm, (B) Δλ=60 nm 

 

3.3 Type of interaction force of MEL-PPL system and 

Hill's coefficient 

The signs and magnitudes of the thermodynamic parameters 

(ΔH, ΔS and ΔG) in the binding process of 

biomacromolecule with small molecule can be used to 

confirm the binding modes. These thermodynamic 

parameters can be calculated by the van’t Hoff equations 
[20]: 

 

 (6) 

 

 (7) 

 

Where ΔH and ΔS represent the standard variation of the 

enthalpy and, respectively, entropy of the binding process. R 

is the gas constant (R=8.314 J·mol-1·K-1), T is the absolute 

temperature. Based on the linear fit plot of RlnK versus 1/T, 

the ΔH and ΔS values can be obtained. The results were 

shown in Table 2. Obviously, the binding interaction of 

MEL with PPL was spontaneous due to the negative value 

of ΔG under the studied temperature ranges. The positive 

value of ΔS is often attributed to hydrophobic interaction. 

However, the negative value of ΔH cannot be regarded as 

evidence for electrostatic interactions because in the case of 

electrostatic interactions ΔH is very much small and close to 

0, while the negative value of ΔH can be mainly attributed 

to hydrogen-binding interactions [21-23]. Therefore, the 

primary binding forces for the binding interaction of MEL 

with PPL were hydrophobic interactions and hydrogen 

bonding interactions. From the data in the Table 2, it can be 

found that the value of ΔG at Δλ=60 nm is smaller than the 

value of ΔG at Δλ=15 nm, further indicating that the 

reaction between MEL and Trp residues is stronger. 

 
Table 2: The thermodynamic parameters of MEL-PPL at different 

temperatures 
 

System T/(K) Ka /(L/mol) ΔH/(kJ/mol) ΔS/(J/mol·K) ΔG/(kJ/mol) 

Δλ= 298 1.38×104 -17.26 21.32 -24.49 

15 nm 310 1.13×104  21.91 -25.08 

 318 0.88×104  21.22 -24.98 

Δλ= 298 1.97×104  26.4 -24.49 

60 nm      

 310 1.68×104 -16.63 27.23 -25.08 

 318 1.27×104  26.26 -24.98 

 

It is generally acknowledged that the electrostatic 

interaction plays the auxiliary role in the binding process of 

bound ligands to protein. But, if the electrostatic binding 

interaction is predominant role in the binding process, the 

strength of total interaction will decrease upon the addition 

of NaCl to the system. To confirm whether there is 

electrostatic interaction between MEL and PPL, the effect of 

ionic strength on the binding force was explored [24]. 

The results were shown in Fig.4. With the increased of NaCl 

concentration, the ratio of F/F0 was basically unchanged. 

The degree of binding between MEL and PPL system did 

not change significantly with the increased of ionic strength, 

which indicated that there was no obvious electrostatic 

interaction between MEL and PPL system. This conclusion 

was the same as the conclusion of the thermodynamic 

constant. 

 

 
 

Fig 4: Fluorescence intensity of MEL-PPL system as a function of 

NaCl concentration (T=310K). CPPL=1.0×10-6 mol/L, 

CMEL=1.0×10-5 mol/L, CNaCl=(0, 0.1, 0.2, 0.5, 1.0, 1.5, 2.0, 2.5, 3.0) 

×10-1mol/L 

 

The synergy of drugs can be obtained by the following 

equation [25]: 

 

 (8) 

 

Where Ka is the binding constant, Y is the fractional binding 

saturation, nH is the Hill's coefficient and [L] is the 

concentration of MEL. Hill's coefficient is greater than 1, 

which exhibits positive cooperativity and its role is 

enhanced with increasing nH. Conversely, Hill's coefficient 

is less than 1, which exhibits negative cooperativity and its 

role is enhanced by decreasing nH. A coefficient of 1 

indicates non-cooperative reaction [26]. 

For fluorescence measurement: 

 

 (9) 

 

 (10) 

 

Where 1/Qm is intercept of the plot 1/Q versus 1/[L]. 

According to the Eq. (8), Eq. (9) and (10), Hill's coefficient 

of MEL-PPL system can be gained from the slope of the 

plot of log [Y/(1−Y)] versus log[L]. The results were 

presented in Table 3. At different temperatures, the nH value 

was approximately equal to 1, and the results indicated that 
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there was no synergy between MEL and PPL, indicating 

that the binding of PPL to subsequent ligands was not 

affected with the addition of MEL. 

 
Table 3: Hill coefficient of MEL-PPL systems at different 

temperatures 
 

T/K 
Δλ = 15 nm Δλ = 60 nm 

nH r3 nH r3 

298 1.05 0.9932 1.01 0.9931 

310 0.99 0.9946 0.96 0.9917 

318 1.03 0.9928 0.98 0.9945 

nH is Hill’s coefficient, r3 is the linear correlation coefficient of the 

equation lg[Y/(1-Y)] ~lg[L] 
 

3.4 Molecular docking 

Molecular docking is an important technique in structural 

molecular biology and drug discovery with the ability to 

study the exact binding location of ligands on protein. To 

further illustrated the interaction mechanism of MEL and 

PPL, we used molecular simulation technology to further 

explore this process. The best combination mode predicted 

by the docking software Autodock 4.2.6 was shown in Fig. 

5. 

 

 
 

 
 

Fig 5: Computation docking model of the interaction between 

MEL and PPL (A) MEL located within the hydrophobic pocket in 

PPL (B) Detailed illustration of the amino acid residues lining the 

binding site in the MEL and PPL cavity 

 

Fig. 5(A) showed the optimal binding configuration of the 

MEL-PPL system. As could be seen from the docking 

diagram, the drug molecule MEL was located in the 

hydrophobic cavity of the PPL. The active center of 

different lipases usually consists of serine (Ser) residues and 

histidine (His) residues, and together with aspartic acid 

(Asp) residues or glutamic acid (Glu) residues constitute a 

three meta catalytic center [27]. It could be seen from Figure 

5(B) that the MEL binding position was near the Asp79, His 

263 and Ser152 residues, indicating that the binding of MEL 

to PPL affected the catalytic activity of PPL. The MEL 

binding position of the drug molecule was close to the 

amino acid residues such as Tyr114 and Trp85, which led to 

the binding of MEL and PPL to effectively quench the 

endogenous fluorescence of PPL, which was consistent with 

the synchronous fluorescence experiment. 

MEL-PPL system was surrounded by various kinds of 

hydrophobic residues such as Phe77, Ile209, Ala178, Tyr14, 

Tyr114 and Trp85, indicating that hydrophobic forces 

promoted the binding process of MEL to PPL. Furthermore, 

MEL molecule formed a hydrogen bond with the active 

residues of Phe77 and the bond length was 2.204 Å. The 

binding energy obtained from molecular docking for MEL 

and PPL interaction was -25.76 kJ/mol. Whereas, the free 

energy change calculated from fluorescence quenching 

results was -25.08 kJ/mol at 310 K. This difference may be 

due to exclusion of the solvent in docking simulations or 

rigidity of the receptor other than Trp and Tyr residues [28]. 

The energy data obtained by docking the molecules are 

listed in Table 4. From Table 4, it could be also seen that the 

electrostatic energy was very much lower than the sum of 

van der Waals energy, hydrogen bonding energy and 

desolvation free energy in the binding process of MEL with 

PPL, indicating that the main interaction mode between 

MEL and PPL was not electrostatic binding mode. Data 

from molecular docking could further illustrate that the 

main types of forces in the MEL-PPL system were 

hydrophobic interactions and hydrogen bonding. 

 
Table 4: Docking energy of MEL-PPL system (unit: kJ/mol) 

 

Protein PDB ID ΔG0
a ΔE1

b ΔE2
c ΔE3

d 

1GPL -25.76 -29.48 -29.23 -0.25 

 

a: ΔG0 is the binding energy in the binding process. 

b: ΔE1 denotes intermolecular interaction energy, which is a 

sum of van der Waals energy, hydrogen bonding energy, 

desolvation free energy and electrostatic energy. 

c: ΔE2 is the sum of van der Waals energy, hydrogen 

bonding energy and desolvation free energy. 

d: ΔE3 is the electrostatic energy. 

 

4. Conclusions 

In this paper, under the simulated physiological conditions, 

the interaction mechanism between MEL and PPL was 

discussed by using synchronous fluorescence spectroscopy 

and molecular docking technology, and the binding model 

of MEL-PPL was established. Conventional fluorescence 

quenching method can only explore the overall properties of 

the protein-drug system, such as its overall binding constant, 

the number of binding sites, and the type of force. 

Synchronous fluorescence spectroscopy can further discuss 

the Trp residues in drugs and proteins. The interaction 

between the Trp residue and the Tyr residue give the degree 

of reaction between the two residues and the drug, and with 

the help of molecular docking, understand the 

microenvironmental changes of the amino acid residues 

around the binding site, in order to provide a new idea to 

study the mechanism of proteins and drugs. 
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