
Aydinoglu S. JOTCSA: 2020; 7(3): 903-910. RESEARCH ARTICLE

   

Investigation of Triamcinolone-Bovine Serum Albumin (BSA) Interaction
by Spectroscopic Methods

Sabriye Aydinoglu 

Çukurova University, Faculty of Pharmacy, Department of Analytical Chemistry, 01330, Adana, Turkey

Abstract: The aim of the present study was investigate the interaction between bovine serum albumin
and triamcinolone. For this purpose, the interaction between BSA and triamcinolone was evaluated by
UV–Vis and fluorescence spectroscopy under different temperatures and different salt concentrations at
physiological  pH  (7.4).  The  binding  constant  of  BSA-Triamcinolone  system  were  evaluated  different
temperature  at  constant  (pH=7.4)  and ionic  strength (0.01 M).  The binding constant  dependence of
binding constant on temperature was analyzed by Van’t Hoff equation. The standard enthalpy change
(ΔH) was 9.0 kcal/mol and standard entropy change (ΔS) was 54.1 cal/mol K. In addition, the effect of
salt concentration investigated for BSA-Triamcinolone system at constant temperature (T=25  °C) and
increasing  salt  concentration  lead  to  decrement  on  the  binding  constant  value.  The  obtained
thermodynamic parameters indicate hydrophobic forces take major role in BSA-Triamcinolone interaction.
The arousal of salt concentration prompted to diminution on affinity between Triamcinolone and BSA. 
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INTRODUCTION

Endogeneous ligands and drugs are mostly bound to
plasma proteins in the blood. Because of unbound
drug  freely  penetrates  to  target  organs  and
elimination organs drug-plasma protein interaction
determines  pharmacokinetics  and
pharmacodynamics  properties  of  drugs.  The  drug
binding to plasma proteins could cause to alteration
on drug half-life time and drug blood concentration
(1-3). 

Albumin is the most abundant protein in plasma and
it  is  bound  reversibly  various  drugs  including
anticoagulants,  antidiabetics,  antineoplastic,  and
steroids  (4-6).  The  importance  of  interaction
between ligand and albumin or other plasma protein
is  well  recognized  (7).  The  interaction  between
plasma protein  and drugs has  significant  value  in
order to understand behavior of drugs in biological
systems (8,  9).  Bovine Serum albumin (BSA) has

similarities with Human Serum Albumin (HSA) from
the point of structure, properties and functionalities.
BSA  is  widely  used  to  investigate  drug-protein
interaction because of its similarity with HAS (9-13).
Experimental  studies  with  serum  albumin  is
represented a model for in vitro drug plasma protein
interaction. 

Triamcinolone is a synthetic corticosteroid drug used
in the treatment of various inflammatory conditions
such as dermatitis, allergic rhinitis, allergic asthma,
rheumatoid  arthritis  and  acute  exacerbations  of
multiple sclerosis (14). The aim of present study is
estimate the type of interaction between BSA and
triamcinolone  by  thermodynamic  approach.   The
thermodynamic  parameters  as  like,  standard
enthalpy  change  (ΔH°)  and  standard  entropy
change  (ΔS°),  could  offer  an  important  evidence
about interaction type which force binding between
protein and drug molecule (15). For instance, in the
case  of  the  hydrophobic  interaction  both  of
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mentioned parameters result positive value (16). On
the other hand, if ΔH and ΔS are negative, it means
that  the  interaction  occurs  by  Van  der  Waals
interactions and hydrogen binding (14). In the case
of  negative  ΔH  with  positive  ΔS  is  demonstrate
interaction cause by electrostatic interaction (8).  

MATERIAL AND METHODS

All  the  chemicals  were  analytical  grade  and were
employed without further purification. Triamcinolone
and  Bovine  Serum  Albumin  (BSA,  ≥98),  and
hydrochloric acid (HCl) were purchased from Sigma-
Aldrich  (Germany).  Ethanol  HPLC  grade,  Sodium
hydroxide (NaOH), Sodium Chloride (NaCl), sodium
dihydrogen  phosphate  (NaH2PO4),  and  disodium
hydrogen  phosphate  (Na2HPO4)  were  purchased
from  Merck  (Germany).  The  water  used  as  a
reaction medium and to prepare the solutions was
ultrapure  water  was  purchased  from  Tekkim
(Turkey).  Triamcinolone  stock  solution  (4.5×10-3

mol/L)  was  prepared  by  directly  dissolution  of
weighed  amount  of  drug  in  100%  ethanol.  BSA
stock  solution  (1.0×10-4  mol/L)  was  prepared  by
dissolving  known amount  of  lyophilized powder  in
ultrapure  water,  than  stock  solution  was
standardized spectrophotometrically,using ε =45000
L/mol.cm  at  278 nm. [27]. A Oheaus Starter 5000
pH meter equipped with a combined glass electrode
was used to perform pH measurements.

The absorbance spectra of  triamcinolone with BSA
were  recorded  by  Agilent  Cary  100  double  beam
spectrophotometer equipped with quartz cells (1 cm

path  length)  with  jacketed  cell  holders,  with
temperature  control  within  ±  0.1  °C.  In  order  to
evaluate the equilibrium constants of Triamcinolone-
BSA  interaction  reaction  spectrophotometric
titrations  were  performed  as  follows:   increasing
volumes  of  BSA  solution  were  added  with  a
Hamilton  microsyringe  (Mitutoyo)  to  the  dye
solution  directly  in  the  spectrophotometric  cell.
During  spectrophotometric  titration,  the  salt
concentration was kept at  constant value and after
each addition of BSA standard solution the spectra
of  the  solution  was  recorded.  The  titrations  were
repeated  for  different  temparatures  and  salt
concentrations.  

On  the  other  hand,  spectrofluorometric
measurements  were  done  by  Cary  Eclipse
Fluorescence  Spectrophotometer  at  room
temperature.  In  order  to  perform  fluorescent
measurements,  a  serial  of  drug-protein  solutions
were prepared with a constant protein concentration
and  different  drug  concentrations  at  constant  pH
and salt concentration. Then, the spectrum of each
solution were recorded. 

RESULTS AND DISCUSSION

UV-Vis absorbance measurements
The  absorbance  spectrum  of  triamcinolone  was
taken between 200-400 nm with gradually increased
drug amount and the spectrum is given Figure 1. A.
Lambert-Beer  plot  of  triamcinolone  at  242  nm  is
demonstrated Figure 1.B.

Figure  1. (A)  The  absorbance  spectrum  of  triamcinolone;  (B)  The  absorbance  dependence  on  drug
concentration at 242 nm; [Triamcinolone] =0 – 2.2 × 10-4 mol/L, pH =7.4 (PBS), [NaCl] = 0 mol/L, I =
0.01 mol/L, T = 25 °C.

In  order  to  evaluate  binding  constant  of
Triamcinolone-BSA  complex  formation  reaction,
spectrophotometric  titrations  were  performed.  The

absorbance  spectrum  was  recorded  with  protein
addition into drug solution and absorbance spectrum
is given in Figure 2. 
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Figure 2. Normalized UV-Vis Spectrum of Triamcinolone-BSA Titration; [triamcinolone]= 2.2 × 10-5 a)
[BSA]  =0 mol/L, b)[BSA] = 4.8×10-5 mol/L, pH =7.4 (phosphate buffer), [NaCl] = 0.75 mol/L, T = 25 °C.

After titration, the binding constant of studied system was determinated by Equation 1. (17)

CD
∆ A

=

1
K ∆ε

×1

CP
+ 1
∆ε

 (1)

In  Eq.  1  CD and  CP are  respectively,  analytical

concentration of  drug and protein while ΔA is  the
difference  between  after  each  protein  addition
measured  Absorbance  value  to  initial  absorbance
value of drug absence of protein, A0,  ΔA=A-A0. The
binding isotherm of  spectrophotometric  titration is
given Figure 3.A.  and analyses of binding isotherm
according equation 1 is given Figure 3.B.

Figure 3. (A) The Binding isotherm for a spectrophotometric titration of Triamcinolone-BSA System;  (B)
Relevant Data Analysis according Eq. 1 ; [triamcinolone] = 2.2 × 10-5 [BSA] = 0-4.8 × 10-5 mol/L, pH = 7.4
(phosphate buffer), [NaCl] = 0.5 mol/L, T = 25 °C, λ = 250 nm.

In order to evaluate thermodynamic parameters as
Standard  Enthalpy  change  (ΔH°)  and  Standard
Entropy  change  (ΔS°),  for  BSA-Triamcinolone
interaction, the binding constants were evaluated at
four  different  temperatures  by  performing
spectroscopic  titrations.  The  observed  binding
constant  values  analyzed  according  to  Van’t  Hoff
(Equation  2)  in  order  to  evaluate  thermodynamic
parameters as ΔH° and ΔS° (16).  

l n K=−∆H °
RT

+   ∆ S
R

(2)

The Van’t Hoff diagram is given in Figure 4. In 
addition, free energy change is calculated by 
Equation 3 (5);
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∆G°=∆H °−T ∆ S °  (3)

Figure 4. The Van’t Hoff plot of BSA-triamcinolone system;  pH = 7.4, I = 0.01 mol/L (PBS), [NaCl] = 0 
mol/L.

The obtained binding constant values and thermodynamic parameters are presented in Table 1.

Table 1. Thermodynamic parameters for BSA-triamcinolone system at pH = 7.4 (PBS), I=0.01 L/mol.

T(K)
K(L/mol)

ΔG°(kJ/mol)

292.25
1.27×105

-28.4846

297.15

1.49 ×105

-29.5938

302.25

2.15×105

-30.7483

312.35

3.33×105

-33.0347

ΔH° (kJ/mol) 37.7

ΔS° (J/mol K) 226.4

The  positive  value  of  ΔH°  and  ΔS°  parameters
indicate  hydrophobic  interaction  lead  to  complex
formation  between  BSA-triamcinolone.  Moreover,
binding constant of BSA-triamcinolone system was

determinated at constant temperature different salt
concentration. The dependence of binding constant
on salt concentration is given Table 2.
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Table 2. Binding constant of BSA-Triamcinolone system by spectrophotometric titrations; pH =7.4(PBS),
[NaCl]=0 – 0.76 mol/L, T=25°C.

[NaCl] I logI K logK

0 0.01 2.00 1.49 ×105 5.17

0.1 0.11 0.96 9.99 ×104 4.99

0.25 0.026 0.58 7.04×104 4.85

0.5 0.51 0.29 6.46×104 4.81

0.75 0.076 0.12 6.03×104 4.78

As  seen  from  Table  2,  augmentation  of  salt
concentration  caused a  reduction  in  the  binding
constant of BSA-Triamcinolone system. The reason
of  this  behavior  could  be  explain  with  in  the
presence  of  chloride  ions  drug  affinity  to  BSA
decreases (4,8). 

Fluorimetric Study
Triamcinolone - BSA interaction was also analyzed
in  a  fluorimetric  approach.   The  fluorescence
spectrum  of  BSA  solutions  in  the  presence  of
different  concentration  of  Triamcinolone  was
recorded  at  room  temperature  and  the  obtained
spectrum is given in Figure 5. 

Figure  5. The  fluorescence  spectra  of  BSA  -  triamcinolone  system  C(BSA)  =  5.0  ×  10-7 mol.L-1,
C(triamcinolone) = 0 mol.L-1-6 × 10-6 mol.L-1, pH = 7.4 (Phosphate Buffer), I = 0.01 mol.L-1, T = 25 °C,
λexc=280 nm.

The  emission  intensity  of  BSA  was  diminished
noticeably with gradually addition of drug solution
which indicates  triamcinolone binding to BSA. Also,
with addition drug molecule in BSA cause to small
blue shift of maximum fluorescence intensity of BSA
from 342 nm to 338 nm. This behavior could explain
assuming  drug  chromophore  group  movement in
more hydrophobic zone.

The binding parameter of BSA-triamcinolone system

was  analyzed  according  to  Benesi-Hildebrand
equation (Equation 4) (18);
.
CD×CP
∆ F

+ ∆ F

(∆φ )2
= 1
K∆ φ

+(CD+CP )
1
∆φ

 (4)

In  Equation  4,   CD is  total  analytical  protein
concentration  and  CP is  total  analytical  drug
concentration.  In  order  to  calculate  the  binding
constant  by  Eq.  4  iterative  procedure  was
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performed.  The  binding  isotherm  and  Benesi-
Hildebrand diagrams are given respectively in Figure

6.A and Figure 6.B. 

Figure 6. (A) The binding isotherm of spectrofluorometric measurements of BSA-triamcinolone system; (B)
Benesi-Hildebrand  diagrams  for  BSA-triamcinolone  system;  C(BSA)  =  5.0  ×  10-7 mol.L-1,
C(Triamcinolone)=0 mol.L-1 – 6 × 10-5 mol.L-1, pH = 7.4 (phosphate buffer), I = 0.01 mol.L-1, T = 25 °C,
λexc = 280 nm.

The  binding  constant  value  was  evaluated  as
K=1.47×105  L/mol  by  spectrofluorometric
measurement good agreement with K=1.49×105  L/
mol  obtained by  spectrophotometric  measurement
under  same  experimental  conditions  (T=25°C,
I=0.01 M, pH=7.4).   

On the other hand, BSA quenching by drug molecule
was evaluated by using Equation 5 (13); 

F0−F
F

= 1
f K SV (Q )

+1
f

 (5)

where,  KSV is  Stern-Volmer  constant  of  BSA-
Triamcinolone system, where F0  is intensity of BSA
absence of drug while F is intensity of BSA in the
presence of drug. Q is drug concentration and  f is
the  fractional  maximum  fluorescence  intensity  of
protein. The Stern-Volmer plot is given Figure 7. 

Figure 7.  Stern-Volmer Plot for BSA-triamcinolone system obtained by fluorescence measurement. C(BSA)
= 5.0×10-7 mol.L-1, pH=7.4 (phosphate buffer), I = 0.01 mol.L-1, T = 25 °C, λexc=280 nm.

The  Stern-Volmer  constant  being  equal  to  the
binding  constant  causes  when  BSA-Triamcinolone
complex does not fluoresce (16). Therefore, Stern-
Volmer constant determined different from binding
constant as 8.8×104 L/mol.  Even if thermodynamic
results were pointed hydrophobic interactions as a
main force of binding, increase of salt concentration
caused  negative  effect  on  binding  constant.  This

effect  might  explain  with  Triamcinolone
displacement with chloride ions (4,8).

CONCLUSION

In the present study, BSA-Triamcinolone interaction
was  investigated  by  spectrophotometric  and
spectrofluorometric  measurement.  The  binding
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constant  of  system  was  determined  for  both
methods in to order of 105 which indicate binding
affinity  of  Triamcinolone  to  BSA  is  quite  high.
Moreover,  the  obtained  positive  thermodynamic
parameters  as  like  ΔH° and  ΔS° indicate  BSA-
Triamcinolone interaction occurs due to hydrophobic
forces.  On  the  other  hand,  negative  free  energy
change point to spontaneity of studied reaction. The
interaction  studies  were  repeated  at  different  salt
concentration to understand salt  effect  on studied
system. 
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