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Abstract: Second derivative spectrophotometry allowed the establishment of a simple and accurate method

for the study of the interaction of amitriptyline (AMI) and imipramine (IMI) with bovine serum albumin

(BSA) in phosphate buffer solution of physiological pH value of 7.4. The absorption spectra of AMI and

IMI in the presence of various amounts of  BSA showed irregular spectral changes depending on the

concentration of BSA. However, the intense background signals caused by the incomplete suppression of

BSA signals made it difficult to yield a correct base line, thus further qualitative spectral data could not

be obtained. In the second derivative spectra, the spectral changes were quantitatively enhanced and two

derivative isosbestic points were observed for each drug indicating that the entire elimination of the

residual background signal effects and BSA has spectrophotmetrically one kind of binding sites for AMI

and IMI. Scatchard plot experiments suggested that the binding of drugs to BSA could be explained as

partition like non-specific binding model. The derivative intensity change of each drug (ÄD) induced by

its interaction with BSA was measured at specific wavelength. From the relationship between ÄD value

and BSA concentration, the binding constants (Ks) of AMI and IMI were calculated according to the non-

specific binding model. The K values were almost constant for the entire drug concentrations studied and

good reproducibility was obtained. The fractions predicted by using the calculated K values were in good

harmony with the experimental values. These results emphasize that the derivative method can be usefully

and easily applied to the study of interactions of drugs with serum albumin without the need to any prior

separation procedures which may disturb the equilibrium states of sample solutions. 
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INTRODUCTION

Amitriptyline (AM I); 10 ,11-D ihydro-5-(3-

D im e th y la m in o p r o p y l id e n e ) -5 H -d ib e n z o  [ a ,d ]

c yc lo h e p te n e  a n d  im ip r a m in e  ( IM I ) ;  5 -(3 -

Dimethylaminopropyl)-10,11-dihydro-5-H-dibenz [b,f]

azepine are structurally related tricyclic antidepressant

drugs; chart 1. They are widely administrated to relieve

symptoms of depressive disorders. Because tricyclic

an t id ep ressan ts  ac t  on  b o th se ro ton in  and

norepinepherine, they may have some value in

treatment of patients who fail to response to serotonin

reuptake inhibitors (SRIs) .[1]

Serum  albumin  is  the  most abundant protein

(ca. 0.6 mM) in the blood and it has a strong affinity

to bind a large number of endogenous as well as

exogenous substances. Thus, most of administrated

drugs are bound to serum albumin and transported in

the bound state in the circulating blood. Also, it is

well-recognized that, the binding of a drug to plasma

protein influences its pharmacodynamics and

pharmacokinetics . However, less is known about the[2 ,3]

binding of cationic drugs to albumin, as it has been

recognized that serum albumin binds both neutral and

1anionic drugs, whereas á -acid glycoprotein binds

cationic drugs . The binding constants of drugs to[2 ,3]

plasma pro tein are  useful in studying the

pharmacological response of drugs and design of

dosage forms .[4 ,5]

Various methods have been used for the

determination of drug-protein binding constants. These

include equilibrium dialysis or ultrafiltration which are

laborious and time consuming and the results, at time,

are not reproducible. Moreover, these conventional

methods are based on using separation procedures

which are troublesome and may disturb the equilibrium

states of the sample solutions.

In spite of their usefulness in investigating the

drug-protein interaction, fluorescence probes can not be

used successfully in certain instances such as the lack

of fluorescence change upon binding and/or a change

of fluorescence due to a mechanism other than binding
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Chart 1: Structures of amitriptyline (AMI) and imipramine (IMI)

( e . g .  p h o t o x i d a t i o n ) .  A l s o ,  t h e  u s e  o f

spectrophotometric probes is indirect and complicated

and can only be applied to drugs that can replace the

probe drug .[6 ,7]

Binding  constants  of  drugs  to  proteins  can

be  obtained  by  analyzing the  absorbance  difference

before and after the addition of protein to aqueous

drug  solutions.  But  background signals caused by

the protein are so strong that the baseline is not always

flat and zero even if reference solutions are used with

the same amount of protein. Thus, these absorption

changes of the drugs are not usually accurate enough

for direct calculation of the binding constants.

An alternative valid, simple and direct procedure

depending on the use of second derivative

spectrophotometry was previously introduced.  The

second derivative method entirely eliminates  the

effect of background signals, enhances  the  ability  to

detect minor spectral features and allows the resolution

of overlapped bands . The usefulness of the second[8]

derivative method  could  be  adequately  emphasized

to eliminate the interferences of liposomes , â-[9-12]

cyclodextrin , human erythrocyte ghosts  and[13] [14]

BSA .[15 ,16]

The aim of the present study is to explore further

validation of the second derivative method in the

investigation of binding of widely administrated drugs;

amitriptyline (AMI) and imipramine (IMI) to bovine

serum albumin (BSA). 

MATERIALS AND METHODS

Apparatus: Absorption spectra were recorded with a

Spectro double 8 auto cell UV-Vis spectrophotometer

labomed, Inc., USA under the following operating

conditions;  scan  speed  120 nm min , scan range-1

240-340 nm, slit width 2 nm and Äë= 1 nm. Zero- and

second-order spectra were automatically obtained using

1 cm quartz cell by using UVWin 5.0 analysis

software. 

Reagents: Amitriptyline hydrochloride (AMI),

imipramine hydrochloride (IMI) and bovine serum

albumin (BSA, essentially fatty acid free) were

purchased from Sigma Chemical Co. and used without

further purification. Other chemicals were of analytical

reagent grade. The buffer was sodium phosphate buffer

(0.05 mol/L, pH 7.4). The buffer solution was used for

preparing AMI, IMI and BSA stock solutions. The

concentration of BSA stock solution was determined by

1C MUV absorption using the absorptivity value E  =1 %

6.67 at 279 nm and the molecular weight of 66.4 KDa.

Procedures:  The sample solutions were prepared in

10-ml  volumetric flasks by adding a suitable aliquot

(50 ~100 µL) of a stock solution of 10 mM AMI or

IMI to 4 ml buffer solutions containing various

amounts of BSA. The buffer was further added to the

volume. The reference solutions were buffer solution

containing the same amount of BSA as the sample

solutions. Each flask was shaken for a short time and

incubated at 25 <C for 30 min. Then the absorption

spectrum of the sample solution was measured against

the reference solution with a slit width 2 nm using 10

mm light-pass cell. The spectral data were stored in a

PC and second derivative spectra were calculated for

the absorption spectra using UVWin 5.0 analysis

software. The wavelength interval  Äë of 1.0 nm was

employed in the calculation for AMI and IMI. The

values of binding constant (K) were computed by a

nonlinear least squares method.

Theory: Fundamentals of ligand binding during

complex formation in real solutions depending on the

application of absorption spectroscopy have received

considerable basic study . Like the absorbance the[17]

intensity of second derivatives of absorption spectra is

proportional to the solute concentration . If the effect[9]

of residual background signals derived from incomplete

cancellation of BSA signals can be entirely eliminated

in the derivative spectrum, the derivative intensity

(denoted as D) of AMI or IMI at a specific wavelength

is represented as follows

b b u uD = E [C ] + E [C ]  

b uWhere [C ] and [C ] represent the concentrations

of drug bound to BSA and unbound in the water

phase, respectively. E refers to molar derivative

intensity and the subscripts ‘b’ and ‘u’ stand for bound
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tand unbound drug, respectively. Let [C ] denote the

total drug concentration in the sample solution, i.e.,

t b u b[C ] = [C ] + [C ], then with the definition, E = E  –

uE , D can be written as

u t bD = E [C ] + E[C ] (1)

A new variable ÄD is introduced to represent the

u tdifference between D and E [C ] as

u tÄD = D – E [C ] (2)

The ÄD value can be expressed as experimentally

determined derivative intensity difference before and

after the addition of BSA, alongside with inorganic

anion, to a drug solution. 

From Eq.(1) 

bÄD = E[C ] (2a)

This equation indicates that the ÄD value is

proportional to the concentration of drug bound to

BSA. Thus, the fraction of drug bound to BSA, a, will

be given by 

m axa = ÄD/ÄD  (3)

m ax t m axWhere ÄD  = E[C ]. The value of ÄD  can be

obtained by extrapolating the total concentration of

BSA added, [P], to 4 in the double reciprocal plot of

1/ÄD versus 1/[P]. Thus, the molar concentrations of

tbound and unbound drug will be given by á[C ] and

t(1-á)[C ], respectively, further the number of moles of

drug bound per mole of BSA, r, will be given by

tá[C ]/[P]. With these values the interactions of drug

with BSA can be analyzed by the Scatchard equation.

RESULTS AND DISSUASIONS

Absorption and Second Derivative Spectra: The

absorption spectra of AMI and IMI in the presence of

various amounts of BSA are depicted in Fig. 1A and

B, respectively. Both A and B show small changes

according to the amount of BSA. It is also obvious

that, the counterbalance of the sample and reference

beams was incomplete, even though the solutions in the

sample and reference cuvetts contain the same amount

of BSA. With strong background signals, it is usually

difficult to cancel their effects completely to obtain a

flat and zero-level base line. Thus, further spectral data

for calculating the binding constant could not be

obtained from these absorption spectra.

Fig. 2A and B show the second derivative spectra

calculated from the absorption spectra in Fig. 1A and

B, respectively. The spectral changes of both drugs are

largely enhanced in the second derivative spectra

showing a decrease in the derivative intensities

according to the increase in BSA concentration. An

outstanding difference from the absorption spectra is

that  the derivative isosbestic points are clearly

observed at the wavelengths near to 265 and 288 nm

for AMI in Fig. 2A, and 270 and 292 nm for IMI in

Fig 2B, respectively.

These results  indicate that the residual background

signal  effects are entirely eliminated in the  second

derivative spectra and that AMI (or IMI) exists in two

states which exhibit different derivative spectra, i.e.,

free in buffer phase and bound to BSA. In other

words, it is shown that BSA has spectrophotometrically

only one kind of binding sites for AMI and IMI .[17]

Fractions of AMI and IMI bound to BSA: The ÄD

values of AMI and IMI at concentration of 50 µM are

given by the differences of the derivative intensity at

an appropriate wavelength between spectrum 1 and

spectra 2-7 in Fig. 2A and B, respectively. The

reproducibility of the ÄD values in the repeated

experiments were better for the values measured at 296

nm for AMI and 285 nm for IMI than those measured

m axat each ë . Thus, these wavelengths were used in the

following procedures. The effect of these wavelengths

on  the  calculation  of the K values are given in

Table 1 indicating that the wavelength at which ÄD

values are measured did not largely affect the K values

but the values measured at 296 nm for AMI and 285

nm for IMI gave a little better precision than the other

wavelengths. Thus, all of the K values in this study

were calculated with the ÄD values measured at these

wavelengths.

m ax The ÄD values for both AMI and IMI at every

concentration studied were obtained by extrapolation of

the reciprocal plots of the  D and BSA concentrations

m ax as described above. ÄD values obtained for each

drug showed a good linearity with concentration. This

m axconfirms the validity of the  D  values, the fractions

(á values) of AMI and IMI bound to BSA were

calculated using Eq. (3)

Scatchard Plot: Since, á value of each drug was

obtained for various BSA and drug concentrations, the

interactions of AMI or IMI with BSA were studied by

Scatchard plot. The plots for both tricyclic

antidepressants are depicted in Fig. 3 and show straight

lines  parallel  to  the  abscissa  for  the  entire drug
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Fig. 1: Absorption spectra of 80 µM AMI  (A) and IMI (B) in phosphate buffer solutions (pH 7.4, 25 ºC)

containing various amounts of BSA. BSA concentration, A: 0, 15, 23, 31, 39, 55, 72 µM, lines 1-8,

respectively; B: 0, 12, 22, 32, 42, 55, 70, respectively.

Fig. 2: Second derivative spectra of AMI (A) and IMI (B) calculated from the absorption spectra of Fig. 1A and

B, respectively. The numbers in the figures are the same as in Fig. 1.
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Table 1: Effect of wavelength at which ÄD values were measured on the calculation of K values, [drug] = 80 ìM

AM I IM I 

---------------------------------------------------------------------------------- -------------------------------------------------------------------------------

Wavelength (nm ) K  × 10  (M ) Wavelength (nm ) K  × 10  (M )a -3 -1 b -3 -1

278 47.6 ± 3.0 280 38.8 ± 3.1

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

282 46.5 ± 3.3 285 37.8 ± 2.1

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

296 45.3 ± 2.2 295 39.3 ± 2.7

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

300 48.0 ± 2.9 298 38.2 ± 3.2

M ean standard deviation, n=4a 

M ean standard deviation, n=5b 

Fig. 3: Scatchard plot for the interactions of  AMI and IMI with BSA, respectively. AMI concentration, 50 µM

(�), 80 µM (C), 100 µM (>); IMI concentration, 50 µM (~), 80 µM (�), 100 µM (ª)

Fig. 4: Fraction bound of AMI (A) and IMI (B) binding to BSA. The solid lines show the theoretical curves

calculated using Eq. (6) with the obtained K and ?Dmax values and the symbols are the experimental

values. AMI concentration, 50 µM (�), 80 µM (C), 100 µM (>); IMI concentration, 50 µM (~), 80 µM

(�), 100 µM (ª)
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Table 2: Binding constants (Ks) of AM I and IM I at different drug

concentrations

AM I IM I

[Drug] ìM -------------------- -------------------

K  × 10 , MK  × 10 , M * -3 -1
* -3 -1

50 47.1 ± 2.0 38.9 ± 2.3

80 45.3 ± 2.2 37.8 ± 2.1

100 43.5 ± 2.8 39.6 ± 1.9

M ean standard deviation, n=4* 

concentrations studied. It has been reported that the

interaction of organic ligands to serum albumin can be

explained by a model with specific and non-specific

binding sites . The results in Fig. 3 show that the[18]

interaction of AMI and IMI with BSA can be

explained by the non-specific binding model, i.e., the

ur/[C ] values are constant and independent on the

concentration of BSA.

For the partition like non-specific binding, a

binding constant K can be given as

Using ÄD value, K can be written as follows

From Eq. (5), we can get

Calculation  of  the  K  Values:  The  K  values

were  calculated  by  fitting  the  observed  data of

ÄD  values  and  BSA  concentration  to  Eq. (6)

using a nonlinear least squares method. In the

m axcalculation, the ÄD  value was also treated as a

m axparameter  because  the  ÄD  values were obtained

by the extrapolation. RSD for each repeated

determination confirms a good reproducibility of the

proposed method. The difference of K values between

AMI  and  IMI  may  be  attributed to the difference

in their hydrophobicities.

The fraction of AMI or IMI bound to BSA is

calculated  as a fraction of BSA concentration from

m ax Eq. (6) with the calculated K and ÄD values. The

results are shown as two curves in Fig 4. All of the

plotted  experimental values for 50, 80and 100 µM

AMI  and  IMI  fall  closely  on the theoretical

curves. Thus the interaction of AMI or IMI with BSA

can be well explained as a partition like non-specific

binding model.

Conclusions: As in many drug-protein binding studies,

the concentration of either the protein or the drug was

fixed, the validity of the models adopted was not

sufficiently confirmed. Therefore, to examine the

binding measurements of AMI and IMI to BSA

different concentrations of both drug and protein were

used. The results shown in Table 2 exhibit that the K

values of each drug are almost constant for all

concentrations studied. These results indicate the

validity of applying the partition-like nonspecific

binding  model  to  the  interaction of AMI and IMI

to BSA.

Conclusively, it can be emphasized that the

derivative spectrophotometric method is useful for the

investigation of the interaction of drugs with protein

under equilibrium conditions without using any

previous separation procedures.
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