
EXAMINATION OF PHENOTHIAZINE--ALBUMIN 
INTERACTXON BY UL,TRAVIOLET DIFFERENCE 

SPECTROPHOTOMETRY 

Abstract-The binding properties of seyerai phenothiazines to both human and bovine 
serum albumin have been systematically examined by ultraviolet difference spectrophoto- 
metric methods. The difference spectra of their interaction at pH 7.4 showed characteristically 
two positive and two negative absorption peaks at the 330. 260 and 290. 250 nm regions 
respectively. The difference spectra, which were derived mostly from perturbation of the 
phenothiazine chromophores in a hydrophobic environment. were quite specific. as 
structurally similar chlor~ro~zine sulfoxide. imipramine and chlorprothixene gave entirely 
different patterns of much weaker absorption. This may be taken as evidence that the 
latter compounds were bound at sites on the protein surface quite different from those of 
the phenothiazines. Contrary to the conclusion reached in recent publications which 
advocated that only one of the phenothiazine benzene rings was involved in the binding, 
the present studies with substituted derivatives on various positions show that this is not 
the case. but rather the whole phenothiazine nucleus takes part in the binding process. 
Furthermore. the effect of acetylsalicylic acid on the binding of phenothiazines demonstrated 
that the interaction is a noncompetitive interference which does not involve the same 
binding sites. The significance of these results is discussed in relation to various types of 
binding forces. 

PLASMA protein binding is generally considered as an important factor in the trans- 
portation, distribution and elimination of drugs. The free unbound drug molecules 
are presumed to be available for transport to the receptor sites and hence protein 
binding controls the diffusion rate and the apparent distribution volume. Recently, 
the binding of phenothiazine drugs to serum proteins has been a subject of renewed 
interest. Several papers have appeared using gel filtration on Sephadex column.‘-4 
equilibrium dialysis’,‘.’ or the batch method.’ In the present study. the binding of 
several phenothiazine derivatives as well as some structurally similar drugs to both 
human (HSA) and bovine (BSA) serum :llbumin w;ts ~~~~~i~in~~ using the ultr:tviolet 
difference spectrophotometric method. While some of the results arc complementary 
to those obtained by other methods. additional information concerning the nature of 
the binding sites and some distinct binding parameters of phenothiazinealbumin 
interaction was derived. 

A preliminary communication of part of these findings was previously prescnled.’ 
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MATFRIALS AND METHODS 

P/.(‘1/.(~~/tl)l(~~lt c$r~lh~~~~~ir~.s. Crystalline human albumin and bovine serum albumin 
were obtained from SchwarL;Mann Research. Fatty acids u’ere removed from the 
albumins by the charcoal treatment method of Chen’ at acid pH. The activated 
charcoal (Mallinckrodt) was washed with distilled water, filtered and dried prior to 
its use. Acetylation of HSA and BSA by acetylsalicylic acid was pcrformcd at 
pH 7.4 following the procedure of Hawkins cut ~tl.” The concentrations of HSA and 
BSA used throughout these studies wcrc estimated on the basis of their molar 
extinction coefficient at 1X0 nm.‘” The values of E, cm I’, 5.30 for HSA and 6.67 fat _ _ 
BSA wcrc used. 

Pll(~ll~f/?i~llil~c’ rlrr.i~~~ti~c~,s. Chlorpromazine (CPZ) hydrochloride. C’PZ sulfoxidc 
hydrochloride. trifluoperazine dihydrochloride and trimeprazine tartrate wcrc kind]! 
supplied by Smith, Kline & French Laboratories: promazine hydrochloride and 

promctha&e hydrochloride by Wyeth Laboratories; fluphenazine dihycirochlori~ic 
and tritluproma/ine hydrochloride by Squibb Inc.: perphena7inc and acctophcna/ine 
malcatc 1~) Schcring Corp.; imipraminc 1~~. Geigy Pharmaceuticals. and chlorpro- 
thixcnc hydrochloride by Holr‘mann- La-Roche. Inc. Samples of 2-bromoprorna/inc. 
6-hydroxychlorpromazine. 7-hydroxychlorpromazine. X-hydroxychlorproma/inc. 7- 

mcthoxychlorpromazine hydrochloride. 7.X-dimethoxychlorpromazinc hydro- 
chloride. 3.7-dimethoxychlorpromatine hydrochloride. 7-hydroxychlorproma/inc 

xulfoxidc. chloi-proi”;l~inc R;-oxide-_ ) H20 and 3.7-dichlorproma/inc wcrc kind]! 

provided by Dr. A. A. Manian of the National Institute of Mental Health. 
Psychopharmacology Research Branch. The compounds were used without further 
purification. The CPZ fret base’ ’ was prepared by alkaline conversion from the 

hydrochloride in water followed by extraction with ether and recrystallization from 

95”,, ethanol. m.p. 56--57 . Aqueous solution of the samples was prepared 1~) first 
dissolving the sample in small amounts of doubly glass-distilled water or. in the 
cast of free base, in 0.1 N hydrochloride. then made up with appropriate butl’cr. 
Solutions were always freshly prepared prior to their use and screened from 
exposure to direct light at all times. Table I presents the structures of some of the 

phenothiazinc derivatives which have been investigated. 
All other materials were of analytical or reagent grade. 
C;c~rlc~~~rl rllc~thodolog!. Ultraviolet absorption spectra were recorded on a C‘ary 15 

spectrophotometcr. Difference absorption spectra were obtained by using a pair of 
split-compartment-tandem mixing cells”~‘” (Pyrocell 5014) with a 2 x 4mm light 
path and 1 ml vol. in each compartment. Solutions of albumin and drugs wcrc placed 
separately in each compartment in both the sample and reference cell. Since the 
contents of both cells were equal. a straight baseline was obtained. The albumin 
and drug solution in the sample cell was then mixed by covering the cell with a 
small piece of parafilm paper and inverting it several times. The difference spectra 
thus recorded arc expressed in terms of difference absorbance (AA). The solvent 
perturbation of difference spectra of drugs was obtained using regular IO mm light 
path rectangular cells. Calculated amounts of drugs were first dissolved in 95”,, 
ethanol. and equal portions of 001 ml were placed in each of the sample and 
rcfcrcnce cells. The solvents were carefully evaporated to dryness under a stream ol 
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nitrogen; the reference cell was then filled with 2 ml buffer and the sample cell with 
2 ml of the perturbing solvent used. It should be noted that CPZ hydrochloride by 
itself is not soluble in cyclohexane, but the trace amount of ethanol which remained 
in the cell wall brought it into solution. Control experiments show that ethanol 
did not have any effect on the difference spectra. 

RESL:LTS 

Sp~~c~ficit~~ of' CPZ ri~~A~~ncc~ .spt~~ra. The difference absorption spectrum for the 
interaction of HSA and CPZ in phosphate buffer, pH 7.4. as presented in Fig. IA. 
is characterized by two positive (263 and 335 nm) and two negative (248 and 294 nm) 
absorption peaks. The difference spectra obtained from structurally related com- 
pounds under identical conditions are also depicted in Fig. l--they arc (I) CPZ 
sulfoxide. a major metabolite of CPZ (curve B): (2) imipramine, an iminodibenzyl 
derivative and an antidepressant (curve C); and (3) chlorprothixene. a thioxanthenc 

derivative (curve D). It is noteworthy that the last three compounds showed an 
entirely different absorption pattern from that of CPZ. 

7-Hydroxychlorpromazine-sulfoxide showed a difference spectrum indistinguish- 
able from that of the parent compound, CPZ sulfoxide. Acetophenazine with an 
acetyl group at carbon-2 and a slightly different side chain at N-10 showed one 
positive peak at 275 nm and two ncgativc peaks at 236 and 264 nm (the intensities 
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FIG. I. Dilkence spectra of the interaction 01‘ HSA alrh C‘PZ and stt-ucturalt) rctatcd compounds. 
HSA (1.X x lo-’ M) and drug (5 x tO_’ M) in 0.05 M phobphatc buffer at pH 7.3. 75 (urvc A. ( PZ: 

B. CPZ sulfoxide: C. imipramine [R, :ICH,), N(CH3)2]: D. chtorprothixcnc [R,: ICH,I~ YIC‘H,I,]. 

were of just about the same magnitude as that of CPZ sulfoxide). lvhcrcas 
perphenazine. a 2-chloro substitucnt compound showed a spectrum nearly identical 
to that obtained from CPZ. When all of the above compounds were interacted with 
BSA, spectra almost identical to those obtained from HSA were observed. 

Effect qf carbon-2 substitution 011 the ultraviolet d~jfA~ncc~ ahsorptioll. As shown in 
Fig. 2, it is evident that the difference absorption spectra resulting from the interaction 
of phenothiazine derivatives with both HSA and BSA were markedly influenced by 
carbon-2 substitutions. The intensity as well as the absorption maxima was found 
to be related to the substitution on carbon-2 in the following decreasing order: 
CF, > Cl > H. This was accompanied by a slight red shift of the absorption maxima. 
Promazine, the unsubstituted derivative. showed two positive peaks at 260 and 
325 nm, while CPZ moved to 263 and 335 nm. and trifluoperazinc, in turn, shifted 
to 266 and 340 nm. Various side chain substitution at the N-10 position of the 
phenothiazine nucleus slightly altered the peak intensities, but the maxima remained 

essentially the same. 
D$&~~zcr pemrhation spectw irk cyc/o/~rrcux~ d hjjk. The generation of the 

difference absorption peaks could be attributed either to the perturbation of the 
phenothiazine absorption bands by a ditrercnt environment at the protein binding 
sites or to the perturbation of the protein aromatic amino acid residues as the result 
of the interaction. or to a combination of both. Fig. 3 allows comparison of the 
protein interaction differcncc spectrum of HSA and CPZ as opposed to solvent 
perturbation difference spectra of C’PZ in cyclohcxanc and buffer. C‘UIW 3A shn\+a 

the difference spectrum of CPZ hydrochloride goin p from buflcr to cyclohcuanc. 
Curve 3B is that of CPZ fret base going from butrcr to qclohexane and CIII-vc .iC‘ 

is the HSA and CPZ difference spectrum rcproduccd from Fig. IA for con\enicncc. 
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FIG. 2. Effect of substitution on the difference spectra of HSA and phenothiazincs. HSA (1.X x 10-j M) 
and drug (5 x 10e5M) in 0.05M phosphate buffer at pH 7.4. 25 Curve A. triflupromazine: B. CPZ: 

C. promazine. 
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FIG. 3. Difference spectrum of HSA CPZ and solvent perturbation spccttw of C PZ in cyclohcxanc vs 
0.05 M phosphate buffer, pH 74 Curve A. CPZ HCI (2.5 x IO ’ M) in qclohewne vs in but%; B. CPZ 
(2.5 x 10-‘M) in cyclohexane vs in buffer: C. HSA (I.8 x IW’M) and CPZ (5 x IO ‘M) in 0.05M 

phosphate. pH 74. 
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It can be seen that both solvent perturbation spectra of CPZ hydrochloride and 
CPZ free base were quite similar to the HSA and VP2 diffcrcncc spectrum. 
particularly in the 260nm region. On the other hand. when C’PZ sulfo\idc, 
imipramine and chlorprothixene were examined under idcnticnl conditions. thi: 
solvent perturbation difference spectra revealed entirely different peaks from those 01 
their respective protein interaction difference spectra, as shown in Fig. 1. 

L 1 I I 
250 300 350 

Wavelength, nm 

I%. 4. Comparison of solvent pcrturhation and protein interaction diffcrcnce spectra of the structuralI> 
related compounds. Experimental conditions and concentrations were idcntlcal t<) those in Fig. 3 A. (‘PZ- 

sulfoxide; B, imipramine; C, chlorprothixene. (Dotted lines wcrc reprodwcd from Fig. I for convenicncc.) 

The difference spectrum of the interaction between HSA or RSA and C‘PZ is 
highly pH-dependent, as shown in Fig. 5. For example, an increase of only 0.5 unit 
from 7.4 to 7.9 showed a marked increase (nearly 50 per cent) of the absorption 
intensity at 263 nm, whereas a decrease in pI-I from 7.4 to 6.5 reduced the diffcrcnce 
spectrum almost to zero. At pH higher than 7.9. CPZ started to prccipitatc from 
the buffer and the difference spectrum could not be obtained. 

The effect of urea on the difference spectrum of the int~r~l~tiol~ between HSA and 
CPZ is presented in Fig. 6. When the urea concentration is below 8 M. no change is 
discernible. In the presence of 8 M urea, a slight blue shift of the differcncc peak 
and some new feature in the 290 nm region of the spectrum were ohscrved. 
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FIG,. 5. ElTcct of pH on the ditfcrencc spectra of the interaction between HSA and CPZ. Curve A. 

pH 75); B. pH 74: C, pH 65 all m 035 M phosphate bull’w at 15 ; D. 0.05 M glycine HCI huffcr. 

pH 34 at 7 
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FIG. 6. EtTcct of wc;~ on the diIKwnce spectra of ihc interaction hctween HSA and CPZ. Curve A, 
HSA (I.8 I IO ‘M)+-C‘PZ(5 x IO ‘M), pH 74; B. in the prcscnce of 8 M urea in either of the 

~~~l~ll~~l~~nt solutions of both the sampic :tnd the blank cells. 

In order to have a better understanding of the functional groups and regions of 
the phenothi~~zine molecule involved in the interaction and binding to HSA or BSA, 
the difference spectra of a series of phenothiazine derivatives were thoroughly 
examined and some of their relevant properties are listed in Tables 2 and 3. All of 



Ai,,,,,;i- 

+ The positive absorption maximum of the dlfTerencc hpcctra used fol- Compaq-iaon. 

: Normalized difference absorbance at A;.,,,,,, against CPZ as 100. 
6 Normalized relative oscillator strength for the difference absorption peak Ai.,,,,, against CPZ as 100. 

the 17 phenothiazine derivatives tested under the conditions described in the legends 
to Tables 2 and 3 exhibited the same characteristics, e.g. two positive and two 
negative peaks, as with CPZ. Since the positive peaks at the 260 nm region were 
the predominant ones, they were used as a basis for comparison, The intensities of 
the difference absorption peaks being a good indication of the degree of interaction 
or the binding processes for different phenothiazines were expressed in terms of 
difference absorbance (AA) and difference relative oscillator strength (A [E di). The 

latter was obtained by integrating the whole area under the difference absorption 
peak. All data were the average of three runs (mean + SE. 2 per cent) and were 
normalized against CPZ as the standard (100) for comparison. 

Recently. investigators’” using a gel filtration method have studied the effect of 
some simple aromatic substances as well as a series of acidic and basic drugs on 

TAHLI 3. COMIJAKISON OF THI, I.FFI.~TS OI- VAIIIOI’S SUSTITI TION ON THI I’III.WTHIA/I\I. I(IUG TOWAIW 

ALI3I:MIN IIIUI)I\G I ROhl IIll I I ItI \( I SI’I (‘I-RA IMTA’ 

Compound 

Chlorpromazine 
2-Bromopromazine 
3.7-Dichlorpromazinc 
6-Hydroxychlorpromazinc 
7-Hydroxychlorpromarine 
&Hydroxychlorpromuinc 
7-Methoxychlorpromazine 
3-7.Dimethoxychlorpromwinc 
7.8-Dirnethoxychlorprol77a/il~c 
Chtorpromazinc Woxidc 
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the binding of promazinc or CPZ to BSA. They have shown that most of the 
compounds used could displace phenothiazines from their “binding sites” on the 

albumin molecule. In LL more recent publication.’ they have reached the conclusion 
that onl), one of the phcnothiazine rings can possibly be attached to albumin. 
However. in our opinion. the displacement of one drug by another on albumin 
does not necessarily involve the same binding sites. Experiments on the competitive 
binding betwccn acetylsalicylic acid and CPZ to HSA as well as BSA were carried out 
using ultraviolet difference spectroscopy. These are summarized in Table 4. Preincu- 
bation of albumin with acet~lsalicylic acid at physiological pH resulted in an 

Conditions* 

Wtthout acclylsalicjlic acid 763 IO0 IO0 203 IO0 100 
Prcaceth lution ( 263 97.x 96.5 263 101 9x.5 
With acctylsalic~lic acid’ 362 77.5 75.0 262 x0.2 x I.4 

* Tcmpcraturc. 25 :0.05 M phosphate hut?&-. pH 7.4. FInal concentrations used: albumins (1.X x IO- M) 
and C‘PZ (5.0 x IO ’ M). 

i The positive absorption maximum of the difbcnce spectra used for comparison. 
i Normalixd diffcrsnce absorbance at A;.,,,,,, against CPZ as 100. 
4 Normalired relative oscillator strength for the difl’crencc ahaorption peak Ai.,,,,, against CPZ as 100. 

Albumins were prcacetklated with acetylsalic~lic acid according to the method of Hawkins cd/ trl.” at 
pH 7.4. cxccss acct!lsahcylic acid was removed by dialysis and the concentration of albumin read.justed to 
1.x Y IO ’ M. assuming that the molar extinction coefficient remained unchanged at 2X0 nm. 

’ Acetylsaliqlic acid. 5 x 10m5M. in (‘PZ solution. 
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FIG. 7. Influence of acetylsalicylic acid on the difference spectrum of the interaction between BSA and 
CPZ. Curve A. acetylated BSA (I.8 x IO-’ M) and CPZ (5.0 x IO-’ M). which was identical to the 
reaction of the untreated BSA: B. BSA (1.8 x lO-‘M) + CPZ (5.0 x IO-‘M) and acetylsalicylic acid 

(5.0 x 10m4M); pH 7.4 at 25’ throughout. 



irreversible acetylation of the molecule. After the cxccss acctylsalicy lit acid was 

removed by dialysis, the binding of CPZ with the acctylatcd HSA or BSA bchnvcd 
exactly like the native albumins. However, when a large cxccss of ~~cct~ls~~lic~lic acid 

was present in the CPZ solution. the binding of CPZ to HScl. or BSA was markedly 
affected. The difference spectrum for the interaction of BSA with CPZ in the p~sencc 

of acetylsalicylic acid is prrscnted in Fig. 7. 

The ~lssoci~ltion constant (li) rclatcs the c(3~lccntl-~lti~)~l of the coIn~~oilei~ts at 

Let 4 be the fractional saturation of the albumin. 

$6 = 
moles ofph~nothi~~zine bound cpI?J _ IP1 

moles of total albumin -~~ = [P,J - [@I + [PC] 

where C is the molar concentration of the unbound phcnothi:Gnc. Tho difTcrcncc 
absorption peaks derive only from the perturbation of PC’ ‘.I(’ 

(3) 

where AA,,,, is the maximum differcncc absorbance at P. If fhc albumin has N 
independent binding sites for phenothiayincs. 

I’ = <i, N (41 

01 

Nl<C 

=1+fic 
(5) 

where I’ is the average number of binding sites bound, and 

(‘ = <‘,, - KP,, 

equation (5) could be rc~lrr~~n~c~i to the f~~lllili~~r Klot7’ equation 

Lr = 1:‘N -t l:Nk. I:(‘ 

or Scatchard’s equation 

,,,C = /,?I - kr, 
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FIG. S. Diffcrencc spectrophotomctr~ study for the binding between HSA and triflupromazine. HSA 
(1.X x IV’M). trillupromarine (3+5!3 x IO ’ to I.46 x IO-“ M), pH 7.4. 25 .0,05 M phosphate buffer. 

A typical binding equilibrium study using the difference spectrophotometry method 
for the binding between HSA and triflupromazine is shown in Fig. 8. The concentra- 
tion of HSA was kept constant at I.8 x 10-‘M and the concentration of 
triflupromazinc varied between 36.5 x 10eh and 1.46 x 10m4M. Each separate 
difference spectrum rcprcscnts a set of experiments under identical conditions in 

FIG. 9. Scatchard plot for the binding of triflupromrazine to HSA. Data calculated from Fig. 8 



O-05 M phosphate huHr. pH 7.4. 75 The stoichiometry (N) was obtained from a 
plot of AA 1’s C’,,. The data wcrc then coml~iled from equations 3. 4 and 6 and 
subjected to a Scatchard’s plot as sho~vn in Fig. 9. Similar binding equilibrium 
studies with a fcu reprrscntativc phenothiurines were performed and the results are 
listed in Table 5. When these cxpcriments were repeated with BSA. under identical 
conditions. the same stoichiomctric relationship was obtained. 

As is evident from the difference spectra. the interaction between both HSA and 
BSA and a series of phcnothiutinc derivatives revealed consistently, as with CPZ, 
two positive and two ncgativc absorption peaks. In contrast. several of the structural11 
related compounds, such as imipraminc, chlorprothixene and CPZ sulfoxide. failed 
to show this characteristic pattern. 

Comparison of the diRcrencc spectra of the interaction between HSA. as well as 
BSA. and CPZ with the solvent perturbation difference spectra of CPZ in cyclohexane 
versus butl’cr showed close similarities. which is a direct indication of the existence 
of a hydrophobic environment around the albumin binding sites. The difference 

spectra. however. did not rule out additional contributions from perturbation of the 
protein aromatic amino acid residues bb CPZ, since minor deviations (see in Fig. 3) 
exist between the spectra. Imipraminc. chlorprothixene and CPZ sulfoxide have 
ncvcrthclcss been sho\vn’.’ _ to bind albumin based on data deriving from gel 
filtration and equilibrium dialysis techniques; in fact. chlorprothixene was found to 
bind albumin c\cn more atrongl! than CPZ.’ The negligible appearance of their 
dificrcncc spectra with albumin and the large discrepancy between the solvent 
perturbation ditfcrencc spectra in c~clohexane versus buffer indicate that their binding 
sites on albumin arc quite different from that of phenothiazines. Accordingly, their 
binding sites are most likcl! not in a hydrophobic environment, and only very weak 
perturbation could be observed between the absorption chromophores of these 
molcculos and the protein. 

The increase in the intensity of the induced difference spectra for the interaction 
of albumin with promazine, CPZ and triflupromazinc is consistent with the increase 
of the hydrophobic character of the ring substituent group at the 2-position of these 
molecules. A similar conclusion ascribable to hydrophobic binding has been obtained 
through comparison of other parameters from gel filtration and equilibrium dialysis 
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studies.‘.’ 8 In keeping with the same rationale, in our studies, 2-bromopromazine 
was found to bind albumin more strongly than CPZ. and 3,7-dichlorpromazine (which 
has an additional chloride group at the 7-position) was even stronger than either 
CPZ or 2-bromopromazine. 

The forces of hydrophobic interaction appeared to exert a certain influence also in 
the N-IO substituted side chain moieties. For instance. trimeprazine was bound to 
albumin more strongly than promethazine, which in turn was better than promazine. 
In the latter case, the effectiveness may perhaps be attributed to the difference in the 
preferential conformational forms of the IV-alkyl side chain in extending the methyl 
or methylene group into the hydrophobic region on the albumin surface. In the case 
of the triflupromazine. fluphenazine and trifluoperazine series, the shorter N,N- 
dimethylpropylamino group was stronger than either the methylpiperazinylpropyl 
or 2-hydroxyethylpiperazinylpropyl side chain. Steric effects must have played an 
important role here, and the binding probably involves only part of the piperazine 
moiety. the remainder being either in a chair or boat form stretching outside of the 
binding surface. In the case of perphenazine and fluphenazine, however. the degree 
of binding decreased further due to the introduction of a hydrophilic group (-OH) 

at the end of the side chain. 
Although the nature of the binding force between CPZ and albumin is pre- 

dominantly hydrophobic. there could also be a combination of other factors, such 
as donor- acceptor type complexing. which might play a role in this binding. CPZ 
has been shown’” to have a most unusual anti-bonding highest filled molecular 
orbital in its ordinary stable state, and is thus an exceedingly strong electron donor. 

In the case of acetophenazine. an electron-withdrawing acetyl group replaced the 
2-chlorine and consequentlv the difference spectrum for the interaction with albumin 
changed completely. In contrast to trifluomethyl. which is also an electron- 
withdrawing group, the resonance and con_jugation effect of the acetyl group probably 
altered the orbital energy and electron distribution of the ring to such an extent 
that it changed the nature of the binding. Again. it should be pointed out that 
from gel filtration studies on Sephadex columns,” acetophenazine was found to bind 
BSA to about the same extent as promazine. indicating that the binding takes place 
at a different site. 

By using the cyclohexane-buffer system as a reference for modeling the hydrophobic 

effect and the similarity between the solvent perturbation spectra and the protein 
interaction difference spectra, it is evident that neither hydrogen bonding nor dipolar 
interaction was a major factor contributing to the difference spectra. The contribu- 
tion from hydrogen bonding forces is indeed insignificant, as the difference spectrum 
between CPZ and albumin remained essentially unchanged in up to 8 M urea, 
suggesting that considerable bonding structure remains. even in the binding region 
of the 8 M urea-treated albumin. 

The great sensitivity of the difference spectra to pH changes gave firm evidence 
that. although hydrophobic bonding was the predominant force. ionic interactions 
should not be ignored. Since the pKa of CPZ is about 9.3. most of the species are 
protonatud in aqueous solution below pH 7.9, and the ionization of the binding sites 
might be of major importance if some weakly acidic groups which were only 
partially ionized at pH 7.4 were involved; these should be the binding region for 
the charged side chain dimethyl amino group. At pH 6.5. the conformation of the 



albumin does not differ much from that at pH 7.3, jet at this pH the intensity of 
the difference spectra ofCPZ and albumin decreased more than 95 per cent, indicating 
that a charge repulsion might have occurred. At pH 30 albumin becomes unfolded 

and no significant binding can bc cxpectod. 
It is obvious that the hydrophobic interaction is of mqior importance for the 

maintenance of a rigid CPZ-~albumin complex, since the prescncc of any hydrophilic 

groups on the CPZ kolecule. either on the ring nucleus or side chain. caused 
considerable reduction in the magnitude of the induced dilTercnce spectra. For 
example. C’PZ~~N-oxide was bound to albumin less than half that of C‘PZ. With 
introduction of a hydroxyl group into the CPZ ring moict>. such as the 7-hydrox>l 
analogue of CPZ. its binding to albumin was poorer than that of (‘PZ. Howeicr. 
the substituent effect appears to dilkr accordin, or to the ring position. the (,-position 
being least sensitive. while the 7-position has the most intlucncc. Introduction of 3 
methoxyl group into the CPZ ring moiety also rcsultcd in lowering the binding 
ability of CPZ to albumin. The effect of ;I 7-mcthox>l group was quite similar to 
that of ;I 7-hydroxyl group. Houe~er. by introducing ;I second mothoxyl group. such 
as 3.7- or 7.X-dimethoxyl. ;I significant ditycrence in the binding alEnit> hztwccn 

HSA and BSA was obscrvcd. 
In the case of HSA. ;I second methoxl I group in the 3- or S-position rc’storat 

sonic of the binding from 7-methox~chlorp1-o~~~~~i~~~. \vhilc in BSA. further dctcriora 

tion resulted. The difference in binding bctwecn HSA and BSA occurred also in 
promarinc, promethazine and trimepra~ine where BSA was 1nuc11 more tYfccti\c 
(Table 2). Although the modes of interaction between phenothiarincs and HSA 01 
BSA wcrc very similar. these difl’erences probably rctlcct small alterations of the 
amino acid scqucnce near the binding sites. 

While numerous studies on the binding of acidic drugs to plasma protein haw 

been reported,“’ publications on basic drugs arc rclati\cl! scant!. It is gcncrall~ 
conceded that albumin has dilTtxnt binding sites for acidic and basic drugs.2’ 
Although some acidic drugs can displace another acidic dru, 0 in ;i particular binding 
site. basic drugs never replace acidic drugs in the same site.” Thus. the conclusion 

reached by some authors’.’ that the displaccmcnt of C‘PZ from its binding site b! 
simple aromatic substanct‘s such as bcn/oic acid OI acct! lsaliq lit acid is due to 

competition between the benzcnc rings, which arc tltc integral part 01‘ the 4tructurc 
of all substances used, is open to question. Fundamcntall~. acctylsalicylic acid and 
CPZ belong to two different charge ionic groups at physiological pH and. thercforc. 
should have separate binding sites on albumin. The ohscr\cd displac~mcnt of (‘PZ 
1~1 acetylsalicylic acid on albumin from gel filtration studies ’ ;I:, \icll as from the 
present difference spectrophotometric studies must stem from noncompetitive intcr- 
fcrencc’“,‘3 which. as opposed to competitive interftrencc. is not dircctlq in\ol\cd 
in the same binding sites. Acctylation of HSA with acct\~lsaliqlic acid at physiological 
pH results in an average of I.2 acetyl groups covalcntl!, bound to a l!,sinc 
residue.‘i,‘f’ In the present study. it ~vas found that the difl’crcnce spcctt-a ofacct! latcd 
HSA or BSA with CPZ wereessentially the same as those with the untreated albumins 
(Table 4). If the alleged lysine rcsiduc binding sites for anionic drug wcrc the same fog 
the phenothiazines. as has been proposed. ’ ,2 introduction of an acct\ 1 group would 
certainly have ;I noticeable effect on phcnothia/inc binding. Since V.L‘ ha\c been able 
to demonstrate that substitution of an acctyt. h!dro\! 1 or m~tho\yl group on the 



phcnothiazine molecule would alter the protein interaction diRerence spectra. 
substitution of an acetyl group on the protein side for the same interaction would be 
expected to show a similar effect. On the other hand, in the presence of excess 
acetylsalicylic acid. the difference spectra of CPZ with HSA or BSA not only showed 
diminishing intensity in the 263 nm region. but the characteristic distinguishing peak 
changed as well. The first step in the acetylation of albumin involves the binding of 
acetylsnlicylic acid to their binding sites. A simple displacement of CPZ should only 
dccrcasc the intensity but not change the characteristics of the difference spectra 
bctwecn CPZ and albumin. During the initial phase of the acctyfation. interaction with 
cxccss acetyfsalicylic acid and the subsequent binding of acetylsalicylic acid to their 
cationic sites must have slightly changed the conformation of the protein and the 
CPZ binding sites as well. After the departure of the saIicylate anion leaving group 
and the final removal of the excess aaetylsalicylic acid, the proper conformation of 
the CPZ-binding sites on albumin is restored. More detailed description of such 
changes using a Auorescencc polariz~~tion method will be discussed clscwhere. 

As the difrcrcnce spectroscopic stud& herein reported have determined. the ability 
of various substituents (particularly in the 6-, 7- and X-positions) on the phenothiazinc 
ring to give rise to marked differences in the degree of binding. and the inability of 
some of the strtlctur~~lty related com~~oLinds to do so, conclusively point out that all 
three rings of the phenothiazinc nucleus are essential to the binding of CPZ and its 
congencrs to the hydrophobic binding sites. 

The three-dimension4 crystalfine and molecular structure ofCPZ has recently been 
rcsolvcd.‘- The molecule is folded about the S---N axis and the angle between the 
best planes for the two benzene rings was found to bc 1394. The folding of the 
molecule enables the sulfur atom to retain its natural valency angle. For the same 
reason. the conformation ofthc phenothiazine ring in sohition would probably remain 
the same, which would thus fit in some hollowed contour arca as dictated by the 
binding sites in the hydrophobic region of albumin. Any alteration of this geometric 
rcquircment. as in the case of CPZ sulfoxidc. imipramine or chlorprothixene. excludes 
such molecules from this particular albumin binding site. 

Binding eqLlilibriL]m studies of a few se&ted p~lenothiaziTles toward human strum 
albumin indicated that the binding constants obtained from Scatchard plots corre- 
spondcd quite well to the normalized diffcrcnce absorbance between HSA in a proper 
~~~~if~~~-~~ ~~licilott~i~l/inc c~~ncentr~~tion (5 x IO-’ M). It is thus shown that. under 
idcnticat experimental conditions. the intensities of the dinircnce absorption peaks 
arc indocd a good indication of the degree of the interaction and that the various 
phonothia/ines studied do involve a common binding process. 

The stoiclli~~mctry for the binding of pl~ellothi~tzi~lc to ~tIb~lrni~1 has been reported 
for BSA and HSA vafucs ranging from I to 23.“.‘.’ 8 In our opinion. the stoichiomctric 
relationship depends on the albumin concentration. Several other drugs have also 
been shown to vary their binding capacity according to the albumin concentra- 
tion.LX.“’ Our studies showed that at 1 .X x IO- ’ M. each molt of HSA or BSA binds 
four molts ofCPZ. This value was verified by intrinsic protein fluorescence quenching 
methods.’ 

The interaction between phenothiazines and albumin has been a sub.ject of rcncwed 
intcrcst. A better ll~~dcrst~~ndi~~g of the binding process will provide further insights 
into the gcneral area of drug-protein interaction, especially with basic drugs. We have 
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carried out a systematic examination by difference spectrophotometry which has 
enabled us to demonstrate the structure and hydrophobic nature of one of the albumin 
binding sites for phenothiazines which excluded structurally related CPZ sulfoxide. 
imipramine and chlorprothixene. It is thus proposed that difference spectrophoto- 
metry could be a complementary method for providing insight into the stoichiometry 
and affinity of the binding process as distinguished from the widely used equilibrium 
dialysis or gel filtration techniques. 
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