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Abstract-The binding of eleven benzodiazepine derivatives to bovine serum albumin was determined 
by means of Sephadex gel filtration. The albumin binding of the substances was characterized by 
the percentage of drug bound. the binding constants k+. K,. and m. the number of binding sites 
per albumin molecule, and the free binding energy. The binding of the benzodiazepines to bovine 
serum albumin (BSA) is discussed in respect to the binding of these drugs to human serum albumin 
(HSA). The following great differences in the binding behaviour of both albumins for the benzodiaze- 
pines have been found: (1) The affinities of the binding of most of the drugs to BSA are exceptionally 
smaller than those to HSA. (2) Two ben7odiazepines. lorazepam and clonazepam. are bound to BSA 
in a higher extent than to HSA. (3) Most of the benzodiazepines have two or three binding sites 
on the BSA molecule. in contrast to the single binding site on the HSA molecule. The binding of 
the benzodiazepines to BSA is positively influenced by the pH-value of the solution in a similar way 
as found for HSA. The benzodiazepines arc the first group of drugs known in which binding to 
both albumins differs so fundamentally. The reason for these large differences and their pharmacological 
significance are discussed. 

It was demonstrated in previous investigations that 

the benzodiazepines are bound to human serum albu- 

min (HSA) in a very specific manner[2,3], and that 
the binding to HSA differs in some aspects from the 
binding behaviour of other substances to HSA. The 
binding of the benzodiazepines is influenced in an un- 
usual way by the substituents of the molecule[2] and 
does not depend on the hydrophobic nature of the 
ligands[2]. Furthermore, the binding is highly ster- 
eospecific in an until now unknown degree[4]. In 
contrast to the high stereospecific binding of oxaze- 
pam hemisuccinate to HSA[4], the stereospecificity 
of the binding of this drug to bovine serum albumin 
(BSA) is much smaller[5] and the d-isomer of this 
drug was found to have a more than eight-fold 
smaller affinity to BSA than to HSA[5]. 

Because these differences with both albumins were 
exceptionally high, we tried to investigate if they were 
due to stereochemical aspects alone. or if BSA has 
a generally different binding behaviour for the benzo- 
diazepine derivatives. This would be of interest, since 
there is little information on greater differences in the 
binding of small ligands to both albumins. It is 
known that the binding of ligands to HSA and BSA 
can differ[7-121, but in most cases these differences 
are relatively small[6&9] and within a group of sub- 
stances the increase or decrease of the affinities is 
similar for both albumins[& 11. 121. 

*Supported by a grant of the Deutsche Forschungs- 
gemeinschaft. Bonn-Bad Godesberg. 

t Presented in part at the 15th spring meeting of the 
Deutsche Pharmakologische Gesellschaft. Mainz 1974[1]. 

MATERIALSAND METHODS 

Matrrids. Bovine serum albumin (BSA) was 
obtained from Behringwerke, Marburg (quality: 
“trocken. reinst”). electrophoretic purity 100%. All 
drugs were obtained from the manufacturers: Broma- 
zepam, chlordiazepoxid, clonazepam, demoxepam, 
diazepam, flurazepam, and nitrazepam from Hoff- 
mann-La Roche AG, Grenzach; oxazepam from 
Boehringer, Ingelheim; dipotassium clorazepate from 
Mack, Illertissen, lorazepam from Wyeth, Miinster; 
tetrazepam from Clin-Byla, Paris. The formula of the 
2.3-dihydro-5-phenyl- 1,4-benzodiazepine molecule is 
shown below. For the chemical formulas of the deri- 
vatives see Ref. 13. 
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All other chemicals were of reagent grade. All solu- 
tions were made with deionized water. 

Albumin binding mrasuremmts. The binding of the 
benzodiazepine derivatives to BSA was studied by the 
gel filtration technique of Krieglstein and Kuschin- 
sky[l4]. The suitability of this method to the study 
of protein binding of benzodiazepine derivatives was 
discussed elsewhere[2]. The experiments were per- 
formed on 20 x 1.2cm columns of Sephadex G-50 
fine (Pharmacia, Uppsala) at room temperature (22”) 
as described previously[2]. The BSA concentration 
was always 1.45 x 10e4 M (I%), using a molecular 
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weight of 69ooO. The drug concentrations ranged 
from 4 x lo-” M to 2 x 10e4 M. All solutions were 
made with l/15 M sodium phosphate buffer and 
adjusted to the desired pH-value with 1 M HCI or 
1 M NaOH. 

Cu~~lllaiioi~s. The extent of the binding of the ben- 
zodiazepines at various concentrations (c) to BSA was 
given by the percentage of free (2) and bound (fl) drug. 

The apparent binding constants k+ and the regres- 
sion coefficients or the slope constants 07 are obtained 
from the relationship[ 153 

logc,==logk++mlogC, 

where ch and C~ are the concentrations of the bound 
and the free drug. k+ can be obtained from c,, = 1 [lo- ’ 
M], if the equation is reduced to log ch = log k’ 

Cl51. 
The number of binding sites n and the total bind- 

ing constants I( 1 are obtained from the reciprocal 
plot[ 161 following the equation 

1 1 1 -=_ 
J 

-+! 
nk cp n 

where ? = the number of moles of the henzodiaze- 
pines bound per mole BSA, cy = the concentration 
of the free drug, k = the association constant, and 
nk = I(, = the total binding constant. 

From the total binding constant the free binding 
energy AF was calculated from the relationship[l7] 

AF= -R7’lnK, 

where R = the gas law constant and T = the absolute 
temperature. 

RESULTS 

All investigated ~nzodiazepines are bound to HSA 
at pH 7.40 to a very different extent: see the pcrccnt- 
age of drug bound p in Table 1, where the /&values 
range from 12% for flurazepam to 890/, for dipotas- 
sium clorazepate. 

The logarithmic plot after Scholtan[l5] gives 
straight lines which regression coefficients or slope 

constants [ii arc in most cuscs only a little less than 
one (Table 1). The apparent binding constants 
obtained from this plot arc summarized in Table I. 

In order to determine the number of binding sites 
17 and the total binding constants K, WC used the 
reciprocal plotjiG] in the cast of the binding of the 
benzodiazepincs to HSA and not the Scatchard 
plot[ 181 as used for the binding to HSA[2]. The rca- 
son for this is that by the Scatchard plot the number 
of binding sites can only be determined exactly if the 
vaiue of 17 and the number of moles of the drug bound 
per mole albumin (r) do not differ greatty[tO:~. This 
assumption is not given in our experiments. therefore 
we used the reciprocal plot, where the c~tr~~pol~~tions 
of the straight Iincs to the ordinate arc smaller than 
the extrapolations to the abscissa would be in the 
case of the Scatchard plot. The rrumhcr of binding 
sites II and the total binding constants K, obtained 
from Scatchard or reciprocal plots are nearly identical 
in the case of the binding of the benzodialepines to 
HSA. as shown on Table 2. 

The benzodiazepines have more than one binding 
site on the BSA moteculc, in most cases two or three 
(Table I), The a&nit&s to BSA of each derivative 
differ very much, which can be seen by the total bind- 
ing constants K, (Table I ). The reciprocal plot, which 
is derived from mass law considerations like the Scat- 
chard plotj17], results in straight Zincs (Table I). sug- 
gesting that the binding sites (Table 1) found for the 
interaction with BSA are independent and eyuivat- 

ont[ 171. The free binding energies Al;. calculated from 
the total binding constants K t arc summarized in 
Table 1. 

A plot of the concentrations of the drug bound 
versus the concentrations of the free drug (Fig. I) 
gives straight lines. 

For further characteriz~~tion of the binding of the 
benzodiazepines to BSA, the influence of the pH- 
value of the solution on the binding was determined 
(Fig. 2). Whereas the binding of oxazepam and dipo- 
tassium clorazepate is nearly unchanged by raising the 
pH-value from 660 to 8.20. the percentage of drug 
bound /$ of all other bcnzodiazepincs investigated is 
increased by increasing the pH to 8.20 (Fig. 2). 

Table 1. Binding constants* 

Dipotassium clorazepate 8.97 0,686 89 9.084 2.32 6692 09893 O%%ti 
Lorazepam 5.28 0.752 Xl 4.105 290 6227 09882 0.9985 
Oxazepam 459 0.704 77 3.675 2.02 6162 099 18 OY994 
Tetrazepam 2.95 0,831 71 2.035 3.45 5815 09878 0.9994 
Clonazepam 2.91 @X27 69 2.024 3.19 5X12 099 I7 0.9997 
Diazepam I.31 0,888 53 0.823 5’56 5285 0~9803 0~9982 
Nitrazenam I.21 0,875 51 0757 4.01 5236 O.Y9~ 0~9967 
Demoxepam 1.15 0.572 30 0+%6 0.52 5178 0.9629 0.9964 
Chlordiazepoxid 0.87 0,903 39 0.584 2.25 5084 0.9579 09905 
Bromazepam 0.22 0790 13 0.1 I I 0.37 4110 0.7607 09337 
Flurazepam 0.16 0938 12 0105 0.75 4078 0.8257 0,7940 

* The apparent binding constants, k’. the regression coefficients of slope constants, ~1. the percentage of benrodiu~e- 
pines hound (/I) at a total concentration c = I.5 x 10. 4 M. the total binding constants. K,. the number of binding 
sites of the benzodiazepine derivatives on the BSA molecule. n, and the free binding energy. AF. Calculated for BSA 
l”/, at p&i 7.40. r, = correlation coefficients of the logarithmic plots following Scholtan[15]. r2 = correlation coefficients 
of the reciprocal pIots[iO]. In each case the regression iines represented 16 experiments at 8 different concentrations 
intherangefrom4 x 10m5Mto2 x 10e4M. 
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Table 2. Comparison of Scatchard and reciprocal plot* 

Scatchard plot* Reciprocal plot 

Substance K, x 1o-4 K, x 1o-4 
(l/M) (M;M) (l/M) (M::M) 

Diazepam 
Dipotassium clorazepate 
Chlordiazepoxid 
Oxazepam 
Tetrazepam 
Lorazepam 
Demoxepam 
Bromazepam 
Nitrazepam 
Clonazepam 
Flurazepam 

49.19 

3419 
21.81 

12.08 

8.81 
3.16 

3.58 
1.61 

1.50 

081 

1.09 
I.55 
1.28 

I ,08 

I.58 
1.22 

0.79 
0.69 

1.45 

1.85 
- 

52.43 1.06 
35.56 1.53 
19.76 1.43 

11.41 1.10 

8.82 1.55 

3.93 I.14 

3.23 1.02 
1.66 065 
I .62 1.25 
0.86 I.21 
@078 0.22 

* The total binding constants, K,. and the number of binding sites on the HSA molecule. 
n, calculated from the Scatchard and the reciprocal plot for HSA lx,, pH 7.40. 
t The data were taken from Miiller and Wollert[Z]. 
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Fig. 1. Binding capacity of a 1% BSA solution for the benzodiazepines. The relationship between 
the number of moles of the benzodiazepines bound per mole BSA (P) and the concentration of the 
free benzodiazepines (c,). Ordinate: f (M/M). Abscissa: cr (10m5 M). Each point represents the mean 
value of two experiments. The equations of the regression lines are for: 

Bromazepam r = 0.025 + 0.007 c,; r = 0.8992 
Chlordiazepoxid r = 0.026 + 0.046 cI; r = 0.9790 
Clonazepam r = 0101 + @130 c,; r = cr.9933 
Demoxepam ; = 0,100 + 0.019 cr; r = 0.9853 
Diazepam ; = 0.062 + 0063 cJ; r = @9846 
Dipotassium clorazepate ; = 0241 + 0358 c,; r = @9792 
Flurazepam ; = 0.002 + 0.010 cf; P = 0.8851 
Lorazepam ; = 0.198 + 0.199 c,; r = 0.9707 
Nitrazepam ; = 0.060 + 0,056 cf; r = 0.9888 
Oxazepam r= a202 + @I51 c,; I’ = 09770 
Tetrazepam r = 0,094 + 0.134 c,; I’ = 09945 

r = correlation coefficient. 
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Fig. 1. lnlluencc of pH on the pcrcentagc of bewodia- 

cpines (I.5 x IO ’ M) bound to BSA (I”,,). Each point 
represents the mean value of tv+o expcrimrnts. Ordinate: 

percentage or bound drug. /I. Abscissa: pH. 

The intention of this stttdy was to investigate the 
binding of bellzodi~~z~~ine derivatives to BSA and to 
compare the binding to BSA with the unusual binding 
of these suhstanccs to HSA[Z]. In regard to this. all 
experimental conditions chosen were identical to 
those in the experiments with HSA[?]. In respect to 
this BSA obtained from the same manufacturer and 
of the same quality (clectrophoretic purity IOU’,, as 
indicated by the ~~x~~ufact~~t~r) MYI~ used. The only 
cxccption is the use of the reciprocal plot instead of 
the Scatchard plot. Ncvrrthcless. the results obtained 
with both plots are comparahlc, because both plots 
~II-c derived from the same binding equation[ 171 and 
both plots produtx similar results in the case of the 
binding of the ~nzodi~tzepi~~es to HSA (Table 2). 

Before starting our inv~sti~~Itio]ls on the ~t]bL~rnit~ 
binding of b~nzodi~tzepitl~ derivatives. the binding 
constants for diaxpam (IM x I@) and chlordiazc- 
poxid ( I.05 x IO’). obtained for BSA 4”,, at 37 by 
itltlaccntrilitg~ttion ~xperini~ntsl701. wcrc the only 
dota known. Although our binding mcasurctnents arc 
made with BSA ]‘I0 at 22 . the cited results can bc 
satisfactorily compared with our binding constants 
(diarepani. K, = 0.X7 x IO’: chlordia7cpoxid. K, = 
0% x IO’) (taken from Table I). 

The apparent binding constant k-. obtained from 
rhc logarithmic equation afLLr Scholtan[ 1 S] indicates 
mot-c the btildiil~ capacity of the BSA molecule than 
its atfinity for a ligand. Regarding dipot~tssium clora- 
~patc. the values for f<’ ;tr~ 1it.S for the binding to 
HSA[?] and S.97 for the binding to BSA (Table I ) 
md do not differ vcrv much. Whereas there is a great 
difference in the a&ity constants K, (K, = 33-79 x 
1 04. HSA Table 2; and K , = WX x IO’. BSA Tablc 
I ). The fact that the diffcrcnccs of the apparent binding 
constants between both albumins are smaller than the 
diffcrcnces betwccn the total binding constants can 
bc applied to tlearlk all investigated henzodia7epines. 
This can be cxplaincd by the finding that the benTo- 

Another binding constant obtainable from the 
logarithmic equation is the slope constant /tt (Table 
I ). Nearly all ut-KIIWS found for the binding of the 
hcnrodiutopincs to HSA[2] 21-t‘ vcrj much smullcr 
than enc. which was explained. in contradiction to 
Scholtan[ 171. by a saturation of the ben/odia/cpinc 
binding sitc[7]. The wvalues found in this study for 
BSA (Table 1) arc in ncarl> ail casts only slightly 
smaller than enc. suggestingl?] that the binding sites 
of the b~Il~~~~~i~t/~pitlcs on the BSA molecule will not 
be saturated in the itl~.~sti~~tt~d ~otlc~litr~t~i~~~l range. 
This suggestion is supported by :I plot of the free 
concentrations of the ligands VCI‘SUS the bound con- 
cuntrations (Fig. I). which giws strnipht lines. and 
not CIII‘VCS as shown for HSA[?]. 

The large and important differences of the binding 
of the bcnrodia7cpines to both albumins can be 
drawn from the total binding constants K, ad the 
number of binding sites II (Tables I and 2). Nearly 
all bcwodiwcpincs have more than one’ binding site 
on the BSA molcculc in contrast to onI> one binding 
site on the HSA molecule and they have much smaller 
afIinities to BSA than to HSA. 

It is known that human and bovine sc‘rc~t~~ ~tll~titnin 
can differ in the binding beh~tvi(~Ltr for small organic 
molecules[6-- 1 f] and that oflen the affinity of BSA 
is smaller than that of HSA[7. 8. 111. But on the other 
hand. up to now substances wcrc not at all known 
whose affnitizs to both albumins differ in such degree 
as shown for sonic bcnzodiaqinos. e.g. dinxpam K , 
(HS.4) = 49 19 x IO’ (Table 2) and K, (BSA) = OX x 
IO4 (Table I ). 

As in tho case of the interaction with HSA. the 
hydrophobic nature of the bcntodiarcpincs seems to 
have gcncr;tlly no greater influence on the binding of 
the substances to BSA. with the exception of the 
following examples: Zchlorinc sLtbstit~tti(~n increases 
the affinity to 13% (Table 1) mcl dccrcascs the atiinity 
to HSA (Table 2). which can bc seen for oxazepam- 
lorar~pam and for nitrarcpam clona/epam. In a simi- 
lar way. partial hydrogenation of the B-bcn/onc ring 
increases the bindtnp to BSA and dccreascs the bind- 
ing to l-ISA (see diaxpatn tctrazepam. Tables I and 
7). Both alterations of the ben/odiarepinc tnoleculc 
increase the lipophilic character of the substances, as 
shown by the partition coefticients between ~octanol 
and 1,,15 M phosphate bulfer[ 131. This suggests that 
for these suhstmccs the hydrophobic nature of the 
ligands is important fbr the binding to BSA, whereas 
tho interaction with HSA seems to depend more on 
changes in the chrmial structure according to the 
~bovc-~~ic~~til~~~ed ~~l~er~ttiotls of the subst:tnccs[?]. In 
most cases known. changes in the chctnicnl structure 
of dru_cs infiuence the binding to dilferent albumins 
in ;I stmiiar way[X. I I. I?]. We do not know any 
group of substances where relativcl~ small changes 
of tho chemical structure can have such opposite 
influences of the binding behaviour to humnn and 
bovine strum albumin as shown in this stud). 

Most of the hydrophobic benzodiazcpinzs[ 131, 
namely the !\‘,-substituted derivatives. c.g. tctrazc- 
pam. dinzepam. and chlordiarepoxid arc only weakly 
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bound to BSA (Table 1). The attinities of these sub- 
stances to BSA (Table 1) increase in the same order 
as the partition coefficients[13]. Possibly the N,-sub- 
stituted derivatives form a separate group within the 
benzodiazepines, in which the affinities increase in 
dependence on the hydrophobia nature of the sub- 
stances. 

Lorazepam and clonaz~~rn are higher bound to 
BSA than to HSA (Tables 1 and 2). This is remark- 
able because HSA commonly has greater aflinities for 
small ligands than BSA17.X. 123, only few exceptions 
being known[Z I, 221. 

The binding of flurazepam is largely increased by 
raising the pH-value from 660 to 8.20 (Fig. 2), which 
can possibly be explained by a decrease of the cationic 
charged part of the molecule, as suggested for the 
binding to HSA[3]. In contrast to the results with 
HSA[3], the binding of diazepam and tetraz~pam to 
BSA is large@ increased by raising the pH (Fig. 2). 
Because of the p&-values of the benzodiaze~ines[3]~ 
changes of the charge of the Iigands can not be the 
only reason for the increase of the binding of these 
substances. In the investigated @i-range the low alcam 
Iinc structure transition of the BSA molecule takes 
placcr23J. It seems that within this ?+-+B transi- 
tion/34] either new binding sites arc available. as 
shown for the binding to HSA[3] or that the afinities 
of the binding sites, already present at pH 7.40. are 
increased within this structure transition. 

It is vary ditficult to draw information from the 
present data on the binding part of the benrodiaze- 
pine molecule or on the binding groups of the BSA 
molecule. as was done for the interaction of the sub- 
stances with HSA[?. 31. For the binding to BSA the 
hydro~h(~bic nature of both henzenr rings of the ben- 
zodia7cpine molecule seems to be relevant. which can 
be seen by the relative weak binding of the two 7- 
nitro-derivatives. nitrazepam and clonazepam, and by 
the increase of the binding by raising the hydrophobic 
nature of the B-benzene ring (tetrazepam. Iorazepam, 
and clonazepam). The binding sites on the BSA mole- 
cule seem to be located near positively-charged 
groups of the protein molecule, which can be con- 
cluded (1) from the large increase in binding of fiura- 
zepam. if its wtionic charge decreases (Fig. 2). (2) in 
part from the relatively high binding of the anionic 
benzodiazepines dipotassium ciorszepate (Table If 
and & and I-oxazepam hemisuc~~~ate[S~. 

The increase in binding of the two nitro-derivatives 
(nitr~ze~anl. clonazepam) at pH X.20 (Fig. 2). if their 
anionic charges arc raisedf3j. can bc due to clcctro- 
static forces, but also to the appearance of new bind- 
ing sites. as discussed for diazepam and tetrazepam. 

In summary, the unusually high differences of the 
binding of d- and I-oxazepam hemisuccinate to HSA 
and BSA[B S] are not mainly due to stercochemical 
aspects of the interaction with both albumins, but 
are due to generally different binding behaviours of 
the investigated ~nz~iaze~jnes to BSA. The benzo- 
diazepinesare the first group of drugs known in which 
binding to human and bovine serum albumin differs 
qualitativ~Iy as well as qLlantit~tivcly in such degree. 

The main reason for these large differences must be 
that the very specific binding site, found on the HSA 
molecule[Z 41 does not exist on the BSA molecule. 
According to the reported results. care has to be taken 
in future in drawing conclusions from results which 
are derived from experiments with BSA afonc. as 
done by several authorsC25 33J. In ~~gr~&rnent with 
Witiak rt u1.[21] we think that drug binding studies 
can only be of ~harmacokineti~ sigtii~c~~n~e for man 
if they are obtained from experiments with human 
serum albumin. 
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