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Abstract--The effects of oleate ion, a free fatty acid anion, on the binding characteristics of warfarin 
with human serum albumin have been examined using fluorescence spectroscopy. The affinity constant 
of the warfarin-albumin complex was found to be increased without affecting the number of warfarin 
binding sites in the presence of a low molar ratio (~ 3) of oleate ion and serum albumin, irrespective 
of the concentrations of the albumin used (5-200 #M) in the study. These findings indicate the presence 
of a cooperative (allosteric) interaction between warfarin and the oleate ion for albumin binding and. 
further, suggest a conformational transition in the albumin molecule as a result of such interactions. 
However, the results of the polarization of fluorescence of warfarin-bound albumin indicate that such 
cooperative effects might not result from a conformational change of the local warfarin binding sites. 
On the other hand, in concentrated albumin (4(D-600 #M) or at a molar ratio of oleate ion to albumin 
of greater than 5, such cooperative interactions disappear and a simple competitive inhibition of the 
warfarin binding results. Correlations of these results with some clinical situations have been made. 

The effects of free fatty acids (FFA) on the coopera- 
tive binding behavior of warfarin to bovine serum 
albumin (BSA) were reported by Chakrabarti et al. 
[1]. The results of such studies have shown that in 
a dilute solution of serum albumin (55 #M or less) 
the binding affinity of the warfarin-albumin complex 
was increased in the presence of 100#M (or less) 
either of iauric or  oleic acid or  a mixture of these 
fatty acids, but higher concentrations of these fatty 
acids decrease such binding. Such a dualistic behavior 
of FFA was attributed to the cooperative (allosteric) 
interactions involving the fatty acid and warfarin for 
the albumin binding. On the other hand, the affinity 
constant of warfarin for the concentrated solution of 
serum albumin ( -  580/AVI) was decreased in the pres- 
ence of both low and high concentrations of FFA. 
In order to determine if such cooperative interactions 
might occur in other types of albumin as well, the 
present experiments were carried out, studying the 
binding characteristics of warfarin with various con- 
centrations of human serum albumin (HSA) in the 
presence of oleic acid. Oleic acid was chosen as a 
representative long chain fatty acid in the present in- 
vestigation for two reasons. First, it is one of the two 
long chain fatty acids which is present in a significant 
amount in mammalian plasma. Secondly, the rela- 
tively high solubility of the oleic acid anion makes 
it possible to use various concentrations. 

Although dialysis and ultrafiltration methods are 
extensively used for the study of drug-protein bind- 
ing, with some advantage, there are experimental 
problems associated with the use of membrane filters 

* This research was supported by the MRC Group in 
Drug Toxicology from the Medical Research Council of 
Canada. 

for detecting small amounts of free drugs such as 
leakage of protein through the filters and absorption 
of free drugs by the membranes. Since large changes 
in the fluorescence intensity of serum albumins are 
associated with warfarin binding [1-5], it is possible 
to determine the degree of binding saturation fluoro- 
metrically, In the present work, the direct binding 
titrations involving the fluorometric method were 
employed, therefore, to study the equilibrium reaction 
between HSA and warfarin. Such a fluorometric tech- 
nique has already been used by other workers [2-4] 
to measure warfarin binding. 

MATERIALS AND METHODS 

Human serum albumin of a fatty acid free grade 
(<0.005%) was obtained from the Sigma Chemical 
Co., St. Louis, MO. The concentration of albumin 
was determined using the extinction coefficient of 

1% Elcm = 5.3 at 280 nm [6]. Warfarin sodium of U.S.P. 
grade was used without further purification. Warfarin 
concentrations were measured with an absorption 
spectrophotometer (Unicam SP8000), using an extinc- 
tion coefficient of 1.39 x 104M -1 cm -1 at 308nm 
[2]. The sodium salt of oleic acid was purchased from 
Sigma Chemical Co., St. Louis, MO,  and was used 
without further purification. All solutions were made 
up in sodium phosphate buffer (0.05 M, pH 7,4) 
except for that of sodium oleate which was made in 
distilled water initially. 

All fluorescence measurements were made at 22 ° 
in a Perkin-Elmer MPF-3A spectrophotofluorometer. 
The binding of warfarin to serum albumin was 
measured by the fluorescence titration method with 
an exciting wavelength of 320nm and an emission 
wavelength of 380nm. Titrations with warfarin were 
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performed by the manual addition of a small volume 
(/4) of a concentrated warfarin solution to a standard 
solution of albumin in a l-cm quartz cuvet. The bind- 
ing constants for the albumin with warfarin were 
determined according to the equation developed by 
Klotz et al. [7] 

1 K d 1 1 
- + - (1 )  

r n (1 - x)D n 

where r is the moles of warfarin bound per mole of 
protein, n is the number of binding sites per protein 
molecule, Kd is the apparent dissociation constant, 
D is the total warfarin concentration, and x is the 
fraction of warfarin bound. A plot of 1/r vs 1/(1 - x)D 
will produce a straight line. All the experimental data 
were fitted to regression lines. From the slope and 
intercept, the values of K d and n can be determined. 
For each concentration of warfarin, x was determined 
from the relation of x as the ratio (F - F1)/(Fo - Fi), 
where F is the observed fluorescence, corrected for 
protein, Fi is the fluorescence of free warfarin at a 
given concentration of warfarin, and F0 is the fluor- 
escence intensity due to complete binding of the war- 
farin to the protein, determined by measuring the flu- 
orescence of a constant amount of warfarin in the 
presence of varying amounts of albumin and calculat- 
ing the fluorescence on extrapolation to infinitely high 
protein concentration. These experiments were done 
both in the absence and presence of sodium oleate. 
The value of Fo was measured separately for each 
HSA-oleic acid system also. Intensities of fluor- 
escence were corrected for self-absorption and dilu- 
tion wherever necessary. 

This approach requires three assumptions: (i) that 
all binding sites are identical in drug-binding proper- 
ties, (ii) that all sites are independent, and (iii) that 
the fluorescence quantum yield of bound warfarin is 
the same at all sites. 

Two film-type polarizers were used to measure the 
polarization of fluorescence of warfarin bound to 
albumin. The degree of polarization, P, was calculated 
as :  

P _ Iii - f l ~  = le~ - I~(IBE/IaB) (2 )  

I! + f l ±  IE~ + l~a( laE/ la  B) 

where lu or lEE and I± or lea refer to the intensity 
of the fluorescence light polarized parallel (IJ) and per- 
pendicular (Z) to the exciting light, and f or lee/lea 
is a correction factor which accounts for the selective 
transmission of the monochromators and the selective 
reflection of the sample cuvettes. 

RESULTS 

Effects of oleate ion on the fluorescence spectra of 
the warfarin-HSA complex. When warfarin was bound 
to the albumin, the fluorescence peak intensity of war- 
farin was considerably enhanced and the fluorescence 
peak of warfarin was shifted from 388 to 380 nm, indi- 
cating the formation of a warfarin-albumin complex. 
Furthermore, the position of the fluorescence peak 
as well as the shape of the fluorescence spectra due 
to the warfarin-albumin complex was not affected by 
the presence of the oleate ion except for a change 
in the peak intensity. The changes in the fluorescence 
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Fig. 1. Effects of oleate ion on the fluorescence peak inten- 
sity of the warfarin human serum albumin (HSA) complex 
containing equimolar amounts of HSA and warfarin in 
phosphate buffer, pH 7,4, at 22 °. Different solutions are: 
60 gM HSA-60 gM warfarin (O), 80 gM HSA 80/~M war- 
farin (0), 100~M HSA-100/zM warfarin (11), and 140/~M 
HSA-140 #M warfarin (El). Excitation and emission wave- 

lengths are 320 and 380 nm respectively. 

peak intensity of the warfarin-albumin complex on 
gradual addition of increments of oleate ion to 
various solutions of the complex, each containing 
equimolar amounts of warfarin and albumin, are 
shown in Fig, 1. It is seen from the Figure that the 
fluorescence intensity initially increased with the first 
few additions of ol~ate ion and reached a maximum 
at a molar ratio of oleate ion and albumin of about 
3.5, independently of the actual amounts of warfarin 
and albumin used. On the other hand, on increasing 
further the amounts of oleate ion, corresponding to 
a molar ratio of oleate ion and albumin of greater 
than 3.5, the fluorescence peak intensity of the warfar- 
in-albumin complex decreased and finally reached a 
steady value. This phenomenon is the same as that 
observed in our previous works [ l ]  with BSA. 

Binding constant and stoichiometry of the warfarin- 
albumin complex. The results in Fig. 1 suggest that 
the binding affinity of warfarin for HSA varies with 
the molar ratio of oleate ion and albumin. To look 
for such a possibility, the apparent binding constant 
was determined by the Kiotz plot (eqn. l) as obtained 
by the fluorescence titration technique. The results 
are summarized in Table I for the various concen- 
trations of HSA used. A typical Kiotz plot for the 
binding of warfarin to HSA at 22 ° is illustrated in 
Fig. 2. It is apparent from the table that the apparent 
dissociation constant of the albumin for warfarin 
depends on the concentration of albumin used, but 
there seems to be no direct correlation of the dissoci- 
ation constant with the concentration of albumin 
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Table 1. Effects of sodium oleate on the binding of warfarin to human serum albumin 
at 22~C * 

Serum albumin Oleate ion Kd~" Kd~ 
(aM) (pM) (pM + S. E.M.) (pM + S. E.M.) n 

5 0 12.3 + 0.6 14.6 + 0.9 1.3 
5 15 4.5 ___ 0.2 6.7 _+ 0.3 1.1 
5 45 31.7 __+ 1.2 29.1 __+ 1.8 1.3 

36 0 3.07 + 0.3 2.5 +_ 0.3 1.1 
36 108 0.61 _+ 0.02 0.9 _+ 0.10 0.75 
36 295 10.7 _+ 0.9 15.2 + 1.1 1.07 
60 0 21.4 + 2.8 1.2 
60 180 5.5 + 0.2 0.99 
60 492 97.0 + 6.2 1.17 

120 0 33.8 + 2.1 21.6 _+ 3.0 0.99 
120 360 14.2 __+ 0.4 11.8 + 1.1 0.92 
120 965 58.0 ___ 4.3 47.5 + 3.5 1.05 
200 0 45.6 + 2.3 0.85 
200 600 23.7 _+ 1.5 0.68 
200 1650 161.0 + 5.4 0.83 
400 0 39.0 + 1.9 23.1 + 2.20 0.90 
400 1200 36.5 _+ 0.8 20.5 + 1.8 0.82 
400 2800 182.0 + 6.0 112.0 _-t- 5.0 0.98 

* Results are the average of three sets of experiments. Total concentration of war- 
farin used is twice the concentration of the corresponding albumin in each case. 

t K a is the apparent dissociation constant of the warfarin-albumin complex fo,- 
the warfarin-binding sites, n. K a values are obtained from linear regression lines with 
correlation coefficients in the range of 0.92 to 0.99. 

:~ Determined by ultrafiltration. 

used. This probably indicates that  the drug-prote in  
binding depends not  only on the protein concen- 
trat ions but also on other  factors such as conforma- 
tional and/or  subunit  interactions involving the pro- 
tein as well. On the other  hand,  the contr ibut ions  
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Fig. 2. Typical Klotz plot for warfarin binding to HSA 
(120/IM) in phosphate buffer, pH 7.4, at 22 °, in the absence 
(@) and in the presence of low (O) (360#M) and high (1) 
(965/zM) concentrations of oleate ion. Excitation and emis- 

sion wavelengths are 320 and 380 nm respectively. 

of the secondary (weakerl warfarin binding ......... 
(although not possible to evaluate by the present 
fluorometric t i tration which only measures the strong 
warfarin binding sites) to the total warfarin binding 
might be significant at high drug and protein concen- 
trations, as observed by other  workers [8.9].  It is 
evident from the Table, however, that  warfarin binds 
to one strong site per HSA molecule independently 
of the concentrat ion of HSA used. The values of K d 
and n reported in the present paper are found to be 
of the same order of magni tude as those reported 
by other  workers I-8-12]. Furthermore.  such stoichi- 
ometry of the warfar in-HSA binding was found not 
to be affected by the presence of oleate ion (Table 
1). 

Table 1 further shows that, at a molar ratio of 
oleate ion to albumin corresponding to a value of 
3, the binding affinity of warfarin for the a lbumin 
is always increased independently of the concen- 
trations of a lbumin used in the present study. Some 
of the data when checked by the method of ultra- 
filtration gave rise to the same results as reported 
in the table, indicating the validity of such results. 
However, at much higher concentra t ions  of HSA 
(40(P600 pM), the binding constant  of the warfarin- 
HSA complex was found to be unaffected by the pres- 
ence of low concentrat ions of oleate ion correspond- 
ing to a molar  ratio of oleate ion to a lbumin of about  
3. On the other hand, at higher concentrat ions of 
oleate ion corresponding to a molar  ratio of oleate 
ion to a lbumin of greater than 5, the binding constant  
of the complex was found to be always decreased in- 
dependently of the amounts  of HSA used. Some of 
these results are also presented in Table 1. This is 
in agreement with the works of Solomon e t  al. [10] 
using HSA, our  previous works using BSA [1], as 
well as works by Rudman e t  al. [13]. 
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Since warfarin U.S.P. is a racemic mixture, the 
binding of the two forms might be different. But in 
the absence of definite data in the literature, such a 
differential effect is yet to be recognized. 

Studies of the conformational chanoes. Since the 
results in Fig. 1 might indicate a possibility of oleate 
ion-induced conformational changes of the warfarin- 
binding sites within HSA, as observed in our previous 
work [1], the polarization of fluorescence of the war- 
farin-bound albumin at its peak fluorescence intensity 
was measured, in the absence and presence of differ- 
ent amounts of oleate ion using the same experiments 
as presented in Fig. 1. Such measurements monitor 
conformational changes which may be induced by 
oleate ion in the environment near the protein-bound 
warfarin (where warfarin is used as a fluorophore). 
However, only a small but insignificant change in the 
polarization of fluorescence (from 0.27 in the control 
to 0.25 in the presence of oleate ion) of the albumin- 
bound warfarin was noticed in some cases, when the 
molar ratio of oleate ion and albumin was about 3. 

DISCUSSION 

The present results clearly demonstrate that a low 
molar ratio of oleate ion to albumin favors a coopera- 
tivity of the warfarin binding with human serum albu- 
min, provided the albumin solutions are not too con- 
centrated. This is in agreement with our previous 
works [1] with bovine serum albumin. The phenom- 
enon of cooperativity of binding of human serum 
albumin with warfarin, although presently reported 
with oleate ion, is also realized in the presence of 
low concentrations of other fatty acid anions such 
as those of lauric, linoleic, and palmitic acids as well. 

In spite of the realization that manifestation of co- 
operative behavior requires the presence of free fatty 
acid, the exact mechanism of the cooperativity of the 
warfarin binding is rather complex when one con- 
siders that such a phenomenon disappears in concen- 
trated albumin solutions (400 pM or higher). 

Human serum albumin is known [14] to possess 
at least two kinds of sites capable of binding hydro- 
phobic structures. The primary or strong sites are re- 
sponsible for the specific binding of free fatty acids 
and the secondary sites are specific for substrates or 
other organic ligands or drugs or free fatty acids. It 
is also known [14] that the binding affinities of free 
fatty acids for the albumin with regard to strong bind- 
ing sites are much higher (100-1000 times) than those 
of most of the drugs. When a fatty acid binds to its 
strong sites in the defatted albumin, it changes the 
conformation of the albumin molecule [15-17] lead- 
ing to formation of more stable hydrophobic regions 
due to certain rearrangements of the native structure. 
It has further been demonstrated [18] that the con- 
figuration and stability of the protein depend upon 
the presence of at least a molecule of fatty acid. A 
marked increase as well as a blue shift in the fluor- 
escence maximum of warfarin on complexation with 
albumin (from 388 to 380 nm) strongly indicates the 
hydrophobic character of the warfarin-binding sites 
in the serum albumin. Since the fluorescence quantum 
yield of warfarin bound to the albumin is consider- 
ably higher than that of free warfarin, and is further 
enhanced by the addition of low concentrations of 

the oleate ion, it is quite possible that the oleate ion 
produces a change in the environment of the albumin- 
bound warfarin caused by a change of the protein 
conformation. However, since the polarization of flu- 
orescence of the albumin-bound warfarin is not 
affected by the presence of oleate ion, it might indi- 
cate that the conformation of the local environment 
involving warfarin-binding sites is not altered. This 
is contrary to the observations reported in our pre- 
vious works with bovine serum albumin [1]. How- 
ever, the present results do not exclude the possibility 
of a gross conformational change of the albumin mol- 
ecule induced by fatty acids [15, 16, 19]. 

Works by Shaklai et al. [20] have demonstrated 
that the binding of oxygen to haemocyanin (which 
has only one strong oxygen binding site) from Levan- 
tian Lierosolima was cooperative in the presence of 
calcium ions, even at the level of a subunit. Such a 
phenomenon has been explained by these authors as 
due to an interaction between oxygen and calcium 
ions and not directly related to the changes in the 
subunit association-dissociation equilibrium. 

The currently available binding data suggest 
[21, 22] that the polypeptide chain of human serum 
albumin is folded into three or perhaps four globular 
regions. Although these globular regions are joined 
by peptide linkages, the molecule can in a sense be 
considered as consisting of subunits. It has also been 
shown that the interhelical attraction for a consider- 
able portion of the albumin molecule is relatively 
weak [23,24]. Such low interhelical attractions per- 
mit the R substituents of the amino acid residues to 
assume various orientations relative to each other. 
These arrangements could provide combining regions 
which can take a variety of configurations. The bind- 
ing of a few molecules of oleic acid (at low concen- 
trations of oleic acid) to these regions occurs within 
the albumin molecule and could cause further separ- 
ation of the helices (when the albumin solution is 
either dilute or not too concentrated), a process which 
might facilitate the binding of warfarin by an indirect 
interaction and thus result in a positive cooperativity 
of warfarin binding. However, in the presence of high 
concentrations of oleic acid, a rather direct interfer- 
ence between the acid and warfarin could be possible, 
resulting in a negative cooperativity of such binding. 
The generation of cooperativity (positive/negative) 
through the interactions between two ligands has 
been treated by Wyman [25]. On the other hand, 
at higher concentrations of serum albumin, the system 
will consist of dimers and polymers in equilibrium. 
In that case, such positive cooperative interactions 
between oleic acid and warfarin, although possible, 
will probably be masked by the specific associations 
between dimeric and polymeric albumin molecules 
resulting in certain rearrangements of the tertiary 
structures of the monomers and, hence, resulting in 
a loss of positive cooperativity. Alternatively, the spa- 
tial geometry or the molecular symmetry of the 
dimeric and/or polymeric albumin molecules is such 
that the allosteric ligand (oleic acid) could be in closer 
proximity to the warfarin-binding site due to a prob- 
able significant dimer-polymer and/or site-site inter- 
action resulting eventually in a rather direct interfer- 
ence between distinct but different binding sites. Con- 
sequently, a negative cooperativity or competitive in- 
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hibition of warfarin binding occurs in the presence 
of high concentrations of the albumin and moderate/ 
high concentrations of oleic acid. The effect of fatty 
acids on the binding of benzodiazepines to bovine 
serum albumin has recently been studied by circular 
dichroism (CD). The induced CD spectra attributed 
to the benzodiazepines-bovine serum albumin com- 
plexes were modified upon addition of the fatty acids 
in a manner which suggested to the authors a confor- 
mation rather than a displacement phenomenon 
[26,27] in agreement with our previous works [1] 
with warfarin. 

The reasons why the polarization of fluorescence 
of warfarin bound to HSA remained unchanged in 
the present study whereas that with BSA was affected 
by the presence of oleate ion [1] could be traced to 
the works by Steinhardt et al, [28]. These authors 
showed that the two serum albumins differ quantitat- 
ively in their binding behavior and in the way in 
which complexing affects their conformations, as indi- 
cated by optical rotatory dispersion, viscosity and ac- 
cessibility of prototropic groups. Their fluorescence 
data showed that there are large differences in the 
immediate environment of tryptophan residues of the 
two proteins. Although the amino acid compositions 
of bovine and human serum albumins are closely 
similar (except for extra tryptophan in BSA), the 
amino acid sequences in the neighborhood of trypto- 
phan differ. HSA appears to unfold in either one stage 
or in an essentially continuous process, while BSA 
has been shown to exist in two distinguishable un- 
folded states [28]. 

Although direct demonstrations of clinically impor- 
tant cooperative drug-protein interactions involving 
endogenous substances are lacking at the present 
time, there are some clinical situations where such 
cooperative drug-protein interactions induced by 
endogenous substances seem to be present. Thus, 
Nilsen et al. [29] found an increased binding of quini- 
dine to serum albumin in anuric rats. These authors 
believed that conformation changes might be induced 
in albumin by strongly bound endogenous substances 
accumulating during anuria. However, the increased 
binding of quinidine does not seem to be directly 
related to the different stages of uremia, since uremia 
develops over 48 hr, while binding returns to nearly 
base level between 30 and 48 hr. This was explained 
by these authors as first due to increased binding in- 
duced by endogenous substances below a certain con- 
centration range and then, inhibition at higher con- 
centrations. Second, Dromgoole [30] while studying 
the effect of hemodialysis on the binding capacity of 
albumin using anephric patients has shown that the 
binding capacities of methyl orange of both the pre- 
and post-dialysis sera were much lower than normal. 
Defatting of this post-dialysis serum to reduce its 
nonesterified fatty acids to within the normal range 
markedly increased its binding capacity to slightly 
above that of the normal pool. Third, while studying 
the uptake of bilirubin by human erythrocytes, Brat- 
lid [31] observed that, when the bilirubin/human 
albumin ratios were below unity, oleate ion was found 
to increase cellular binding of bilirubin when the 
molar ratio of free fatty acid to albumin exceeded 
6. With bilirubin-albumin ratios above unity, how- 
ever, increased amounts of free fatty acid reduced the 
cellular binding of bilirubin. 

The maximum concentrations of HSA used in the 
present study showing cooperativity of tlae warfarin- 
HSA binding by oleate ion correspond closely to the 
physiological concentrations of albumin present in 
human plasma in certain diseased states [32]. The 
present study, combined with the results of some 
clinical situations mentioned above, suggests the im- 
portance of the role of endogenous mediators such 
as fatty acids in drug protein binding. 

Acknowledgements--The helpful cooperation of Dr. J. Bro- 
deur is highly appreciated. The technical assistance of Mrs. 
S. Yamaguchi and Mr. R. Tardif is gratefully acknow- 
ledged. 

REFERENCES 

1. S. K. Chakrabarti, R. Lalibert~ and J. Brodeur, Bio- 
chem. Pharmac. 25. 2515 0976). 

2. C. F. Chignell, Molec. Pharmac. 6, I (1970). 
3. G. Sudlow, D. J. Birkett and D. N. Wade, Clin. exp. 

Pharmac. Physiol. 2, 129 (1975). 
4. R. A. Henry and W. D. Wosilait, Toxic. appl. Pharmac. 

33, 267 (1975). 
5. H. M. Solomon, Proc. Fourth Int. Congress of  Pharmac. 

4, 169 (1970). 
6. C. F. Chignell, Molec. Pharmac. 5, 244 (1969). 
7. I. M. Klotz, F. M. Walker and R. B. Bivan, J. Am. 

chem. Soc. 68, 1486 (1946). 
8. R. F. Mais, S. Keresztes-Nagy, J. F. Zarolinski and 

Y. T. Oester, J. pharm. Sci. 63, 1423 (1974). 
9. W, D. Wosilait, Gen. Pharmac. 6, 155 (1975). 

10. H. M. Solomon, J. J. Schrogie and D. Williams, Bio- 
chem. Pharmac. 17, 143 (1968), 

11. E. M. Sellers and J. Koch-Weser, Clin. Pharmac. Ther. 
It .  524 (1970~. 

12, M. Wahlqvist, I. M. Nilsson, F. Sandberg and S. Agur- 
ell, Biochem. Pharmac. 19, 2579 (1970). 

13. D. Rudman, T. J. Bixler and A. E. DelRio, J. Pharmac. 
exp. Ther. 176, 261 (1971). 

14. D. S. Goodman, J. Am. chem. Soc. 80, 3892 (1958). 
15. F. Soetewey, M. Rosseneu-Motreff, R. Lamote and H. 

Peeters, J. Biochem., Tokyo 71, 705 (1972). 
16. J. A. Klepper and J. R. Cann, Archs Biochem. Biophys. 

108, 531 (1964). 
17. E. O. Arvidsson, F. A. Green and S. Laurell, J. biol. 

Chem. 246, 5373 (1971). 
18. M. Sogami and J, F. Foster, Biochemistry 7, 2172 

(1968). 
19. A. A. Spector, J. Lipid Res, 16, 165 (1975). 
20. N. Shaklai, A. Klarman and E. Daniel, Biochemistry 

14, 105 (1975). 
21. D. M. Pederson and J. F. Foster, Biochemistry 8, 2357 

(1969). 
22. S. R. Anderson and G. Weber. Biochemistry 8, 271 

[1969). 
23. H. K. Frensdorff, M. T. Watson and W. Kauzmann. 

J. Am. chem. Soc. 75, 5167 (1953). 
24. J. T. Yang and J. F. Foster, J. Am. chem. Soc. 76. 

1588 (1954). 
25. J. Wyman, J. Am. chem. Soc. 89. 2202 (1967). 
26. W. E. Miiller and U. Wollert, Biochem. Pharmac. 25. 

147 (1976). 
27. J. H. Perrin, M. Otagiri and M. Th. van Wilgenburg- 

Beernink, Biochem. Pharmac. 25, 2329 (1976). 
28. J. Steinhardt, J, Krijn and J. G. Leidy, Biochemistry 

tO. 4005 (1971). 
29. O. G. Nilsen. D. Fremstad and S. Jacobsen. Eur. J. 

Pharmac. 33, 131 (1975). 
30. S. H. Dromgoole, Clinica chim. Acta 46. 469 (1973). 
31. D. Bratlid, Scand. J. clin. Lab. hwest. 30, 107 (1972). 
32. G. D. Olsen, W. M. Bennett and G. A. Porter, Clin. 

Pharmac. Ther. 17, 677 (1975). 


