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Abstract-Bovine serum albumin (albumin) was modified by treatment with nitric oxide (NO) to form 
S-nitrosoalbumin. Analysis of the reduced sulfhydryl groups showed that more than 99% of the albumin 
was converted to S-nitrosoalbumin. Using a 1: 1 molar ratio of protein: palmitate, the unbound palmitate 
fraction in the presence of S-nitrosoalbumin was determined to be greater (28%) than in the presence 
of albumin as determined by heptane: water partitioning. NO degradation products neither affected 
the palmitate heptane : water partition ratio in the absence of binding protein nor the hepatocyte uptake 
of f3H]palmitic acid. The equilibrium association constants (K,) for albumin-palmitate and S- 
nitrbso~lbumin-palmitate complexes were determined using the stepwise equilibrium model. The K, 
for the first and second nalmitate binding sites were (4.6 2 1.2) x lOaM-’ and (3.3 2 0.5) x lO’M_’ 
and (3.1 2 0.9) x lo* Mmi and (1.3 t 0.8yx 10’ M-’ for albumin and S-nitrosoaibumin, respectively. 
Thus, the increased unbound fraction of paimitate in the presence of S-nitrosoalbumin was apparently 
due to a decre,ased binding affinity at the first high-affinity binding site. Palmitate uptake by hepatocyte 
suspensions was 27% higher in the presence of S-nitrosoalbumin as compared with albumin. This 
increase parall.eled the increased unbound palmitate fraction. When the albumin concentration was 
adjusted to account for the increased unbound fraction, there was no difference in the palmitate uptake 
rates between albumin and S-nitrosoalbumin. Our findings indicate that under conditions where NO 
concentrations are high (e.g. cirrhosis) and extensive S-nitrosylation of serum albumin occurs, the 
decreased ligand binding ability of S-nitrosoalbumin may be an important consideration when modeling 
drug uptake in pathological states. 
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The discovery of NO? as a mediator in numerous 
cellular responses has opened new areas of biological 
research. Postulated roles for this low molecular 
weight substrate range from neurotransmission to 
the regulation of vascular tone [l-6]. As evidenced 
by the increasing number of articles devoted to NO 
in recent years, the more closely the effects of NO 
are investigated, the more firmly its role in cellular 
chemistry becomes established. 

In the circulatory system, NO is rapidly inactivated 
(T1,2 = 0.1 to 6 set) following its release from 
endothelial cells [2, 61. The short half-life is due, in 
part, to the rapid formation of the nitrite anion 
(NO;) upon reaction with oxygen. NO, and in 
special circumstances nitrite anions, may combine 
with reduced thiols of which plasma albumin 
constitutes an abundant source [7], to form the S- 
nitroso-substituted species. The formation of S- 
nitrosoalbumin complexes results when the single 
free cysteine of albumin reacts with NO. These 
complexes have been reported to be biologically 
active and more stable than NO [8,9]. They also 
have been postulated to serve as NO donors. Thus, 
albumin may buffer the concentration of NO in 

* Corresponding author. Tel. (204) 789-3457; FAX (204) 
783-6915. 

t Abbreviations: NO, nitric oxid; K., equilibrium 
association constant; V, molar ratio of bound 
palmitate: protein; PR, partition ratio; and T,,*, half-life. 

plasma by serving as both an NO acceptor and donor 
PI. 

Plasma albumin constitutes a major drug binding 
and delivery protein in the circulatory system. 
Covalent modification of albumin by NO may, as is 
often the case when ligands bind to macromolecules, 
cause conformational changes resulting in altered 
drug binding characteristics. Such conformational 
changes could, depending upon the ligand in 
question, modify protein binding and ultimately 
affect the cellular uptake rates [lo-121. The 
therapeutic and toxic consequences of alteration in 
the drug binding characteristics of albumin are 
obvious and prompted this investigation. In this 
report, we examined the binding of a long- 
chain fatty acid (palmitate) to albumin and S- 
nitrosoalbumin and the palmitate clearance rate by 
hepatocyte suspensions in the presence of albumin 
and S-nitrosoalbumin. 

MATERIALS AND METHODS 

Purification of palmitic acid. All reagents were 
purchased from the Sigma Chemical Co. (St. Louis, 
MO) and were of analytical grade. NO gas was 
purchased from Matheson (Edmonton, Alberta). 
Manufacturer-supplied [3H]palmitic acid in ethanol 
(New England Nuclear, Mississauga, Ontario) was 
purified using the alkaline ethanol extraction 
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procedure previously reported [ 131. Briefly, manu- 
facturer-supplied [3H]palmitic acid was added to 
purified research grade water containing NaOH and 
thymol blue. Following the addition of heptane, the 
solution was vortexed and allowed to separate. The 
organic phase was discarded, fresh heptane added 
and the procedure repeated. After two such 
extractions, the ethanol phase was acidified and the 
procedure repeated. The heptane phase, now 
containing purified [3H]palmitic acid, was harvested, 
fresh heptane added and the procedure repeated 
with the second heptane extract being combined 
with the first. The pooled heptane extracts were 
evaporated to dryness, dissolved in 95% ethanol, 
and stored at -20”. 

Binding of NO to albumin. PBS (KC1 2.68mM, 
KH2P04 1.65 mM, NaCl 136.9 mM, and Na2HP04 
8.92 mM, pH 7.4) was degassed by vacuum (25 mm 
Hg) for -20 min at room temperature. Bovine serum 
albumin (albumin; essentially fatty acid free) and 
palmitate were added to the PBS solution to a final 
concentration of 6OOpM each (pH7.4). Aliquots 
(20mL) of the albumin-palmitate solution were 
dispensed into 25-mL Erlenmeyer flasks. Purified 
[3H]palmitic acid was added to the flasks, which 
were then capped using rubber stoppers containing 
two 25-gauge needles. Nitrogen was bubbled into 
the flasks through one needle, while the other served 
as the outflow. After 30 min, the outflow needle was 
removed and NO gas (10 mL) was added to the test 
solution, which resulted in a calculated aqueous NO 
concentration of 1.9 mM (141. The flasks were 
uncapped, and pH of the test solution was adjusted 
to 7.4. 

Formation of S-nitrosoalbumin was confirmed by 
measuring the sulfhydryl levels spectrophoto- 
metrically with DTNB [5,5’-dithiobis(2-nitrobenzoic 
acid)] as reported by Ellman [15]. 

Determination of unbound palmitate. All binding 
studies were performed at pH 7.4 and 37”. The 
unbound palmitate fraction was determined by the 
heptane : water partition method as previously 
described [13,16]. Following an 18hr incubation, 
both phases were sampled, radioactivity was 
determined, and the heptane : water partition ratio 
was calculated. Previous work has shown that this 
time period is sufficient for equilibrium to be 
established [13]. 

An excess of nitrite anion (relative to NO) may 
result when reacting 1.9 mM NO with 600 PM 
albumin to form the S-nitrosoalbumin species. To 
determine the effect of nitrite anion on the binding 
properties of albumin, we added NO gas to the PBS 
solution such that a saturated NO solution was 
attained (1.9 mM NO). The mixture was allowed to 
stand open to the atmosphere for 2 hr at room 
temperature after which time we added albumin and 
palmitate each to a final concentration of 600 PM. 
The pH of the resulting solution was adjusted to 
7.4. Heptane : water partitioning also was performed 
on a solution consisting of 1.9 mM NaNOz and 
600 PM albumin-palmitate (molar ratio 1: 1). 

The time course of S-nitrosoalbumin-palmitate 
binding was investigated by comparing the palmitate 
heptane : water partition ratio values at 12 and 24 hr. 
The PBS solutions for these experiments were 

degassed in order to minimize any effects of dissolved 
oxygen. The effect of oxygenated solutions on S- 
nitrosoalbumin-palmitate binding was investigated 
by determining the palmitate heptane : water partition 
ratio using PBS solutions that were oxygenated after 
the formation of S-nitrosoalbumin. 

Determination of the equilibrium association con- 
stant. Purified [3H]palmitate was added to solutions 
of 5pM albumin and 5pM S-nitrosoalbumin 
containing various concentrations of unlabeled 
palmitate (Sigma). The palmitate-protein molar 
range investigated was 10e6 to 5. The unbound 
palmitate fraction was determined by heptane : water 
partitioning. In the presence of binding protein the 
unbound palmitate concentration in the aqueous 
phase cannot be determined directly. Therefore, it 
was necessary to calculate this value by dividing the 
concentration of palmitic acid in the heptane phase 
by 1445. This value has been shown to reflect the 
increased heptane : water partition ratio of palmitic 
acid in the absence of binding protein [13]. The 
equilibrium association constant for each protein 
was obtained by nonlinear regression analysis using 
the stepwise equilibrium model [17, 181. Analysis 
consisted of fitting the experimental values of is 
(protein concentration was fixed at 5 PM) for each 
value of A (unbound palmitate) using the equation 

K,[A] + 2K1K2[A12 + . + nK,[A]” 

‘= 1 + K,[A] + K,K2[A]* + + K,,[A]” 

where K,, represents the equilibrium association 
constant for the nth binding site of palmitate to 
albumin or S-nitrosoalbumin. 

Uptake of palmitate by hepatocyte suspensions. 
This study was approved by the University of 
Manitoba Animal Care Committee. Female Sprague- 
Dawley rats (weight range 225-250 g; University of 
Manitoba breeding stock) were housed in a 
temperature-light controlled room. Room tem- 
perature was set at 22”, with lights set on a 12-hr on 
and 12-hr off cycle starting at 6:00 a.m. Rats were 
allowed Agway Prolab Animal Diet (Agway County 
Foods, Inc., Syracuse, NY) and water ad lib. 
Hepatocytes were prepared using the collagenase 
perfusion technique described previously [ 191. Cells 
were stored at room temperature and used within 
2 hr of isolation. Immediately prior to experiments, 
cells were equilibrated to 37”. Trypan blue exclusion 
was greater than 90% and not different before and 
after the uptake experiments. 

Hepatocytes were added to solutions of PBS 
containing [3H]palmitate and 5.0 PM S-nitro- 
soalbumin and 3.8 or 5.0 PM albumin, Because NO 
degrades rapidly to nitrite, we investigated the effect 
of nitrite anions on palmitate uptake. Uptake 
experiments were performed in the presence and 
absence of 1.9 mM NaN02 and S.OpM albumin. 
Final cell count in the uptake medium was -290 x lo3 
hepatocytes/mL. Cells were prevented from sedi- 
menting by gentle agitation. After specified intervals, 
l.O-mL aliquots of cell suspensions were immediately 
filtered through GF/C glass microfiber filters (Fisher 
Sci.) by vacuum and washed with 7 mL of ice-cold 
PBS. Cell-associated radioactivity was determined 
by liquid scintillation counting using Ready Safe 
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Table 1. Heptane : water partitioning of [3H]palmitate 
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Group Protein 
Palmitate 

(@‘,I) 
Heptane : PBS 
partition ratio %* P 

1 600 @A ALB 600 0.0250 + 0.0004 (N = 24) 28 t 
600 j&l ALB-NO 600 0.0320 2 0.0010 (N = 21) 

2 600 ,&I ALB 600 0.0250 k 0.0003 (N = 6) 8 t 
600 /&I ALB-NO + 600 PM ALB (1: 9)$ 600 0.0270 k 0.0004 (N = 6) 

3 600 @I ALB 600 0.0260 k 0.0010 (N = 6) 4 NS§ 
600 PM ALB + 3 mM NaN, 600 0.0250 ? 0.0004 (N = 6) 

4 600 /&l ALB-NO 600 0.033 + 0.003 (N = 6) 3 NS 
600 PM ALB-NO + 3 mM NaN3 600 0.032 2 0.001 (N = 6) 

5 600 ,uM ALB 600 0.017 + 0.001 (N = 6) 6 NS 
600 ,uM ALB + 1.9 mM NaNO, 600 0.018 r 0.001 (N = 6) 

6 5 PM ALB 0.01 0.90 ‘- 0.015 (N = 7) 24 t 
5 /AM ALB-NO 0.01 1.12 ” 0.04 (N = 6) 

7 No protein 0.01 69.9 ‘- 1.9 (N = 6) 3 NS 
No protein + 1.9 mM NaN02 0.01 68.0 t 3.1 (N = 6) 

Values are means + SEM. ALB = albumin, ALB-NO = S-nitrosoalbumin, NaN, = sodium azide, and 
NaN02 = sodium nitrite. 

* Percent difference within groups. 
t P < 0.01. 
$ Molar ratio of ALB-NO to ALB. 
5 NS = not statistically different. 

liquid scintillation fluid (Beckman). Palmitate space 
was calculated as the ratio of recovered cell- 
associated radioactivity to the concentration of 
radioactivity in the bathing medium. Total ligand 
clearance rate was calculated from the least-squares 
linear regression coefficient for the slope of the plot 
of palmitate space versus time. 

Statistics. Data are expressed as means k SEM 
with the number of independent experiments shown 
in parentheses. Student’s t-test was used for statistical 
comparisons. 

RESULTS 

S-Nitrosoalbumin formation. A decrease in pH 
resulted when an exN;ess of NO gas was allowed to 
react with 600 PM albumin. The pH of the albumin 
solution decreased from 7.1 to 6.9 in deoxygenated 
PBS solutions. In the presence of oxygen, however, 
the pH decreased to 5.1. Once the pH was adjusted 
to 7.4, it remained stable throughout all the studies. 

The extent of S-nitrosoalbumin formation was 
determined spectrophotometrically as described by 
Ellman [15]. This analysis revealed that less than 
1% of the reduced sulfhydryl groups were intact 
following NO treatment. Thus, more than 99% of 
the albumin had been converted to S-nitrosoalbumin. 

Palmitate binding. Table 1 shows the results 
from the palmitate heptane : water partition ratio 
experiments. In all cases, the palmitate PR was 
significantly greater in the presence of S-nitroso- 
albumin than in the presence of albumin. When 
a 600 PM S-nitrosoalbumin concentration was 
decreased lo-fold by dilution with 600 ,uM albumin, 
the difference between control and test was reduced 
from 28 to 8%. In the absence of binding protein, 
NO did not affect significantly the heptane: water 
partitioning of palmitate (Table 1). The bacteriostatic 

agent sodium azide (NaN,; 3 mM) had no effect on 
the heptane: water partitioning of palmitic acid in 
the presence of albumin or S-nitrosoalbumin. 

Addition of 1.9 mM NaN02 to 600 ,uM 
albumin : palmitate (albumin: palmitate molar ratio 
1: 1) did not affect the albumin binding properties 
for palmitate. Similar results were obtained when 
600 PM albumin and 600 PM palmitate were added 
to a solution of NO (aqueous NO concentration 
1.9mM), which was allowed to stand at room 
temperature for 2 hr. The heptane : water partition 
ratio in the presence and absence of NO treatment 
was 0.018 k 0.001 (N = 6) and 0.017 t 0.001 
(N = 12), respectively. 

The palmitate heptane : water partition ratio using 
S-nitrosoalbumin (600 PM) dissolved in degassed 
PBS solutions was not statistically different between 
the 12-hr (PR = 0.029 + 0.003, N = 6) and the 24- 
hr (PR = 0.028 k 0.003, N = 6) samples. When the 
PBS solutions were gassed with O2 following the 
formation of S-nitrosoalbumin, the 12-hr palm&ate 
heptane: water partition ratio in the presence of S- 
nitrosoalbumin (PR = 0.052 + 0.005, N = 6) was 
greater (P < 0.05) than the corresponding 12-hr 
albumin controls (PR = 0.045 5 0.002, N = 6). Also, 
the 24-hr palmitate heptane : water partition ratio 
values were lower in the presence of S-nitroso- 
albumin (PR = 0.035 k 0.002) than the cor- 
responding 12-hr S-nitrosoalbumin-palmitate 
samples but were not statistically different from the 
24-hr albumin-palmitate control samples (control 
PR = 0.039 2 0.003; N = 6). 

Figure 1 shows results from the palm&ate binding 
isotherms with albumin and S-nitrosoalbumin. 
Nonlinear regression analysis using the stepwise 
equilibrium model fitted to these data showed that 
the equilibrium association constants for the first 
binding site of the albumin-palmitate and S- 
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Fig. 1. Palmitate binding to 5 FM albumin (Cl) and 5 ,uM 
S-nitrosoalbumin (A). The ordinate and abcissa (log scales) 
show the total palmitate: albumin molar ratio and the 

unbound palmitate concentration, respectively. 

Fig. 2. Palmitate uptake curves by hepatocyte suspensions 
in the nresence of 3.8 and 5 uM albumin (0 and 0, 
respectibely) and 5 PM S-nitrosoalbumin (0): Palmitate 
space was calculated as the ratio of recovered cell-associated 
radioactivity to the concentration of radioactivity in the 

bathing medium. Values are means f SEM, N = 6. 

nitrosoalbumin-palmitate complexes were similar 
[albumin-palmitate = (4.6 2 1.2) X 108M-’ and S- 
nitrosoalbumin-palmitate = (3.1 2 0.9) X lo8 M-l]. 
The equilibrium association constant for the second 
binding site of the albumin-palmitate and S- 
nitrosoalbumin-palmitate complexes, however, 
differed considerably [albumin-palmitate = (3.3 * 
0.5) x 10’ M-l and S-nitrosoalbumin-palmitate = 
(1.3 * 0.8) x lo* M-‘; p < 0.051. 

Pulmitate uptake. Figure 2 shows the [3H]palmitate 
uptake curves obtained with hepatocyte suspensions 
in the presence of albumin (3.8 and 5.0pM) and 
S-nitrosoalbumin (5.0 ,uM). The total palmitate 
clearance rate was greater (P < 0.01) in the presence 
of 5.0 ,uM S-nitrosoalbumin than 5.0pM albumin 
(0.61 + 0.05 pL/sec/l06 cells vs 0.48 -C 0.07 ,uL/sec/ 
lo6 cells, respectively; N = 6) but was not statistically 
different when 3.8pM albumin was used (0.72 2 
0.14 pL/sec/106 cells; N = 6). The presence of 
nitrite anion (supplied as 1.9mM NaNOr) did not 
affect the hepatocyte [3H]palmitate clearance rate 
in the presence of 5.0pM albumin 0.52 * 0.12 
pL/sec/106 cells vs 0.54 * 0.15 pL/sec I lo6 cells in 
the presence and absence of NaNOr, respectively; 
N = 5; P > 0.05). 

DISCUSSION 

The half-life of NO in oxygenated physiological 
solutions has been reported to range from 0.1 to 
6 set [3,6]. The short half-life is due to the rapid 
conversion of NO to the nitrite anion (NO,) in the 
presence of oxygen. Hydrogen ions are released as 
a result of this reaction. The reaction mechanism for 
the degradation of NO is as follows [7]: 

0.16 , 

NO + f02-+ NO; 

2NO; 3 N204 

NO? + NO 3 N203 

Nz03 + HrO + 2 NO; + 2H+ 

Solutions in this study, therefore, were deoxygenated 
by degassing using vacuum for 20 min and 
subsequently equilibrating the solutions with Nz for 
an additional 30min. Using this procedure, the 
formation of NO: was limited as noted by only a 
slight drop in pH (from 7.1 to 6.9). Most of the NO, 
therefore, was available for S-nitrosylation of 
albumin. Analysis of the reduced sulfhydryl groups 
showed that more than 99% of the albumin had 
been converted to S-nitrosoalbumin. 

Many reports describe the binding properties of 
albumin for long-chain fatty acids [lo, 11,17,18,20]. 
Much of this work relates the ligand binding 
properties of albumin to its equilibrium association 
constant. This value originally has been described 
using the heptane : water partitioning technique. 
Spector et al. [17,18,20,21] used this method 
together with the multiple stepwise equilibrium 
model to propose that fatty acids are distributed 
evenly over six to nine sites. Carter and Ho [lo] 
have reviewed the literature and reported that a 
consensus showed that there are two high-affinity 
long-chain fatty acid binding sites and several lower 
affinity sites. If we focus on the two high-affinity 
albumin binding sites, the stepwise equilibrium 
model shows that the equilibrium association 
constants for these sites were 3.0 x 10’ and 
7.3 x 106M-’ for the first and second sites, 
respectively [17, 181. Although these results were 
much lower than those reported in this study 
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(4.6 x lo* M-’ vs 3.0 x 10’ M-l), our K, for the first 
high-affinity binding site was much closer to the 
other published reports, which used much different 
methodologies. Studies using equilibrium dialysis 
with polyethylene sheeting report the K, to be 
0.97 x lo* M-’ [22] and 1.4 x 108M-’ [23], while 
fluorescence techniques set the K, at 1.2 x lo8 M-l 
v41. 

The difference between our results and the earlier 
work using heptane : water partitioning may be due 
to the palmitic acid partition ratio results obtained 
in the absence of binding protein. This value is of 
extreme importance for calculating the apparent K,. 
We have shown previously that unless precautions 
are taken to eliminate the contribution of lipophilic, 
and especially hydrophilic, radiolabeled impurities, 
the overall apparent [3H]palmitic acid partition ratio 
may vary by go-fold [13]. We found that a limiting 
value for the [3H]palmitic acid partition ratio was 
reached when the hydrophilic impurities were diluted 
by using a large aqueous : organic phase volume ratio 
(500: 1). The hydrophilic impurities were not an 
important consideration when binding proteins were 
present because the radioactivity associated with 
[3H]palmitate binding to albumin was much greater 
than the radioactivity due to the hydrophilic 
impurities. In this study, we took our previously 
reported value of 1445, which was very close to the 
expected partition ratio value of 1376 [23], to 
calculate the unbound palmitate concentration and 
the molar ratio of albumin-bound palmitate : total 
albumin concentration. This resulted in a calculated 
K, value that was an order of magnitude greater 
than previous reporrs. Thus, the higher estimate of 
K, obtained in this study suggests that the presence 
of radiolabeled impurities must be considered when 
calculating an apparent K,. Failure to account for 
these impurities will lead to a lower palmitate 
heptane : water partition ratio value in the absence 
of binding proteins, which will result in a lower 
apparent K,. 

There is currently no information available 
regarding the ligand binding properties of S- 
nitrosoalbumin. Our study showed that the equi- 
librium association constant for the first high-affinity 
palmitate binding site of S-nitrosoalbumin was 
reduced by 33%, whereas the association constant 
for the second high-affinity binding site increased 
by 394%. Thus, using a 1: 1 molar ratio of 
albumin : palmitate and S-nitrosoalbumin : palmitate, 
the unbound palmirate fraction was increased by 
28% in the presence of S-nitrosoalbumin. At higher 
molar ratios the unbound palmitate fraction was 
lower (Fig. 1) owing to the increased affinity of the 
secondary sites. 

Since the unbound palmitate fraction was higher 
in the presence of S-nitrosoalbumin than albumin, 
it was not unexpected that the palmitate clearance 
rate by hepatocyte suspensions was greater in the 
presence of 5 PM S-nitrosoalbumin than 5 PM 
albumin (27%). When the albumin concentration 
was decreased (3.8 ,uM) to reflect the increased 
unbound palmitate concentration in the presence of 
S-nitrosoalbumin, there was no significant difference 
in the palmitate clearance rate. Thus, the increased 
clearance rate paralleled the increase in the unbound 

ligand fraction. The concentration of albumin 
required to yield a free palmitate fraction similar to 
S-nitrosoalbumin was calculated using the binding 
data and verified experimentally using equilibrium 
dialysis [22]. 

Binding studies were performed after 18 hr of 
incubation, while the uptake studies were performed 
within 2 hr of preparing the S-nitrosoalbumin 
solutions. Although this time period was sufficient 
for equilibrium to be established [13], it was possible 
that a substantial portion of the S-nitrosoalbumin 
had degraded since the in vitro half-life of S- 
nitrosoalbumin has been reported to be 24 hr [9]. 
Thus, during the uptake experiments the unbound 
fraction may have been much higher than expected. 
Binding studies, however, showed that the unbound 
palmitate fraction did not change over a 12- to 24- 
hr incubation time. This indicated either that the in 
vitro half-life of S-nitrosoalbumin was much longer 
than previously reported, that nitrite anions affected 
the protein binding properties, or that the hypoxic 
experimental conditions used in the binding studies 
resulted in an NO half-life much longer than in 
normoxic conditions. 

It is unlikely that nitrite anions or some other NO 
degradation products were responsible for the 
increased half-life because results of the palmitate 
heptane : water partition ratio experiments, per- 
formed in the presence of 600 ,uM albumin and 
1.9 mM sodium nitrite or NO gas, which was added 
to the PBS and allowed to stand open to the 
atmosphere for 2 hr prior to the addition of albumin, 
were similar to the control albumin partition ratio 
values (no sodium nitrite or NO). 

It is possible that the degradation of NO is 
dependent upon the amount of O2 available in 
solution. The half-life of NO could be much longer 
in deoxygenated solutions than in oxygenated 
solutions. Numerical solutions to the third-order rate 
reaction d[NO]/dt = K[NO]*[O,] [25,26] show that 
in conditions where the oxygen content has been 
greatly reduced, the NO half-life may be increased 
from seconds (normoxic conditions) to hours 
(extreme deoxygenation). Thus, it is possible that 
the half-life of S-nitrosoalbumin in our experimental 
conditions (heptane : water partition ratio experi- 
ments) was much longer than the 24 hr reported in 
vitro. Repeating the palmitate heptane : water 
partition ratio studies using 600 PM S-nitrosoalbumin 
in oxygenated PBS solutions showed that oxygen 
affected the degradation of NO as noted by a 
decreased palmitate heptane : water partition ratio. 
Thus, the degradation of S-nitrosoalbumin is 
dependent upon the concentration of oxygen. Based 
on the half-life of 24 hr for S-nitrosoalbumin, it 
is estimated that in our uptake experiments 
approximately 4% of the S-nitrosoalbumin was 
degraded. A 4% reduction in the binding of palmitate 
by S-nitrosoalbumin does not affect our conclusion 
for the uptake of palmitate in the presence of S- 
nitrosoalbumin. Our data lead us to postulate that 
following the degradation of S-nitrosoalbumin the 
protein binding affinity returns to its former albumin 
value. 

Since the degradation of NO results in the 
formation of nitrite ion, the concentration of nitrite 
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ion in our uptake solution was -1.9 mM. We were 
interested to determine if nitrite ions influence the 
hepatocyte palmitate clearance rate. To examine 
this possibility, uptake experiments were performed 
in the presence of 1.9mM sodium nitrite. These 
experiments showed that nitrite anions have no 
significant effect on the hepatocyte uptake of palmitic 
acid. Thus, the increased clearance rate of palmitate 
in the presence of S-nitrosoalbumin was due to the 
increased unbound palmitate fraction. 

It is estimated that approximately 2% of the 
circulating plasma albumin is present as the S- 
nitrosothiol derivative in normal individuals [8]. If 
one assumes that the decreased binding affinity of 
bovine serum albumin upon nitrosylation is shared 
by other proteins (e.g. human serum albumin), then 
the present results suggest that the lowered binding 
affinity may not be of clinical importance. However, 
in pathological conditions such as cirrhosis, where 
the local tissue NO concentrations are much higher, 
the increased formation of S-nitrosoalbumin [27-291 
may result in significant increases in unbound drug 
tissue concentrations. In this case increased toxicity 
may be of clinical importance especially for drugs 
that are highly protein-bound and possess a narrow 
therapeutic index [30]. Clearly, further studies are 
required to determine if our results apply to clinically 
used drugs and to proteins such as human serum 
albumin. 
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