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Abstract. Using [3H]-vinorelbine, we demonstrated the 
presence of saturable and time-dependent high-affinity 
binding sites on human platelets and lymphocytes. The 
dissociation constant and binding-site values observed 
were 200 + 38 riM, 20.0_+2.2 amol/platelet, and 
155--+20 amol/tymphocyte, respectively. Among other 
blood components, saturable low-affinity binding of 
vinorelbine to alphal-acid glycoprotein, serum albumin, 
and lipoproteins was observed. The binding to erythocytes 
was nonsaturable. Given the relative concentrations of 
these carriers, vinorelbine mainly distributes in the platelet 
compartment in blood (>70%), and the amount of free 
vinorelbine in plasma relative to the total amount in blood 
is <2%. It is suggested that because of the preferential 
retention of vinorelbine by platelets, variations in the plate- 
let count are very likely to produce changes in the free 
blood fraction of vinorelbine. 

Introduction 

Vinca alkaloids are cytotoxic drugs used extensively in the 
treatment of certain neoplastic diseases, particularly lym- 
phomas. Vinorelbine (Navelbine) is a semisynthetic vinca 
alkaloid with a marked lipophilicity that produces charac- 
teristic pharmacokinetic features [5]. It has been estab- 
lished that vinblastine and vincristine bind reversibly to 
platelets [3] and to serum proteins [2, 7]. Moreover, it is 
generally accepted that the free drug concentration is more 
closely related to the pharmacologic or toxicologic re- 
sponse than to the total drug concentration, since drug 
delivery from the blood to cells and tissues occurs from the 
free pool of drug in the blood [8]. 
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The aim of the present study was to investigate the 
protein and blood-cell binding of vinorelbine, including 
serum binding in cancer disease and drug interactions at 
the protein-binding level. 

Patients and methods 

Chemicals. All chemicals were of analytical grade. Unlabeled navelbine 
ditartrate (batch RU 11) was supplied by P. F. M6dicament. Tritium-la- 
beled vinorelbine ditartrate reference TMM 1140, batch 190-1; 
507.13 Ci/mol or 0.47 Ci/g) was supplied by C. E. A (Saclay, Gif-sur- 
Yvette, France). The drug was stored at -20 ~ C until use. 

Human proteins. Human serum albumin A-1887 (Sigma), human serum 
albumin A-8763 (Sigma; molar ratio NEFA/HSA = 4.5), alphal-acid 
glycoprotein (Behring, 99% pure), gamma globulins (Sigma Cohn's 
fraction II, 99% pure), and lipoproteins [very-low-density lipoprotein 
(VLDL) fraction, Sigma L-2264; low-density lipoprotein (LDL) fraction, 
Sigma L-2136; and high-density lipoprotein (HDL) fraction, Sigma 
L-2014] were dissolved in Sdrensen's phosphate buffer (pH 7.4). 

Serum collection from cancer patients. Sera were obtained from patients 
with clinical and histologically proven neoplasia. Blood samples were 
collected into vacuum glass tubes without the addition of anticoagulant, 
were allowed to clot for 1 h, and were then centrifuged to yield serum. 
The mean age of the patients was 65_+ 14 years (range, 3 9 -  88 years). 
The mean concentration of alphal-acid glycoprotein was 31.1 + 13.3 g M  
(range, 13.7-60.5 gM) and that of albumin was 447_+69 g M  (range, 
343-597 gM). 

Blood-productpreparation. Blood was drawn from the antecubital vein 
of a healthy volunteer and collected in tubes containing ethylenedi- 
aminetetraacetic acid (EDTA) disodium salt (20 rag/10 ml blood). 
Plasma was separated from erythrocytes by centrifugation at 3,000 rpm 
for 3 rain. Erythrocytes were washed twice with NaC1 (9 g/l) before use. 
Plasma or erythrocytes were used on the day of collection or on the 
following day. Blood was centrifnged for 5 rain at 130 g to yield platelet- 
rich plasma (supernatant), which was centrifuged for 20 rain at 1,000 g. 
The pellet of platelets was then washed in PBS (phosphate buffer plus 
NaC1, 9 g/l) by recentrifugation (5 rain, 50 g), and the supematant con- 
taining platelets was centrifuged for 10 in at 1,000 g. The final pellet was 
dispersed in incubation buffer (PBS containing 0.5 g glucose/l). To ob- 
tain lymphocytes, blood was mixed with the same volume of Hanks' 
solution and the mixture was centrifuged on Ficoll/Paque density gradi- 
ent (25 ml diluted blood and 10 ml Ficoll) at 400 g for 35 rain using the 
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method of BOyum [1 ]. The lymphocyte ring was removed and washed 
twice in Hanks' solution. The lymphocytes were finally resuspended in 
the incubation buffer for binding experiments. Lymphocytes and plate- 
lets were counted using a Malassez cell with trypan blue. 

Equilibrium dialysis. Aliquots of protein solutions were added to Teflon 
cells (0.25 iN/side) and dialysis was performed against S0rensen's buffer 
(67 raM, pH 7.4) containing various concentrations of vinorelbine (mix- 
ture of radiolabeled and unlabeled drug at a constant ratio). The dialysis 
was performed at 37 ~ C for 3 h under constant stirring (20 rpm), with no 
apparent accumulation of fluid on the protein or serum side of the dialysis 
chamber. The two chambers were separated by a semipermeable mem- 
brane (Visking; pore diameter, 15-20 ,~; cutoff, 12,000 Da). Previous 
studies had shown that equilibrium with respect to the free drug fraction 
was achieved within 2 h. When serum was used, the dialysis was per- 
formed against S6rensen's buffer (67 mM, pH 7.1) to restore physiologic 
pH in the system [10] (the pH of frozen serum is approx. 8) and the 
concentration of vinorelbine was 1,000 nM. 

Binding to erythrocytes. Washed erythrocytes were resuspended (hema- 
tocrit, approx. 0.5) in PBS. Variable amounts of vinorelbine were added 
to glass flasks containing 1 ml of erythrocyte suspension to produce 
concentrations of 0.4-19 gM. The samples were incubated for 30 min 
under gentle orbitary shaking at 37 ~ C in a Brunswick water bath. Prelim- 
inary distribution studies showed that equilibrium between the erythro- 
cytes and the medium was achieved within 10 min and remained constant 
for at least 1 h. At equilibrium, aliquots of whole suspension mad super- 
natant were removed, and the vinorelbine concentration in erythrocytes 
was obtained from the following formula: 

W S - P -  ( l - H )  
E - , (1) 

H 

where E represents the erythrocyte drug concentration, WS represents the 
whole suspension, P indicates the supernatant (after centrifugation), and 
H represents the hematocrit. 

Binding to platelets and lymphocytes. Binding experiments were carried 
out in glass tubes in a total volume of 1 ml containing various concentra- 
tions of labeled vinorelbine and platelet or lymphocyte suspension in 
PBS plus 0.5 g glucose/1. After incubation, cold (4~ TRIS buffer 
(5 mM) was rapidly added to stop the reaction. Bound and free ligands 
were separated by rapid filtration through Whatman GF/B glass-fiber 
filters. Each filter was washed with an additional volume of 2 x 5 ml 
ice-cold 5 mM TRIS buffer (pH 7.4) at 4~ and the radioactivity was- 
counted in a liquid scintillation counter. Specific binding was defined as 
the difference between the binding observed in the presence versus the 
absence of 100 btM unlabeled vinorelbine. First, the time to reach the 
binding equilibrium was determined in glass flasks containing 10 ml 
suspension, and the linearity of binding was then determined using 
various concentrations of cells or platelets. These experiments were done 
using approximately 25-  45 nM vinorelbine. 

Determination of labeled drug concentration. Concentrations of [3H]- 
vinorelbine in buffer, protein solutions, cell suspensions, and filters were 
determined in a Packard liquid scintillation counter (Tri-Carb 460 CD). 
For these determinations, erythrocyte suspensions were bleached, 
whereby 25 gl erythrocyte suspension was mixed with 200 gl sodium 
hypochlorite by a 10-s vortex agitation; after 10 rain, 3 ml liquid scintil- 
lation solution was added to the resulting sample for counting. 
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Fig. 1. Binding of vinorelbine to platelets at 37 ~ C. Platelets (5 - 106/ml) 
were incubated for 1 h in the incubation buffer. Lower straight line, 
nonspecific binding; upper curve, total binding; curve in bet~ueen, specif- 
ic binding 

Table 1. Parameters of vinorelbine binding to platelets and lymphocytes 

Bmax KD Nonspecific binding 
(rul4) (nM) (slope of linear 

binding) 

Platelets (5 �9 106/ml) 100 + i 1 200 _+ 38 0.048 _+0.007 

Lymphocytes 
(8.5. 105/ml) 132+17 235-+50 0.019-+0.008 

Bmax, Concentration of sites; KD, dissociation constant. 
Note that at the physiologic concentration of platelets (4 �9 10s/ram3), 
Bma• = 8,000 n/lg and the slope of nonspecific binding = 3.84, and at the 
physiologic concentration of lymphocytes (4,000/mm3), Bmax = 621 nM 
and the slope of nonspecific binding = 0.089 

Resul ts  

Determination o f  equilibrium time f o r  cell binding 

T h e  v i n o r e l b i n e  c o n c e n t r a t i o n  in l y m p h o c y t e s  or  p la te le ts  
was  m e a s u r e d  as a f unc t i on  o f  t i m e  and assoc ia t ion  rate  
cons tan ts  (k+l) w e r e  de t e rmined ,  be ing  1.0_+0.1 g M - 1  
�9 rain-1 for  p la te le ts  and 0.54 + 0 . 1 1  g M  -1 �9 min-1  for  l y m -  
phocy tes .  T h e  b ind ing  e q u i l i b r i u m  was  r eached  at 20 m i n  
for  5 . 106 p la t e l e t s /ml  and for  833 ,000  l y m p h o c y t e s / m l .  
T h e  b ind ing  o f  v i n o r e l b i n e  to p la te le ts  o r  l y m p h o c y t e s  was  
l inear  in the r ange  o f  2 - 2 0 .  106 p la te le t s /ml  o r  0.1 - 1 �9 106 

l y m p h o c y t e s / m l .  

Calculations. According to mass-balance considerations and using our 
estimated binding parameter, we made some theoretical calculations to 
simulate the fractional amount of vinorelbine bound to each blood frac- 
tion (fbi) as well as the fractional amount of free drug (fu) [9]. 

Analysis of data. The binding data were analyzed according to previously 
described models [8] by an iterative nonlinear regression program using 
the least-squares criterion (MicroPharm, INSERM 1990). All values are 
presented in the form of a mean or estimate, standard deviation (SD), and 
sample number (n). 

Vinorelbine binding to platelets and  lymphocytes 

V i n o r e l b i n e  b o u n d  to p la te le ts  (Fig.  1) and  l y m p h o c y t e s  
a c c o r d i n g  to a sa turable  p roces s  wi th  a h i g h  a f f in i ty  and  a 
h igh  b ind ing - s i t e  c o n c e n t r a t i o n  [KD, 2 0 0 •  n M  and 
235 + 50 riM, r e spec t ive ly ;  Bmax, 100 +_ 11 n M  (corre-  
spond ing  to 5 �9 106 p la te le t s /ml )  and  132 + 17 n M  (corre-  
s p o n d i n g  to 850 ,000  l y m p h o c y t e s / m l ) ,  r e spec t ive ly ] ,  
s h o w i n g  a h igh  l e v e l  o f  spec i f i c  b ind ing  at the  KD va lue :  



Table 2. Parameters of vinorelbine binding to isolated plasma proteins 

Protein n KA n- KA 
(ram -1 ) (rnM I) 

Albumin ~ 1.09+_ 0.16 1.31• 0.25 
Albumin b 1.02+_ 0.22 1.18+_ 0.33 
Alphai-acid 

glycoprotein 0.12+_ 0.03 616 • 
Gamma globulins 1.87 • 0.32 2.69 + 0.83 
HDL 45.2 • 32.1 0.98+- 0.88 
LDL 759 +- 156 2.46• 0.79 
VLDL 1,690 + 110 9.03 +- 1.43 

16_+2 

a Pure defatted human serum albumin; nonesterified fatty acids/al- 
bumin = 0.04 (tool : mol) 
b Human serum albumin; nonestefified fatty acids/albumin = 0.48 
(mol : tool) 
n, Number of sites; KA, association constant; HDL, high-density lipo- 
protein; LDL, low-density lipoprotein; VLDL, very-low-density lipo- 
protein 
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Fig. 2. Binding of vinorelbine to alphal-acid glycoprotein at 37 ~ C. The 
alpha>acid glycoprotein concentration in solution in phosphate buffer at 
pH 7.4 was 20 gM. The data plotted were derived from equilibrium- 
dialysis experiments 

>80% for platelets and >90% for lymphocytes. The results 
are summarized in Table 1. 

Vinorelbine binding to isolated proteins 

The binding of vinorelbine to each isolated protein was 
saturable according to a one-component class of sites. In 
the case of atphal-acid glycoprotein, a supplementary non- 
saturable binding component was observed. The binding 
parameters obtained are presented in Table 2 and a repre- 
sentative experiment is shown in Fig. 2. No significant 
effect of nonesterified fatty acids on albumin binding was 
observed. 

Table 3. Blood distribution of vinorelbine expressed as a percentage of 
the total amount 

Component Concentration/count % Associated 
vinorelbine 

Human serum albumin 447 l lM 1.0 
Alpha>acid glycoprotein 31.1 p.M 4.9 
Gamma globulins 77 btM 0.7 
HDL 13 btM 1.0 
LDL 1 g M  3.3 
VLDL 0.1 g M  2.7 
Platelets 400,000/mm 3 78.0 
Lymphocytes 4,000/mm3 4.8 
Erythrocytes 40% 1.3 
None (fu) 1.7 

Vinorelbine binding to erythrocytes 

Binding to erythrocytes was nonsaturable, and a binding 
constant (NKE, ratio of the vinorelbine erythrocyte-as- 
sociated concentration to the concentTation in buffer) was 
obtained from partitioning of vinorelbine between erythro- 
cytes and buffer. The NKE value obtained was 
1.118+0.022. 

Vinorelbine binding to sera from patients with cancer 

Serum binding was studied in 24 cancer patients at the 
expected maximal therapeutic vinorelbine concentration 
(1 gM). The serum fu value for vinorelbine ranged between 
8.8% and 20.4% (binding, 91.2%-79.6%) and averaged 
13.5%+3.6%. 

Simulation of vinorelbine distribution in blood 

Using the binding parameters of vinorelbine and given the 
platelet and lymphocyte counts and the typical concentra- 
tions of plasma proteins in cancer (biologic syndrome of 

inflammation, see Table 3), we calculated that platelets 
accounted for 78% of blood-bound vinorelbine and lym- 
phocytes, for 4.8%, with the remainder being bound to 
plasma proteins and the blood fu value being 1.78%. The 
assumption of platelet counts that were 50% higher 
(600,000/mm3) or 50% lower (200,000/mm3) than the 
physiologic values provided fu values of 0.74% and 2.20%, 
respectively. Relative to total plasma vinorelbine, the 
plasma fu value was 11.5%, and alphal-acid glycoprotein 
and the low-density fraction of lipoproteins (LDL) were 
the major carriers, accounting for 31.9% and 21.4% of 
plasma-bound vinorelbine, respectively. 

D i s c u s s i o n  

The in vitro data obtained in the binding experiments were 
satisfactorily fitted to the models used and indicated that 
platelets were the main carrier in blood for vinorelbine. 
This finding is similar to previous observations of vin- 
blastine and vincristine blood distribution [4]. 

Vinorelbine was rapidly taken up by either platelets or 
lymphocytes in less than 30 rain, which is comparable with 
the platelet uptake rate previously found for vinblastine 
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(1 h) and faster than that reported for vincristine (8 h) [4]. 
Analogous to vinblastine, high concentrations of vinorel- 
bine should be observed in the platelet and white blood cell 
compartments, whereas plasma concentrations should be 
rather low. It is likely that the fast distribution phase ob- 
served in the plasma pharmacokinetics of vinorelbine [5] 
could be related to this rapid uptake in platelets and white 
blood cells. 

Our simulation on the blood distribution of vinorelbine 
showed that this drug was 78% platelet-bound and 14% 
serum-protein-bound, with 6% being bound to lympho- 
cytes and a small part being bound to erythrocytes; the 
protein concentrations expected in cancer disease were 
used. The main binding proteins in serum were alphal-acid 
glycoprotein followed by low-density lipoproteins (LDL). 
This result is similar to that obtained by Steele et al. [7], 
who found that the alpha-globulin serum fraction and, par- 
ticularly, alphal-acid glycoprotein were the most important 
binders of vinblastine. Moreover, a recent study [3] has 
shown that alphal-acid glycoprotein is a more specific 
carrier for vinca alcaloids than is albumin. These studies, 
however, did not assess the role of lipoproteins in the 
binding, and our observation that a nonnegligible fraction 
of plasma vinorelbine is LDL-bound indicates that the drug 
can be internalized into cells via the LDL receptor pathway 
[6, 11]. The serum fu of vinorelbine (11.5%) that we simu- 
lated on the basis of our in vitro n and KA estimates is in 
agreement with the mean value found in our collection of 
cancer sera (13.5%+3.6%). The free drug fraction in 
blood (the free amount in plasma divided by the total 
amount in blood) was lower (1.8%), mainly due to exten- 
sive binding of vinorelbine to platelets. Our simulations 
also show that changes in the platelet count are likely to 
produce strong variations in the blood fu of vinorelbine to 
which tissue cells are exposed and are thus likely to modify 
the delivery of vinorelbine to tissues. 
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