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Abstract The aim of this study was, (1) to characterize
the serum protein binding of lerisetron, a new 5-hy-
droxytryptamine (5-HT3) receptor antagonist under
investigation as an antiemetic agent, and (2) to measure
the percentage of unbound lerisetron in cancer patients.
The binding parameters were determined in human se-
rum albumin (HSA), a;-acid glycoprotein (AAG) and in
pooled serum from six healthy volunteers. Concentra-
tions of lerisetron ranging from 50 ng/ml to 2 pg/ml
were used. The serum protein binding of '*C-lerisetron
(2 pg/ml) was determined by ultrafiltration in three
groups of individuals. Group I comprised healthy
subjects (n = 11), group II comprised cancer patients
undergoing radiotherapy (n = 9), and group III com-
prised cancer patients receiving chemotherapy (n = 18).
The unbound concentration of lerisetron was measured
in all samples by liquid scintillation counting. Concen-
trations of both AAG and HSA were also measured in all
serum samples. The drug was extensively bound in
pooled serum, involving a nonsaturated process. In
HSA, lerisetron was also highly bound (4.04 + 0.8%
unbound) and the protein binding was essentially un-
changed within the studied concentration range of
lerisetron. The extent of binding to AAG was high but
significantly lower than in serum and in HSA and was
also independent of lerisetron concentration. The un-
bound lerisetron was significantly decreased in group II
cancer patients when compared with group I subjects
(2.38 £ 0.64% vs 3.70 = 0.70%; P < 0.001). No sig-
nificant changes in lerisetron binding were observed in
group III patients. HSA was diminished in both groups
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of patients and AAG was only significantly increased in
group II. Unbound lerisetron was correlated with AAG
in group II and with HSA in group III.
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Introduction

Severe nausea and vomiting are common and distressing
side effects associated with chemotherapy for malignant
disease. In many cases the frequency and severity of the
nausea and vomiting suffered are such that patients will
refuse further chemotherapy. The cytostatic-induced
emesis is due to activation of S5-hydroxytryptamine
(5-HT53) receptors [4, 16] and therefore the use of
appropriate doses of selective and potent 5-HT; receptor
antagonists could prevent this side effect [14].

However, important differences in pharmacokinetics-
pharmacodynamics (pk-pd) seem to exist amongst these
compounds which may have an impact on their clinical
applications [5]. Particularly, protein binding is a phar-
macokinetic parameter which can be very different
among drugs even though they may belong to the same
group [6, 22]. Although binding can alter both drug
distribution and elimination, influencing the effect of the
drug [3, 8], very few studies have dealt with this aspect of
5-HT; antagonists [17].

Lerisetron is a novel potent and selective 5-HT; re-
ceptor antagonist. This compound is being evaluated in
humans for its antiemetic activity, for both the preven-
tion and treatment of nausea and vomiting induced by
chemo- and radiotherapy in cancer patients [13]. Re-
search is underway to determine some of lerisetron’s
pharmacokinetic parameters (unpublished data) but, to
date, no reports exist on the protein binding character-
istics of lerisetron.

Several proteins may be involved in the binding of
drugs, mainly human serum albumin (HSA) and «;-acid
glycoprotein (AAG). The levels of HSA are decreased



and AAG concentrations are increased in physio-
pathological situations including cancer [24, 25]. Al-
terations of serum protein binding in cancer patients
are a very common occurrence and may have various
causes [1, 18], for example, a diminished HSA content
and an increased AAG content. Under these condi-
tions, drugs which bind to HSA or to AAG could have
their protein binding altered, as has been previously
reported for several drugs [2, 10]. Additionally, the
dynamic nature of the illness and its therapy, i.e. che-
mo- or radiotherapy can also affect protein binding of
drugs [10].

Because the free drug concentration is generally that
which is best related to pharmacological effects, changes
in the binding of drugs to serum protein could result in
suboptimal therapy [9, 19] or toxic effects [21], even
when the total drug concentration is within the thera-
peutic range. Knowledge of the protein binding behav-
iour of a new drug could help establish correct dosage
regimens in patients [§, 23].

The present study was designed to identify and
evaluate the factors affecting lerisetron binding to hu-
man blood proteins in cancer disease. The work con-
sisted of three parts: part 1 was intended to quantify
protein binding or lerisetron in human serum and to
assess its dependence on concentration; part 2 was aimed
at identifying the serum proteins to which lerisetron
binds; and part 3 was a comparison of protein binding
among cancer patients and healthy volunteers.

Patients and methods

Subjects

Six healthy drug-free volunteers aged from 28 to 57 years partici-
pated in part 1 of this study. All were within 10% of their ideal
weight and did not suffer a febrile illness during the 72 h before
entering the study. All control subjects manifested normal renal
and hepatic functions. The Ethics Committee of the Galdakao
Hospital granted ethical approval for venepuncture of healthy
subjects for the purpose of this study. The subjects involved in part
3 were divided into three groups. Group I comprised 11 healthy
drug-free volunteers aged from 28 to 55 years as controls. The
criteria for inclusion of this group were similar to those applied in
part 1. Group II comprised 9 patients aged from 35 to 65 years with
a histologically diagnosed tumour of various origins (prostate,
oesophagus, lung, colon, breast). They were undergoing regular
radiation therapy at the Hospital of Cruces (Vizcaya). Group III
comprised 18 patients aged from 30 to 50 years with a histologically
proved tumour of various types (tongue, lung, oesophagus, laryn-
ges) undergoing antineoplastic treatment. Owing to the state of
their disease, they were frequently prescribed drugs including
morphine, cimetidine, calcitonin, haloperidol and digoxin, none of
which is associated with known protein binding displacement at
therapeutic concentrations. In the 2 weeks prior to the study, none
of these subjects was given other drugs that could interfere with the
binding studies performed. Hospital Ethics Committee approval
was obtained and all patients gave their informed consent.

Blood samples 10-20 ml were collected by venepuncture at
between 9.00 and 10.30 a.m. into dry tubes for separation of serum.
Serum was immediately separated by centrifugation. For part 1 of
the study, three different serum samples were formed by pooling
serum from subgroups of three or four individuals from a total of
six individual donors.
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Lerisetron (F-0930) was obtained from FAES, S.A. and “C-leri-
setron was obtained from HRC (Huntingdon Life Sciences, Cam-
bridgeshire, England, UK)and had a specific activity of 28.07 mCi/
mmol. The radiochemical purity of the labelled lerisetron was 98%
as determined by thin-layer chromatography. A mixture of ap-
propriate amounts of radioactive and pure drug was used to pre-
pare a stock solution in buffer, pH 7.4. HSA (fatty acid free) and
AAG (purity 99%) were obtained from (Aldrich Quimica, Ma-
drid). All proteins were dissolved in buffer (pH 7.4; 120 mM NacCl,
SmM KCl, 2.5 mM CaCl,, | mM MgSoy, 20 mM TRIS) to obtain
protein concentrations of 600 and 50 pM respectively (physiologi-
cal serum concentrations).

Binding Experiments

Protein binding was determined by an ultrafiltration technique
using Amicon Micropartition units [12]. All serum samples (900 pl)
containing '*C-lerisetron (10 pl) were incubated at 37 °C for
10 min and then were immediately transferred to the ultrafiltration
device. These devices contain a membrane filter of controlled po-
rosity with a cut-off molecular weight (10 000 Da), which retains
plasma proteins and allows free drugs in solution to pass through.
Centrifugation was performed at 3000 r.p.m. and 37 °C for 8 min.
The binding of lerisetron to the membranes and devices was found
to be less than 1%. Serum pH did not affect protein binding of
lerisetron. After ultrafiltration, 100 pl aliquots of serum ultrafil-
trate were added to 10 ml of liquid scintillation. The “*C-lerisetron
concentration was assayed in the original serum-drug solution (Ct)
and in the ultrafiltrates (C,) by scintillation.

Experimental protocols

In part 1 the protein binding in pooled serum of six healthy subjects
was determined as described above. A wide range of lerisetron
concentrations were used, between the limits of 50 ng/ml and 2 pg/
ml. In part 2 (identification) 10 pl '*C-lerisetron was added to a
600 uM solution of HSA (n = 3) and to a 50 pM solution of
human AAG (n = 3) to give final concentrations ranging from
50 ng/ml to 2 pg/ml. The binding was measured in each sample as
described above. In part 3 (comparison) the binding of lerisetron in
group I subjects and cancer patients (groups II and III) was mea-
sured using '*C-lerisetron at the single concentration of 2 pg/ml.
Serum concentrations of AAG and HSA in all samples were
measured by the radial immunodiffusion method [11].

Statistical analysis

The results are expressed as means £ standard deviation. The
statistical analyses included Student’s z-test to compare the un-
bound percentage and protein levels between healthy subjects and
patients. A multivariate analysis was performed relating the un-
bound lerisetron and protein concentrations (AAG, HSA) mea-
sured in the same sample. This was followed by a linear regression
derivation. The limit of statistical significance was P < 0.05.

Results

Part 1 Lerisetron was extensively bound in pooled se-
rum. The percentage of unbound lerisetron was
3.70 £ 0.70 and it was independent of lerisetron con-
centrations ranging from 50 ng/ml to 2 pg/ml. The plot
of protein bound lerisetron (Cg) against unbound leri-
setron (Cy) for each concentration, across the range of
concentrations, permits the determination of the binding
characteristics. A linear plot indicates a nonsaturable
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Table 1 Percentage of unbound lerisetron [(C,/Ct) x 100] and
protein levels in serum from healthy (group I) and cancer patients
(groups II and III). The results are expressed as means + standard
deviation and range

Unbound HSA (g/1) AAG (g/l)
lerisetron (%)

Group | 3.70 £ 0.70 474 + 2.3 0.7 £ 0.1
(n = 11) (2.60-4.74) (39.8-59.5) (0.5-0.9)
Group 1T 2.38 + 0.64* 39.9 £+ 8.4%* 1.7 +£ 0.5*%
n=9) (1.25-3.47) (26.2-50.4) (0.8-2.3)
Group 111 517 £ 2.3 36.8 £ 9.1%** 09 £ 0.3
(n = 18) (2.0-13.0) (28.9-48.6) (0.5-1.6)

*P < 0.001; ** P < 0.02; ***P < 0.005

binding process and consequently the slope of the plot
represents the affinity constant, nKP (Cg = nKPCy;
r = 0.99). The behaviour here corresponds to a binding
system with a single class of nonsaturable binding sites
[23]. The mean value of the binding constant (nK) found
in serum was 6.5 + 0.5 x 10°> M.

Part 2 (identification) Lerisetron was bound to both
HSA and AAG. The mean percentage of unbound le-
risetron (2 pg/ml) in commercially available HSA was
4.04 + 0.80. The unbound percentage in AAG was
14.01 £ 2.0, significantly lower than in serum samples
(P < 0.001) and in HSA solutions (P < 0.001). No
changes over the studied concentrations of lerisetron in
either protein solution were observed. The binding
constant was 4.9 + 0.4 x 10° M~ and 1.4 £ 0.05 x
10° M~ " to HSA and AAG, respectively.

Part 3 (comparison) The results of this part of the study
are shown in Table 1. Serum concentrations of AAG in
group II cancer patients were significantly higher
(P < 0.001) than in group I subjects or group III pa-
tients. In contrast, both groups of patients (groups II
and III) had lowered serum concentrations of HSA.
Lerisetron was more extensively bound in group II
cancer patients than in group subjects. No changes were
observed in lerisetron binding in group III patients. The
percentage of unbound lerisetron in this group showed a
high interindividual variability, ranging from 2.0 to 13.3,
with a mean of 5.17 £ 2.3.

The multivariate analysis of unbound lerisetron
against both HSA and AAG showed that AAG partic-
ipated in drug binding in group II patients and HSA in
group III patients. Figure 1 indicates that lerisetron
binding was increased in group II patients in association
with increased AAG concentrations (r = 0.54;
P < 0.05). In patients from group III, a significant
correlation was only observed with HSA levels (Fig. 2)

Discussion

Lerisetron is being evaluated for its antiemetic activity in
humans but, until now, its protein binding properties
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Fig. 1 Correlation between in vitro lerisetron binding (% un-
bound) and serum AAG levels (g/l) in 11 healthy subjects (@,
Group I) and 9 cancer patients undergoing radiotherapy (OJ, group
II) (P < 0.05; r = 0.54)

have not been studied. Answering a series of questions
regarding binding would allow better prediction of the
pharmacokinetics, especially applicable to the design
stage of clinical studies [8, 23]. The questions include: (1)
whether the unbound fraction is constant over the ex-
pected concentration range, (2) whether the drug com-
petes for binding sites of coadministered therapeutic
agents, (3) which proteins are primarily involved in drug
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Fig. 2 Correlation between in vitro lerisetron binding (% un-
bound) and serum albumin level (g/l) in 11 healthy subjects (@,
group I) and 18 cancer patients receiving chemotherapy (¢, group
IID) (P < 0.05; r = 0.45)



binding, and (4) what is the interindividual protein
binding variability and the effect of disease on protein
binding behaviour.

When lerisetron was added to serum from healthy
volunteers, the percentage binding of unbound lerisetron
showed to modification with increasing drug concen-
tration (question 1). A linearity in the relationship be-
tween bound and unbound (free) drug concentrations
was observed, indicating nonsaturable kinetics. The
binding capacity (nK) indicates the strength of the drug-
protein association and is an essential parameter for the
assessment of the pharmacokinetic implications of drug-
protein binding. For example, it can be used for pre-
diction of Cy in various clinical situations using the
patient’s altered protein concentration value and it could
be useful for calculating initial doses of the drug [23].

On the basis of our results on lerisetron binding and
summarizing (answers to questions 1 and 2) we could
predict that: (a) changes in protein concentration would
have little effect on the percentage of unbound lerisetron
(high value of nK); (b) the extent of binding in whole
serum and isolated proteins is independent of lerisetron
concentration (nonsaturated process) showing a large
binding capacity. This could imply two specific advan-
tages in clinical use: (1) the percentage of binding will
remain constant over time after systemic lerisetron ad-
ministration, and (2) a lack on interactions involving
protein binding displacement could be expected.

Regarding questions 3 and 4, according to the present
study, HSA and AAG are both involved in lerisetron
binding. Serum binding of lerisetron in patients with
cancer was increased only in those patients undergoing
radiotherapy (group II); this group showed high levels of
AAG and low levels of HSA. However, in the other
cancer patient group (group III), protein binding was
not different from that in healthy volunteers. The vari-
ability was higher in this last group, probably because of
a higher variability in both protein levels. A lack of
correlation of lerisetron protein binding with these
proteins was observed when all patients were included,
but when the groups were evaluated separately, a weak
correlation was seen between unbound drug and AAG
in group II and with HSA in group III. In summary, a
weak association between the binding of lerisetron and
serum protein levels, as well as a preference of lerisetron
for AAG binding, was observed. This suggests that
other proteins (e.g. lipoproteins) or endogenous sub-
stances (e.g. bilirubin) could be implicated. This has also
been observed with other drugs such as etoposide [20]
and anthracycline [7].

This is the first report of lerisetron protein binding in
patients with cancer, and the study demonstrated that
patients undergoing radiotherapy fell into a distinct
group, in association with high levels of AAG. Impor-
tantly, the increased binding observed in this group
should not be extrapolated directly to all patients with
cancer, but only to those showing significant increase in
AAG concentration. Because these changes in protein
binding could yield a lower level of systemic exposure to
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unbound (active) drug at any given total drug concen-
tration [3], such patients could exhibit decreased phar-
macological effects from standard doses of lerisetron.

The repercussions of altered plasma protein concen-
tration on lerisetron kinetics and dynamics are difficult
to establish because they depend on pharmacokinetic
data in humans (i.e. whether elimination is largely re-
stricted to the unbound fraction or is unrestricted) and
these have not been reported. However, preliminary re-
sults from an experimental study in tumour-bearing rats,
with high AAG levels [15], show changes in both the
kinetic (Vd 4 and Cl {) and the dynamic (Csy T) pa-
rameters of lerisetron, suggesting that an increased
dosage could be necessary in cancer patients showing
high levels of AAG.

Acknowledgements This work was supported by a grant from the
Basque Country Government (No. PI94113). The authors express
their thanks to Dr. John Lukas of the Vermeer-Goldmann Institute
for reviewing the English version of this manuscript.

References

1. Abel CA, Good TA (1955) Isolation of an alpha;-acid glyco-
protein from the urine of a patient with Hodgkin’s disease. Clin
Chem Acta 14: 802-805

2. Abramson FP (1982) Methadone plasma protein binding: al-
teration in cancer and displacement from o;-acid glycoprotein.
Clin Pharmacol Ther 32: 652-658

3. Aguirre C, Troconiz IF, Valdivieso A, Jiménez RM, Gonzalez
JP, Calvo R, Rodriguez-Sasiain JM (1995) Pharmacokinetics
and pharmacodynamics of penbutolol in healthy and cancer
subjects: role of altered protein binding. Res Commun Mol
Pathol Pharmacol 92: 53-72

4. Andrews PLR, Rapeport WG, Sanger GJ (1988) Neuro-
pharmacology of emesis induced by anti-cancer therapy.
Trends Pharmacol Sci 9: 334-341

5. Andrews PLR, Bhandari P, Darvey PT, Bingham S, Marr HE,
Blower PR (1992) Are all 5-HTj; receptor antagonists the same?
Eur J Cancer 28A: 52-56

6. Arredondo G, Calvo R, Marcos F, Martinez Jorda R, Suarez
E (1995) Protein binding of itraconazol and fluconazol in pa-
tients with cancer. Int J Clin Pharmacol Ther Toxicol 33: 449—
452

7. Chassany O, Urien S, Claudepierre P, Bastian G, Tillement JP
(1994) Binding of anthracycline derivates to human serum
lipoproteins. Anticancer Res 14: 1-3

8. Du Souich P, Verges J, Erill S (1993) Plasma protein binding
and pharmacological response. Clin Pharmacokinet 24: 435—
444

9. Inoue M, Okajima K, Itoh K, Ando Y, Watanabe N, et al
(1987) Mechanism of furosemide resistance in analbuminemic
rats and hipoalbuminemic patients. Kidney Int 32: 198-203

10. Jackson PR, Tucker GT, Woods HF (1982) Altered plasma
drug binding in cancer: role of ao;-acid glycoprotein and albu-
min. Clin Pharmacol Ther 32: 295-302

11. Mancini G, Carbonara AO, Heremans JF (1965) Inmuno-
chemical quantitation of antigens by single radial inmunodif-
fusion. Inmmunochemistry 2: 235-238

12. March C, Blanke RV (1985) Determination of free valproic
acid concentrations using the Amicon Micropartition MPS-1
ultrafiltrate on system. Ther Drug Monit 7: 115-120

13. Orjales A, Mosquera R, Labeage L, Rodes R (1997) New 2-
piperazinyl-benzimidazole derivatives as 5-HT; antagonists.
Synthesis and pharmacological evaluation. J Med Chem 40:
585-593



422

14. Oxford AW, Bell JA, Kilpatrick GJ, Ireland SJ, Tyers MB
(1992) Ondansetron and related 5-HT; receptor antagonists:
recent advances. Progr Med Chem 29: 239-270

15. Raczka E, Valle M, Zamacona MK, Quintana A, Garrido MJ,
Jiménez RM, Suarez E, Troconiz IF, Calvo R (1995) Phar-
macokinetic/pharmacodynamic relationship of lerisetron in
control and tumor bearing rats: a preclinical study. IBC’s 2nd
Annual International Conference on Pharmacokinetic/Phar-
macodynamic Analysis. Int Buss Comm (ed) Washington DC.
441445

16. Richardson B, Engel G (1985) The pharmacology and function
of 5-HT; receptors. Trends Neurosci 9: 424428

17. Roila F, Del-Favero A (1995) Ondansetron clinical pharma-
cokinetics. Clin Pharmacokinet 29: 95-109

18. Rudman D, Treadwell PE, Wogler WR, Howard CH, Hollins
B (1972) An abnormal orosomucoid in the plasma of patients
with neoplasic disease. Cancer Res 32: 1951-1952

19. Steinberg SF, Bilezikian JD (1983) Total and free propranolol
levels in sensitive and resistant patients. Clin Pharmacol Ther
33: 163-171

20.

21.

22.

23.

24.

25.

Stewart CF, Pieper Ja, Arbuck SG, Evans WE (1989) Altered
protein binding of etoposide in patients with cancer. Clin
Pharmacol Ther 45: 49-55

Stewart CF, Fleming RA, Arbuck SG, Evans WE (1990) Pro-
spective evaluation of a model for predicting etoposide plasma
protein binding in cancer patients. Cancer Res 50: 6854-6856
Torres I, Suarez E, Rodriguez Sasiain JM, Aguirre C, Calvo R
(1995) Differential effect of cancer on the serum protein binding
of mianserin and imipramine. Eur J Drug Metab Pharmaco-
kinet 20: 107-111

Wright JD, Boudinot FD, Ujhelyi MK (1995) Measurement
and analysis of unbound drug concentrations. Clin Pharma-
cokinet 30: 445-462

Zini R, Riant P, Barre J, Tillement JP (1990) Disease-induced
variations in plasma protein levels. Implications for drug dos-
age regiments (Part 1). Clin Pharmacokinet 19: 147-159

Zini R, Riant P, Barre J, Tillement JP (1990) Disease-induced
variations in plasma protein levels. Implications for drug dos-
age regiments (Part II). Clin Pharmacokinet 19: 218-229



