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Lack of effect of treatment with human recombinant-tumour
necrosis factor (HrTNF) on the binding of quinidine to o,l-acid
glycoprotein (AGP)
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Tumour necrosis factor (TNF) is known to be a key mediator in the acute phase response
and its administration has been shown to cause a five fold increase in serum oti-acid
glycoprotein (AGP) concentration in the rat. Since, in man, plasma AGP level determines
the protein binding of many important drugs (e.g. narcotic analgesics, phenothiazines,
antiarrhythmics, calcium channel blockers) likely to be given to patients who will be
treated with TNF, it is important to determine ifTNF treatment of humans causes a similar
increase inAGP concentration and drug binding. Therefore, the plasma protein binding of
quinidine and the serum level of AGP were studied over a 4 day period in each of five
cancer patients who were treated with human recombinant-tumour necrosis factor (HrTNF)
using a dosage schedule of 6-8 x 10+5 units/M2 daily for 5 days. It was observed that the
quinidine binding ratio (the quotient of bound and free concentration in plasma) was
highly correlated with the plasma concentration of AGP (r = 0.818) and that the mean
pretreatment AGP concentration in the patients was about three times that found in
normal subjects. However, no effects of the TNF treatment regime used in the present
study could be demonstrated on either plasma AGP concentration or quinidine free
fraction. These observations allow the tentative conclusion that HrTNF does not cause a
significant increase in serum AGP level in cancer patients whose baseline AGP con-
centration is high. However, further study of the relationship between TNF treatment and
serum AGP level is needed.
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Introduction

Biological response modifiers such as tumour toxicity to some types of tumour cells, protection
necrosis factor (TNF) are currently of interest as of mice from certain malarial pathogens as well
potential antineoplastic agents (Creaven et al., as causing some of the symptoms associated with
1987; Old, 1987). TNF elicits many effects in- the injection of foreign proteins (Creaven et
cluding macrophage activation, direct cyto- al., 1987; Dinarello & Mier, 1987; Old, 1987).
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Furthermore, as a part of its well documented
role in the acute phase response, TNF causes
profound increases (2-20 fold) in the serum con-
centration of many proteins including hapto-
globin, C-reactive protein, fibrinogen and a2-
macroglobulin (Perlmutter et al., 1986; Gresser
et al., 1987).
The concentration of ao -acid glycoprotein

(AGP) is the principal determinant of the
protein binding of many basic lipophilic drugs
(e.g. propranolol, quinidine, most phenothiazine
antiemetics, many narcotic analgesics) in human
serum (Piafsky et al., 1978; Svensson et al.,
1986). Reports concerning the effect of TNF on
the serum concentration of this particular acute
phase protein are conflicting. It has been re-
ported that the administration of recombinant
murine TNF (20 ,ug; i.p.) to rats causes a five fold
increase in serum AGP concentration (Gresser
et al., 1987) but studies in cultured rat hepato-
cytes suggest only moderate increases in the
production of this protein (Koj et al., 1987).
Similarly, cultured human hepatoma cells either
did not increase their rate of synthesis of AGP
(Darlington et al., 1986) or exhibited a small
increase (Perlmutter et al., 1986) when exposed
to TNF. Clearly the results of such experiments
could be influenced by many factors including
the dose of TNF and the presence of other
biological response modifiers (Old, 1987;
Darlington et al., 1986). Based on the positive
response of rats to the in vivo administration of
TNF and the substantial evidence suggesting that
TNF has a major role in the acute phase response
in several species, it seemed appropriate to
examine the effect of human recombinant-
tumour necrosis factor (HrTNF) treatment on
plasma AGP concentration in patients who were
receiving this compound in the course of a phase
1 clinical trial. Thus, if TNF administration
caused plasma AGP concentration to increase
markedly, it would be expected to decrease the
free concentration of parenterally administered
(but probably not orally administered) drugs
which exhibit blood flow rate limited hepatic
clearance (Wilkinson & Shand, 1975). Examples
of such compounds which would be expected to
be extensively used in a patient population likely
to receive TNF include many phenothiazines
and narcotic analgesics. Most available data sug-
gest that such changes in free concentration
would be expected to be associated with a de-
creased pharmacologic effect (Huang & Oie,
1982; De Rick et al., 1987). For these reasons,
we performed a study of the effect of treatment
with HrTNF on the plasma concentration of
AGP in humans and on the binding of a model
lipophilic base (quinidine) in human plasma.

Methods

Five male patients, 40 to 65 years of age (median
56 years), received intravenous infusions (1 h) of
HrTNF (Asahi Chemical Industry Co., Ltd, The
Imperial Tower, Tokyo 100, Japan) at 24 h
intervals for 5 days at doses of 6-8 x 10+5U m-2.
Four of the five patients had renal cell carcinoma
and the remaining subject had a carcinoma of
the pancreas. All patients gave written informed
consent before entry to the study and the project
was approved by the Roswell Park Memorial
Institute Clinical Investigation Committee
(Institutional Review Board).

Heparinized blood samples were collected
prior to administration of the first TNF dose and
the subsequent samples were collected 24, 48, 72
and 96 h later (just before the 2nd, 3rd, 4th and
5th doses of TNF). Plasma was separated by
centrifugation and stored at -20° C. A review of
the charts of these patients confirmed that they
received no drugs known to influence plasma
AGP concentration in man. Furthermore, the
doses of all drugs known to bind to AGP were
sufficiently low such that any drug-drug competi-
tive interaction was unlikely (Goolkasian et al.,
1983). Specifically, two patients received
pethidine and one each received lignocaine,
prochlorperazine and chlorpromazine. The
details of the displacement of lignocaine by
chlorpromazine, pethidine, quinidine and ten
other lipophilic basic drugs as well as a detailed
assessment of the lignocaine-quinidine inter-
action have been reported previously from this
laboratory (McNamara et al., 1981; Goolkasian
et al., 1983). It is clear from these data and
considerations derived from the law of mass
action coupled with a knowledge of the concen-
trations of lignocaine, pethidine, chlorpromazine
and prochlorperazine which could be achieved
in patients (without causing severe toxicity), that
no significant drug-drug protein binding dis-
placement interaction should be anticipated.
For the control of fever, ketoprofen (50 mg

p.o.) was given to all subjects on the evening
preceding the first administration of TNF and at
08.00 h, 13.00 h, and 22.00 h each day for 5 days.
AGP concentration in plasma was measured

in each sample using a commercially available
radial immunodiffusion assay kit (Behring
Diagnosis, La Jolla, CA). The free fraction of
quinidine in plasma was measured by ultrafil-
tration (Amicon-Centrifreee system) of 1.0 ml
of plasma to which quinidine (2 ,ug/ml) had been
added in vitro. The pH of each sample was
adjusted to 7.40 ± 0.05 with 0.5 N H3PO4 since it
had previously been reported that the free frac-
tion of at least some lipophilic bases is highly



Short report 259

dependent on the hydrogen ion activity in serum
(McNamara et al., 1981). Samples were subse-
quently centrifuged for 15 min in a temperature
controlled unit (250 C) at 1250 g. The concentra-
tion of quinidine was measured in the ultra-
filtrates using a modification (Edwards et al.,
1987) of a previously reported h.p.l.c. method
(Drayer et al., 1977). The only other changes
made were related to sample preparation. Briefly,
20 ,ul of an aqueous internal standard solution
(quinine 2 ,g ml-l) was added to 100 ,u of
ultrafiltrate and gently vortexed. Sixty ,1u of the
mixture was injected and fluorescence intensity
was measured using an excitation wavelength of
340 nm. The quinidine free fraction was calcu-
lated as the ratio of unbound to total quinidine
concentration in each sample. All data are pre-
sented as the population mean ± one standard
deviation unless otherwise indicated.

Results
As has been reported previously for a population
of cancer patients (Ward et al., 1975), the pre-
treatment plasma AGP concentration was much
higher (2.23 ± 0.94 g 1- 1) than that observed in a
population of normal healthy subjects (-0.7
g 1-1). Consistent with this, the mean quinidine
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free fraction in our patient population (0.077 ±
0.017) was about half of that which we had
observed in a sample of normal subjects
(Edwards et al., 1984). There was a strong posi-
tive correlation (r = 0.818) between the quinidine
binding ratio (bound concentration divided by
free concentration) and plasma AGP concen-
tration (data not shown). Of greatest import-
ance, the data in Figure 1 suggest that treatment
with HrTNF did not cause an increase in plasma
AGP concentration or change the free fraction
of quinidine.

Discussion

Therapeutic and toxic effects are often corre-
lated more closely with free drug concentration
in plasma than with the total plasma concen-
tration of drug (Huang & (ie, 1982; De Rick et
al., 1987; Svensson et al., 1986). Thus, determin-
ing the effect of systemic administration of bio-
logical response modifiers such as TNF on drug
binding may be important because such treat-
ment might alter the plasma concentration of
many acute phase proteins and hence drug effect.
The observation that the HrTNF preparation (at
the doses employed) used in the present investi-
gation did not significantly affect plasma AGP
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Figure 1 Plasma al-acid glycoprotein concentration during a 4 day treatment period with HrTNF
(6-8 x 10i5 units m-2 daily x 5 days). Each symbol represents the results from a single patient and the
numbers given in the parenthesis at the end of each curve are the mean quinidine free fraction observed in
that individual followed by the range of free fractions which were observed over the study period. The
asterisks are the mean AGP concentrations from all subjects at the various time points.
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concentration or quinidine free fraction values
may reflect the small number of subjects studied
and the dosing schedule used. However, the
results of previous investigations on trauma
patients performed in this laboratory (Edwards
et al., 1982; Kirkwood et al., 1986) suggest that
the rate of increase in plasma AGP concen-
tration is quite predictable (i.e. it increases
-0.25 g I-day -'for the first 5-7 days post
trauma) and that normal subjects exhibit stable
AGP concentrations over periods of time such as
that employed in this study (Edwards et al.,
1982). Thus, given an adequate stimulus,
humans exhibit profound increases in the plasma
concentration of AGP.
The negative results observed in the present

investigation suggest a number of possibilities in
addition to those already discussed. First, in
man, unlike the rat (Gresser et al., 1987) TNF
may not be responsible for the increase in AGP
concentration which accompanies the acute
phase response. It is also possible that patients
with advanced neoplastic disease already exhibit
a near maximal rate of AGP synthesis (our sub-
jects had preteatment AGP levels which aver-
aged about three times the concentration seen in
normal subjects). Thus, a further stimulus to

AGP production may not have a measurable
effect. While we cannot rule out this possibility,
a subject in the present study who exhibited a
near normal plasma AGP concentration before
the initiation of TNF treatment did not demon-
strate a significant response to this treatment.
Finally, it should be noted that even if the specific
product of recombinant DNA technology which
we investigated was devoid of this particular
activity, increased serum AGP concentration
could still be associated with native TNF since it
is possible that minor differences in protein
structure exist (Wang et al., 1985). Several dif-
ferent biological response modifiers (TNF,
interleukin-1, various interferons, etc.) may
play a role in increasing serum AGP concen-
tration in man. It is prudent, therefore, to per-
form a systematic assessment of the effect of
each of these agents on plasma AGP concen-
tration as they enter early clinical trials.
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