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Abstract

The chemica substance 2-(2-nitro-4-trifluoromethylbenzoyl)-1,3-cyclohexanedione (NTBC) is in clinical use for the
treatment of hereditary tyrosinemia type 1. In the present study, the plasma concentration of NTBC was determined by a
coupled column liquid chromatographic method. A 20-pl volume of plasma was diluted with phosphate buffer, pH 2, and
injected into a small precolumn (BioTrapAcid C,,) with a mobile phase containing sulfuric acid. The precolumn was based
on the restricted access principle, i.e., retention of NTBC within the lipophilic pores, while polar and large endogenous
compounds were eluted with the void volume. NTBC was transferred to the analytical column using a mobile phase with a
high content of acetonitrile. The compound was monitored by UV detection at 278 nm. The standard curve was linear
between 0.3 and 69 M, and the between-day precision (RSD) was 3% (n=6 days) a 13.8 uM and 14% (h=6 days) at 0.3
pM NTBC in plasma. The quantitation limit was approximately 0.3 wM using 20 pl of plasma. O 1999 Elsevier Science
BYV. All rights reserved.
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1. Introduction type 1 (HT-1) [2,4-6]. HT-1 is caused by a de-
ficiency of fumarylacetoacetase, the last enzyme in
NTBC, which is a member of the triketone class tyrosine degradation [7], leading to accumulation of
of compounds (Fig. 1) [1], inhibits the activity of toxic tyrosine metabolites primarily in the liver and
4-hydroxyphenylpyruvate dioxygenase (HPD), an
enzyme involved in an early step of the tyrosine
catabolic pathway [2,3]. NTBC's ability to block % O NO2
HPD has led to its development as the first effective
pharmacological therapy for hereditary tyrosinemia
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Sweden. zoyl)-1,3-cyclohexanedione (NTBC).
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kidney. Acute hepatic failure and chronic liver
disease with cirrhosis and liver carcinoma frequently
develop in patients with HT-1, and fatal outcome at a
young age is common [8]. Restriction of phenylala-
nine and tyrosine intake has previously been the only
standard treatment of HT-1. The diet may improve
liver and kidney function, but does not prevent a
progressive course of the disease [8], making liver
transplantation the ultimate treatment. The prelimin-
ary results of a prospective, international study on
the efficacy and safety of NTBC treatment in HT-1
have been presented [5,6]. Daily NTBC treatment
seems to prevent the accumulation of toxic degra-
dation products, and significant biochemical and
clinical improvement of liver and kidney function
has been observed. The short-term results demon-
strate that NTBC treatment is superior to dietary
treatment alone [2,5,6,8], and the use of NTBC has
reduced the number of patients who are in urgent
need of liver transplantation due to acute liver
failure.

So far, no method has been published for the
determination of NTBC in plasma. In order to
determine the pharmacokinetics of different formula-
tions of NTBC, a liquid chromatographic method
was developed. The method is based on direct
injection of plasma into a coupled column liquid
chromatographic system with UV detection. The
precolumn used in this system, BioTrapAcid C,g,
has a biocompatible external surface that is covered
with «,-acid glycoprotein and it has a hydrophobic
surface within the pores. The precolumn has previ-
ousy been used for determination of the plasma
concentration of carbamazepine, phenytoin, ibupro-
fen and naproxen [9]. Furthermore, a second genera-
tion of BioTrap columns has been introduced after
the development of this method. The new generation
enables injection of larger volumes of plasma, i.e, 1
ml [10]. In two recently published articles, various
types of columns based on principles of restricted
access were reviewed [11,12].

2. Experimental

2.1. Chemicals

NTBC [2-(2-nitro-4-trifluoromethylbenzoyl)-1,3-
cyclohexanedione] was supplied by Swedish Orphan

(Stockholm, Sweden). Acetonitrile (LiChrosolv qual-
ity), sulfuric acid (ultra-pure quality), sodium
dihydrogen phosphate monohydrate and ortho-phos-
phoric acid (85%) were received from Merck (Darm-
stadt, Germany).

2.2. Chromatographic system and conditions

A scheme of the coupled column system is shown
in Fig. 2. The chromatographic system consisted of a
CMA 200 microsampler (Microdialysis, Stockholm,
Sweden), with a loop volume of 20 ul. The six-port
switching valve, V1 (Valco, Houston, TX, USA), was
equipped with an electric actuator and was controlled
by the autosampler. Two pumps were used, a
Gynkotek M480G gradient pump (Gynkotek,
Munich, Germany) for the analytical column (pump
A) and an LKB 2150 (Pharmacia, Stockholm,
Sweden) for the precolumn (pump B). The pre-
column, a BioTrapAcid C,g, 10X3 mm (Chrom-
Tech, Hagersten, Sweden) was inserted in the back-
flush mode into the valve. The mabile phase for the
precolumn was 0.01 M sulfuric acid and the flow-
rate was 1.0 ml/min. The analytical column was a
YMC basic, 3um, 150X 3 mm, (YMC, Kyoto, Japan)
equipped with a guard column (Upchurch CN, 5um,
10X2 mm; Upchurch Scientific, Oak Harbor, WA,
USA). The mobile phase for the analytical column
was 50% acetonitrile in phosphate buffer, pH 2
(ionic strength=0.01) and the flow-rate was 0.4 ml/
min. The detector was a Gynkotek UVD320S (Gyn-
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Fig. 2. Scheme of the coupled column system.
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kotek), diode array detector used at 278 nm. Data
were collected and processed by a Gynkosoft inte-
grating system version 5.30 (Gynkotek).

2.3 Preparation of plasma samples

Blood samples were collected, centrifuged and the
plasma was stored at —20°C. After thawing, the
plasma samples were mixed and centrifuged at 7000
g for 5 min. A 20-pl volume of plasma was diluted
with 20 pl of phosphate buffer, pH 2 (ionic
strength=0.5). A volume of 20 wl was injected into
the BioTrapAcid C,g column.

2.4. Preparation of a standard curve and quality
control samples

A standard curve containing one, zero and eight
different concentrations of NTBC between 0.3 and
69 M was used. The standard samples were pre-
pared each day by adding 10 wl of various con-
centrations of NTBC, dissolved in phosphate buffer,
pH 7.4, to 190 ul of plasma. Quality control samples
in plasma were prepared at two different concen-
trations of NTBC, i.e, 0.3 and 13.8 puM, and the
samples were stored at —20°C. Two separate stock
solutions of NTBC were used for the standard
samples and the quality control samples. The stan-
dard samples and the quality control samples were
diluted with phosphate buffer, pH 2 (ionic strength=
0.5) before injection, in a similar way to that used
for the plasma samples. Each anaytica batch in-
cluded one standard curve, two quality control
samples at each level and about 50 samples. Further-
more, a standard control sample was injected every
tenth injection to ensure the stability of the chro-
matographic system.

2.5. Purification of plasma on the precolumn

The time schedule for the switching events is
shown in Table 1.

The plasma sample was injected into the pre-
column with acidic mobile phase. The endogenous
polar plasma components were eluted to waste, while
NTBC was adsorbed within the hydrophobic pores.
After 2 min, the valve switched the flow direction on
the precolumn and NTBC was desorbed and eluted

Table 1
Switching events
Time Valve Event
(min) position
0.0 Load Injection of diluted plasma into the

precolumn. NTBC is adsorbed within
the pores and plasma components are
eluted to waste.
20 Inject The precolumn is connected in series with
the analytical column. NTBC is eluted into
the analytical column.
10.0 Load The precolumn and the analytical
column are disconnected. The pre-
column is equilibrated with sulfuric
acid

16.0 End. Next injection

into the analytical column with the mobile phase
containing a high content of acetonitrile and phos-
phate buffer, pH 2, ionic strength=0.01. After
another 8 min, the two columns were disconnected
and the precolumn was reequilibrated over 6 min
with sulfuric acid (0.01 M) before the next injection.

3. Results and discussion
3.1. Chromatography

31.1. Analytical column

NTBC is lipophilic and has weak acid properties
due to the hydrogen in the first position in the
cyclohexane ring (Fig. 1). At pH 2, when NTBC is
neutral, the retention of NTBC was increased com-
pared to that found at pH 7. A content of about 20%
acetonitrile at pH 7 gave about the same retention
time as 50% acetonitrile at pH 2. A high content of
acetonitrile on the second column has the advantage
of giving desorption from the precolumn in a small
volume. A further enrichment will be achieved on
the top of a hydrophobic analytical column, such as
YMC basic. Furthermore, the efficiency on the
analytical column was higher at alow pH, as well as
on a base-deactivated column compared to an or-
dinary reversed-phase column.
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3.1.2. Precolumn

The mobile phase on the precolumn was acidic in
order to increase the enrichment on the precolumn
and to decrease the protein binding of NTBC (see
‘Dilution of plasma below). The precolumn was
used in the backflush mode, which gave about a 10%
contribution to the band-broadening of the peak. In
the foreflush mode, the band-broadening was con-
siderably higher.

The times for the switching events should be kept
as short as possible to give as many injections as
possible per hour. However, during the loading time,
the polar compounds and the proteins should be
eluted to waste in order to protect the anaytical
column. The loading time was optimized by compar-
ing the width of the front disturbances on the
analytical column. Neither the width of the front
disturbances nor the recovery of NTBC was affected
by changing the loading time between 2 and 10 min.
A loading time of 2 min was chosen. The desorption
time influenced the carry-over between the injec-
tions. By increasing the desorption time from 2 to 8
min, the contamination decreased, from 3% to less
than 0.9%, when a plasma sample containing 69 pM
NTBC was injected before a blank plasma sample.
However, the carry-over cannot be neglected, when
the concentration range is between 0.3 and 69 uM. A
careful examination has to be performed of the
concentration of the previous sample in the auto-
injector, before the actual concentration in the next
sample is accepted.

The recovery from the precolumn depended on the
injected volume of plasma. Plasma volumes of up to
200 pl, diluted 1:1 (v/v) with phosphate buffer, pH
2, could be injected with a recovery higher than
90%. In this study, the injection volume of diluted
plasma was only 20 pl. The lifetime of the pre-
column is dependent on the number of injections and
the total volume of plasma injected. A continuously
shorter retention-time of NTBC was obtained on the
precolumn (BioTrapAcid C,g), probably due to
irreversible adsorption of small amounts of endogen-
ous compounds. The breakthrough was initially
investigated on two precolumns. In this system, the
breakthrough of the precolumn came after about 100
injections of 20 pl of diluted plasma. The break-
through was not preceded by an increase in back-
pressure on the precolumn or an increased peakwidth

(a change in efficiency) on the analytical column.
Therefore, the performance of the precolumn was
controlled by evaluating the peak area on the ana
Iytical column of the ‘standard control samplée
injected every tenth injection. Normally, one batch
containing about 80 injections of 20 wl of plasma
was completed before the precolumn was discharged
and replaced. The analytical column was stable for
more than 1000 injections.

3.2 Dilution of plasma

The recovery of NTBC from plasma samples was
tested at one concentration level, e.g. 2.7 M NTBC.
The recovery increased on diluting the plasma before
injection into the precolumn. Undiluted plasma gave
a recovery of 60% compared to dilution to pH 2.
Dilution to pH 5 gave a recovery of 80% compared
to dilution to pH 2. This is probably a combined
effect of less binding of NTBC to the plasma
proteins at the low pH and an increased enrichment
on the precolumn.

3.3 Adsorption

The absolute recovery of NTBC from the pre-
column was determined by comparing the peak areas
on the analytical column after injection of plasma
samples on the precolumn, with the peak areas of
buffer samples injected directly on the analytical
column. The samples were diluted 1:1 (v/v) with
phosphate buffer, pH 2. A dlightly higher recovery of
NTBC was obtained from diluted plasma compared
to phosphate buffer, pH 7.4. A possible explanation
is a higher adsorption to the walls in the vials and the
tubes when the compound is dissolved in phosphate
buffer compared to plasma, which contained a lot of
competing agents. An adsorption effect has previous-
ly been shown for other compounds in two similar
types of systems [9,13]. However, in routine analy-
sis, the adsorption is not a problem as long as the
standard samples are prepared in plasma.

34. Sdectivity, sensitivity, repeatability and
linearity

A typical rat plasma sample chromatogram before
dose and 24 h after intravenous administration of
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Fig. 3. Typica chromatograms of rat plasma before dose (A) and 24 h after an intravenous dose of 10 pumol/kg NTBC (B), respectively.

The plasma concentration was 8.8 uM NTBC.

NTBC (10 pmol/kg) is shown in Fig. 3A and B,
respectively. The rat plasma sample 24 h after a
single dose had a concentration of 8.8 wuM NTBC.
The within-day precision was initially determined at
two different concentrations using spiked blank
plasma samples. The between-day precision over six
days was determined using spiked plasma samples at
two different concentration levels. The limit of
quantitation was 0.3 wM when 20 wl of diluted
plasma were injected. The within-day and the be-
tween-day precision are shown in Table 2. The
concentrations of the between-day quality control
samples and the standard curve were chosen to cover
the expected concentrations of the rat plasma sam-
ples. The standard curve was caculated by 1/X

weighted linear regression analysis of the concen-
tration of NTBC versus the peak height. The back-
caculated values are shown in Table 3. The cdli-
bration curve was linear within the range 0.3—69
M. No decrease in the concentration of NTBC (6.4
pM) in rat plasma was observed during storage at
—20°C for at least one year.

3.5. Time-course of NTBC in plasma
Fig. 4 shows a time course of the plasma con-

centration of NTBC in one rat 0—48 h after a single
intravenous dose of NTBC (10 pmol/kg). The

Table 2
Added RSD n n
concentration (%) (days)  (quality control
(uM) samples)
Within-day precision

25 15 8
61 3.0 8
Between-day precision

03 135 6 12
138 3.0 6 12

Table 3
Back-calculated values of the standard curve for NTBC in plasma
Standard Back-calculated Deviation
concentration concentration (%)
(nM) (nM)
0.28 0.27 -44
1.37 117 —14.9
2.76 2.35 —14.7
6.93 6.66 -39
13.9 13.2 — 48
254 26.0 22
34.7 349 0.6
69.3 70.0 10
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Fig. 4. Time course of the plasma concentration of NTBC in one rat 0-48 h after a single intravenous dose of NTBC (10 wmol/kg).

results of a pharmacokinetic study of NTBC in the
rat are currently being evaluated.
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