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Abstract—Tissue and plasma samples were taken from normal and tumour bearing mice at
various time intervals following a dose of 30 mg kg™! TCNU given by various routes. TCNU

levels were measured by HPLC.

The results show that the route of administration influences plasma concentrations, bioavail-

ability and tissue and tumour concentrations. Intravenous administration gave 100% plasma
bioavailability but only 15% of this level was seen _following oral administration with consequently
lower levels in tissues and tumours. The effect of gastric contents played a major role in this
reduced biovailability and plasma levels increased to 65% following overnight fasting.

The differences in concentrations of TCNU observed here in plasma, tumour and normal
tissues after oral and intravenous administration may have important clinical implications and

may influence both anti-tumour activity and toxicity.

INTRODUCTION

Facrors which alter the concentration of a drug at
its primary site of action or the period of time which
a drug is available for activity at the biological
receptors must be considered in the use of cancer
chemotherapy [1]. In order to achieve its effect a
drug must first be presented in a suitable form at
an appropriate site of administration. It must then
be absorbed and distributed through the body to
the site of action. For the effects to diminish, the
drug must almost always be metabolized and or
excreted and the residues must be removed from
the body [2]. Therefore, although the outcome of
cancer chemotherapy may depend in the large part
on the inherent sensitivity of the tumour under
treatment, pharmacokinetic factors such as drug
absorption, metabolism and elimination are
extremely important in determining the dose sched-
ule and route of drug administration {3].

A drug enters the circulation by being injected
there directly, or by absorption from depots where
it has been placed. The most obvious advantage of
the intravenous route is that the drug is placed in
the circulation with minimal delay. The commonest
depot is the gastrointestinal tract, the drug having
been taken orally [4]. Most drugs are absorbed from
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the gastrointestinal tract by lipid diffusion of non-
ionized molecules. The intraperitoneal route is com-
monly used in animal experiments where diffusion
into the blood is rapid owing to the large surface
arca of the absorbing surface. Careful selection of
the route of administration may improve the anti-
tumour effect of a given drug by allowing it to reach
high concentrations in the areas of clinical need [1].

The nitrosoureas are well absorbed and disappear
rapidly from plasma but their metabolites may
persist for several days [5]. The major toxicity of the
nitrosoureas is delayed bone marrow suppression
commonly occuring 4-6 weeks after a given dose of
drug [6]. The most noteworthy effects in humans
have been against brain tumours and lymphoma
with lesser activity seen in lung cancer, melanoma,
myeloma and cancer of the colon [7]. 2-Chloroethyl-
N-nitrosourecas are extremely effective anti-cancer
agents in experimental tumour systems [7]. Unfor-
tunately their clinical value has been limited by
their pronounced and delayed toxicity especially
to the bone marrow. The development of new
analogues with equally good anti-tumour activity
but with reduced toxicity would provide a major
contribution to cancer chemotherapy.

TCNU (1-(2-chloroethyl)-3-[2-(dimethyl-amino-
sulphonyl}ethyl}-1-nitrosourea) is a new water sol-
uble nitrosourea. We have previously reported pre-
liminary results on the activity of TCNU given
intraperitoneally in a panel of transplantable adeno-
carcinomas of the mouse colon (MAC) with varying
sensitivities to standard nitrosoureas [8]. TCNU
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was active against all tumour lines tested, represent-
ing an improvement over standard nitrosoureas.
The activity against MAC 26 was particularly
interesting as this tumour is unresponsive to stan-
dard nitrosourcas. The latter improvements may
indicate that the water solubility of TCNU may
alter pharmacokinetics which may have therapeutic
implications. TCNU given orally has undergone
Phase I evaluation and objective responses were
seen in squamous cell, adenocarcinoma and large
cell carcinoma of the lung as well as mesothelioma
and breast cancer. It is well tolerated with throm-
bocytopenia being the dose limiting factor [9]. Phase
H evaluation in non small cell lung cancer, mela-
noma, breast cancer and colorectal cancer is now
in progress.

Experimental studies in this laboratory have dem-
onstrated that TCNU is sufficiently water soluble
to be administered intravenously at therapeutic
doses [10]. The aim of this study was to determine
the pharmacokinetic profiles and tissue disposition
of TCNU following oral, intraperitoneal and intra-
venous administration.

MATERIALS AND METHODS

Animals

The animals used were pure strain male NMRI
mice (average weight 30 g and aged 8-12 weeks)
from the colony of the Clinical Oncology Unit,
University of Bradford. With the exception of one
group of mice that was starved overnight, the ani-
mals were fed and watered ad libitum.

Tumours

The development of several adenocarcinomata of
the large bowel in NMRI mice from primary
tumours induced by 1,2-dimethylhydrazine has
been described elsewhere [11]. MAC 26 tumours
were transplanted into male mice by subcutaneous
implantation of tumour fragments into the flank.

Test compound

1-(2-Chloroethyl)-3-[2- (dimethylaminosulphonyl)-
ethyl]-1-nitrosourca (TCNU) was a gift from Leo
laboratories, Helsingborg, Sweden.

At all times TCNU was protected from light and
kept at 4°C to prevent breakdown.

Reagents

All solvents were at HPLC grade (May and
Baker, Dagenham, England) and other reagents
were of analytical grade. n-Propyl-p-hydroxyben-
zoate (Sigma Chemical Co., Poole, Dorset) and
triple distilled water were used.

Drug regimes
TCNU was given orally by gavage or injected by
the intravenous or intraperitoneal route in 0.9%

(w/v) saline (30 mg kg~ ! body wt).
g kg y

Preparation of plasma samples

Blood samples were taken by cardiac puncture
under ether anaesthesia, collected into heparinized
tubes containing 0.5 ml acetate buffer (0.2 M, pH 4)
to stabilize the TCNU. The samples werc centri-
fuged at 2000 g and 4°C for 10 min. The plasma
was removed and frozen and stored at —20°C until
analysed.

Preparation of tissue specimens

Mice were sacrificed and samples were taken of
liver, kidney, testes and tumour (MAC 26) and
frozen in liquid nitrogen and stored at —20°C until
analysis. They were homogenized in distilled water
(10% w/v) with 1 N HCI (20 pg/ml) added to
stabilize the TCNU. Samples (0.5 ml) of homogen-
ates were taken for protein estimation in duplicate.
The remainder was centrifuged at 2500 gfor 15 min
and supernatants were extracted for HPLC analysis.

Sample extraction

TCNU was extracted from plasma and tissues
using solid phase chromatography. Two hundred
microlitres of internal standard (n-propyl-p-
hydroxybenzoate 5 pg/ml in phosphate buffer pH
6.0) was added to the plasma/tissue sample
(50~200 pl). Bond Elut cartidges containing par-
ticles of C,g coated silica (Analytichem Inter-
national) were activated by passing ethanol (1 ml)
then phosphate buffer (1 ml) through under nega-
tive pressure. Plasma and tissue specimens were
added to the Bond Elut cartridges. The cartridges
were then washed with buffer and air dried. Two
hundred microlitres of 1% glacial acctate acid in
methanol was passed through the cartridges and
the eluents collected.

Chromatography

TCNU was measured by HPLC. A Lichrosorb
RP-18 column was used (Merck-BDH, Poole, Dor-
set) with a Cg pre column. An isocratic mobile
phase of 0.1% glacial acetic acid in water/acetoni-
trite (60/40) was pumped at a constant flow of
1.5 ml/min using a Waters (Milford, MA, U.S.A.)
6000A solvent delivery system. The injection was
10 pl and detection was at 229 nm using a Waters
Lambda-Max 480 LC spectrophotometer. For
measuring TCNU in tissues the isocratic mobile
phase was altered to 65/35 water/acctonitrile and
the flow rate decreased to 1.2 ml/min to enable
separation of the TCNU peak from an interfering
peak. A standard curve was prepared by the
addition of TCNU to control mouse plasma and
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plotting the ratios of peak areas of the compound to
the internal standards against drug concentration.
Peaks were traced and integrated with an Isaac
Model 42A data module (Cyborg Corporation,
U.S.A.),an Apple I1 E computer (Apple Computers
Inc. U.S.A.) and Appligration I1 software (Dynamic
Solutions Co-op, U.S.A.). The curve was linear over
a range of 0.1-20 pg/ml. Overall recovery time was
95% and the detection limit was approx. 5 ng/ml.
The coefficent of variation for replicate samples at
a concentration of 1 pug/ml was 7.8%.

Quantification of drug and metabolites in biological
specimens

The peak area of TCNU on the chromatograph
trace was measured and expressed as a ratio with
that of the internal standard and concentration
estimated from the calibration curve. Each value
was adjusted to take into account the volume of
plasma analysed and the dilution of whole blood
with acetate buffer. Concentrations of TCNU in
tissue specimens were adjusted to take account of
the 10% dilution of the tissue and the volume of
homogenate analysed. Final tissue concentrations
were expressed as a ratio to protein content,

In vitro stability studies

Twenty microlitres TCNU (500 pg/ml) was
added to 200 pl of solvent and incubated at 4°C
and 20°C. The solvents used were acetate buffer,
acetate buffer and mouse plasma and saline. Twenty
microlitres of each solution was added to 20 wl HCI
(to stop the reaction) and 200 pl internal standard
at time intervals up to 2h. TCNU was then
extracted using the Bond Elut cartridge and 10 pl
of the eluent injected into the HPLC.

Data analysis
The AUC was calculated for the blood level
time curves obtained with the various routes of

administration of TCNU.

Bioavailability

This is the ability of a drug to reach its target site
in an active form. The bioavailability of TCNU
after oral and i.p. dosing was calculated using the
following equation
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(AUC)lp or oral X?\,
(AUC),.,.

x° = concentration.

Bioavailability =
x

i.p. or oral

Statistical methods

Mean values and standard errors were calculated
for experiments repeated in triplicate. The differ-
ences between TCNU concentrations after various
routes of administration were tested for significance
using Student’s ¢-test.

RESULTS

The breakdown of TCNU in various media at
4°C and 20°C after 60 and 120 min is shown in
Table 1. Degradation was temperature and pH
dependent, being greatest in mouse plasma at 20°C
but this could be significantly reduced by the
addition of acetate buffer at pH 4.0. Analysis of
normal mouse plasma showed no interfering peaks
in the region of TCNU.

Figure 1 shows the plasma levels of TCNU follow-
ing a dose of 30 mg kg~! given by three routes. It
also demonstrates the effect of gastric contents on
the bioavailability of TCNU given by the oral route,
although absorption from both the gastrointestinal
tract and peritoneum are still rapid, with significant
levels being detected in the plasma 2 min after
administration (the shortest time that it was logist-
ically possible to obtain blood by cardiac puncture).
The presence of food in the stomach increased the
peak plasma time to 5 min compared with 2 min
by the other routes and in standard mice with
access to food also produced the greatest degree of
individual variation. The associated changes in
bioavailability are summarized in Table 2.

It can be seen that there are considerable differ-
ences in peak plasma concentrations, the highest
levels being after 1.v. administration and the lowest
following oral administration of fed mice. These
differences were significant (P < 0.0025) as was the
difference between fed and fasted mice (P < 0.01).
Comparison of the four AUCs consequently showed
that in this experiment the absolute systemic
bioavailability varied from 14.5% after oral admin-
istration to fed mice to 78.7% after 1.p. injection,
when compared to i.v. bioavailability.

Table 1. Stability of TCNU

Percentage TCNU remaining

4°C 20°C
60 min 120 min 60 min 120 min
Acetate buffer
and mouse plasma 94.4 87.0 87.1 74.1
Acetate buffer 74.8 74.3 68.6 41.9
Mouse plasma 84.7 83.5 44.5 13.4
Saline 97.5 95.0 69.9 60.8
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Fig. 1. Mouse plasma levels of TCNU following 30 mg/kg™" adminis-
tered by different routes (O i.v.; ® i.p.; O oral fasted and ® oral fed).
Points represent mean values obtained from three mice.

Figure 2 shows the levels of TCNU in plasma
and various tissues following an intravenous dose
of 30 mg kg™'. Peak levels probably occur in less
than 2 min in plasma, kidney and testes and at
5 min in liver and tumour. Figure 3 shows similar
data following oral administration. As might be
expected peak plasma levels are lower and the time
to reach peak levels with the exception of the liver
is longer, being as long as 10 min in the kidney and
tumour. The rapid uptake by the liver is indicative
of good gastric uptake and entry into the gastric
venous circulation.

Table 3 shows the levels of TCNU with time in
various tissues in fed mice bearing the solid MAC
26 tumour following a dose of 30 mg kg~ !. The
differential bioavailability between the oral and

100t *

TCNU (ug ml™)

Time ( min )

Fig. 2. Mouse tissue and plasma levels of TCNU following a dose of
30 mg/kg™! (i.v.) (® plasma; W liver; A kidney; A\ testis; O tumour).

intravenous route is clearly apparent but this does
not seem to result in any selective uptake by the
various tissues studied as the ratios of TCNU in
tissue and plasma are essentially similar by either
route. Similarly with the ratios of AUCs with the
possible exception of that in the tumour, route of
administration appears to have little influence.

DISCUSSION
The choice of the route of administration is hope-
fully based on the pharmacokinetic assessments of
bioavailability and the feasibility of formulating an
acceptable dose preparation. An acceptable dose is
one which will achieve prolonged plasma levels
above a minimal anti-tumour concentration but

Table 2. Peak plasma concentrations, AUCS and bioavailability of TCNU in plasma following i.v., i.p.

and oral administration of 30 mg kg~

1

Route of Peak plasma AUC Bioavailability
administration concentration (pg/ml) (mghml™") (%)
iv. 61.1 8.46 100
i.p. 41.49 6.66 78.7
Oral (fasted) 26.51 5.47 64.7
Oral (fed) 6.6 1.23 14.5
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Fig. 3. Mouse tissue and plasma levels of TCNU following a
dose of 30 mg/kg™! (oral) (® plasma; W liver; A kidney; A

testis; O tumour).

below levels toxic to the host [3]. This study has
shown how the route of administration can influence
the bioavailability of TCNU and its subsequent
concentrations in tissues and tumour.
Pharmacokinetic studies on many anti-cancer
agents have been limited by their instability. Nitro-
soureas decompose nonenzymatically at a relatively
rapid rate when exposed to varying conditions of
pH, temperature and media. They also undergo
base catalysed decomposition to generate the alky-
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lating chloroethyldiazonium hydroxide entity and
metabolic transformation [5]. The preliminary stud-
ies were necessary to confirm the validity of the
results obtained. The addition of acetate buffer to
plasma and maintaining samples at 4°C reduced
initial variations seen when measuring TCNU.

The results clearly show how the route of adminis-
tration effects the concentration of TCNU in plasma
and tissues. The low and more varied bioavailability
of TCNU following oral administration may have
some therapeutic significance. However we have
shown [10] that this has little effect on anti-tumour
activity but slightly higher doses can be given by
the oral route.

The differing bioavailability seen between oral
and intravenous administration seems to have only
quantitative rather than selective influence on nor-
mal tissue disposition but in the case of tumour
there is a hint of selectivity as shown by the ratios
of the AUCs by the two routes. This perhaps
indicates that prolonged exposure or repeated lower
doses may have a therapeutic advantage. There is
evidence to suggest that in experimental systems
repeated doses are well tolerated and not associated
with the conventional cumulative toxicity. Anti-
tumour activity experiments along these lines are
currently in progress.

Although this study has shown that the bioavail-
ability of TCNU is significantly reduced by the oral
route compared with intravenous administration,
high levels of drug still rapidly reach the circulation
indicating good gastric absorption. This is emphas-
ized by the short peak concentration time in the
liver. This finding suggests that TCNU possesses
high lipid solubility like other nitrosoureas, facilitat-
ing rapid transport into cells and across membranes
[5]. However, the water solubility of TCNU at
therapeutic doses may confer disposition properties
not seen with standard nitrosoureas. This may be
a significant factor in its improved experimental
therapeutic activity.

Table3. TCNU tissue levels (ug/g tissue)

30 mg kg=' TCNU MAC 26
Plasma Liver Kidney Testis Tumour
Oral iv. Oral Lv. Oral Lv. Oral Lv. Oral iv.
2 min 4.76 61.1 17.4 43.5 2.0 169 <0.8 10.9 0.06 14.5
5 min 6.6 20.1 3.21 68.7 12.6 108 4.4 7.0 0.28 27.2
10 min 2.41 21.0 0.24 15.1 20.2 132 <0.8 251 1.32 9.3
30 min <0.27 0.53 <0.2 <0.2 2.14 145 <08 <0.8 0.24 1.84
60 min <0.27 <0.27 <0.2 <0.2 <0.4 <04 <08 <0.8 0.073 0.44
AUC (pg.h/ml) 1.23 8.46 1.05 9.40 6.0 47.6 0.35 1.75 0.41 5.23
tissue 1.0 1.0 0.79 1.11 4.5 5.62 0.26 0.21 0.31 0.47
AUC
plasma
iv. 6.36 8.95 79 5.0 12.6
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