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Abstract 

GII47211 (GG211) is a camptothecin analogue, which exhibits antileukemic and antitumor activity by 
blocking DNA synthesis. The drug stability considerations and specimen handling were important aspects in 
method development and validation. This method involves collection of blood at the clinical site. immediate 
freezing, and storage at -70°C. The lactone fornl is extracted from blood at physiological pH with a 
mixture ol + n-butyl chloride and acctonitrile (4:1); the carboxyhite is not extracted under these conditions. 
After evaporation the extract is injected into an tlPLC system with a tluorcsccncc detector set at 
378/420 nm. The internal standard used is 6,7-dimethoxy-4-mcthylcoumarin. The main advantages of the 
procedure are the separation of lactone and cltrboxylate by means of extraction, simpliticd specimen 
collection at clinical sites and the ability to inject almost .'ill of the extracted material (extraction recovery, 
60'¼,) into an I IPLC system. The method has been validated over the range 0.15 ~ 100 ng ml t with sutlicient 
precision and accuracy (coefficient of variation below 10%) to support pharmacokinetic studies. Under the 
conditions of this procedure, the drug is stable in human blood at -70°C tbr at least 93 days, its well as 
through two additional freeze-thaw cycles. 

Kt3'words: Camptothecin an:ilogue; Fluorescence detection; Gil47211; High-performance liquid chromatog- 
raphy; Fluman blood 

!. Introduction 

In 1966, Wall and co-workers [I] discovered 
a new antieoplastic agent, a natural alkaloid, 
camptothecin, isolated from the Chinese tree 
Campthoteca acttminata. Camptothecin is a to- 
poisomerase I inhibitor, and in its presence 
supercoiled duplex DNA is prevented from 
relaxing and consequently from replicating and 
transcribing. Camptothecin and its congeners 
show antineoplastic activity against melanoma, 
non-small-cell lung cancer, adenocarcinoma, 
and leukemia. The crucial element of  the struc- 
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ture is the presence of the intact ~-hydroxy-+~- 
lactone ring moiety, which is essential for both 
passive diffusion into cancer cells and for drug 
interaction with topoisomerase 1. In acidic 
medium, this ring remains intact; in the basic 
medium it opens, yielding an inactive carboxy- 
htte form. At physiological pH around 7.4, the 
two forms remain in equilibrium shifted to- 
wards the carboxylate. 

Despite its promise, camptothecin did not 
become a successful drug due to its poor water 
solubility and toxic side effects (myelosuppres- 
sion, hemorrhagic cystitis and severe diarrhea). 
However, a number of  its more soluble ana- 
logues have been synthesized, and are undergo- 

reserved 
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ing clinical trials - -  topotecan (SKF 104864), 
irenotecan (CPT-! I), 9-aminocamptothecin. 
The lactone-carboxylate equilibrium is com- 
mon for this group, and their mechanism of 
action is the same as that of camptothecin. The 
analytical literature on camptothecin and ana- 
logues in biological fluids is quite extensive. 
There are a number of  analytical problems 
common to this group of  compounds. The 
most important is whether to measure the lac- 
tone and carboxylate in the same assay: the 
alternative is to measure lactone only in one 
assay and total [actone in another, after acidifi- 
cation of the sample and conversion of  the 
carboxylate. A number of researchers opted for 
the former [2-5], and an almost equal number 
for the latter [6-10]. 

Another isstie is sample preparation. Hcrc 
the method of choice is protein precipitation 
with organic solvents [2,3,5,9,10], followed by 
solid-phase extraction [4,6.7], and lastly, 
protein precipitation combined with liquid- 
phase extraction [8]. 

The final and most important issue is the 
preservation of sample integrity and the ratio 
of lactonc to carboxylatc. This is quite uni- 
formly solved by the rapid harvesting of  
plasma from blood, followed by qt, ick plasma 
processing to obtain organic extracts, as camp- 
tothccin analogues tire stable in organic sol- 
vents at low temperature. 

G1147211 [11] is a new camptothccin ana- 
logue developed as an anticanccr drug by 
Glaxo inc. The structure is shown in Fig. 1. 
The aim of this project was to develop and 
validate an analytical procedure, including 
sample collection and handling, of sutlicicnt 
sensitivity (subnanogram per milliliter), preci- 
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Fig. 1. Structure of G1147211. 

sion and accuracy to support effectively phase I 
of drug development and beyond. This is the 
first communication in the literature on the 
determination of G1147211 in biofluids. 

2. Experimental 

2.1. Materials 

G1147211 dihydrochloride dihydrate (molec- 
ular weight, 609.5: free base, 518.5) was synthe- 
sized at Glaxo Inc. Research Institute. The 
internal standard 6,7-dimethoxy-4-methylcou- 
marin was obtained from the Aldrich Chemical 
Company (Milwaukee, WI). Human serum al- 
bumin fraction V (HSA) was purchased from 
Sigma (St. Louis, MO). All the other reagents 
and solvents were of HPLC grade, obtained 
from local suppliers and used without further 
pt, rification. 

2.2. Chromatographic conditions 

Chromatography was performed with use of 
a system consisting of  a model LC-10A pump, 
tin autoinjector SIL-IOA, a system controller 
SCL- 10A, and a Iluoresccnce detector RF- 10A 
(all from Shimadzu, Columbia, MD) set at 
an excitation wavelength 378 nm and tin emis- 

sion wavelength 420 nm. The column (250 x 
4.6 mm i.d.) was packed with BDS Hypcrsil 
C8, 51.tin particle size (Keystone Scientific), 
and equipped with an RPI8 Newguard guard 
column (15 × 3.2 mm i.d.; Brownlee, AB! Ap- 
plied Biosystems+ San Jose, CA). The column 
was kept at 30°C in a column heater. The 
flow rate of the mobile phase was 1.7 ml 
min-~ with a resulting back pressure of about 
150kgcm -2 The data were collected by a 
Hewlett-Packard-based Laboratory Automa- 
tion System (LAS). Linear regression calcula- 
tions with I/x-" were made by in-house- 
developed software (PRANBAS, version 
2.03.00). 

2.3. Mobile phase 

The mobile phase was prepared by adding 
500ml of  acetonitrile, and 200 ml of ammo- 
nium acetate buffer (pH 5.5; l m) to a 21 
volumetric flask. The flask was then brought to 
volume with water, and the solution was stirred 
and filtered through a 0.45 t.tm Nylon filter. 
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2.4. Calibration of stan&trds preparation 2. 7. Kinetic experiments 

The calibration standards in human blood 
were prepared by adding appropriate volumes 
of GI147211 spiking solutions in 0.01 M HCI 
to freshly collected heparinized human blood, 
mixing and storing on ice until extraction. The 
standards were prepared fresh daily; the spik- 
ing solutions were diluted also daily: amber 
glass was used to store the solutions. The qual- 
ity control samples (QCs) were prepared to 
simulate the conditions in clinical samples, 
where both the lactone and acid exist at differ- 
ent ratios, generally close to 1:1. The quality 
control samples were spiked at equal concen- 
trations with lactone and also with the acid 
form of the drug, which wits obtained by dilut- 
ing initial acetonitrile-solvated stock solutions 
(20 ~tg ml -i) with 0.05 M NaOH. After taking 
aliquots, I-ml fractions were stored at - 7 0 ° C  
(+5°C)  and thawcd on the day of analysis. 

2.5. Clinical samph" colh'cthm 

Blood sltmplcs wcrc collected in hcparinized 
glass tubes, and were placcd immcdiatcly in an 
ice water  bath for no longer than 30 rain, then 
frozen at - 7 0 ° C  until analysis. Upon arrival at 
the Clinical Pharmacology Laboratory at the 
Glaxo Research Institute, the samples were 
thawed in an ice-water bath, divided into two 
or three l-ml atiquots, one of which was usu- 
ally extracted the same day. The remaining 
sample and aliquots were rcfrozen for future 
analyses. 

2.6. Extraction procethtre 

To a 1 ml aliquot of the standard, quality 
control blood or a clinical sample stored on ice, 
the internal standard wits added (1001al of 
6,7-dimcthyl-4-methylcoumarin, 200 ng ml-  t in 
water). After mixing, 5 ml of  a n-butyl chlo- 
ride-acetonitrile (4:1, v/v) mixture were added 
and the tubes were mixed for 15 rain on a 
rotomixer at about 60 rev min -t. After extrac- 
tion, the sltmples were centrifuged at 1000g for 
10 min at - 10°C, and the upper organic layer 
was transferred to a glass tube and evaporated 
to dryness at 37°C. The residue was dissolved 
in 200vtl of an acetonitrile-0.1 M sodium 
phosphate monobasic (1:4, v/v) mixture. A vol- 
ume of I00 I.tl was injected into the chromato- 
graphic system. 

Kinetic experiments were carried out on 
plasma, human serum albumin (HSA) solution 
(50 mg ml-~) in phosphate-buffered saline 
(PBS). and on blood. The pH of  the matrices 
was monitored by means of a pH meter and/or 
adjusted to the required pH by adding small 
volumes of  2 M HCI or NaOH. The experi- 
ments on the plasma and the HSA involved 
spiking GII47211 at 40 .0ngml  -t into the 
medium, the addition of the internal standard 
at 100 ng ml-~, and incubation at 0, 22. and/or 
37°C. At specified sampling times, 20 rtl of  the 
mixture were injected directly into the chro- 
matographic system described above: a shorter 
150 × 4.6 mm C8 column was used. The experi- 
ments on blood involved spiking G1147211 at 
475 ng m l - t  addition of  the internal standard 
at 2380ngml -~ and incubation. At specified 
sampling timcs. 50 ~tl of the blood wcrc diluted 
with 0.5 ml of PBS (pH 7.33), and 50 ~tl of the 
mixture were injected into the system. The 
proccdurc described here was, of  course, harm- 
ful to the colunm, yet by minimizing the vol- 
ume injected we were able to complete the 
experiment while maintaining satistactory 
chromatography. 

The pseudo tirst-order hydrolysis rate con- 
stant, k, was calculated as the slope of the plot 
of the natural logarithm of the difference be- 
tween the lactone concentration at a time t and 
at equilibrium versus the incubation time. The 
half-life, t~2, was calculated as 0.693/k. 

3. Results 

3.1. Precision aml acc,tra O, 

A set of seven calibration standards, a zero, 
a drug-free blood sample (,'ill in duplicate), 
quality control samples at three concentration 
levels (in duplicate) prepared by a primary 
analyst, and a set of  quality control samples 
formulated by a secondary analyst were ana- 
lyzed on each of four validation days. The 
calibration curve covered the range from 0.15 
to 100.0ngml -t.  The peak height ratio wits 
used for quantitation. A linear regression anal- 
ysis using a least-squares fit was performed 
with the squared reciprocal of the drug concen- 
tration as weight. The correlation coefficient 
was 0.9926 or better. The between-run preci- 
sion of the method, expressed as the coefficient 
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Table I 
Precision and accuracy 
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Statistical QC sample 
parameter 

0.40A ~ 0.40B ~ 10.00A ~ 10.00B" 70.00A" 70.00B" 

Bet~een-run 
Mean 0.430 
SD 0.0366 
CV I"/,) 8.6 
% Nominal 107.5 
N 8 

Within-run 
M e a n  (I.42 I 
SD 0.0155 
CV (%) 3.7 
% Nominal 105.3 
.V 8 

0.427 10.644 10.383 68.294 69.63 I 
0.0170 0.4888 0.5441 4.4770 4.2442 
4.0 4.6 5.2 6.6 6.1 

106.2 106.4 103.8 97.5 99.5 
7 8 8 7 8 

9.3211 - 63.934 
0.31152 - 1.3902 
3.3 2.2 

93.2 - 91.3 
8 - 7 

"The mimbcr is the concentration of G1147211 in nanograms per milliliter, and A denotes the primary analyst and B the 
secondary analyst. 

o f  variation (CV). was 4.0-8.6'V,,, while the 
accuracy, expressed as a per cent o f  the nomi- 
nal concentrat ion,  was 97.5-11]7.5'¼,. The 
within-rt, n precision o f  the method was 2.2.- 
3.7"/,,, while the accuracy was 91.3-.105.3'¼,. 
Both the precision and accuracy were calcu- 
lated using the back-calctilatcd QC concentra-  
tions. The between-run precision and accuracy 
were computed  using data obtained separately 
by the prim:try and secondary analysts. The 
complete data are shown in Table 1. 

3.2. Recot 'erv  

The recovery was calculated by compar ing  
the peak heights in the extracted quality con- 
trol samples with an unextractcd calibration 
curve representing 100"/,, recovery prepared by 
mixing o f  the appropriate  stock solutions. All 
the potential losses due to sample transfer were 
factored in during the c~,libration curve prepa- 
ration. The mean recovery o f  G1147211 ex- 
tracted from human blood was 60.7'~'0 at 
0.40 n g m l - ~  (CV: 3.9'V,,: n = 6), 59.1'V,, at 
1 0 . 0 0 n g m l - '  (CV; 7.8: n = 6 ) ,  and 59.4'¼, at 
70.00 ng ml - I (CV; 9.6: n = 6). The recovery o f  
the internal s tandard at the concentrat ion used 
(20 ng per sample) was 90.2'V,,. 

3.3. Lhni t  o f  quant i tat f lm 

The limit o f  quanti tat ion (LOQ) was esti- 
mated on the basis o f  compar ing  a signal at the 
LOQ to the noise rather than following the 

Washington Conference reconmle,ldations [I 21. 
The limit o f  qtiantitation has bccn evaluated in 
the tirst four validation runs. The average 
background  noise in both blank blood samples 
was measured by integrating three poe, ks/oscil- 
lations o f  baseline a round  the retention time of  
the G1147211 ( + 0 . 4  min.). The signal-to-noisc 
ratio (S/N) at the LOQ has bccn calculated by 
dividing the mean peak hcight o f  the lowest 
s tandards by the mean o f  the noise. Another  
way o f  calculating the LOQ is to compare  the 
peak height o f  the lowest s tandards with the 
sum o f  noise plus six s tandard deviations of  
this noise. The results are presented in Table 2. 
Standard 0.15 ng ml J can be considered as an 
adequate  LOQ, its the S/N ratio is always 
greater than 4, as well as the fact that the mean 
peak height o f  this s tandard is greater than 
sum o f  the noise plus six s tandard deviations 
(SD). Addit ionally,  the coetlicient oi" variation 
calculated on intrapolated concentrat ions at 
0 . 1 5  n g  m l  "i is 9.4'¼,. 

3.4. CTtromutograph.v 

Fig. 2A shows a ch roma tog ram o f  tile cali- 
bration s tandard 0.15 ng m l - t  which is fol- 
lowed by a patient 's  sample at 0.51 n g m l  -* 
(Fig. 2B), and a drug-free blood sample to 
which the internal s tandard hits been added 
(Fig. 2C). 

The chromatograph ic  run time is about  
11 min. The retention times o f  GII47211 and 
the internal s tandard are 4.1 rain and 8.2 rain, 
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Table 2 
Limit of quantitation and signal-to-noise ratio IS N) 

Batch Noise Signal 
no. 

Peak height" Mean SD x+6SD Std 0.15ngml ~ Mean S N 

I 89, 143. 132,99. 103.72 106.3 26.6 266 409,479 444 4.2 
2 122,61.71. 120,44.87 8..l.2 31.8 275 627.743 685 8.1 
3 107. 130, 59. 195. 106. 172 12S.2 49.2 423 577, 804 690 5.4 
4 201. 123, 163, 71, 124 114.2 74.7 562 639, 560 600 5.3 

" Peak heights are expressed in peak height units. 

respectively. The prominent peak at 5.2 min is 
unknown and is always seen in human blood. 
The specilicity of  the assay was investigated by 
extracting six different blood samples from 
healthy volunteers not taking any medication. 
No interfering peaks were seen. The anzdytical 
system throughput is approximately 100 sam- 
pies every 24 I1, Tile extracts injected arc rather 
cloudy from lipids and/or proteins and gradu- 
ally increase the column back pressure. This 
could bc easily remedied by cha.lging the guard 
column every 2 -3 runs. The cloudiness of  the 
extracts could bc rcnlovcd by adding ollc nlorc 
cleaning step to the extraction procedure, but 
this idea wits rejected its no harnfful ell'cot on 
colunln etliciency wits seen; they last at least 
1000 injections. A practical advice is to use 
Tcllon liners (or aluminiunl foil) underneath 
the screw caps in the extraction tubes; un- 
known interferences seen in tile chro- 
matograms have bccn traced to rubber and 
polymer liners used in the extraction tubes. 

3.5. (Ttoice of the httermtl stamhtrd 

Although other GII47211 analogues were 
available, it wits decided not to use any of them 
its a potential internal standard in order to 
avoid one more vltriable in the system. The 
internal standard chosen, 6,7-dimcthoxy-4- 
naethylcoumarin is not chemically related to 
camptothccin. It is a very stable, easily avail- 
able. pure, strongly fluorescing, well-ex- 
tractable lactonc with an appropriate retention 
time in the system studied. 

enced the method development and vice versa. 
In the first experiment, we defined the sample 
temperature as a function of the time that this 
sample spends in the ice-water  mixture. A 
10 ml blood tube with an inserted digital ther- 
nlomctcr wits brought to 37°C and then placed 
in the ice-water  mixture at 0 °. The tempera- 
ture decrease was monitored over 30 rain. The 
results arc presented in Fig. 3. It takes 1 rain 
for the blood tube to reach the room tempera- 
ture of 22°C, 10 rain to reach 4°C, and 20 rain 
to cool down to below I°C. 

Acceptable stability for G114721 I (including 
two cycles of  freezing and thawing) has bccn 
demonstrated. The results are presented in 
Table 3. Sitmplcs cycled through freezing and 
thawing twice before analysis showed 110.0, 
1 10.1, and 98.6% of the nominal concentration 
as compared to the freshly spiked standards. 
Samples kept for 30 rain on ice after thawing 
showed 105.0, 108.6, and I03.9'¼, of the nomi- 
nal concentration. 

Tile long-term storage stability at - 7 0 ° C  
wits cvalttatcd while executing the lirst cliqical 
study over a period of  93 days. Quality control 
sltmples were analyzed several times against 
freshly spiked calibration curves. The results 
are presented in Table 3; the QC wducs shown 
there represent a mean of two. Out of 33 sets 
of  data, 3 only arc outside the respective accep- 
tance criteria. There is neither a trend visible in 
tile data nor can lactone disappearance be ob- 
served. 

3.7. Khwtics experhnents 

3.6. Stahility 

The issue of GII47211 stability was of  key 
importance in the design of the assay as well as 
in the sample handling procedure. The method 
development and stability assessment were car- 
ricd out in parallel as the stability results influ- 

There is quite an extensive body of data on 
the kinetics of hydrolysis of  camptothecin ana- 
logues [13-20]. Our kinetics experiments were 
undertaken to assess the stability of  GI147211 
in various matrices, at various pH values and 
temperatures, to compare it with other camp- 
tothecin analogues, and to evaluate blood/ 
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Fig. 2. Representative chromatography. (A) Calibration standard 0.15 ng ml ~; (B) patient's sample at 0.51 ng ml i; (C) 
drug-free blood to which the internal standard has been added. 
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plasma interactions with the drug. The results 
expressed as half-lives arc presented in Table 4, 
while Fig. 4 represents the kinetics of  lactone 
ring opening. 

The GII4721 I stability seems to bc similar to 
that of  other camptothecin drugs, of  which the 
half-lives in I'BS are in the range 18-35 rain, 
amid in lISA, are 12-35 rain [18 I. The kinetics 
experiments sometimes may be difficult to eval- 
uate, as the pl-[ values of biological fluids may 
change during storage or incubation. Thawed 
and frozen plasmzt may even reach pl i  above 
8.5 [6], the addition of l iSA to PBS lowers the 
ptl by approximately 0.2 units, and the addi- 
tion of lipid dispersions to PBS decreases the 
pH by 0.6 [20]. The lactone-carboxylate  equi- 
librium is very pH-scnsitive around the physio- 

logical pH, as can be seen in Table 4. To 
obtain reliable and reproducible data, kinetics 
experiments should bc performed in a pH 
stat, particularily if the incubation times arc 
long. 

3.8. P h a r m a c o k i n e t i c  ~ktta 

The assay was used to support a phase I 

study. Cancer patients were dosed eithcr by a 
30 rain infusion or a 72 h continuous infusion 
of G1147211 at 0.25 -. 1.75 mg m "-" of  body sur- 
lace. An exanmplc ol" a pharmacokinetics prolilc 
is presented in Fig. 5. The patient received 
0 . 6 m g m - - "  and the G!147211 concentration 
in his blood reached 11.46 ng ml-~ ol" the free 
lactone. 

4o T 

35 

30 

°Z 2s (g 

-~ 20 

1 0  

5 

0 ,7-- -- l 

0 500 1000 1500 2000 

time (sec) 

Fig. 3. Temperature decrease of the sample as a function of time. See the text for experimental details. The temperature 
T at a given time t (s) can be calculated from the empirical equation T = exp(3.1898- 0.002882t), which back-calculates 
T w e l l  at  t >  50s .  
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Table 3 
Stability of GI147211 in human blood 

Statistical QC .sample 
parameters 

0.40 ng ml - ' 10.00 ng ml - ~ 70.00 ng ml -  

Processing stability ~ 
Mean Ing ml ' )  0.420 10.86 72.710 
SD 0.0436 0.3108 2.4479 
CV C " )  10.4 2.9 3.4 
% Nominal 105.0 108.6 103.9 
N 3 4 4 

Freeze-thaw stability t" 
Mean (ng ml-  ~) 0.440 I 1.018 69.015 
SD 0.0668 0.3188 2.6559 
CV (",,) 15.2 2.9 3.9 
".;, Nominal 110.0 110.1 98.6 
N 4 4 4 

Storage stability" 

Storage QC sample 
time 
l D , t ) s )  4(111g I l l l  I 

(ng ml - ' )  

10.l)0 ng m l  - 
(ng  ml  - I  

70.00 ng ml 
(tag ml - I 

I 0.44 9.47 68.77 
16 0.44 9.211 72.30 
26 0.42 8.99 67.78 
2') 0.45 10.86 83.30 
36 0.38 11).15 76.26 
57 I).38 9.10 68.75 
63 0.42 1().25 80.83 
65 0.44 9.83 73.51 
75 0.42 9.92 75.08 
79 11.43 9.90 77.33 
93 0.43 10. [ 5 75.40 

"S,tmplcs were th;,wed in an ice water bath and kept there for 3 0 r a m ;  compared to a 
immediately :tiler spiking. 
t, S:,mples were cycled twice before extracting and comparing to a fresh calibration cur,,e. 
• Samples were stored at - 70°C  bclbre nsc; the results represent the mean of two. 

calibration curve extracted 

4. Discussion 

One cannot develop a bioanalytical method 
considering only the physical and chemical 
properties of  a molecule and the an:tlytical 
state of  art; one has also to consider the ques- 
tion of the ultimate purpose of this method and 
who will be its potenti:tl user. Hence, the ana- 
lytical issues must be influenced by pragmatic, 
economic, or even ethical considerations. In 
this p;,rticular case. an analytical method was 
needed to support a phase ! drug development 
(first time in man) of an anticanccr drug candi- 
date. which is t, nstable under physiological 
conditions. Anticancer drugs tend to be toxic 
and it would be unacceptable to administer 
healthy volunteers with doses believed to be 

therapeutic. Although a particular drug will be 
equally toxic to a cancer patient, the chances 
are that the benefits may outweigh the poten- 
tial disadvantages. 

Programmes of this nature require the dos- 
ing of patients and sampling in a clinical set- 
ting, where specialized analytical skills and 
equipment m,ty not be always available and 
where speed and simplicity of the procedure 
arc at a premium and may contribute positively 
to the progress of a drug development pro- 
gramme. 

Two issues of the greatest importance were 
the type of  matrix sampled (blood. plasma, or 
serum) and how to preserve the integrity of the 
sample in the simplest and easiest way. 
Campthotecin analogues were usually mea- 
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Table 4 
Half-life of  GII47211 in various matrices, at various pH values and temperatures 

o 22oc Mat~x _7 C 0°C 

Half-life pH Acid lactone Half-life pH Acid lactone Half-life pl-I 
lmin) ratio (min) ratio (min) 

PBS 25.4 7.3 74.625.4 118.7 7.0 75.0 25.0 1780 ~ 7.3 
107.1 7.3 87.8 12.2 
42.8 7.7 91.4 8.6 
26.3 8.1 95.1 4.9 

HSA 31.7 7.3 79.3 20.7 120.5 7.0 73.2.26.8 - - 
88.7 7.3 87.5 12.5 
45.5 7.7 96.2 3.8 
31.6 8.1 99.50.5 

Plasma 30.9 7.3 95.5 4.5 118.1 7.3 95.0,5.0 
12.7 7.6 97.9 2.1 

Blood 44. I 7.3 79.0 21.0 161.9 7.3 84.0,, 16.0 1100 "~ 7.3 

" Hall'-life estimated assuming the acid lactone ratio 85;15; experiment terminated after 48 h without achieving a n  

etluilibrium. 
Stability determinations were n',:.tdc using | IPLC methodology as described m the Experimclltal section. Peak height ratios 
of  Gll47211 to the internal standard were used to calculate the rate constants and carboxylate, lactonc ratios 

sttrcd in plasma [2-10], which adds oilc more 
step together with time to the procedure as 
compared to whole blood; scrunl was entirely 
out of the question as its harvcstillg requires a 
further I h of  incttbation at room temperature. 
In sonic cases, plasma samples were analyzed 
immediately :tftcr collection using protein pre- 
cipitation with acctonitrilc, which is not practi- 
cal at clinical sites. 

Several conclusions rchttcd to the drug sta- 
bility could be drawn fronl the kinetics cxpcri- 
mont. There arc rather tuinor dilt'crcnccs 
between the half-lives in I~I}S and lISA (see 
Table 4), ;.tnd hence potential GII47211 bind- 
ing to lISA does not contribute to the stability 
of  the drt,g; the lactonc ring is probably tlot 
involved in this it~tcraction. At the same pil ,  
the half-life increases in blood, suggesting that 
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Fig. 4. Kinetics of  the GII47211 lactone ring opening in various matrices at ptl  7.3 and 37"C. , .  Blood; I .  plasma; A 
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other elements may bind the lactone ring and 
protect it from hydrolysis, Burke et al. [19.20] 
demonstrated that lipid bilayer partitioning in- 
creases greatly the stability of camptothecin 
drugs. Out of four types of media investigated, 
whole blood is the one containing most lipids 
and hence having the greatest chance to benefit 
from the process. The GI147211 half-life in 
blood is 30% longer than that in plasma and 
HSA. and 40'7, longer than the halt-life in PBS. 
It was calculated, using the data presented in 
Table 4 and Fig. 3, that approximately less 
than 3% of  lactone should convert into car- 
boxylate under the recommended conditions 
for clinical sample handling (i.e. a starting sam- 
pie temperature of 37°C; a nlaximuna of 30 min 
storage in the ice-water bath). 

For reasons of  having the longest half-life 
and maximum simplicity of processing, a deci- 
sion was made to usc whole blood as the 
matrix in this programme. Thc ratio of thc 
concentration in red blood cells to that in 
plasma aftcr 41) rain incubation in the ice wa-  
ter bath was 1.60 at a starting GII47211 con- 
ccntration of 78 ng ml t. It was also decided to 
quantify the carboxylatc in the indirect way by 
mc:tsuring initially the lactonc concentration 
only, and the total concentration after the sam- 
pie acidilication. This appro;tch, although less 
cllicient, was deemed to bc the safest approach 
to obtain reliable data on the lactone and the 
lactonc/carboxylatc ratio. Thc method of deter- 
mination of total GI147211 will b c a  subject of 
it s e p a r a t e  c o m n l u n i c i t t i o n .  

Additionallly. G1147211 docs not Iluorcscc 
as strongly as other camptothccin analogues. 
in htct, the tluorcsccnce intensity wtries greatly 
in this family of compounds, its was shown by 
Burke et al. [20]. This forced us to extract and 
concentrate the drug from blood in order to 
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Fig. 5. Pharmacokinctis profile of GII47211 in a puticnt 
after the 30 rain intravenous infusion of the drug at 
0.6 mg m - -'. 

achieve subnanogram per milliliter concentra- 
tions: something that came relatively easy by 
protein precipitation in the case of camp- 
tothecin or topotecan. The extraction devel- 
oped proved to be lactone-selective, Having 
removed the carboxylate from the medium, the 
extracts were kept later on in slightly acidic 
medium preventing the lactone from back-con- 
version into carboxylate. 

5. Conclusions 

The described method is simple, accurate, 
precise, and sensitive enough to be used in 
pharmacokinetics studies. The element of nov- 
elty is the use of blood as the medium, as the 
stability of  G!147211 in human blood is better 
than in plasma. Another novelty is the develop- 
men{ of a collection and storage procedure, 
which permits us to carry out the assay entirely 
in a bioanalytical laboratory, without the nccd 
to carry out a partial s,lmple preparation in a 
clincial sctting. 
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