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Abstract

A reversed-phase high-performance liquid chromatographic (HPLC) method with ultraviolet (UV) detection was developed and vali-
dated for the quantification of 6-deoxy-6-demethyl-4-dedimethylamino-tetracycline (COL-3), a matrix metalloproteinase (MMPs) inhibitor,
in rat serum. This simple, sensitive, rapid and reproducible assay involved a preliminary serum deproteinization by adding a mixture of
acetonitrile—methanol-0.5 M oxalic acid (70:20:10 (v/v)), as the combined precipitant and metal blocking agent, into serum samples (2:1
(v/v)). An aliquot (20w.l) of the supernatant was injected into the HPLC system linked to a Waters Xé®Rg column (150 mmx 4.6 mm
i.d., particle size fwm). The compound was eluted by a mixture of acetonitrile—methanol-0.01 M oxalic acid (40:10:50 (v/v), pH 2.00), as the
mobile phase, and detected at the wavelength of 350 nm. The total running time was 10 min. The low and high concentration calibration curves
were linear in the range of 50-1200 ng/ml and 1200-12,000 ng/ml, respectively. The intra- and inter-day coefficients of variation at three
quality control concentrations of 100, 1200, and 12,000 ng/ml were all less than 6%, while the percent error range&iSran6.6%. The
limit of quantitation (LOQ) for COL-3 in serum was 50 ng/ml. This assay was successfully employed to study the serum concentration—time
profiles of COL-3 after its intravenous and oral administration in rats. The method with some minor modifications in sample pretreatment
was also applicable to the determination of the concentrations of COL-3 in rat bile, urine and feces.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction proliferation and induces apoptosis in a number of tu-
mor cells [3,6]. In vivo studies have demonstrated that
6 - Deoxy - 6- demethyl- 4- dedimethylamino - tetracycline COL-3 has both anti-tumor and anti-metastasis activities
(COL-3), also named as Metastabr CMT-3 (Fig. 1), is [7,8].
a new synthetic non-antimicrobial tetracycline analogue. It  COL-3 has undergone the Phase I clinical trial in the pa-
has been developed as a potential anti-tumor agent basedents with refractory metastatic can¢8} and AIDS-related
on its inhibition of matrix metalloproteinases (MMPs), Kaposi's sarcom§l0]. A reversed-phase high-performance
which belong to a family of Z#A"-dependent proteinases liquid chromatography (HPLC) with atmospheric pressure
that proteolytically degrade the extracellular matix2]. chemical ionization (APCI) mass spectrometry (MS) de-
An imbalance between active MMPs and MMP inhibitors tection has been developed for quantification of COL-3
causes degradation of the basement membrane to allowin human plasmg11]. COL-3 is separated on a Waters
angiogenesis, tumor growth, and metast§3is]. COL-3 Symmetry? Cig column with oxalic acid (0.01M, pH
directly inhibits MT1-MMP (membrane-type-1 MMP) 2.2)-acetonitrile (55:45 (v/v)) mobile phase. This method is
expression and activity and pro-MMP-2 expression in specific and sensitive, with the limit of quantitation (LOQ)
osteosarcoma cellgl]. In addition, COL-3 inhibits cell at 30 ng/ml for a 2%l injection of the reconstituted drug
solution [11]. However, this assay method is hampered
by the relatively large inter- and intra-day errors (mean,
* Corresponding author. Tekt65-68742932; fax:+65-67791554. <18.3%) and coefficients of variation (mean14.9%) for
E-mail address: phaelic@nus.edu.sg (E. Chan). all of the three quality control concentrations tested (50,
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system (Millipore, Milford, MA, USA) and was used
throughout the study.

2.2. HPLC instrumentation and conditions

OH
OH O OH O

Shimadzu HPLC system (Shimadzu, Kyoto, Japan) used
was equipped with an SCL-10Avp system controller, LC-
10ATvp pump, DGU-14A degasser, SIL-10ADvp autosam-
pler and SPD-M10Avp UV/Vis photodiode array (PDA)
500, and 1200ng/ml). In addition, this assay involves a detector. Chromatographic separation was conducted on
complicated sample preparation procedure, which includesg XTerrd™ RPig column (150 mmx 4.6 mm i.d., parti-
acetonitrile precipitation of plasma protein followed by cle size 5um) with Sentry™ guard column (XTerrd¥
evaporation of aqueous supernatant and reconstitution ofRp,g 20mm x 3.9mm i.d., particle size pm) (Wa-
sample residue with the mobile phase, and a time-consumingters, Milford, MA, USA). The mobile phase consisted of
column clean-up after each run, using acetonitrile—oxalic gcetonitrile—methanol-oxalic acid (0.01 M, pH 2.0), a ratio
acid (0.01 M, pH 2.2) (90:10 (v/v)) for 7 min, followed by  of 40:10:50 (v/v) for biological samples and 40:20:40 (v/v)
re-equilibration of the column with the mobile phase for for HBSS Samp|es_ The mobile phase was degagsed by ul-
another 8 min in order to avoid the interferences of the late trasonication and was delivered isocratically at a flow-rate
eluting peakg411]. Moreover, this technique (HPLC-MS) is  of 1.0 ml/min. The column was maintained at“@% The
complex, and its use could be hampered by the high cost ofelyent was monitored at a wavelength of 350nm. Peak
the equipment. recording and integration was performed using Shimadzu

It is thus desirable to have a simpler, faster, more reliable, c|. ASS-VP data process system. The peak areas of COL-3
and yet sensitive assay method for routine quantification were used for quantitative computations. Calibration curves
of COL-3 in biological samples obtained from pre-clinical were constructed by least-squares linear regression of peak

and clinical pharmacokinetic studies on COL-3. In the areas of COL-3 versus the concentrations of COL-3 spiked
present study, an improved HPLC method with ultravi- to drug-free biological samples.

olet (UV) detection was developed and validated in rat

serum. Separation was achieved on a new Waters X"rra 23 gock solutions and standards

RPyg (organic/inorganic hybrid particle-based, incorporated

with methylsiloxane groups) column instead of a Waters  stock solutions of COL-3 were prepared in methanol at

Symmetrf? Cig (silica-based) column, as there are re- g concentration of 1 mg/ml, and 100, 10, 1 and ;0giml.

duced surface silanols available for the former compared to a|| solutions were stored at20°C.

the latter. The effects of oxalic acid, employed as a metal  The calibration standards were freshly prepared daily by

blocking agent in the sample pretreatment, on the assayspiking the corresponding blank matrices with appropri-

sensitivity, linearity, and precision was examined. This as- ate amounts of stock solutions (less than 2% of total vol-

say method was successfully employed to study the serumyme). Two sets of the standards were prepared according to

concentration—time profiles of COL-3, besides determining the following concentrations: 50, 100, 200, 400, 800, and

drug concentrations in rat bile, urine and feces, following 1200 ng/ml for the low concentration standard curve, and

its oral administration in rats. 1200, 2000, 4000, 8000, and 12,000 ng/ml for the high con-
centration standard curve. Quality control (QC) samples for
COL-3 were prepared at the concentrations of 100, 1200

2. Experimental and 12,000 ng/ml.

Fig. 1. Chemical structure of COL-3.

2.1. Chemicals and reagents 2.4. Sample preparation

COL-3 (purity 98.7%Fig. 1) was a gift from CollaGenex Of acetonitrile—methanol-0.5M oxalic acid (70:20:10
Pharmaceuticals (Newtown, PA, USA). Methanol, acetoni- (v/v)), 200ul was added to 10Ql of rat serum, while
trile (both HPLC grade) were purchased from Mallinckrodt 100wl was added to 10Ql of bile or urine sample. All the
Baker (Paris, KY, USA). Anhydrous oxalic acid (extra mixtures were vortex-mixed for 30 s, allowed to stand at am-
pure reagent) was purchased from Nacalai Tesque (Ky-bienttemperature (25C) for about 10 min, and centrifuged
oto, Japan). Carboxylmethyl cellulose sodium (CMC), at 37,000g, 4C for 8 min. The supernatant was collected
polyethylene glycol 400 (PEG-400), Hanks’ balanced salt and an aliquot of 2Q.1 was subject to the HPLC assay.
solution (HBSS) (without phenol red and sodium bicarbon-  The feces sample (5g) was extracted by adding 50 ml
ate), andN-2-hydroxyethylpiperaziné¥-2-ethanesulphonic  of acetonitrile—methanol-0.5 M oxalic acid (70:20:10 (v/v))
acid (HEPES) were purchased from Sigma (St. Louis, MO, and homogenized manually. The homogenized feces was
USA). Water was filtered and deionized with a Milli-Q-UF soaked in the extraction solution at’@ overnight and
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ultrasonicated for 15min. After centrifugation (37,000 2.8. Applications
x @, 4°C, 8min), the supernatant was collected and fil-
tered through syringe filter (0.48m nylon membrane). An Male Sprague-Dawley (SD) rats (200—250 g) were given

aliquot of 20l was injected into the HPLC system. COL-3 in 2% CMC (30 mg/kg) orally or COL-3 solution in
PEG-400/phosphate buffer (pH 7.4, 2:3 (v/v)) intravenously.
2.5. Peak purity of COL-3 in biological samples Blood samples (about 0.5 ml) were collected at 0, 0.5, 1, 2,

4,6,8, 10, 12, 24, 30, 35 and 48 h after dosing. About 400
The peak purity of COL-3 in biological samples was as- of blood obtained without anticoagulation was centrifuged
sessed by comparing the UV spectrum of COL-3 peak, ob- (1100 x g, 37°C, 10 min) to separate serum. The samples
tained from the on-line scanning with SPD-M10Avp UV/Vis of urine and feces were collected at the interval of 0-24,
PDA detector, with that of COL-3 in methanol scanned with and 24-48 h after dosing. The bile samples were collected

UV-1601 UV/Vis spectrophotometer. during the entire 48 h study at an interval of 1h from O to
12 h, and at the interval of 12—-24, 24-35, and 35-48 h after
2.6. Assay validation for COL-3 in rat serum oral administration of COL-3 to the bile-duct cannulated rat.

All samples were stored at20°C until analysis.

A validation run was performed on QC samples at
three levels assayed in quintuplicate on three different
days. The intra- and inter-day precision was assessed in3. Results
terms of the coefficient of variation for the concentrations
determined within- and between-day. The accuracy was Fig. 2 shows the chromatograms of a blank rat serum
evaluated as the percent error, which equatketermined sample, a serum sample spiked with 100 ng/ml COL-3,
concentratiopinominal concentration— 1) x 100%. The and a rat serum sample 30 h after intravenous injection of
limit of quantitation (LOQ) is defined as the lowest concen- COL-3. The retention time of COL-3 under the chromato-
tration level for which the intra- and inter-day coefficient of graphic condition studied was%t 0.5 min. The entire run-
variation is no greater than 20% (ICH Harmonised Tripartite ning time for one injection was established within 10 min.
Guideline). Fig. 3 demonstrates the UV spectrum of COL-3 peak of

The stability of COL-3 in serum was studied at a serum sample scanned on-line with PDA detector com-
three concentrations of 100, 1200 and 12,000ng/ml pared to that of COL-3 in methanol scanned with UV/Vis
during three freeze—thawing cycles. The stability of spectrophotometer.
COL-3 in the serum supernatant after deproteinized by The assay was linear in the range of 50-1200 ng/ml
acetonitrile—methanol-0.5M oxalic acid (70:20:10) was for the low concentration calibration curve, and of
studied at ambient temperature (Z5 during 96 h. Dupli- 1200-12,000 ng/ml for the high concentration calibration
cates were analyzed at 0, 24, 48, 72 and 96 h. The long-termcurve (both-2 = 0.999).Table 1lists the intra- and inter-day
stability of COL-3 in methanol at-20°C was examined  precision and accuracy for COL-3 in rat serum at the three

over a period of 6 months. QC concentrations of 100, 1200, and 12,000 ng/ml. The
intra- and inter-day coefficients of variation were all less

2.7. Role of a metal blocking agent in sample than 6% at the three QC concentrations, while the accuracy

pretreatment in terms of percent error varied from1.1 to 6.6,—2.5 to

0.18, and—0.5 to 1.5% for 100, 1200, and 12,000 ng/ml,

COL-3 was prepared at different concentrations in HBSS respectively. The LOQ for COL-3 in serum was about
(pH 7.4) and rat serum. The test samples were prepareds0ng/ml, at which the intra-day coefficients of variation
according to the following concentrations: 20, 50, 100, varied from 0.8 to 8.9%, while the accuracy in terms of
200, 500, 1000, 2000, 5000, 10,000 and 20,000 ng/ml for percent error varied from-18.4 to 6.8%.
COL-3 in HBSS and 100, 200, 500, 1000, 2000, 5000, Freeze—thaw stability was assessed through three full
10,000 and 20,000 ng/ml for COL-3 in rat serum. Each cycles of freeze—thaws: (= 3). As shown inTable 2 the
test sample (10Ql) was subject to two sample pretreat- concentration changes between the freeze—thaw cycles var-
ments: one was added with acetonitrile—-methanol-0.5M ied from —14.5 to 12.5% (mean;-4%). Table 3 shows
oxalic acid (70:20:10 (v/v)) (10Ql used for HBSS sam-  the stability of COL-3 in a supernatant after the serum
ple and 20Qul used for serum sample) as the oxalic sample deproteinization using an extraction solution of
acid pretreatment group, while the other was added with acetonitrile—methanol-0.5M oxalic acid (70:20:10 (v/v)).
acetonitrile—methanol—®O (70:20:10 (v/v)) as the control COL-3 was found stable in the supernatant at ambient tem-
group. Of each group, 50 of the mixture was injected into  perature for at least 96 h, which allows the assay to be
the HPLC system. All test samples were prepared freshly. performed continuously overnight for a large number of
The HBSS samples were assayed daily in duplicate on threesamplesTable 4shows the stability of COL-3 in methanol,
different days, while the serum samples were assayed insuggesting that the stock solution of COL-3, kept+20°C,
triplicate on the same day. could be used over a period of 6 months.
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Fig. 2. Chromatograms of (a) blank rat serum, (b) blank rat serum spiked with 100 ng/ml COL-3, and (c) serum sample 30h after intravenous injection
of COL-3 (10 mg/kg) in rat.

This method was also suitable for the determination of using this assay methd#l2]. Fig. 7 shows the typical serum
COL-3 in rat bile, urine, and feces with some minor mod- concentration-time profiles of COL-3 obtained in rats.
ifications in sample pretreatment. The chromatograms for Fig. 8 demonstrates the linearity between peak area
bile, urine, and feces are demonstrateigs. 4—6 respec- and concentration prepared for the low, medium and high
tively. The recoveries of COL-3 in rat bile, urine, and feces concentration range of COL-3 in HBSS with and with-
within 48 h after dosing were determined (data reported out oxalic acid pretreatment. The respective slopes of
elsewhere). The described HPLC method was successfullythe regression lines for the pretreatment groups (range,
used to study the pharmacokinetics of COL-3 following 115-122) were greater compared to those for the control
its intravenous and oral administrations in rats. The serumgroups (range, 44-48), suggesting a better assay sen-
concentration of COL-3 could be detected 48 h after dosing sitivity for the former. The correlations between peak
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of rat serum sample, eluted from HPLC column, being on-line scanned with SPD-M10Avp UV/Vis photodiode array (PDA) detector.

Table 1

Intra- and inter-day precisi@nand accuracy of the assay for the determination of COL-3 in rat serum

Nominal concentration (ng/ml)

50° 100 1200 12,000
Day 1 h=5)
Determined concentration (ng/ml) 5380.9 106.6+ 3.2 1202.2+ 33.8 12024.9+ 113.4
Precision (CV%) 1.7 3.0 2.8 0.9
Accuracy (error%) 6.76t 1.7 6.6+ 3.2 0.18+ 2.8 0.2+ 0.9
Day 2 h =5)
Determined concentration (ng/ml) 408 0.3 101.2+ 4.6 1182.9+ 49.8 12176.1+ 229.0
Precision (CV%) 0.8 4.6 4.2 1.9
Accuracy (error%) —18.4+ 0.6 1.2+ 4.6 —-14+ 42 15+ 1.9
Day 3 h=5)
Determined concentration (ng/ml) 4646 4.1 98.9+ 5.9 1170.4+ 51.8 11938.8+ 164.8
Precision (CV%) 8.9 5.9 4.4 1.6
Accuracy (error%) —6.7+ 8.3 —-11+59 —25+43 -05+14
Overall (1 = 15)
Determined concentration (ng/ml) 4755.7 102.6+ 5.9 1185.2+ 44.6 12046.6+ 191.6
Precision (CV%) 12.1 5.7 3.8 1.6
Accuracy (error%) —51+11.4 26+ 59 -1.2+ 3.7 0.4+ 1.6

a PrecisionNCV%) = 32- x 100%.

mean

b op — ( determined concentration 0,
Accuracy(erroryy = nominal concentration 1) x 100%.

¢ Estimated as the lower limit of quantitation (LOQ) (ICH Harmonised Tripartite Guideline).
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Fig. 4. Chromatograms of (a) blank rat bile, (b) blank rat bile spiked wigtg/ml COL-3, and (c) bile sample collected during 24-32h after oral
administration of COL-3 (30 mg/kg) in rat.

area and COL-3 concentration for the low, medium, and 4. Discussion

high calibration curves obtained with the pretreatment

groups (2 > 0.9995) appeared to be slightly better than ~ COL-3 is a yellow, odourless crystalline compound with
those obtained with the corresponding control groth (  a molecular weight of 371.35. It can be classified as the
= 0.9827-0.9974). All coefficients of variation and percent simplest tetracycline, structurally differing from tetracy-
errors for the pretreatment group were smaller than thosecline by the absence of the 4-dimethylaminl, 6-hydroxyl,
for the control group. A significant improvement in assay and 6-methyl groupsHig. 1). COL-3 possesses the first
sensitivity was also demonstrated for COL-3 in rat serum two of the acidic groupings of the tetracyclines, but due to
with, compared to that without, oxalic acid pretreatment the absence of the dimethyammonium functional group at
(Fig. 9. C4, COL-3 not the third K5. Using a spectrophotometric
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Fig. 5. Chromatograms of (a) blank rat urine, (b) blank rat urine spiked wijtly/thl COL-3, and (c) urine sample collected during 24-48h after
intravenous injection of COL-3 (10 mg/kg) in rat.

technique, the apparenKp values of COL-3, determined Tetracyclines are well known to readily form chelate com-
in 0.5% methanol agueous media at°£5with a constant plexes with polyvalent metallic ions. Trace metal impurities
ionic strength of 0.2, are 5.64Kg1) and 8.35 (Ka2) [13]. may be present in HPLC columns and solid-phase extrac-
In an aqueous solution, COL-3 thus exists, depending ontion (SPE) cartridges. It has been reported that use of some
the pH, as the unionized or/and ionized species (monova-manufacturers’ SPE cartridges can lead to low and variable
lent or/and divalent anion). COL-3 is practically insoluble recoveries, probably due to the presence of trace metal impu-
in water (approximately 0.01 mg/ml). It is readily soluble in rities[15]. This can also be problematic with HPLC columns
organic solvents such as methanol, polyethylene glycol, andused for separation of tetracyclines. It is thus highly recom-
benzyl alcohol. With increasing pH, the solubility of COL-3 mended to add a metal blocking agent such as oxalic acid
in aqueous solution increases, but its stability decreases. Theor ethylenediamine tetraacetic acid (EDTA) to the mobile
pH of maximum stability for COL-3 is below pH fL4]. phase to reduce peak tailing and increase sensitivity. Such a
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Fig. 6. Chromatograms of (a) blank rat feces, (b) blank rat feces spiked witind COL-3, and (c) feces sample collected during 24-48 h after oral
administration of COL-3 (30 mg/kg) in rat.

combination of organic solvents with oxalic acid as the mo- (data not shown). The XTerf¥ RPyg hybrid particle-based

bile phase has been reported previously for COIL-B. A column that allows us to work at a wide pH range of 1-12
concentration of 0.01 M oxalic acid (pH 2.00) in the mobile was thus utilized in the present study. The peak of COL-3
phase was adequate to retain good peak shape and sensitiwbtained on the XTerf® RPyg column was sharp and sym-

ity of COL-3 in the present study. However, such a low pH metric (Figs. 2 and 4-6 In addition, the running time for
(less than or close to 2.00) of the mobile phase would lead each assay was shortened greatly compared to the conven-
to the decrease of column performance and shortening oftional C;g column under the similar chromatographic condi-
column lifetime for the traditional silica-based column. The tion. The retention time of COL-3 was%+ 0.5 min, and all
performance of a conventional &silica-based column used the peaks (including endogenous peaks) of several biolog-
originally was deteriorated after appropriately 900 h in use ical samples (rat serum, bile, urine, and faces) were eluted
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Table 2

- ) E‘ 12000 -
Freeze—thaw stability of COL-3 in rat serum =
2 10000 4
Nominal Freeze—thaw Determined Original :
concentration cycle concentration concentration 8 8000 1
(ng/ml) (ng/mip! (%) E 6000
100 0 109.4 ?) 4000 -
1 123.1 1125 o
2 93.6 85.5 3 2000 1
3 97'3 88'9 O 0 T T T T : T 1
1200 0 1212.4 0 10 20 . 30 A 40 50 60
1 1180.7 97.4 @) ime (h)
2 1073.0 88.5 =
7000 -
3 1224.0 100.9 £
12,000 0 12098.3 = 60001
’ : < 5000 -
1 11673.8 96.5 3
2 123457 102.0 g 40004
3 11291.8 93.3 g 3000
2 Mean @ = 2). 3 2000 -
b Mean of freeze-thaw concentrations/mean of original concentrations 6‘ 1000
x 100% @ = 2). (&) 0 , : : . . .
0 10 20 30 40 50 60
Table 3 (b) Time (h)

Stability of COL-3 in extraction supernatant obtained from rat serum

deproteinization using acetonitrile-methanol-0.5M oxalic acid (70:20:10 Fig. 7. Representative serum concentration-time profiles of COL-3 fol-
(vIv)) lowing its (a) intravenous injection (10 mg/kg) and (b) oral administration
(30 mg/kg) in rats.

Nominal Time Determined Original

concentration (h)y2 concentration concentration

(ng/ml) (ng/ml) (n = 5) (%) Polyvalent metallic ions, Ga and M@t in particular, are

1200 0 1237.2: 52.0 extensively present in almost all of the biological samples. A
24 1251.2+ 55.0 1011 metal blocking agent may be necessary in sample pretreat-
‘712 igiggi gg:g 123:? ment to release tetracyclines from their chelate complexes.
9 1303.1+51.5 105.3 However, the importance of a metal blocking agent during

, , . sample pretreatment is often overlooKéd]. In the present
@ Time for which samples were placed at ambient temperatureGp5 . L . .
, Mean of COL-3 concentrations at ime study, a mixture of acetonitrile—methanol-0.5 M oxalic acid

Mean of COL-3 concentrations attime o -00%: (70:20:10 (v/v)) was used in the sample preparations. Oxalic
acid employed here is not only functioning as a metal block-

within 10 min. Thus, the total running time for each assay Ndagenttorelease COL-3 fromits chelate complex, butalso
was 10min. In contrast to the previous reported method adiusts the pH to less than 2 at which COL-3 is quite stable
using a Waters SymmeffyCyg column, the total running and exists as the predominant un-ionized form so that it can
time for each assay was 23min as the column needed tob€ easily distributed into the organic phase from serum pro-
be washed and re-equilibrated after each run due to latet€in. The combination of acetonitrile with methanol acts as
eluting peaks that would co-elute around the COL-3 reten- the effective protein precipitant to get rid of, and the extrac-

tion time in subsequent injectiofisL]. This carryover effect tion solven_t to extract COL-3 from, serum protein. Further-
from previous injections was not encountered in the presentMOre; the importance of sample pretreatment with a metal
blocking agent was demonstrated for COL-3 in HBSS and

study.
rat serum preparations without (as the control) and with ox-
alic acid pretreatment. HBSS, that mimics biological fluids
Table 4 it of  colution | ol 20" (without protein constituents) containing €aand Mg,
Long-term stability of COL-3 stock solution in methanol-aR0°C was chosen to prepare COL-3 samples, in which COL-3
Nominal Time? Determined Original formed a chelate complex with the polyvalent metallic ions.
concentration (month) concentration concentration It would be expected that COL-3 exists predominantly as
(ng/ml) (ng/ml) (n=3) (%)P . - . i
the free form in the presence of oxalic acid. As shown in
1200 10 gffi g;'g igg'; Fig. 8 the sample pretreatment with oxalic acid appeared
3 11918+ 345 98.6 to improve thg assay sensiti\_/ity, linearity, and .precision qt
6 1256.3+ 27.8 104.0 all concentrations evaluated in HBSS preparations. Consis-

tently, such an improvement in the assay sensitivity with ox-
alic acid pretreatment was also noted for COL-3 in rat serum
preparations Kig. 9). The overall findings of the present

2 Time for which samples were stored aR0°C.
», Mean of COL-3 concentrations attime 100%
0.

- - 0
Mean of COL-3 concentrations at tlmeXO
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Fig. 8. Linearity between peak area and COL-3 concentration in HBSS
for (a) low, (b) medium, and (c) high concentration ranges, with (—)

and without (- - -) oxalic acid pretreatment. Determinations were made in
duplicate on three different days. Each value was expressed ast8&an

and S.D. as error bar.
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Fig. 9. Linearity between peak area and COL-3 concentration in rat serum
for (a) low and (b) high concentration ranges, with (—) and without (- - -)
oxalic acid pretreatment. Determinations were made in triplicate on the
same day. Each value was expressed as ti&iD. The error bars (S.D.)
were overlaid by the data symbols.

ous report that the freeze—thaw stability of COL-3 assayed
using the HPLC-MS method was highly variable in human
plasma (mean;-14.9%; range:36.2 to 7.7%)11].

One of the potential problems associated with the crude
sample pre-treatment is the interference from endogenous
substances. However, as showtrrigs. 2—6 there is a good
selectivity and specificity for COL-3 as demonstrated by
its sharp and symmetric peak with no interference from
endogenous substances in biological samples. The peak pu-
rity of COL-3 in the biological samples was confirmed by
an identical UV spectrum for both COL-3 peak and COL-3
methanol solution. COL-3 exhibits two wavelengths of

study clearly indicate that sample pretreatment with a metal maximum UV absorbance at about 260 and 350 nm; the for-

blocking agent is necessary for quantifying COL-3 in biolog-

mer gives greater absorbance than the latter. It appeared that

ical samples, especially for those with low concentrations of an interfering peak co-eluted around the COL-3 retention

COL-3. Perhaps, this could explain at least partly, if not all,

time when the assay was performed at 260 nm. The present

why the assay accuracy and precision of the present methodassay thus benefits at least partly, if not all, from the use of

are better compared to the previous reported mefhbH

a longer detection wavelength at 350 nm instead of 260 nm.

The present assay method is reliable. It was validated Another potential problem related to this single-step sample
and was shown to have exceptional accuracy and intra- andpretreatment might be a relatively low sensitivity due to the

inter-day precision in rat serunTgble 1. The method is

also simple as it involves only a single-step sample pre-

sample dilution without concentrating processes (involving
evaporation and re-constitution). The LOQ value at 50 ng/ml

treatment instead of the complicated sample preparationobtained in this study for COL-3 in serum was slightly

procedure as described previouglyl]. The freeze—thaw
stability of COL-3 obtained in rat serum (mean3.8%;

higher than that at 30 ng/ml reported using the HPLC-MS
method[11]. Nevertheless, the LOQ of the present assay

range: —14.5 to 12.5%) was acceptable, suggesting that method should be adequately sensitive to perform pharma-
serum samples could be frozen or thawed when analyzingcokinetic studies in rats, as the rat serum concentration of
rat samples. This observation was in contrast to the previ- COL-3 was detectable 48 h after its administratibig( 7).
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In addition, this assay method, with only some minor mod- [2] B.L. Lokeshwar, H.L. Houston-Clark, M.G. Selzer, N.L. Block, L.M.
ifications in sample pretreatment, was also applicable to the __ Golub, Adv. Dent. Res. 12 (1998) 136.

. Y . . [3] B.L. Lokeshwar, Ann. N.Y. Acad. Sci. 878 (1999) 271.
analysis of COL-3 in rat bile, urine, and feces samples. [4] L.A. Liotta, W.G. Stetler-Stevenson, Sem. Cancer Biol. 1 (1990) 99.

In summary, a simple, SenSitiV?: rapid and r'eprOdUCible [5] L. Blavier, P. Henriet, S. Imren, Y.A. Declerck, Ann. N.Y. Acad.
reversed-phase HPLC method with UV detection was de- Sci. 878 (1999) 108.
veloped and validated for the quantification of COL-3 inrat [6] J.T. Bettany, R.G. Wolowacz, Adv. Dent. Res. 12 (1998) 136.
serum. The method was also applicable to the analysis of [7] R:E. Seftor, E.A. Seftor, J.E. Delarco, Clin. Exp. Metastasis 16

i . . (1998) 217.
COL-3 in other rat biological samples. [8] M.G. Selzer, B. Zhu, N.L. Block, B. Lokeshwar, Ann. N.Y. Acad.

Sci. 878 (1999) 678.
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