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Abstract

A rapid, sensitive, precise and accurate high-performance liquid chromatographic assay with fluorescence detection was developed for
the simultaneous determination of buprenorphine and buprenorphine propionate in human and animal blood. Buprenorphine propionate was
also proven to be a prodrug of buprenorphine. It was comprised of only a one-step extraction procedure with ethyl acetate and normal-phase
chromatography on a Betasil Silica column. The recoveries of buprenorphine and buprenorphine propionate were above 84%. Calibration
graphs were linear for buprenorphine over the concentration range 2—-1500 ng/ml and for buprenorphine propionate over the concentration
range 20-1500 ng/ml with a coefficient of variation, both within- and between-day, or less than 10% at any level. The limits of quantitation of
buprenorphine and buprenorphine propionate in human or animal blood were 2.0 and 20 ng/ml, respectively, based on a single-to-noise ratio
of 3. The method has been successfully applied to pharmacokinetic studies of buprenorphine and buprenorphine propionate in rabbits. The
results demonstrated that buprenorphine propionate was rapidly and totally converted to its parent drug, buprenorphine, following intravenous
administration. Buprenorphine propionate is a prodrug of buprenorphine.
© 2005 Published by Elsevier B.V.
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1. Introduction It has been widely used in the treatment of acute and chronic
pain[1,2], and recently for the treatment of heroin addicts
Buprenorphine,N-cyclopropylmethyl-é&-[1-(s)-hydrox- [1,3]. Its main advantages over morphine are a ceiling effect

yl-1,2,2-trimethylpropyl]-6,14-endo-ethano-6,7,8,14-tetrah- of respiratory depression, low tolerance liability and a lack
ydronororipavine Fig. 1), is a potent analgesic with a of significant withdrawal symptomgl,2]. Buprenorphine
potency of 20—-40 times higher than that of morphibg)]. is available as an injection for intravenous (1V), intramus-
cular (IM), intrathecal and epidural administration, and as
sublingual tablet§1—3]. The usual recommended doses are
* work was done in the Chi-Mei Medical Center, Tainan, Taiwan. 200-60Q.g by IV or IM injection every 6-8h, 30-4ag

* Corresponding author. Tel.: +886 6 2517844; fax: +886 6 2832639, intrathecally or 100-30Qg epidurally every 6-12h, or
E-mail address#00003@mail.chimei.org.tw (S.-Y. Liu). 400p.g sublingually every 6-8 fiL—3].

1570-0232/$ — see front matter © 2005 Published by Elsevier B.V.
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Buprenorphine

Buprenorphine propionate Buprenorphine decanoate

Fig. 1. Chemical structures of buprenorphine, buprenorphine propionate, and buprenorphine decanoate (internal standard).

Recently, an ester of buprenorphine, buprenorphine pro- plish this study. In this assay, the sample preparation process
pionate, was synthesized and studjéd6]. The ester was  should be as simple as possible to avoid any decomposition
found to be more lipophilic than buprenorphidé. Previous of the ester during sample preparatjdd]. Although many
study also found that buprenorphine propionate when pre-analytic methods were reported to analyze buprenorphine
pared as adepot had along-lasting analgesic effect, which wasn biological fluids, none of these methods was suitable for
7.5-fold longer than the traditional dosage form of buprenor- the analysis of buprenorphine and buprenorphine propionate
phine in saline preparation, following IM injection in rats simultaneouslyj12,13]. We, therefore, developed a simple,
[6]. Since most patients who experience acute pain, suchrapid, sensitive, and selective high-performance liquid chro-
as postoperative pain, posttraumatic pain, and burn pain,matography (HPLC) method with a one-step extraction pro-
often require pain relief in the first 3-5 days after injury, cedure for simultaneous determination of buprenorphine and
an analgesic with a long-lasting effect may be particularly buprenorphine propionate. This method has been success-
valuable for this purposg’]. Therefore, the depot formula-  fully applied to pharmacokinetic studies of buprenorphine
tion of buprenorphine propionate is worth further evaluation. and buprenorphine propionate in rabbits following IV ad-
In this formulation, buprenorphine propionate was synthe- ministration.
sized through a prodrug design with esterificafi$5,8—10]

Buprenorphine propionate was suspected to be a prodrug
of buprenorphine in in vivo study. However, this was not 2. Experimental
proven.

In order to evaluate whether buprenorphine propionate 2.1. HPLC conditions
was a prodrug or not, an in vivo pharmacokinetic study of
buprenorphine propionate was necessary. Also, a sensitive, The HPLC system consisted of a pump (LC-10AD VP,
precise and accurate assay method was required to accomShimadzu, Kyoto, Japan), an automatic sampler (Model 542,



S.-Y. Liu et al. / J. Chromatogr. B 818 (2005) 233-239 235

ESA, Chelmsford, MA, USA), a programmable fluorescence 2.5. Calibration graphs

detector (Series 200, Perkin ElImer, Norwalk, CT, USA), and

an integrator (Chromatography Data Station V2.1, SISC, Tai-  Stock solutions of 1pg/ml buprenorphine, buprenor-
wan). A silica gel column (Betasil Slilia, No. 255-700-CPG, phine propionate and internal standard were prepared sep-
250 mmx 4.6 mm, 5um particle size, Keystone Scientific, arately in acetonitile. Calibration standards were prepared
Bellefonte, PA, USA) was used. by adding 2% of internal standard (jg) combined
with known amounts of buprenorphine (2—-1500 ng/ml) or
buprenorphine propionate (20-1500ng/ml) to 0.975ml of
blood. In order to prevent enzymatic hydrolysis of buprenor-
phine propionate and internal standard, all blood samples
(0.975 ml) were added into a chilled ethyl acetate before the
testing compounds of buprenorphine, buprenorphine propi-
; - ) onate or internal standard were added. The following ex-
thesized by using the method reported previoygly In traction procedures and HPLC analysis were carried out
brief, the buprenorphine base was reacted with propionyl o5 gescribed in Section.3 Calibration graphs were ob-
chloride or decanoyl chloride (Fluka, Buchs, Switzerland) aineq by plotting drug concentrations against the peak-area
in the presence of dimethylaminopyridine. Purity (>99%) (4tig of buprenorphine/internal standard or buprenorphine
of buprenorphine propionate and_ internal standard WEre aS-propionate/internal standard. The concentrations of the un-
sured through elemental analysis, nuclear magnetic reso-,qun samples were determined by using the linear regres-

nance, spectroscopy, and gas chromatography with mass desjon, jine of the concentration of the calibration standard
tector. All chemicals were of analytical-reagent grade; all [11,14]

solvents were of HPLC grade. All aqueous solutions were
prepared using Milli-Q water (Mili-RO60, Millipore, Bed-
ford, USA).

2.2. Chemicals and reagents

Buprenorphine HCI was purchased from the Macfar-
lan Smith (Edinburgh, UK). Buprenorphine propionate and
buprenorphine decanoate (internal standgigl;1) were syn-

2.6. Repeatability, precision and accuracy

The repeatability of the method was estimated by compar-
ing the linear regression slopes and correlation coefficients of
the calibration curves from human blood samples. After insti-

In order to prevent the enzymatic hydrolysis of buprenor- tutipnal review board approval, fresh human blood sampl_es
phine propionate in blood, the blood sample (1 ml) obtained Which donated by normal healthy volunteers at each testing
from humans or animals (rats, rabbits, dogs, or pigs) was day were obt.allned from the blood bank of Ch|.—Me| Medlgal
added immediately into a 10 ml capacity polypropylene (PP) Center. Precision anq accuracy were determlned on spiked
tube which contained 4 ml of chilled ethyl acetate angue5 ~ uman samples at eight concentrations of either buprenor-
of internal standard (g). Ethyl acetate acted as the extrac- Phine or buprenorphine propionate with respect to a calibra-
tion solvent. After a 10's shaking for quenching the hydrol- tion graph prepared every day. The precision of the method
ysis reaction, the analytes were then put on a rotary shakerVas gxpressed as the within- and between-day coeff|_C|ent of
for 30 min at 100 rpm for extraction. After centrifugation at Variation (%). The accuracy of the method was determined by
1880 gm (centrifugal force) for 20 min, the PP tubes were put calculatlng'the percentages of mean deviations from known
into a freezer—20°C for 1h. After the lower layer (blood) ~ concentrationg11,14} All samples were freshly prepared
was frozen, the organic layer was poured into another 5m| @1d processed daily, including preparing the standard so-
PP tube and evaporated to dryness under a stream of filteredUtion from the same stock solutions of buprenorphine and
dry air. The samples were then reconstituted by 256f the buprenorphine propionat&ble J.
mobile phase of the HPLC system. Aliquots of 3200Gvere
injected into the HPLC system.

2.3. Sample preparation

2.7. Recovery

The extraction recoveries of buprenorphine or buprenor-
2.4. Chromatography phine propionate in human blood were determined at all lev-
els of the calibration graphs by comparing the data obtained
The assays for buprenorphine propionate and buprenor-by the direct injection of standard concentrations of either
phine were performed using a mobile phase of 5 mM sodium buprenorphine or buprenorphine propionate into the HPLC
acetate buffer (pH 3.75) in acetonitrile (2:8, v/v) and a pro- system with those obtained after the whole extraction proce-
grammable fluorescence detector (excitation 210 nm, emis-dure[11,14]
sion 338 nm, slit 5nm at 0—6.2 min for buprenorphine pro-
pionate and internal standard; excitation 210 nm, emission2.8. Pharmacokinetic studies
352 nm, slit 5nm at 6.2—-8 min for buprenorphine). A flow-
rate of 1.2ml/min at 25C was used and yielded a back- Following the guidelines of the American Association
pressure of about 70 bar. for the Accreditation of Laboratory Animal Care, six male
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Table 1

Precision and accuracy of buprenorphine determined by the HPLC method

Known concentration (ng/ml) Concentration found (mea®.D.) (ng/ml) Coefficient of variation (%) Accuracy (% mean deviation)

Within-day (=10)
2.00 1.86+ 0.16 8.4 -6.8
10.00 9.79+ 0.77 7.9 -21
50.00 49.50+ 4.44 9.0 -1
100.0 99.8+ 6.0 6.0 -0.2
200.0 200.0+ 14.7 7.3 0
500.0 500.2+ 30.7 6.1 05
1000 1000+ 49 4.9 0
1500 1498+ 103 6.9 -0.1

Between-dayr{=24)
2.00 1.814+ 0.18 9.8 -9.4
10.00 9.15+ 0.85 9.3 -85
50.00 48.66+ 4.44 9.1 -2.7
100.0 98.0+ 7.2 7.4 -21
200.0 201.7+ 18.5 9.2 (0]
500.0 512.7+ 47.7 9.3 26
1000 9984 61 6.1 -0.2
1500 1503+ 120 8.0 02

New Zealand white rabbits (2 months old) weighing be- 3. Results and discussion

tween 2.3 and 2.7 kg were used. In order to evaluate the

pharmacokinetics of buprenorphine propionate, two studies 3.1. Chromatography

were carried out. In study 1, the pharmacokinetic study of
buprenorphine following IV administration of gmole/kg

tion of 6 umole/kg (=3.1 mg/kg) was carried out. All six rab-
bits involved in both of the studies received one of the treat-
ments, randomly, at week 1 and the treatment at week 2. A
5ml volume of blood was obtained from the artery of rab-
bits’ ear at time zero and 1ml at 1, 3, 5, 9, 15, 30, 60, 90,
120, 180, 240, 300, and 360 min after IV administration of
tested compounds. The blood was then spiked immediately
into a chilled extraction solvent (ethyl acetate) with internal
standard and shaken 10s to quench the enzymatic hydrol-
ysis reaction of ester compounds. The following extraction
procedures and HPLC analysis were carried out as described
above.

The concentration—time profiles of tested compounds
were fitted by using the computer program PCNONLIN (ver-
sion 3.0, Statistical consultantf)5,16] Akaike informa-
tion criteria, weighted residual sum of squares, and residual
plots were used to judge the goodness-of-fit of the model
to data[16]. A C-strip computer program was used to ob-
tain the initial parameter estimations which were required
for nonlinear regression analysis by the computer program
PCNONLIN[15]. Pharmacokinetic parameters such as half-
lives, clearance and area under the blood concentration-time
graph (AUC) were calculated by standard formylag, 16]

We compared the AUC of buprenorphine which was con-
verted from buprenorphine propionate with those obtained

The chromatography of extracts from humans, rats, rab-
(=3 mg/kg) was carried out. In study 2, the pharmacokinetic bits, dogs, and pigs were similar; here, we presented only
study of buprenorphine propionate following IV administra- the typical chromatograms of extracts from humdfig.(2).

w

0 2
(A)

4 6 8 0 2 4 6 8
min (B) min

by direct IV administration of buprenorphine. Two one-sided Fig. 2. Chromatograms of extracts from: (A) blank human blood, (B) human

t-testswere usdd 7]. A Pvalue less than 0.05 was considered
significant.

blood spiked with internal standard /ml), buprenorphine propionate
(1 pg/ml) and buprenorphine (100 ng/ml). Peak: 1, buprenorphine decanoate
(internal standard); 2, buprenorphine propionate; 3, buprenorphine.
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Table 2
Precision and accuracy of buprenorphine propionate determined by the HPLC method
Known concentration (ng/ml) Concentration found Coefficient of variation (%) Accuracy (% mean
(meant S.D.) (ng/ml) deviation)
Within-day (=10)
20.00 20.35+ 1.09 5.3 17
30.00 31.144+ 0.99 3.2 33
50.00 49.55+ 1.65 3.3 -0.9
1000 102.6+ 6.5 6.4 26
2000 200.6+ 13.6 6.8 03
5000 499.6+ 40.7 8.1 -0.1
1000 999+ 58 5.8 -0.1
1500 1501+ 70 4.7 01
Between-dayr{=24)
20.00 20.34+ 1.08 5.3 17
30.00 32.06+ 2.22 6.9 69
50.00 52.64+ 5.04 9.6 53
1000 100.0+ 8.7 8.7 0
2000 203.8+ 19.9 9.8 19
5000 503.7+ 49.7 9.9 07
1000 1001+ 96 9.6 01
1500 1486+ 85 5.8 -0.9

These were extracts of drug-free blood, spiked samples with3.3. Repeatability, precision and accuracy

buprenorphine, buprenorphine propionate and internal stan-

dard. No interfering peaks were found in the blank blood nor =~ The calibration curves for within-daynE&10) and

in samples from both the humans and the animals. between-dayrn(=24) analyses were obtained by plotting the
peak area ratio versus concentratidalfles 2 and B Over

the concentration range examined, the calibration curves
for both within- and between-day analyses were linear, and
the mean correlation coefficients were all more than 0.998

Under the elution condition, the column retention time of for both drugs. Precision and accuracy were determined

buprenorphine, buprenorphine propionate and internal stan-PY @nalyzing spiked blood samples at eight concentrations
dard in human and animal blood samples were kept nearly fr buprenorphine (2-1500 ng/ml) and buprenorphine pro-
constantFig. 2. The low quantitation limit of buprenorphine ~ Pionate (20-1500ng/ml) with respect to the expected con-
and buprenorphine propionate between human and animafc€ntrations in a calibration graph, and the results are shown
bloods were similar and were 2.0 and 20 ng/ml, respectively N Tables 2 and 3For within-day analysis, the coefficients

3.2. Column retention time and low quantitation limit

(Tables 2 and B of variation were all within 9.0% for both analytes, and the
Table 3
Absolute recovery of buprenorphine, buprenorphine propionate and buprenorphine decanoate (internal standard) from spiked bload&mples (
Drug Concentration (ng/ml) Recovery (mears.D.) (%) Coefficient of variation (%)
Buprenorphine D0 92.8+ 10.2 11
10.00 97.0+ 2.9 30
50.00 93.7+ 4.8 51
1000 92.2+ 10.0 108
2000 94.2+ 8.8 94
5000 92.1+ 5.9 64
1000 91.2+ 4.8 53
1500 92.3+ 8.6 93
Buprenorphine propionate i) 94.3+ 0.5 a5
30.00 89.7+ 0.7 Q8
50.00 84.6+ 1.0 12
1000 90.9+ 4.5 49
2000 92.5+ 3.6 39
5000 88.2+ 85 96
1000 89.1+ 4.8 54
1500 84.2+ 4.2 50

Buprenorphine decanoate 1000 852 20
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deviation from the expected concentration, as a measurement 10000,
of accuracy, ranged from6.8 to 0.5% for buprenorphine and

—0.9t0 3.8% for buprenorphine propionate. For between-day
analysis, all of the coefficients of variation for both drugs were

within 10% and the deviation from the expected CONCENtra- 10004 & rupenorhine dermed oy 1V soprnorghie
tion ranged from-9.4 to 2.6% for buprenorphine and from 4 Buprenorphine propionate

—0.9 to 6.9% for buprenorphine propionate. These results
indicate that the method is precise and accurate.

100 4
3.4. Recovery

Cong (ng/ml)

The recoveries were determined by comparing peak areas
of extracted standards with those of unextracted standards, 10 4
across the range of standard curve. The mean recoveries of
the analytes were 91-97% for buprenorphine and 84—-94%
for buprenorphine propionate over the constructed calibration
concentration ranges. ,

0 60 120 180 240 300 360

3.5. Pharmacokinetic studies Time (min)

This simpl, precise and accurate HPLC method yielded ., 208 neenaton e pofles of tprencrine propinate and
satisfactory results for the simultaneous determination of gnate (Gumole/kg = 3.1 mg/kg) or buprenorphinegénole/kg = 3.0 mg/mi).
buprenorphine and buprenorphine propionate in blood sam-
ples and has been used in pharmacokinetic studies of
buprenorphine and buprenorphine propionate in rabbits fol- tions of buprenorphine propionate followed a linear one-
lowing IV administration. The blood concentration—time pro- compartment model with an elimination half-life of 1.67 min
files of both buprenorphine and buprenorphine propionate in (Table 4. On the contrary, the formation of buprenorphine
rabbits are shown iRig. 3; the pharmacokinetic parameters, occurred quite rapidly. The concentrations of buprenorphine
listed inTable 4 which converted from buprenorphine propionate followed a
Following IV administration of buprenorphine, the con- three-compartment modeTdble 4. When the AUC data
centrations of buprenorphine were successfully fitted to a of buprenorphine obtained by direct IV administration were
three-compartment model with two distributions and one compared with those converted from buprenorphine propi-
elimination phasesTable 4. Following IV administra- onate, no significant differences were foumdifle 4 P> 0.05
tion of buprenorphine propionate, the concentrations of for each comparison). This meant that following IV admin-
buprenorphine propionate declined rapidly. The concentra- istration, buprenorphine propionate was rapidly and totally

Table 4

Pharmacokinetic parameters of buprenorphine propionate and buprenorphine in six rabbits after intravenous buprenorphine propionatgbineuprenor

Parameter Unit Buprenorphine propionate Buprenorphine- converted Buprenorphine-direct
(meantS.D.) (meant S.D.) (meantS.D.)

A ng/ml 1563+ 973 1842+ 819 32514+ 524

B ng/ml - 272+ 66 2144 106

C ng/ml - 101+ 44 1264 30

o I/min 0.543+ 0.313 0.869+ 0.364 1.092:0.335

B I/min - 0.106+ 0.091 0.085+ 0.049

y I/min - 0.008+ 0.001 0.009+ 0.002

Ty2(c) min 1.672+ 0.931 1.047+ 0.249 1.268+ 0.079

T12(B) min - 22.25+ 13.76 25,57+ 15.58

T12(y) min - 79.81+ 10.88 79.93t 17.05

AUCp_o ng min/ml 24404+ 523 19984+ 6164 19997+ 2082

Cly mi/min 1517+ 521 438+ 177 381+ 39

Body weight kg 25+ 0.2 25+ 0.2 25+ 0.2

Equation for buprenorphine propionate: blood concentration ="; equation for buprenorphine: blood concentratiay¥Ae ' +Be ft+Ce t; A,

B, C=interceptsy, B, y are the fist-order rate constants for the central, tissue, and deep tissue compaifimentslf-life of the first-order rate constant;
AUC,_, = area under the time-concentration graph to time infinity=@btal blood clearance. Buprenorphine-converted: buprenorphine which was converted
from buprenorphine propionate. Buprenorphine-direct: buprenorphine which was obtained by direct intravenous administration of bupréhergiviere.
doses of buprenorphine propionate and buprenorphine weneoe/kg. There was no significant difference in AUC data between buprenorphine-converted
and buprenorphine-direct by using two one-sitiests.
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