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ABSTRACT

A high performance liquid chromatographic method wes developed for the
analysis of pentamidine in human plasma, urine and mouse tissues. Sample
clean—up involves precipitating plesma or homogenized tissues with aceto-
nitrile containing hexamidine as an internsl standard. The resulting super-
natent of the plesma, homogenized mouse tissues, and urine spiked with inter-
nal standard were passed through a Cg Bond Elut column and eluted with a
solution containing 0.5% sodium 41-heptanesulfonate, 0.02% tetramethylammonium
chloride and 0.1% phosphoric acid in 97.5% methanol. Using fluorescence
detection (EX: 275 nm end EM: 340 nm), the detection Llimits were 1.15 ng/ml
for plesma, 5.75 ng/ml for urine and 15 ng/gm for mouse tissues. The coef-
ficients of variation for inter-day and intre—-day were sepproximately 10%,
while the average recoveries were 78%, 78%, 68%, 67%, 67% for plasma, urine,
lung, kidney, and Lliver, respectively. The essay was not interfered from any
drugs thet might be taken in conjunction with pentamidine by patients 1in-

fected with pneumocystis carinii pneumonia.



INTRODUCTION

GENERAL
Pentamidine or 4,4'-diemidinophenoxypentene, is a member of & series of
aromatic diemidine compounds synthesized in the 1930's and extensively evelua-

ted for antiprotozoan activity (Figure 1).

MECHANISM OF ACTION

Pentamidine has some biological properties which mey contribute to its
pharmacologic and toxicologic effects. In 1844, Blaschko et al,(1-2) found
that pentamidine inhibited Lliver histeminase. Gemmi LL(3) 4{ndicated that
pentamidine, as well es other amidines, inhibited anaerobic glycolysis of
glycogen to lectete in muscle extracts. The susceptibility of different
species of trypanosomes to pentamidine eppear to be relsted to the relative
importence of aerobic and anserobic glycolysis in their me.sbolism(4),

In vitro, pentamidine was found to react with isolated nucleic acids to
form weter-insoluble precipitetes at neutral pH. This effect was observed
with all types of DNA and RNA of bacterial, fungal and memmalian origin. The
nucleotide diphosphate molecule i the minimum nucleic acid component neces-—
sary for the interaction with arometic diamidines to occur(5),

Pentemidine may be effective against pneumocystis carinii by virtue of
ite ability to inhibit both dihydrofolate reductase (DHFR)(6-7) and thy-
midylate synthetase(B), These two enzymes are essential for the conversion of
dUMP to dTMP. The doses required to inhibit nucleic acid and protein synthe-

eis in human are far in excess of the doses required in protazoens.
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Figure 1. Chemical Structures of pentamidine and hexamidine.



Theoretically, such differences in drug sensitivity between parasite and host

offer an opportunity for exploitation by chemotherapy(8-10)

CLINICAL USE

Since 1841, pentemidine has been extensively used outside the United
States, primerily for the treatment of specific tropical diseases. It is the
drug of choice in the therapy of early African sleeping sickness(11-12) and is
used prophylacticelly against Trypanosoma gambiense(13-14) and is of velue in
the treatment of leishmanie resistent to sodium antimony tertrate and ethyl
stilbene(15), Pentamidine also hes antibacteriel and fungicidel proper-
ties(16) 1t exhibits ectivity ageinst specific types of malaria in ani-
mals(17). Of particular significance are the excellent results obtained with
pentemidine in the treatment of pneumonia caused by the pneumocystis cari-
nij(18),

Pneumocystis carinii pneumonia (PCP) is a protozoal infection confined to
the Llung, end is most commonly seen in patients with disseminated malignant
neoplaesms, in patients with congenitel or acquired immunologic defects, as
well es in malnourished, premsture infants(18-21), If Lleft untreated, it is
lethal. Of the 743 Acquired Immune Deficiency syndrome (AIDS) patients with
PCP reported to the Center for Disease Control, 45% were known to have died,

usually of PCP, with or without other serious infections(22]),

PHARMACOKINETIC STUDIES
Pentamidine isethionete 1& feirly well absorbed from perenteral sites of

edministration. Clinical phermacokinetic—pharmacodynamic studies are Llimi-



ted (23-25) becasuse of the leck of a precise, sensitive analytical method and
because the drug is too toxic to give to volunteers. A spectrophotometric
assay was used to measure pentamidine concentraetions in plasma urine and
various tissues(23-25), Pesk plesma concentration of 0.3 to 1.4 mcg/ml were
present in 7 patients after receiving intramuscular injection of pentamidine 4
mg/kg/day. According to our study, following a single IV dose of 4 mg/kg,
the peak concentration of pentamidine in human plasma is 228 ng/ml end the
trough level is 2.37 ng/ml in an AIDS patient. Pentamidine is highly bound to
nucleic acid in tissue and is gradually released(5). After intravenous or
intraperitoneal injection in mice, the highest concentration of pentamidine
was found in the kidney, followed by the Liver(24-25). For the patient
studied, pentemidine blood levels during therapy remained low and the amount
excreted in urine was approximately 20% or less of the daily dose. It was
found to be excreted intect in urine end feces with no evidence of any mete-

bolic breakdown products in Launoy's C14 studies(26-27). The TLC results of

Wealkes and Devita support these findings(23),

ADMINISTRATION AND DOSAGE

Because of the high incidence of immediate undesirable effects when given
intravenously, pentamidine is best given by intramuscular administretion with
a dose of 4 mg/kg of body weight(2B). The drug is more effective for the
treatment of T. gambiense infections than in those cssued by T. rhodesiense.
The use of pentamidine is restricted to the treatment of early sleeping
sickness without central nervous system involvement because the drug fails to

penetrate the blood-brain barrier(29-30),



ereas (28). Intremuscular injections falling within the range of 3 to 5 mg/kg
should be given at intervels of no longer than 6 months.

In the treatment of visceral Lleishmeniassis, pentamidine has been used
successfully by edministrating a daily dose of 4 mg/kg for 12-15 days. A
second series of 12 to 15 doses may be necessary in areas where the infection
{8 known to be less responsive to treatment. The drug is perticularly useful
in cases in which patients have failed to respond to antimonisels.

Cases of PCP should be treeted daily with 4 mg/kg pentemidine intramuscu-—
larly for 12 - 14 deys. In severe cases the drug mey be infused slowly over a
5 - 10 minute period. Clinical effects are usually apparent 4 — 6 days after
the first injection, but rediographic improvement 18 often unepparent for
several weeks(31), A high percentege of cures can be expected, depending on
supportive therepy. However, elimination of predisposing conditions is still

essential.

TOAICITY AND SIDE EFFECTS

In mice, the LDsp for {intravenous administration of pentemidine is
equivalent to 28 mg/kg compared to 64 mg/kg for the subcutaneous route(32]),
Desth resulted from the generalized central nervous system depression followed
by respiratory failure.

Numerous side effects were reported following intravenous administration
of the drug. Dermarch estimated that existence of side effects from intrave-
nous pentamidine may range as high as 75%, while with intramusculer pent-
amidine the range is 0.8 - 5%(33),

The immediate reactions to 1intravenous pentemidine include breathless-

ness, tachycardia, dizziness, sweating, headache and vomitting(34-35). These



reactions are probably connected with the sharp fall in blood pressure that
follows an {intravenous edministration of the drug which is too rapid. The
signs end symptoms of these immediete reactions have been ascribed to "vago-
sympathetic disequilibrium.” These toxic menifestetions {inveriably disappeer
after 10 - 30 minutes(35).

Other reported systemic adverse effects 1include skin rash, transient
szotemia, hypoglycemis, followed by hyperglycemis, hypocalcemia, elevated
liver enzyme levels and netropenia(36-39),

Renal lesions are the most common side effects reported to the Pasrasitic
Disease Drug Service of Center for disease control. Animel studies have shown
thet pentamidine achieves {1ts highest concentration in the kidney and is
released from this organ slowly(23), The interaction of pentamidine with
nucleic acids and its inhibition of DHFR might play roles in its renal toxi-

city.

PRECAUTIONS

Because of its toxicity, pentamidine should be used carefully in patients
with hypertension, diebetes mellitus, melnutrition, hepatic dysfunction, renal
disease, or megeloblestic anemia. If the drug has to be used by & pregnant
woman, the dosage should be reduced. 1In most instances, injection is limited
to women who are more than five months pregnent.

Blood pressure and Lleboretory tests (e.g. CBC, platelets, urinalysis,
renal function tests, Lliver function tests, serum celcium end phosphorus)

should be performed before and during pentemidine therapy.



SIGNIFICANCE OF THE ASSAY

Knowledge of the pharmescodynamics and pharmacokinetic profiles of a drug
is useful not only for the development of a better understanding of the drug's
mechanism, but elso for the essessment of & more rational dosing regimen.
Although pentamidine has been used for more than forty years, knowledge of its
clinical pharmacology is presently limited. The relationship of blood, urine
and tissue concentrations of pentamidine to its efficecy and toxicity has not
been studied. Furthermore, in patients with impaired renal function, the
effect of repeated doses of pentamidine on the drug's pharmacokinetics is also
unknown. Due to the drug's toxicity to the kidney, attempts are underway to
use liposomes to deliver pentamidine to the target organ in PCP patients.

Liposomes ere small, enclosed vesicles composed of phospholipid membrane,
which cen encapsulate a variety of macromolecules, including drugs. They can
be used to transport drugs to verious target sites throughout the body. The
delivery of Liposomes to the lLungs depends upon the liposome's size as well @s
its phospholipid composition(40), Larger Liposome vesicles accumulate in the
lung particularly well. Possible explanatione for this phenomenon are that
the largeer Liposomes form pulmonary microemboliems(41), or that there is a
binding affinity between liposomes end lung capillary endothelial cells. The
area aveilable for endothelial cell contact increases with Liposome size.
Phosphatidyl serine—conteining liposomes tend to accumulate in the lungs more
so than other negatively charged liposomes (the mechanism is still unknown).
Thus the efficacy of the drug could be enhanced and ite toxicity reduced.

In order to study pentemidine's pharmacokinetics and test the effective-
ness of the Lliposome delivery system, a simple and precise analytical method
is necessary. The CDC LC method is presently preferred over the spectrofluo—

rometric method, but it is neither simple nor precise. The procedure is time-



consuming, 1involving three separate extractions; the assay utilizes U.V.
detection which is Lless specific than fluorescence detection; and the asssy
sensitivity is Llimited by ite low (20 - 35%) recovery. Furthermore, its
reproducibility is questionable due to the large number of sample repeats

which must be run. For this reason, we developed the described HPLC method.

REVIEW OF ANALYTICAL METHODS

1. Spectrofluorometric method — Wealkes and Devita (23)

A spectrofluorometric method was developed by Waalkes and Devita to
measure pentamidine concentretion in human plasma, human urine end mouse
tissues(23), Ppentemidine is extracted under basic conditions from biological
samples into butenol. Following back extraction into acid, the fluorescent
glyxalidone derivetive formed by reacting pentamidine with glyoxal, and
benzaldehyde was meesured with a spectrophoto—-fluorometer. The procedure is

quite tedious and the detection limit is only about 200 ng/ml.

2. High Performance Liquid Chrometography

A reverse phase HPLC assay for pentamidine using hexamidine as an inter-—
nael standard was recently reported by the Centers for Disease Control
(cDC)(42), After precipitating the protein with sodium hydroxide (NaOH) and
neutralization with HCL, pentemidine is extracted 1into chloroform 1in the

prescence of diethylhexyl phosphoric acid. After concentraction into the acid

and back extraction into the organic phase (CHoCl2), the semple is separated



by en Alltech Cqg column in a mobile phase of 60% methanol, 0.05M sodium
heptenesulfonete, and 0.014M triethylamine with the pH adjusted to 3.0 with
phosphoric acid. Using UV detection set at 280 nm, the detection Llimit is

about 12 ng/ml with a 20-35% recovery.

EXPERIMENTAL

MATERIALS AND CHEMICALS

Pentemidine, as d{sethionate salt, was supplied by May & Baker Co.
(Dagenham, England), while the hexamidine was a gift from Dr. John Conte of
UCSF. Quinine sulfate dihydrate was purchased from Aldrich Chemical Co.
(Mi Lwaakee, Wis). Tetramethylammonium chloride (Fluka Chem. Co., Hsuppauge,
NY) and sodium 41-heptenesulfoneste(sigme chem. Co., St. Louise, MO) were
obtained commercially., Methanol and acetonitrile were HPLC grade (J.T.
Baker Chem. Co., Phillipsburg, NJ) while other reagents were of analytical
grede. Water wes obteined through & nanopure apperetus (Barnstead Co.,

Boston, MA).

APPARATUS

A solvent delivery pump (Model 110, Beckman Inc., Sen Jose, CA), an
automatic sample processor (WISP 710B, Weters Associates, Milford, MA), e
fluorescence detector RF-530 (Shimaedzu Instru - Spec, Inc., Concord, CA), an

Altex Ultraesphere Octyl 5 u, 4.6 mm x 25 cm column (Beckman Inc., San Jose,
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CA) and an integretor (Model 3330A, Hewlett Packard, San Clara, CA) were

used. The Cg Bond Elut extraction columns were obteined from Analytichem

International (Harbor City, CA.).

BIOLOGICAL SAMPLES

Humen plesma was purchased from Irwin Memoriel Blood Bank (S.F., CA.),
while all mouse tissues were supplied by Dr. Bob Debs in the Department of
Pharmacology at UCSF. Blank urine samples were collected from healthy adult

volunteers.

HUMAN STUDY

G.H., an AIDS patient infected with PCP, was treasted with pentamidine by
single I.V. dose. A total dose of 284 mg (4mg/kg) was given. Blood semples
were teken at O, 1, 1.5, 2, 2.5, 3, 4, 5, 6, 10, 12 and 24 hours. Heperi-
nized plesme was stored at -80 C before being assayed. Pentemidine were
determined by both CDC method and our method by the technicien in the Infec-

tious Diseases Ressarch Unit.

ANIMAL STUDY

Except for the HPLC assay for pentamidine , the following animal studies
were performed by Dr. Debs and Dr. Straubinger in the Department of Pharmaco-
logy at UCSF.

Liposomes, composed of phosphetidylserine, phosphatidylcholine and

cholesterol (8:32:20) were prepared by modifying a method developed by Olson
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et 8l.(43)., After the Llipids in chloroform were dried down on a rotastory
evaporator, 1 ml of 100 mg/ml pentemidine solution in sterile water was sadded
to the dried lipid film and the mixture wes slowly rotated for 48 hours under
argon. Subsequently, the liposomes were dialyzed for 72 hours against 10 mM
2-(N-morpholino)ethanesufonic acid (MES) buffer (pH 6.2, 290 mOsm) with
frequent dislyzing solution chenges to remove unencepsuleted drug. The
dialysete was then spun et 20,000g for 40 minutes after which lLiposome pellets
were resuspended in MES buffer. Liposomes were lLyzed in MeOH/MES (9.5:1) and
Liposome encapsulated pentemidine was then measured by optical density et 262
nm, Lipid recovery was determined by a stendard phosphate assay (44].

Mice (Belb/C, sverege 20 gm ]} received 5 mg/kg of either free or encapsu-
lated pentemidine by tail vein injection. 20 mmoles buffer loaded with non-
drug conteining liposomes was injected into groups of three mice 1 hour prior
to injection of liposome pentemidine (predose). The 3 mice from each group
were sacrificed st 1, 4 and 24 hours post injection. Mice were anesthetized
with ether, the chest cavity exposed, several drops of a 1:1000 dilution of
pure heparin instilled and the heart cut. Blood wes collected and lungs,
liver and kidneys removed. After weighing, 0.5 CC PBS was eadded to each
organ, and the organs were homogenized in a homogenizer. Semples were then
frozen at -80 C and defrosted prior to being assayed.

Aerosolized pentamidine loaded Lliposomes were prepared as described by
Szoka and Papahadjopoulous(45) and extruded through 0.4 micron polycarbonate
filters. Groups of B mice were placed in @ 1 liter conteiner and received 2
mg of pentemidine in and serosol of 1 um droplet size over 30 minutes. Mice

were subsequently processed as in the I.V. study ebove.
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PROCEDURES

FLUORESCENCE QUANTUM EFFICIENCY ESTIMATION
Quantum efficiency of pentemidine and hexamidine are estimated by the
comparative method of Chen(46) using quinine bisulfete as a reference stan-

derd(47), Pesk arees of quinine, pentamidine or hexamidine all at the same
wmolar concentration, are compared under their maximum spectra. The intensity
of the excitetion beam 1is mainteined at @ constant level for the detector
used. Opticel densities were measured et the excitation wavelength on a

Perkin—Elmer spectrophometer.

PREPARATION OF SILANIZED TUBES.

A 5% of dichloromethylsilene (DCMS) was made by diluting 200 mlL of stock
solution DCMS with 3800 mlL of toluene. Place clean and dry tubes in a large
beeker and soek with the 5% DCMS solution for 20 minutes. Discard the DCMS
solution end replece with toluene. Soak for 5 minutes in the toluene, then
rinse once with methanol. The tubes were dried in an oven and cooled down to

room temperature before use.

PREPARATION OF STANDARD SOLUTIONS

Pentemidine stendard stock solution is prepared by weighing 10 mg of

pentamidine isethionate and diluting it with 50% CH3CN end 0.1% H3P04 to &

volume of 10 ml in a volumetric flesk. This stock solution has & concen—

tration of 0.574 mg/ml pentemidine free base. A working solution of 0.574
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ng/ul is mede by diluting the stock solution 1000 times with the same sol-
vent. These solutions ere stable for three months when stored st 4°C. The
internal standerd, hexamidine, is prepared in a stock solution of 10 mg/ml es
is pentemidine. A 5 ug/100 ml CH3CN working solution of internal standard was
prepared from this stock solution. The hexamidine stock solution is diluted

100 times to create 8 urine internal standard.

TREATMENT OF PLASMA.

To 0.5 ml of plesma, 1.0 ml of internal stendard working solution 1is
added. The mixture is mixed for one minute and centrifuged et 3000 rpm for 10
minutes. The supernatent is transfered to a 500 mg Cg Bond Elut, and washed
with 1 ml each of water and methanol. The Bond Elute conteining the drug and
internal stendard is then placed over & silanized tube. The drugs are then
eluted with 1 ml of & solution conteining 0.5 ¥ sodium 1-hepantensulfonate,
0.02% tetremethylammonium chloride and 0.1% H3P04 in 87.5% methanol. The
eluent is allowed to drip through the Bond Elut without aepplying pressure
thereby avoiding the inconsistencies caused by veccum elution. The collected
eluste is eveporated to a volume of about 200 ul under nitrogen in a 30°C
water bath. An aliquot of 40 to 100 ul of this solution is then injected onto

the column.

TREATMENT OF URINE

A 25 ul aliquot of internal stendard working solution (10 ng/ul) is
spiked into 0.2 ml of urine. After vortexing, the semple is passed through
the Bond Elut end the remeinder of the procedure is the same as that for

plasma.
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TREATMENT OF TISSUES

Tissues are weighed (ranged from 0.08-1.0 g) and homogenized in 0.5 ml of
phosphate buffer saline. For sssaying pentamidine in mouse tissues, 200 ul of
homogenate is pipetted into a test tube. 400 ul of nanopure water is added to
tubes and the tubes are votexed 2 minutes. 0.8 ml of acetonitrile conteining
internal standerd is added in order to precipitete tissue impurities. Tubes
are vortexed for 1 minute end the mixture is then centrifuged at 3000 rpm for
10 minutes. If pentemidine concentration is expected to be high (depending
on the dose end the route of administration), direct injection is possible,
otherwise the remeining procedures are the same as that for plesme except the
Bond Elut ie weshed with 2 ml each of weter and 50% of methanol, and the drugs

are eluted with 2 ml of the eluent.

CHROMATOGRAPHIC CONDITIONS

The mobile phase is prepered by mixing 1800 ml of acetonitrile, 2200 ml
of water, B ml of 10% equeous tetramethylammonium chloride and 4 ml of concen-
trated phospharic ecid. The solvent is degassed and filtered before use. The
mobile phase 18 pumped et & flow rete of 1.0 ml/min.

The fluorescence detector is set at 275 nm for excitation and at 340 nm
for emission with the slit widths of 18 nm for excitation and 22 nm for
emission monochromators. The retention times for pentamidine and hexamidine

are 10 and 13 minutes, respectively (Figure 2).
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Figure 2. HPLC Chrmatograms of (A) Blank Plasma (B) Plasma fortified

with a. Pentamidine (10 ng/ml) and b. Hexamidine .
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RESULTS

QUANTUM EFFICIENCY

Relative quantum yields were calculated from the relation:

Fx Qst ODst
Fst Qqx ODx

where the subscripts st and x refer to standard end unknown solutions, Q is
the quantum yield, F is the reletive fluorescence (determined by the pesk
erea), q is the relative photon output of the source (et the wavelength em—
ployed to excite @ given solution and is menitained at & constant level here),
and 0D is the opticel density. In Table 1 , the quantum yields of pentamidine
and hexamidine sre given and found to be 0.050 and 0.057 respectively, when

quinine 1s used as a reference standard.

OPTIMIZATION OF EXTRACTION

The optimal ratio of ecetonitrile to water for protein precipitation and
removel of tissue impurities was found to be 2 to 1. By using 1-heptane—
sulfonate conteining 0.02% tetramethylammonium chloride and 0.1% of HzP04 es
eluent rether than just 1-heptanesulfonete, less volume 1s required to elute

the drugs.

OPTIMIZATION OF CHROMATOGRAPHY

A Cg column wes fnitially used, and the resultent pesk shapes were sharp,

s0 no other column was tested. Mobile phase consisting of 45% CH3CN, 0.1% of
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TABLE 1: FLUROESCENE QUANTUM YIELD AND SPECTRAL PROPERTIES FOR PENTAMIDINE,
HEXAMIDINE AND QUININE

SUBSTANCES EXCITATION EMISSION PEAK 0.D. QUANTUM
MAIMUM (nm) MAXIMUM (nm) AREA YIELD

Pentemidine

Isethionate 275 340 1884800 0.214 0.050
Hexamidine

Isethionate 275 340 1816500 0.183 0.057
Quinine

Bisulfate 312 450 5864700 0.058 0.55
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H3P04 end 0.02% tetramethylammonium chloride was found to optimize peak shapes
and retention times on this system. The acetonitrile concentration is not es
criticael ss the concentration of tetremethylammonium chloride. Acetonitrile
concentrations of 30 to 60% only slightly changed retention times and peak
shapes, wherees small differences in tetramethylammonium chloride concen-

trations geve significant changes.

DETECTION AND SENSITIVITY

0.3 ng of pure pentemidine can be detected under fluorescence detection
with excitation et 275 nm end emission et 340 nm (signel/noise = 3.6). The
lower detection Llimit 18 0.574 ng when 0.5 mlL of plasme ie extracted. The
accurete sensitivity of this method allows quantitation of 2.87 ng/mlL of
pentamidine in 0.5 ml of plesma with 10.2% C.V. Sensitivity in urine 1& at

least as good as that in plasma.

CALIBRATION CURVES

Stenderd curves for plesma, urine end various tissues were obteined by
calculating the ratio of the peak height of pentemidine to that of the inter-
nal stenderd and plotting that ratio versus the spiked concentration as shown
in Figures 3 through 7. All standard curves are lLinear with r2 = 0.898.
However, these standard curves show a significant deviation at the lower
concentrations. If the standard curve {8 divided into Llower and higher
concentrations, and the two curves are calculated separately as shown in
Tables 2 through 6, the accuracy at the Llower concentration is greatly 1im-
proved. This i1s due to the fact that ectual uncertainty for each sample i&

equivalent but the percentage of error increeses with lower concentration.
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For this method, the range of velues is too great for one standard curve. The
low concentration are far less sccurate than the high conccentrations. Two
curves for this renge are required to produce accurate velues along the whole

range.

PRECISION

The precision of the method over the entire working renge was determined
as follows: Repeated assesys were performed on plesma and urine samples con-
taining different concentrations of the drug. Those enalyses performed on the
seme dey were used to velidate intre—-desy precision, while those samples done
on 6 consecutive days were used to validate inter-day precision. The means,
standard deviations end coefficients of varietion were determined. The
results of this study appear in Tebles 7 through and 13. Except the extra low
concentration in plasma (2.87 ng/ml, CV 10.2%), all the intra—-day and inter-

dey precision data were within 10%.

RECOVERY

Recovery was determined by comparing the peak height ratio of the eluent
passed through the Bond Elut to the peak height ratio of the aqueous solution
not paessed through the Bond Elut. Spiked plesma, various tissues and urine
samples were treated as described sbove except that the internal standard is
not added until the eveporation step. The recoveries at different concen—-
trations for plasme, urine end tissues appear in Tables 14, 15, and 16. The
average sbsolute recoveries are 78%, 78% and 67% for plesma, urine and tissus,

repectively.
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TABLE 2. LINEARITY OF A REPRESENTATIVE CALIBRATION CURVE: PLASMA

CALCULATED CONCENTRATION (NG/ML)

SPIKED CONC. FROM FROM
(NG/ML) PEAK HEIGHT 0 - 344 0 - 34.4 34.4-344
1.15 0.021 -0.404 0.760
2.30 0.045 1.36 2.44
4.60 0.080 3.94 4.89
8.20 0.140 8.37 9.08
17.2 0.258 17.1 17.4
34.4 0.500 34.9 34.3 33.4
57.4 0.846 60.4 59.1
86.1 1.185 85.4 84.3
115 1.638 118 118
172 2.335 170 170
344 4.681 343 344
Intercept: 0.0268 0.0102 0.0602
Slope: 0.0136 0.0143 0.0134
re: 0.9987 0.89396 0.9986




TABLE 3. LINEARITY OF A REPRESENTATIVE CALIBRATION CURVE:

URINE

26

CALCULATED CONCENTRATION (MCG/ML)

SPIKED CONC. FROM FROM
(MCG/ML) PEAK HEIGHT 0-2.87 0 - 0.574 0.574 - 2.87
0.0287 0.068 0.0085 0.0258
0.0574 0.128 0.0444 0.0581
0.144 0.293 0.140 0.147
0.287 0.554 0.292 0.287
0.574 1.086 0.600 0.573 0.570
1.44 2.551 1.45 1.44
2.15 3.791 2.17 2.17
2.87 4.948 2.84 2.86

Intercept: 0.0521 0.0201 0.1248

Slope: 1.7218 1.8583 1.6885
re: 0.9998 1.0000 0.9888

J

-
—~—— s
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TABLE 4. LINEARITY OF A REPRESENTATIVE CALIBRATION CURVE: MOUSE LIVER

CALCULATED CONCENTRATION (MCG/GM)

SPIKED CONC. FROM FROM ol
(MCG/GM) PEAK HEIGHT 0-1.81 0 - 0.302 0.302 - 1.81 :
0.0302 0.0345 0.0136 0.0291
0.0604 0.05395 0.0511 0.0586
0.121 0.116 0.126 0.125
0.302 0.265 0.305 0.301 0.280 '
0.604 0.520 0.621 0.615
1.21 1.017 1.24 1.25
1.81 1.458 1.78 1.78

Intercept: 0.0185 0.0038 0.0401

Slope: 0.8056 0.8482 0.7853

ra: 0.8883 0.8995 0.8880
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TABLE 5. LINEARITY OF A REPRESENTATIVE CALIBRATION CURVE: MOUSE LUNG

CALCULATED CONCENTRATION (MCG/GM)

SPIKED CONC. FROM FROM
(MCG/GM) PEAK HEIGHT 0-1.81 0 - 0.302 0.302 - 1.81
0.0302 0.036 0.0310 0.0312
0.0604 0.061 0.0610 0.0614
0.121 0.108 0.118 0.118
0.302 0.261 0.303 0.303 0.302
0.604 0.515 0.608 0.608
1.21 1.006 1.20 1.20
1.81 1.512 1.81 1.81

Intercept: 0.0104 0.0101 0.0116

Slope: 0.8281 0.8283 0.8272

re: 1.0000 0.9988 1.000

y -
i



TABLE 6. LINEARITY OF A REPRESENTATIVE CALIBRATION CURVE:

29

MOUSE KIDNEY

CALCULATED CONCENTRATION (MCG/GM)

SPIKED CONC. FROM FROM
(MCG/GM) PEAK HEIGHT 0-1.76 0 - 0.293 0.283 - 1.78
0.0283 0.029 0.0318 0.0286
0.0586 0.053 0.0611 0.0582
0.117 0.102 0.121 0.118
0.283 0.243 0.293 0.282 0.300
0.586 0.477 0.578 0.584
1.17 0.850 1.16 1.16
1.76 1.451 1.77 1.77

Intercept: 0.0031 0.0058 -0.0034

Slope: 0.8180 0.8109 0.8228
ra: 0.9998 1.0000 0.9988

AL )

™
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TABLE 7. INTER-DAY PRECISION FOR PENTAMIDINE IN PLASMA

1 2 3 4 5 ] MEAN 8D 2 cv

X-HIGH CONCENTRATION (SPIKED: 144 ng/ml)

148 146 142 144 146 145 145 2.04 1.40
HIGH CONCENTRATION (SPIKED: B86.1 ng/ml)

87.8 85.5 B85.5 88.4 83.2 83.2 85.6 2.20 2.57
MEDIUM CONCENTRATION (SPIKED: 28.7 ng/ml)

28.6 29.7 30.4 28.6 2s8.0 27.5 2s8.0 1.00 3.45
LOW CONCENTRATION (SPIKED: 8.61 ng/ml)

8.78 8.50 8.80 8.03 8.72 8.15 8.51 0.35 4.2
X-LOW CONCENTRATION (SPIKED: 2.87 ng/ml)

2.5 2.85 3.25 2.74 3.07 3.27 2.85 0.30 10.2

TABLE 8. INTRA-DAY PRECISION FOR PENTAMIDINE IN PLASMA

1 2 3 4 5 6 MEAN X Cv

X-HIGH CONCENTRATION (SPIKED: 144 ng/ml)

142 138 148 14 139 146 142 3.73 2.63
HIGH CONCENTRATION (SPIKED: 86.1 ng/ml)

86.7 87.2 82.1 86.7 85.5 82.6 85.1 2.23 2.62
MEDIUM CONCENTRATION (SPIKED: 2B8.7 ng/ml)

e8.9 298.7 27.9 28.4 30.0 28.4 es.o 0.80 2.77
LOW CONCENTRATION (SPIKED: 8.61 ng/ml)

8.87 8.72 8.32 8.01 8.50 8.38 8.60 0.255 2.86
X—-1LOW CONCENTRATION (SPIKED: 2.87 ng/ml)

2.64 2.57 2.43 2.72 2.82 2.64 - 2.65 0.163 6.15




TABLE 8. INTER-DAY PRECISION FOR PENTAMIDINE IN URINE
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1 2 3 4 5 ] MEAN X Cv
X-HIGH CONCENTRATION (SPIKED: 1.29 mcg/ml)
1.30 1.34 1.3 1.34 1.28 1.32 1.32 0.0235 1.78
HIGH CONCENTRATION (SPIKED: 0.430 mcg/ml)
0.432 0.451 0.458 0.416 0.456 0.437 0.442 0.0165 3.74
MEDIUM CONCENTRATION (SPIKED: 0.215 mcg/ml)
0.213 0.218 0.232 0.218 0.208 0.224 0.219 0.0084 3.84
LOW CONCENTRATION (SPIKED: 0.0781 mcg/ml)
0.0712 0.0672 0.0804 0.0689 0.0735 0.0685 0.0718 0.0047 6.58
X—LOW CONCENTRATION (SPIKED: 0.0431 mcg/ml)
0.0413 0.0465 0.0422 0.0433 0.0383 0.0443 0.429 0.0026 6.00
TABLE 10.- INTRA-O;Y PRECISION FOR PENTA_;IDIOE IN ll-!INE B o
1 2 3 4 5 6 MEAN X Cv
X-HIGH CONCENTRATION (SPIKED: 1.29 mcg/ml)
1.3 1.33 1.34 1.29 1.31 1.35 1.32 0.0223 1.68
HIGH CONCENTRATION (SPIKED: 0.430 mcg/ml)
0.460 0.438 0.462 0.465 0.454 0.448 0.455 0.0097 2.12
MEDIUM CONCENTRATION (SPIKED: 0.215 mcg/ml)
0.215 0.208 0.218 0.212 0.218 0.213 0.2194 0.0047 1.80
LOW CONCENTRATION (SPIKED: 0.0781 mcg/ml)
0.0685 0.0672 0.0712 0.0654 0.0723 0.0654 0.0685 0.0030 4.31
X-LOW CONCENTRATION (SPIKED: 0.0431 mcg/ml)
0.0448 0.0413 0.0419 0.0402 0.0436 0.0453 0.0428 0.0020 4.74




TABLE 11. INTRA-DAY PRECISION FOR PENTAMIDINE IN TISSUE LIVER

1 2 3 4 5 8 MEAN 8D X Cv
HIGH CONCENTRATION (SPIKED: 0.807 mcg/gm) I
0.885 0.872 0.878 0.807 0.884 0.801 0.880 0.0137 1.54 ff

MEDIUM CONCENTRATION (SPIKED: 0.453 mcg/gm)

0.447 0.477 0.447 0.461 0.461 0.468 0.460 0.0118 2.56

LOW CONCENTRATION (SPIKED: 0.120 mcg/gm)

0.124 0.115 0.129 0.122 0.130 0.117 0.123 0.0061 4.96
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TABLE 12. INTRA-DAY PRECISION FOR PENTAMIDINE IN LUNG

1 2 3 4 5 6 MEAN 8D X Cv

HIGH CONCENTRATION (SPIKED: 0.807 mcg/gm)

0.885 0.867 0.895 0.913 0.847 0.918 0.806 0.0270 2.98

MEDIUM CONCENTRATION (SPIKED: 0.453 mcg/gm)

0.459 0.449 0.447 0.456 0.457 0.452 0.453 0.0048 1.05

LOW CONCENTRATION (SPIKED: 0.120 mcg/gm)

0.118 0.125 0.120 0.117 0.118 0.122 0.120 0.0028 2.34




TABLE 13. INTRA-DAY PRECISION FOR PENTAMIDINE IN KIDNEY
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HIGH CONCENTRATION (SPIKED: 1.27 mcg/gm)

1.26 1.27 1.27 1.28 1.28 1.30
MEDIUM CONCENTRATION (SPIKED: 0.439 mcg/gm)

0.449 0.417 0.442 0.443 0.452 0.433
LOW CONCENTRATION (SPIKED: 0.120 mcg/gm)

0.117 0.123 0.118 0.118 0.108 0.106

1.28 0.0137 1.10

0.433 0.0128 2.91

0.115 0.0065 65.65
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TABLE 14, RECOVERY OF EXTRACTION IN PLASMA (N=3)

PEAK HEIGHT PEAK HEIGHT AMOUNT
SPIKED CONC. RATIO OF RATIO OF RECOVERED 8.D.

NE/ML PLASMA SAMPLE WATER SAMPLE NEML NG/ML RECOVERY
2.30 0.051 0.069 1.7 0.108 73.91
5.74 0.110 0.141 4.49 0.863 78.01

23.0 0.410 0.524 18.0 0.569 78.24

57.4 1.138 1.423 45.9 2.97 78.97

TABLE 15. RECOVERY OF EXTRACTION IN URINE (N=3)

SPIKED CONC. PEAK HEIGHT PEAK HEIGHT AMOUNT
(MCEML) RATIO OF RATID OF RECOVERY 8.D.
PLASMA SAMPLE WATER SAMPLE MCEML MCE/ML  RECOVERY

0.0574 0.181 0.232 0.448 0.00242 78.02
0.215 0.375 0.480 0.164 0.00607 76.65
0.358 0.626 0.791 0.284 0.00852 78.14
0.718 1.213 1.508 0.578 0.0282 80.07

P——— L




TABLE 16. RECOVERY OF EXTRACTION IN DIFFERENT MOUSE TISSUES (N=3)

LIVER
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SPIKED CONC. PEAK HEIGHT PEAK HEIGHT AMOUNT
(MCE/6M) RATIO OF RATIO OF RECOVERED 8.D.
TISSUE SAMPLE WATER SAMPLE MCG/GM MCG/6M RECOVERY
0.120 0.0723 0.107 0.0811 0.0014 67.6
0.453 0.258 0.388 0.301 0.0057 66.5
0.807 0.501 0.7862 0.600 0.0040 65.8
LUNG
0.120 0.0703 0.107 0.0788 0.0028 65.7
0.453 0.262 0.388 0.306 0.0006 67.5
0.907 5.34 0.762 0.690 0.0052 70.1
KIDNEY
0.120 0.0697 0.107 0.0782 0.0044 65.1
0.453 0.263 0.388 0.307 0.0025 67.7
0.878 0.521 0.762 0.581 0.036 68.4
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STABILITY

Pooled plesma samples spiked with verious concentrations of pentemidine
were divided into 0.5 ml aliquots end stored in -20°C and -80'C freezers until
asssyed. No appreciesble degradation of pentemidine in frozen plesma was seen
at -B0 C during the two months of study. When stored at —20°C, samp Les
remained stable for the first two weeks. Following this period, there was a
degredetion of epproximetely 10% over a two month period. Results are shown

in Teble 17.

INTERFERENCE

Drugs which might be tsken in conjunction with pentamidine by petients
infected with PCP were checked for interferences. These include the drugs
which are entibacteriel (e.g. eminoglyiosides, cephalosporins), antiviral
(e.g. acyclovir), antifungal (e.g. isoniszid, rifampin, ethanbutol), anti-
histaminic (e.g.diphenhydramine] and analgesicse (e.g. espirin, acetamino-
phen). None of these drugs tested were found to interfere with pentamidine or

the internal standard.

HUMAN STUDY

The pentamidine plasma levels in the AIDS patient were measured by both
the CDC method and by this method. The plesma concentration—-time curves are
superimposeble for both methods &s shown in Figure B. The coefficient of
correlation was 0.998, with a slope of 1.02 and an intercept of 1.41. How—
ever, the method developed at CDC is not sensitive enough to detect the plasma

concentration 24 hours post injection.




37 -

TABLE 17. STABILITY OF PENTAMIDINE ISETHIONATE IN PLASMA

CONCENTRATIONS AT -20 C (NG/ML)

DAY 5.74 23.0 57.4 115 172
0 5.45 22.1 54.8 113 176
1 4.86 18.78 54.0 113 171
3 5.73 22.0 52.6 113 174
7 5.77 23.4 57.9 111 170

14 5.24 e3.7 58.5 11 175

30 5.87 18.0 51.6 100 154

63 4.78 18.4 49.0 88.0 156

CONCENTRATIONS AT -80 C (NG/ML)

DAY 5.74 23.0 57.4 115 172
0 6.56 23.8 56.9 116 172
1 5.17 22.5 52.0 108 168
3 6.88 23.5 54.2 116 171
7 6.27 21.4 53.2 112 168
14 5.61 22.1 56.8 118 175 "
33 5.56 20.4 53.7 108 164 E

63 5.12 20.7 54.4 110 168 a
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Figure g. Pentamidine pharmacokinetic nrofile after an I.V. dose of 4mg/kg

in an AIDS patient.
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ANIMAL STUDY

In this study, both direct precipitation and Bond Elut extraction methods
were used. These chromatogrems can be seen in Figures 8 and 10. The sensi-
tivity of the direct precipitation method (0.0625 mcg/gm) was Llimited by its
less clean background, thus Lless than 50 ul of the supernstant could be
injected using this method.

Administration of pentemidine vie Lliposomes compared to administration
of the free drug increased drug levels almost forty times in the mouse lung
while concurrently reducing kidney levels 3 times during 4 hour period post
injection. However, liver uptake of encapsuleted pentamidine also incressed.
Figures 11 to 13 and Tables 18 end 19 demonstrate these results.

Pentamidine delivered by aerosolization in either free or Liposome
encapsulated forms produced drug levels 40 times higher in mouse lung than in
mouse kindney or liver. This 16 in contrast to free pentamidine administered
intravenously, which concentrated most in the kidney, followed by the liver,
and finally the Llung. Still, edministration of aerosolized encapsulated
pentemidine reduced drug uptake by the kidney and liver 50% and 33% Lless

compared to esercsolized free drug.
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Ficure 9 EPLC Chromatograms of mouse kicdnev tissues: direct
injections after acetonitrile vrecivitation (A) Blank kidnev

samovle (B) Kidnev sample after an I.V. dose of 5 mg/Kg .
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Figure 10 EPLC Chromatograms of mouse kidney tissues: injections
after acetonitrile precipitation and solid phase extraction
(A) Blank kidney (B) Kidney sample after an I.V. dose of 200

mcg/mouse injection.
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TABLE 18. PENTAMIDINE LOCALIZATION FOLLOWING I.V. ADMINISTRATION OF 5 MG/K6

LUNG
TISSUE PREPARATION 1 HR 4 HR 24 HR
Predose® 232b 185 27.7
Liposomes 177 157 22.29
Free 4,56 3.34 3.73
LIVER
Predose 18.8 23.3 35.7
Liposomes 55.6 62.7 43.3
Free 10.5 3.93 0.590
KIDNEY
Predose 9.82 16.1 14.0
Liposomes 8.65 8.24 15.0
Free 29.7 28.0 23.8

(a) Animals were predosed with 20 umoles of butter—loaded Liposomes 1 hour
before injection of pentemidine conteining Liposomes.

(b) ALL units represent mcg pentemidine per gram wet tissue. Each data point
represents the mean velue from three animals.




TABLE 189. PENTAMIDINE LOCALIZATION FOLLOWING AEROSOLIZATION OF 2 MG/30 MIN
LUNG
TISSUE PREPARATION 1HR 4 HR 24 R
Liposomes 42.8 47 .3 32.6
Free 45.8 41.8 48.4
LIVER
Liposomes 0.657 0.771 0.247
Free 0.892 1.24 0.373
KIDNEY
Liposomes 0.814 1.29 1.18
Free 1.59 2.15 3.88
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DISCUSSION

Pharmecokinetic~pharmacodynamic studies in patients provide informetion
on the therspeutic plasma concentration range of & drug thet should be mein-
teined in order to yield maximum benifits. Due to the rensl toxicity of
pentamidine and its frequent usage in immunocompromised pestients, such infor-
mation is especially {important for pentesmidine. AllL these studies need 8
simple, sensitive and precise analyticel assay to quantitete pentamidine
concentration in plasma, urine and various tissues. The HPLC procedure
presented here is suitable for this purpose.

Pentamidine exihibits a high affinity for the stationary phase of the Cg
Bond Elut, It can not be eluted by pure water or by pure organic solvents but
can be eluted only in the presence of ion—pairing reesgents (1-heptenesulfo-
nete). This charecteristic could be due to its unique, very basic diamidine
group.

During the development of the present esssy, various parameters were
evaluated to assess the optimum conditions:

First, silanized tubes were used to collect the eluate becsuse pentami-
dine could be adsorbed by glessware. The Bond Elut columne in this experi-
ments were reused. After elution, the Bond Elut columns were washed first
with 3 mL of eluent (to make sure that they were free of both drug end inter—
nal stendard), followed by water. Before the experiment, the columns were
conditioned with methanol and water.

Second, the proportion of acetonitrile to water in precipitating plesma
proteins or tissue impurities i1s critical. If the concentretion of acetoni-

trile 18 higher then 50%, pentemidine and hexamidine will elute from the Bond

1



Elut when supernatant is passed through the column, However, too Llow a
concentration will result in incomplete precipitation. The ratio is always
set at 2:1.

Third, the concentration of tetramethylammonium chloride in the mobile
phese 1s also important. If the concentration is too low, the drug will be
reteined on the HPLC column too long. On the other hand, if the concentration
is too high, the drug will merge with the solvent front. 0.02% of this
solution wes found to be the optimal concentration. At this concentration,
using & mobile phese of 45% CH3CN end 0.1% H3P04, the retention times of
pentamidine and hexamidine are 10 minutes and 13 minutes, respectively.

Finally, the eluent originally consisted only of 0.5% sodium 41-heptane-
sulfonate in 97.5% methenol. By edding 0.02% tetramethylammonium chloride and
0.1% phosphoric acid to this eluent, 1 ml of eluent produced the same plasma
recovery as 3 mlL of the first eluent. However, if the pentamidine concentra-
tion is over 3 mcg per sample, 2 to 3 ml of eluent is still required to elute
the drugs completely. Pentemidine concentration is always low in plasma while
high in tissues after a 4 mg/kg injection, so in tissue asseys 2 ml of eluent
was used instead of 1 ml.

In order to improve the recovery, organic solvents (such es acetonitrile
or tetrahydrefuran) and other types of Bond Elut columns (like C2 or C1g) were
tested, but no improvement was observed

Propranolol was used as & reference stendard before hexamidine was
evailable. A validation of this pentemidine esssey using propranolol as the
reference stendard was performed, and good precision was obtained. Because
proprenolol cen be eluted by methanol, it was added to the eluent instead of
being added at the beﬁinning of the test.

In the human study, the patient was taking penicillin, acetaminophen and
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heparin esimultaneously, and none of these were found to interfere with the
assay. In this study which utilized the pentemidine sssay developed by the
CDC, no pentamidine was detectable in the plasmes sample drewn 24 hours post
injection.

If the biological concentration is high, pentemidine can be quantitated
directly efter acetonitrile precipitetion and the Bond Elut column mey be
bypsssed. Because fewer steps are involved, higher precision could be expec-—
ted.

Direct precipitetion wes used in one of the pentemidine—Liposome drug
delivery studies used to quantitete pentamidine in various mouse tissues.
Using this HPLC assay, it was discovered that pentemidine levels in Llung could
be increesed up to 50 fold, while concurrently reducing renal uptake 2-3 fold
via intravenous administration of Lliposome encapsulated pentamidine. Though
Liver uptake increesed at the same time, this could be countered by predosing
the mice with non-drug conteining Lliposomes.

In another experiment, pentamidine wes delivered by serosolization in
both free and Lliposome encapsulated forms. Both techniques produced signi-
ficantly higher drug levels in mouse lung, but much lower levels in kidney end
Liver. However, administration of aerosolized Liposomes contening pentamidine
reduced drug uptake by the kidney (50% less) and liver (33% less]) compared to
aerosolized free drug. Thus, treatment of PCP by pentemidine can be enhanced
while renal toxicity can be reduced by choosing the proper route of edmini-

stration.
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Since pentemidine is mostly used in the treatment of PCP in AIDS or
immunocompromised petients in the United States, it is important that there
exists 8 simple method that minimizes the technician's contsct time with the
sample, while meinteining the sensitivity and precision of the method.

The method developed by Waslkes and DeVite is tedious and not suf-
ficiently sensitive. The method reported by the CDC, though more sensitive
(12 ng/ml) requires three extractions, and the sensitivity is limited by {ts
low recovery (20-35%).

These two methods are not practical for clinical pharmacokinetic studies
and drug Llevel monitoring. The present method avoids all the problems men-
tioned ebove by utilizing solid phase ion—pairing extraction end the native
fluorescence of pentamidine. The assay requires only 0.5 ml of sample, and
the detection Limit is 1.15 ng/ml.

This asssy will be used in a clinical pharmacokinetic study in AIDS
patients by the Department of Infectious Diseases, and it hes been applied to
a liposome—pentamidine drug delivery study in the Depertment of Pharmacology

et UCSF.
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