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Aims

 

To investigate the safety, tolerability and pharmacokinetics of DP-b99 in healthy
volunteers. DP-b99 is a newly developed lipophilic, cell permeable derivative of BAPTA
(1,2-bis(2-aminophenoxy)ethane-N,N,N

 

¢

 

,N

 

¢

 

-tetraacetic acid), which selectively mod-
ulates the distribution of metal ions in hydrophobic milieu, and is in clinical devel-
opment as a neuroprotectant for cerebral ischaemic stroke. To our knowledge no
BAPTA derivative has ever been administered to man. Here we repor t the first human
administration of DP-b99 in a phase I, two-part, double-blind, randomized placebo
controlled study, with single IV doses of 0.003–1.0 mg kg

 

-

 

1

 

 day

 

-

 

1

 

 DP-b99 (part 1)
or multiple ascending doses of 0.03–1.0 mg kg

 

-

 

1

 

 day

 

-

 

1

 

 DP-b99 over 4 days (part 2).

 

Methods

 

A double-blind, dose escalating tolerability study of DP-b99 in normal (young – aged
between 18 and 40 years and elderly – aged between 65 and 85 years) healthy
adult male volunteers was conducted. Part 1 of the study investigated single admin-
istration of ascending intravenous doses, and part 2 examined the effects of ascending
doses given repeatedly over 4 days

 

.

 

 Twenty-four young volunteers in part 1 received
single dose administrations and 26 young volunteers in part 2 received repeated
ascending dose administrations of either intravenous DP-b99 or placebo. Subse-
quently, 10 elderly volunteers received repeated intravenous DP-b99 (1 mg kg

 

-

 

1

 

) or
placebo in part 2 over 4 days. Adverse events were identified by either subject self
reporting or based upon laboratory parameters (blood chemistry, complete blood cell
count, prothrombin time (PT), activated partial thromboplastin (PTT), physical exam-
ination, vital signs (blood pressure, pulse rate, respiratory rate, body temperature)
and urinalysis. A comprehensive set of cardiovascular parameters was assessed as
well (blood pressure, 12 lead-ECG recordings and continuous bedside cardiac mon-
itoring for 6 h on day 1).

 

Results

 

The administration of DP-b99 up to the highest dose of 1.0 mg kg

 

-

 

1

 

 was well tolerated
and had an acceptable safety profile up to the highest dose of 1.0 mg kg

 

-

 

1

 

 tested in
both study parts. No serious or severe adverse events were encountered. Eight mild
to moderate adverse events were observed in six of the seven young subjects treated
with four repeated doses of 1.0 mg kg

 

-

 

1

 

, with reversible phlebitis being the most
frequently reported adverse event. The drug was tolerated better at the injection site
by the elderly group compared with the younger subjects. No adverse effects were
observed in cardiovascular parameters sensitive to trans-membranous calcium con-
centrations. The pharmacokinetic parameters were derived by noncompar tmental
analysis. On day 1 following administration of 1 mg kg

 

-

 

1

 

 the mean half-life of DP-b99
in young volunteers was 3.47 

 

±

 

 0.90 h and in the elderly was 2.11 

 

±

 

 0.09 h. On day
4 following the same administration of DP-b99 the mean half-life was 4.36 

 

±

 

 1.49
and 2.10 

 

±

 

 1.14 h in the young and elderly, respectively. There was higher systemic
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exposure in the elderly, for example 

 

C

 

max

 

, had a mean 1.6-fold higher exposure on
day 1 (95% CI Lower 0.90, Upper 2.74) and 2.5-fold on day 4 (95%CI 1.70, 3.68).
This increase is in line with the presumed central role of hepatic blood flow in the
elimination of DP-b99. No accumulation was observed after repeated dosing with
1 mg kg

 

-

 

1

 

 (mean accumulation calculated by AUC(0, 24 h) (day 4) : AUC(0, 24 h)
(day 1) and was observed to be between 0.9 and 1.3 (young, elderly).

 

Conclusions

 

This study suggests that DP-b99 is well tolerated in healthy young and elderly
volunteers within the dose range evaluated. Studies to investigate fur ther the efficacy
of the compound are in progress.

 

Introduction

 

In the United States, stroke is the third leading cause of
death and the leading cause of serious long-term disabil-
ity [1]. The importance of spatial and temporal changes
in neuronal [Ca

 

2

 

+

 

 ]

 

i

 

 during ischaemia has resulted in the
development of calcium based therapeutics, such as
Ca

 

2

 

+

 

 channel blockers and calcium influx inhibitors
(glutamate receptor antagonists), which have so far
failed to demonstrate adequate efficacy, and were occa-
sionally associated with safety concerns in clinical trials
[2]. Growing evidence suggests that another ion, Zn

 

2+

 

,
by its toxicity may also play a significant role in the
pathogenesis of neuronal loss after ischaemic insults [3].
A parallel between zinc and calcium has been observed,
in that both are divalent metal cations mediating
ischaemic neuronal death via excess influx across the
plasma membrane [4], and it has been suggested that a
reduction in extracellular zinc accumulation [5] may
provide an approach towards ameliorating pathological
neuronal death.

BAPTA is a high affinity Ca

 

2

 

+

 

 chelator. However, it is
extremely hydrophilic and therefore impermeable to cell
membranes [6]. BAPTA-AM (BAPTA acetoxymethyl
ester), a cell permeant chelator was reported to be neu-
roprotective in models of ischaemia both 

 

in vitro

 

 and 

 

in
vivo

 

 [7, 8]. However, its 

 

in vivo

 

 neuroprotective effects
are only observed when BAPTA-AM is administered
prior to ischaemia [9]

 

.

 

 To the best of our knowledge
BAPTA-AM has not been administered to humans, and
remains in 

 

in vitro

 

 biological research due to its superior
Ca

 

2

 

+

 

 buffering properties [10].
DP-b99, 1,2-bis(2

 

¢

 

-aminophenoxy)ethane-N,N,N’N

 

¢

 

-
tetraacetic acid, N,N

 

¢

 

-di(octyloxyethyl ester), N,N

 

¢

 

-
disodium salt (Figure 1), is a lipophilic, cell permeable
derivative of BAPTA currently under development. It is
characterized by its preferential binding activity for cal-
cium, zinc and copper ions in cellular hydrophobic
milieu, such as cell membranes. 

 

In vitro

 

, DP-b99 pro-
tects primary cortical neurones from cell death induced

by either deprivation of oxygen and glucose or hydrogen
peroxide (H

 

2

 

O

 

2

 

), with protection conferred when DP-
b99 is added to cells up to 4 h after the addition of H

 

2

 

O

 

2

 

[11]

 

.

 

 It was also shown to attenuate basal activity of
MMP-9 as well as TNF-

 

a

 

 induced MMP-9 activation in
glia and C6 cells [11].

In a rodent focal ischaemic model, DP-b99 attenuates
the extent of cerebral infarction, even when treatment is
administered 6 h following ischaemic insult [11]. DP-
b99 substantially (by 20–30% over 7 days) increases
survival in Mongolian gerbils [12] and in Sprague-
Dawley rats in the permanent focal cerebral ischaemic
model (10–30%) [11]. In a range of ischaemic animal
models DP-b99 significantly reduces neurone-specific
enolase (NSE) levels at 24 and 72 h following ischaemia
[11] [13].

Absorption, distribution, metabolism and excretion
(ADME) studies have shown that in human, dog and rat
plasma the monoester (Figure 2) is the main metabolite

 

Figure 1

 

Chemical structure of DP-b99 (1,2-Bis(2

 

¢

 

-aminophenoxy)ethane-N,N

 

¢

 

-

 

di(2

 

¢

 

-octyloxyethyl acetate)-N,N

 

¢

 

-diacetic acid
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of DP-b99. The hydrolysis to the monoester form is a
result of plasma esterases. Additional metabolites were
identified in rat bile, namely 17 phase I hepatic metab-
olism products and negligible amounts of phase II prod-
ucts. Several of the phase I metabolites were also
observed in human, rat and dog plasma after intravenous
administration of DP-b99, but at lower concentrations
than the monester (unpublished data). The process of
identifying the CYP450 enzymes involved with the
phase I metabolism of DP-b99 is still ongoing. In ani-
mals given doses resembling (on a weight basis) the
human doses (reported herein), the serum pharmacoki-
netic parameters were similar to those reported below in
humans. It is of interest that distribution data in rat
indicate that once the drug has entered the brain follow-
ing an IV infusion its elimination from the brain is much
slower than from serum, an event reflected by an
increasing brain to serum ratio over the 24 h interval
(data not shown).

The main potential clinical application of DP-b99
would be as a neuroprotectant in cerebral ischaemic
stroke or trauma. To our knowledge, there have been no
reports of BAPTA or any of its derivatives having been
administered to humans previously. This report docu-
ments a double-blind, dose escalating, safety profile and
tolerability study of DP-b99 in normal (young and eld-
erly) healthy male volunteers. Part 1 of the study inves-
tigated single administration of ascending intravenous
doses, and part 2 examined the effects of ascending
doses given repeatedly over 4 days

 

.

 

 This study was
designed to provide initial information on the pharma-
cokinetics, safety profile and tolerability of DP-b99 in
man. The primary endpoints of the study were the
effects of DP-b99 on ECG, blood pressure, pulse rate,
body temperature and changes in baseline laboratory
values, adverse events and to determine the maximum

tolerated dose in part 1

 

.

 

 Secondary endpoints focused
upon pharmacokinetics, clearance and plasma drug half-
life across both studies.

 

Methods

 

Study population

 

The study was approved by the Ethics Committee at
the Medical Board (Artztekammer) of Berlin and was
conducted in accordance with the Declaration of Hels-
inki. All volunteers gave their written informed consent
for participation in the study. Sixty-one healthy male
volunteers were stratified to either Part 1 to receive a
single intravenous single infusion of the test medica-
tion or to Part 2 to receive ascending doses repeatedly
over a 4 day period. All subjects were male Cauca-
sians, had normal eating habits, were non-smokers or
were smokers of less than 10 cigarettes a day and were
capable of giving written consent. Young (aged
between 18 and 40 years) and elderly males (aged
between 65 and 85 years) had to fulfil the following
criteria for inclusion in the study: weight within 

 

±

 

10%
of the ideal body weight of the scale proposed by the
Metropolitan Insurance Company, 1983 [14], normal
health 2–8 days prior to first administration of drug,
based upon medical history, physical examination,
vital signs, ECG and laboratory investigations with
values falling within the normal range and also had to
have normal blood pressure and heart rate values. In
addition, the weight of the elderly subjects had to be
within 

 

±

 

15% of their ideal body weight proposed by
the Metropolitan Insurance Company 1983 [14]. At
screening elderly volunteers were required to have
systolic blood pressure within the range of 120–
160 mmHg and diastolic blood pressure within 60–
95 mmHg and to have a supine pulse rate of 

 

<

 

90
beats min

 

-

 

1

 

. The occurrence of the following prevented
study enrolment, warranting exclusion: previous his-
tory of drug or alcohol abuse (alcohol breath test and
urinary drug screening performed before study entry),
previous acute or chronic systemic disease or disorder,
hypersensitivity to at least one drug, previous use of
sedatives, hypnotics, tranquilizers or any other addic-
tive agents, excessive consumption of beverages con-
taining caffeine (

 

>

 

500 mg of caffeine per day), positive
for HIV antibodies, hepatitis C antibodies, hepatitis B
surface antigen and/or hepatitis B core antibodies,
received any drug during the month preceding the start
of the study or had received over the counter medica-
tion 7 days prior to the study, received treatment which
could have led to induction or inhibition of hepatic
microsomal enzymes or modified bleeding time within
3 months of the start of the study.

 

Figure 2

 

Monoester of DP-b99
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Drugs

 

The test drug was provided in sterile vials containing
DP-b99. Each subject was randomly assigned to receive
either active drug or placebo (sterile saline, the drug’s
vehicle). At each dose level DP-b99 or placebo was clear
and colourless in appearance and the solutions were
prepared by an unblinded pharmacist according to a
prespecified randomization list. The blinded investiga-
tors had no access to the dose preparation area. The
required dose was prepared 

 

extempore

 

 as infusion solu-
tions of 0.2 mg ml

 

-

 

1

 

 strength, diluted in normal sterile
saline for injection. The test solution was infused over
30 min in an upper extremity vein via an infusion pump.
The same volume of normal saline (NaCl 0.9%) alone
was provided as a placebo comparator.

In part 1

 

,

 

 study subjects were randomized into four
groups, two of the groups contained five subjects, four
of whom received a single active dose of DP-b99 and
one placebo; in the remaining two groups of seven vol-
unteers, six were given an active dose of DP-b99 and
one placebo. The repeated dosing study (part 2) divided
subjects into four groups, three of these groups included
only young male volunteers, and the fourth group eld-
erly subjects. In each of these groups, seven of the
subjects received repeated ascending doses of the active
drug and two subjects placebo. Dose escalation levels
are shown in Table 1. Progression from the lower dose
to the next ascending dose was done only if the safety
profile and tolerability of DP-b99 was acceptable and
was decided by the blinded clinical investigators (phy-
sicians). The elderly group was to receive the highest
dose tolerated by the young subjects (this was found to
be 1 mg kg

 

-

 

1

 

). No concomitant medication was allowed
during either part of the study or during the follow up
period, except for paracetamol, where symptom relief
was judged necessary by the investigator. Water

(1500 ml per 24 h) was provided throughout the dosing
day and food was permitted after the 4 h observational
period that followed cessation of infusion.

 

Observations

 

Clinical safety assessments were made at various inter-
vals after infusion and at 24 h and 96 h after dosing in
part 1

 

,

 

 with assessments including: physical examina-
tion, vital signs (blood pressure, pulse rate, oral temper-
ature and respiratory rate), clinical laboratory tests
(blood count, blood chemistry, coagulation tests and
urinalysis), 12-lead ECG, cardiac monitoring (starting
30 min prior to study drug administration and for 6 h
postdose) and recording of adverse events. Similar
assessments were made in part 2 at intervals following
each infusion and on the third day after the completion
of the last administration. Adverse events were catego-
rized by the investigator as mild (i.e. causing no limita-
tion to usual activities), moderate (i.e. causing some
limitation of usual activities) or severe (causing inability
to carry out usual activities).

 

Pharmacokinetic analysis

 

In part 1 of the study, plasma samples for pharmacoki-
netic (PK) analysis were collected at 0, 0.1, 0.25, 0.5,
0.75 1, 1.5, 2, 3, 6, 9, 12 and 24 h after start of infusion.
In part 2, samples for pharmacokinetic analysis were
collected on days 1 and 4 at 0, 0.1, 0.25, 0.5, 0.75, 1,
1.5, 2, 3, 6, 9 and 12 h after start of infusion, on days 2
and 3 prior to start of infusion and on the morning of
day 5. At each sampling point, 9 ml of blood was col-
lected into two separate polystyrene crystal tubes, which
contained dry heparin (Lithium Heparin, 9 ml
Monovette test tubes). Blood samples were centrifuged
at 4

 

∞

 

C at 1100 

 

g

 

 for 10 min immediately after collection
and frozen at 

 

-

 

80

 

∞

 

C until analyzed.

 

Table 1

 

Dose escalation in part 1 (single dose study) and part 2 (repeated ascending doses)

 

Number on DP-b99 Dose of DP-b99 Number on placebo

 

Part 1 (single 4 (young) 0.003 mg kg

 

-

 

1

 

 over 30 min 1
administration) 4 (young) 0.03 mg kg

 

-

 

1

 

 over 30 min 1
6 (young) 0.3 mg kg

 

-

 

1

 

 over 30 min 1
6 (young) 1 mg kg

 

-

 

1

 

 over 30 min 1
Part 2 (repeated 7 (young) 0.03 mg kg

 

-

 

1

 

 over 30 min, daily for 4 consecutive days 2
administration) 7 (young) 0.3 mg kg

 

-

 

1

 

 over 30 min, daily for 4 consecutive days 2
7 (young) 1 mg kg

 

-

 

1

 

 over 30 min, daily for 4 consecutive days 2
8 (elderly) (7 subjects planned, one 1 mg kg

 

-

 

1

 

 over 30 min, daily for 4 consecutive days 2
dropped out and was replaced)
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Analysis

 

Plasma and urine samples were evaluated by a validated
liquid chromatography-tandem mass spectrometry (LC-
MS/MS) technique using a Sciex API 3000 mass Spec-
trometer fitted with a turbo ionspray ionization source
(PE Applied Biosystems, Warrington, Cheshire UK) and
by reversed-phase HPLC at Quintiles (Scotland, UK)
[15]. Samples were mixed with 85% orthophosphoric
acid, methanol and internal standard and the tubes
briefly vortex mixed. They were extracted with chloro-
form and the chloroform layer was dried with sodium
sulphate and then evaporated to dryness under nitrogen.
The dried extracts were reconstituted in acetonitrile,
filtered and reversed-phase HPLC performed using a
Purosphere RP-18, 5 

 

m

 

, 125 

 

¥ 

 

3 mm column with a gra-
dient elution with two solvents A: 60 : 40 acetic acid in
acetonitrile (1%) : 1% acetic acid (aq), B: 1% acetic
acid in acetonitrile. The injection volume was 20–70 

 

m

 

l
and the flow rate 1.0 ml min

 

-

 

1

 

. The limit of the assay for
DP-b99 quantification in plasma was 10 ng ml

 

-

 

1

 

. Cali-
bration samples were extracted and analyzed for each
analytical batch along with quality control samples pre-
pared at three concentrations in duplicate. The measured
concentrations were used to determine the between day
precision and accuracy of the method and to expose any
systematic bias. A full blood chemistry profile (creati-
nine, glucose, urea, alkaline phosphatase, alanine
aminotransferase, aspartate aminotransferase, gamma
glutamyl transpeptidase, total bilirubin, proteins, alb-
umin/globulin ratio, sodium, potassium, chlorides,
calcium, bicarbonate, uric acid, CPK, cholesterol, trig-
lycerides, free iron, ferritin) for each patient was deter-
mined (W & T Laboratory, Berlin). Three coagulation
parameters were also assessed (prothrombin time, acti-
vated partial thromboplastin, and fibrinogen estimation).
The Abuscreen

 

® test kit (Hoffmann-La Roche) was used
to screen for drugs of abuse (amphetamines, barbitu-
rates, benzodiazepines and opiates). Dip-stick urine
analyses to detect blood, protein, ketones, bilirubin,
nitrite urobilinogen, leucocytes and glucose were per-
formed (Test stick Combur 10®-test Boehringer Man-
nheim). In addition a microscopic examination of urine
sediment was undertaken in order to identify blood cells
or cylinders.

Statistical analyses
Pharmacokinetic parameters were derived by noncom-
partmental analysis using WinNonlin Version 3.0 and
summarized as mean ± SD. Assessment of dose-
proportionality was performed for AUC(0, 24 h) and
Cmax using analysis of variance and linear regression
techniques by means of SAS Version 8. Individual PK

parameters were fitted to the power model (loge(PK
parameter) = m + b*loge(Dose)).

All demographic and safety variables were listed by
dose and summarized by descriptive statistics as appro-
priate (n, mean, median, SD, SEM, min, max). Analysis
of mean post dose effects was performed on absolute
changes from baseline using a model of repeated mea-
surements. If relevant, a dose-effect relationship was
explored.

Results
All volunteers in part 1 of the study were 22–40 years
old, 169–194 cm tall, weighed 63–85 kg and their BMI
ranged between 19.9 and 25.6 kg m-2. In part 2 of the
study young volunteers were 18–36 years old and eld-
erly volunteers 65–78 years of age, 166–199 cm tall,
weighed 61–93 kg and their BMI ranged between 19.0
and 27.8 kg m-3. Infusion of DP-b99 was within 28–
36 min in all subjects across both study parts. Only three
minor protocol violations occurred in part 1 of the study.
An elderly patient was withdrawn in part 2 due to
supraventricular tachycardia of moderate severity fol-
lowing the first administration, which was judged unre-
lated to the study drug. One subject was subsequently
enrolled to replace this patient, and therefore 60 subjects
completed the study in accordance with the protocol
(n = 24 part 1, n = 36 part 2).

Vital signs
Vital signs were generally normal in all subjects, apart
from some minor abnormalities, that were all judged by
the investigator as unrelated to the treatment or dose.
When considering changes in blood pressure, a param-
eter of particular importance in the setting of acute
stroke, there was no significant change over time from
pre until 96 h post dose in mean systolic and diastolic
blood pressure in any of the dose levels in part 1. Dias-
tolic blood pressure values measured in supine position
were all normal except for one value of 91 mmHg from
the placebo group, which slightly exceeded the upper
limit of 90 mmHg (at follow up). In contrast, in the
standing position a total of 12 diastolic blood pressure
values above normal were observed in seven subjects
originating from all groups except for the 0.003 mg
kg-1 group.

Mean changes from baseline values in systolic blood
pressure (supine and standing) at any time point post
infusion, did not exceed a range of -12–10.8 mmHg. In
the same period, changes from baseline values in dias-
tolic blood pressure did not exceed a range of -8.5–
7.5 mmHg. In part 2, mean changes in systolic blood
pressure (supine and standing) from baseline did not
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exceed a range of -9.9–11.9 mmHg in young subjects
and -16.6–4.0 mmHg in elderly subjects (1 mg kg-1

dose group) at any time point measured after infusion.
All mean diastolic blood pressure changes from baseline
in part 2 were within -9.4 and 6.1 mmHg (young) and
within -10.6 and 1.4 mmHg (elderly, 1.0 mg kg-1) at all
post dose measurements. A total of eight young and two
elderly subjects showed diastolic blood pressure values
(in  supine  or  standing  position),  slightly  exceeding
the  upper  normal  of  90  and  95 mmHg,  respectively.
This occurred after the first infusion on day 1, two in
the  placebo  group  (young),  three  after  infusion
of 0.03 mg kg-1, one after 0.3 mg kg-1, two after
1.0 mg kg-1 (young) and two following 1.0 mg kg-1

(elderly). There was no tendency towards orthostatic
hypotension.

Electrocardiograph and bedside cardiac monitoring
In part 1, there was no evidence for any dose related
changes in any ECG parameter. In the QRS interval only
minor changes of roughly -6–2 ms were observed.
Mean changes in QTc values were also small (-13.3–
13.5 ms) and showed no tendency to increase or
decrease across all study groups.

A total of 13 abnormal ECG findings, observed after
the first administration of the study drug, could have
been considered as treatment emergent during part 2 of
the study. Of these, three were observed in three placebo
treated subjects (of whom one was elderly), and 10 were
observed in seven young and two elderly DP-b99 treated
volunteers. Most of these findings were sinus arrhyth-
mia or sinus bradycardia (12 out of a total of 16 recorded
abnormalities in 11 subjects). All of the abnormalities
occurred at varying study days inconsistent with a drug-
related pattern and were not clinically significant. Mean
changes in the QRS interval did not exceed -3.4–3.0 ms
in young subjects and -4.6–0.0 ms (1.0 mg kg-1) in the
elderly. In general, in the DP-b99 treated young subjects
the mean changes in QTc values ranged from -20.7 to
-3.0 ms, in the young placebo group these changes
ranged from 8.5 to 12.8 ms, and from -3.7–6.5 ms after
infusion of 1.0 mg kg-1 of DP-b99 to the elderly. None
of the statistical analyses of mean post dose effects in
ECG intervals and heart rate resulted in significant inter-
actions of treatment vs day or/and time, and overall,
there was no evidence for any dose-related changes in
any ECG parameter in part 2 of the study.

Bedside monitoring from 0.5 h before until 6 h after
start of infusion resulted in three patients with abnormal
results, of which two were considered clinically insig-
nificant. A clinically significant intermittent supraven-
tricular tachycardia of 20 min was observed in one

elderly subject, and was rated as an adverse event and
the subject was withdrawn from the trial. This event
started 4 h after the end of study drug infusion and was
judged by the investigator as unlikely to be related to
the study drug.

Laboratory parameters
No clinically significant abnormalities were observed in
any laboratory parameter throughout parts 1 and 2 of
this study.

Adverse events
In part 1, 16 adverse events were recorded in 10 out of
24 subjects, 12 adverse events were of mild intensity in
nine subjects and four adverse events were of moderate
intensity in four subjects. There were no withdrawals.
All adverse events were reversible. Eleven adverse
events recovered spontaneously, while five adverse
events in four subjects required remedial drug therapy.
These four subjects with concomitant medication due to
adverse events had received doses of 0.03 mg kg-1 (one
subject) and 1 mg kg-1 (three subjects) of DP-b99.

In part 2 of the study, 20 out of 37 patients reported
27 adverse events. A higher number and incidence of
adverse events were observed after the highest dose
compared with lower doses. Elderly subjects reported
fewer events than the equally sized comparator young
1 mg kg-1 dosing group. No adverse events were
reported in the two elderly subjects who received pla-
cebo. The most prominent adverse event in both study
parts (6 of 16 events in part 1, 17 of 33 events in part
2), which was likely DP-b99 related, was phlebitis at the
infusion site, which commonly started 1–3 days after
the administration, and lasted for a mean duration of
8 days (range 1–21 days). Phlebitis was an event that
was most frequent in the 1 mg kg-1 groups. Small sam-
ple size precluded statistical analysis of differences in
adverse events between the young and elderly groups.
Serious adverse events did not occur in either study. All
symptoms resolved without sequelae. Table 2 presents
all the adverse events that occurred in parts 1 and 2 in
more than a single subject.

Pharmacokinetics
Pharmacokinetic parameters from parts 1 and 2 are
given in Tables 3, 4 and 5. The pharmacokinetic param-
eters were derived by noncompartmental analysis (Win
Nonlin, Vers 3.0). The mean concentration-time profiles
in subjects in part 1 and for the elderly in part 2 are
presented (Figures 3 and 4). In parts 1 and 2 of the study,
the maximum plasma concentrations were in general
observed 30 min after the start of infusion period (i.e. at
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Table 3
Pharmacokinetic parameters (mean ± SD) of DP-b99 in healthy volunteers in Part 1

Dose (mg kg-1) Cinf (ng ml-1) Cmax (ng ml-1) tmax (h) AUC(0, 24 h) (ng ml-1 h)

0.003 BLQ BLQ BLQ BLQ
0.03 211 ± 84.8 211 ± 84.8 0.50 (0.50–0.50*)  98.3 ± 41.4
0.3 1258 ± 393 1278 ± 376 0.46 (0.25–0.50*) 995 ± 387
1 4824 ± 1201 5463 ± 1108 0.33 (0.25–0.50*) 2902 ± 474

*tmax values represent the range (mean). Plasma concentrations obtained for the lowest dose of 0.003 mg kg-1 had DP-b99
concentrations below the limit of quantification (BLQ), so data for this dose group was unavailable.

Table 2
Table of adverse events reported in the single and repeated dosing study in more than a single subject

Dose (mg kg-1)
Number of subjects

Single dosing study Part 1 Repeated dosing study Part 2
0.03 Single
1

0.3 Single
3

1 Single
6

Placebo Young
4

0.03 Young
3

0.3 Young
4

1 Young
6

1 Elderly
2

Symptoms
Phlebitis 1 5 2 2 2 5 1
Nausea 2 1 1
Dizziness 1 1
Headache 1 2 1 2
Injection site pain 1 1 1
Tiredness 1 1

Table 4
Pharmacokinetics of DP-b99 (mean ± SD) in healthy volunteers in part 2

Cinf (ng ml-1) Cmax (ng ml-1) tmax (h) AUC(0, 24 h) (ng ml-1 h)

0.03 mg kg-1 dose Day 1 111 ± 50.3  111 ± 50.3 0.50 ± 0 44.0 ± 20.8
(Young) Day 4  89.6 ± 34.4  356 ± 312 0.214 ± 0.195  131 ± 168
0.3 mg kg-1 dose Day 1 1253 ± 286  1520 ± 542 0.50 ± 0.144  837 ± 288
(Young) Day 4 1112 ± 195  2111 ± 1377 0.329 ± 0.214  898 ± 327
1 mg kg-1 dose Day 1 1616 ± 296  1905 ± 675 0.357 ± 0.134  1218 ± 277
Young Day 4 1480 ± 281  1552 ± 281 0.336 ± 0.163  1136 ± 284
Elderly Day 1 3084 ± 1725  3295* ± 1670 0.469 ± 0.160  2078* ± 1038

Day 4 3116 ± 1564 4103** ± 1449 0.393 ± 0.134 2219** ± 984

*Borderline significant in the elderly on day 1 (0.05 < P < 0.11) compared with the young. **Significant in the elderly on day
4 (P < 0.05) compared with the young.
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Table 5
t1/2, CL and Vss (mean(SEM)) in elderly and young subjects 
following IV administration of 1 mg kg-1 DP-b99 (Part 2)

Parameter Day Young Elderly

t1/2 (h) 1 3.47 (0.52) 2.11 (0.06)
4 4.36 (0.86) 2.10 (0.57)

CL (ml min-1) 1 960 (65) 1002 (663)
4 1042 (115) 825 (254)

Vss (l) 1 80.1 (3.94) 64.1 (42.1)
4 96.5 (30) 38.8 (21.5)

the end of the infusion period). Thereafter the serum
concentration-time profile was multiphasic. Plasma con-
centrations were quantifiable up to 1.5, 24 and 24 h in
part 1, and up to 12, 6 and 12 h in part 2, for doses of
0.03, 0.3 and 1 mg kg-1, respectively. At the lowest dose
of 0.003 mg kg-1 plasma concentrations of DP-b99 were
below the limit of quantification of the assay at all time
points post dose. Overall, in part 1 a dose-adequate
increase in plasma concentrations with ascending doses
of 0.03–1 mg kg-1 was observed.

Area under the plasma concentration vs time curve
from time zero to the last sampling time at which con-
centrations were at or above the limit of quantification
(AUC(0, •)), was calculated by the linear trapezoidal
rule, and AUC(0, 24 h) was calculated from time zero
to 24 h post start of infusion. In part 1 an approximate
dose-proportional increase in AUC(0, 24 h) and Cmax

was observed over the DP-b99 dose range of 0.03 mg to
1 mg (Table 3).

After repeated dosing, the mean AUC(0, 24 h) values
on day 1 increased 27.7-fold over the dose range of
0.03 mg to 1 mg, which was consistent with that
observed in the single dose study (Table 4). However,
the increase in Cmax was less than dose proportional. On
day 4 the increase in Cmax and AUC(0, 24 h) was less
than dose-proportional over the entire dose range of
0.03–1 mg kg-1. On day 1 following administration of
1 mg kg-1 the mean half-life of DP-b99 in young volun-
teers was 3.47 ± 0.90 and in the elderly was 2.11 ± 0.09.
On  day  4  following  the  same  administration  of  DP-
b99, mean half-life was 4.36 ± 1.49 h and 2.10 ± 1.14 h
in the young and elderly, respectively. No drug accu-
mulation in plasma was observed for repeated doses of
1 mg kg-1 (mean accumulation calculated by AUC(0,
24 h) (day 4) : AUC(0, 24 h) (day 1) and was observed
to be between 0.9 and 1.3 (young, elderly).

The DP-b99 Cmax values observed in elderly subjects
at the 1 mg kg-1 dose were 1.6 (day 1) to 2.5-fold (day
4) greater than those observed in young subjects follow-
ing single and repeated intravenous administration,
respectively (95% CI for the mean difference between
elderly and young for Cmax were 0.90–2.74 day 1 and
1.70 and 3.68 day 4). AUC(0, 24 h) in the elderly was
1.6 (day 1) and 1.8 (day 4) times greater than that
observed in the young following single and repeated
administrations of 1 mg kg-1 (95% CI for the mean dif-
ference between elderly and young for AUC(0, 24 h)
were 0.98, 2.48 day 1 and 1.08, 2.97 day 4).

There was no apparent age related alteration in the
total plasma clearance of DP-b99 (Table 5). In the light
of the much higher AUC (P < 0.05, day 4) observed in
the elderly we would have expected a lower clearance
in this group compared with the young, but such a dif-

Figure 3
Mean plasma DP-b99 concentration-time profiles of young subjects 

following IV. Administration of 0.03, 0.3 and 1 mg kg-1 DP-b99 (part 1). 
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Figure 4
Mean plasma DP-b99 concentration-time profiles following repeated IV 

administration of 1.0 mg kg-1 DP-b99 to elderly subjects (part 2). Day 1 

(�), Day 4 (�)
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ference in clearance between the groups was probably
masked in the calculations due to the limited number of
AUC(0, 8 h) estimates that could be determined, and the
higher variability observed in elderly subjects (coeffi-
cient of variation associated with AUC(0, 8 h) in the
elderly subjects was 96.9% compared with 6.5% in the
young).

The volume of distribution of DP-b99 appeared to be
smaller in elderly subjects compared with young sub-
jects (Table 5). This resulted in an apparent shorter half-
life in elderly subjects. Investigation of urine samples
from the highest dose group found no detectable DP-
b99 in urine and indicated that unchanged DP-b99 is
eliminated from plasma by a non-renal route in man.

Discussion and conclusions
The results of this study describe the clinical pharma-
cology of DP-b99 in healthy volunteers. DP-b99 was
well tolerated and had an acceptable safety profile up to
the highest dose of 1.0 mg kg-1 tested in both study
parts. Eight mild to moderate AEs, at least possibly
related to the study drug, were observed in the six sub-
jects treated with a single dose of 1.0 mg kg-1. Also,
eight mild to moderate AEs at least possibly related to
study drug were observed in six of the seven young
subjects  treated  with  four  repeated  doses  of  1.0 mg
kg-1. These AEs were most frequently phlebitis. Even
though the elderly group was exposed to DP-b99 to a
greater extent than the young, the drug was better toler-
ated at the injection site in the former group (one phle-
bitis event in the elderly volunteers) than in the younger
subjects (five events of phlebitis in the young volun-
teers). Rates of phlebitis did not differ between the eld-
erly placebo and DP-b99 treated groups. In light of the
lower rate of phlebitis in the elderly group, and consid-
ering that this age range is typical of stroke patients [1],
phlebitis will probably not pose a problem in future
studies with DP-b99 in this patient population. Also,
whatever the future rate of phlebitis in this population
may be, if prospective studies find DP-b99 to improve
the prognosis after acute stroke, this will likely outweigh
any temporary inconvenience secondary to an injection
site irritation.

Despite the calcium binding activity of DP-b99, no
adverse effects were seen in cardiovascular parameters
sensitive to alterations in extra-cellular calcium levels in
either the young or the elderly group.

Systemic exposure was consistent with the assump-
tion of dose proportionality after single doses of DP-b99
and after repeated DP-b99 dosing with respect to
AUC(0, 24 h), but not after repeated DP-b99 dosing
with respect to Cmax. No accumulation was found after

four consecutive daily doses of DP-b99. No measurable
concentrations  of  unchanged  DP-b99  in  urine  could
be found, suggesting a principal hepatic route of
elimination.

The higher systemic exposure to DP-b99 in the eld-
erly compared to young volunteers is also consistent
with the presumed central role of hepatic elimination of
this drug: with ageing, hepatic mass and blood flow
decrease, which significantly affects the elimination of
drugs with high hepatic clearance administered intrave-
nously, e.g. lidocaine [16]. Alternatively, the urine might
have contained DP-b99 metabolites that were not
detected.

The apparent terminal half-life of DP-b99 seems to
be short (in the range of 2–4 h). Stroke patients, who
often suffer from concomitant conditions that compro-
mise hepatic perfusion such as congestive heart failure
[17, 18], may need lower doses of this apparently hepat-
ically eliminated  drug  to  achieve  the  same  exposure
to DP-b99 as healthy subjects. This pharmacokinetic
assumption was subsequently confirmed in a study in
stroke patients (unpublished data). Currently DP-699 is
in its second Phase II study in stroke patients.

The study was supported by D-Pharm Ltd, Israel. The
authors would like to thank Mrs Adina Bar for her
assistance in preparing this manuscript.
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