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ABSTRACT

The objective of this sudy was to develop and
manufacture a stable parenterd formulation for Phase |
clinica trids of VNP40101M 1,2-
Big(methylsulfonyl)- 1- (2-chloroethyl)-2-[ (2-
methylamino)carbonyl] hydrazine), a novel antitumor
agent. The solubility and stability of the drug was
determined. Solubility studies suggested  that
VNP40101M exhibited poor agueous solubility but
showed gppreciable solubility in nonaqueous solvents.
The agueous solubility of the drug could not be
increased by adjusting the pH. At a pH above 7, base-
catayzed decompostion of VNP40101M occurred.
The low octanol-water partition coefficient of 0.75
suggested poor solubility in lipophilic solvents. Based
on these preformulation observetions, a parentera
formulation containing 10 mg/mL of VNP40101M was
prepared in a solvent system consisting of 30% ethyl
acohol and 70% polyethylene glycol-300 (PEG-300).
To minimize base-catayzed hydrolytic degradation,
citric acid & 0.6% concentration was included to
acidify the formulation. Rubber closures, filter
membranes, and liquid transfer tubing were sdlected on
the basis of compatibility studies and absence of loss of
drug due to adsorption of these components. The
formulation was subjected to accderated ability
dudies and dilution sudies with large volume
parenteral (LVP) solutions, norma sdine, and 5%
dextrose injection (D5W). The results of the dilution
study indicated that the formulation could be diluted in
these solutions up to 2 mg/mL for 8 hours without drug
precipitation and degradation. Accelerated stability
studies suggested that the product should be kept at 2°C
to 8C for long-term sorage. The developed
formulation was successfully scded up  and
manufactured for usein clinical trids.
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INTRODUCTION

Chemotherapeutic drugs are a mgjor tool in anticancer
therapy. However, most chemotherapeutic drugs are
nongpecific or become less effective as tumor cels
acquire multidrug resstance [1-3]. Therefore,
development of nove anticancer agents that are more
effective againgt tumor cells resistant to currently
available agents is expected to complement existing
treatments in the fight againgt this deadly disease.
Severd derivatives of the sulfonylhydrazine class of
compounds have been found to be potent akylating
agents and have been shown to have broad antitumor
activity in anima modeds [4-8]. VNP40101M (1,2-
Big(methylsulfonyl)- 1- (2-chloroethyl)-2-[ (2
methylamino)carbonyl] hydrazine) belongs to this class
of compounds and has been shown to be active against
a vaiety of transplanted murine and human solid
tumors, including tumors that are resstant to other
alkylating agents such as cyclophosphamide, 1,3-big(2-
chloroethyl)-1-nitrosourea, and medphaan [8,9].
Shyam et a [8] found complete cures (surviva < 60
days) in L1210 carcinoma bearing mice administered
with VNP40101M at doses of 10 and 15 mg/kg given
dally for 6 days following tumor implantation.
VNP40101IM was also found to be active against
B16F10 melanoma in vivo [] and againgt mer+ (high
akyl guanine transferase activity) cdl lines [L0] and
cdl lines with high glutathione and glutathione
tranferase activity, which are known mechanisms of
resistance to akylating agents [11]. VNP40101M was
adso shown to cross the blood-brain barrier and
eradicate leukemia cells with alog kill of greater than 6
[12]. On the basis of these observations, the clinica
development of VNP40101M was undertaken.

The objective of this study was to design, formulate,
and manufacture a derile parenteral formulation of
VNP40101M suitable for clinical Phase | testing. For
this purpose, andytica methods were developed and
vaidated. The solubility in different solvents, pH
conditions, and the octanol-water partition coefficient



was assessed. Forced degradation studies were
conducted, and the degradation pathway was
elucidated. A liquid formulation was developed and
subjected to accderated ability studies and to
compatibility studies with large volume parentera
(LVP) solutions. Manufacturing issues, such as
cleening and vid filling paameters, were dso
addressed.

MATERIALS AND METHODS
Materials

VNP40101IM and degradation product 90CE were
gynthesized inhouse a Vion Pharmaceuticals, Inc
(New Haven, CT). Polyethylene glycol 300 (PEG-
300) (National Formulary) and anhydrous glycerol
were  obtained from  Spectrum  Chemicds
Manufacturing Corp (Gardena, CA); dehydrated ethyl
alcohol 200 proof (US Pharmacopeia [USP]) was
from Pharmaco Products (Brookfield, CT); anhydrous
citric acid and octanol were obtained from JT. Baker
(Phillipsburg, NJ). Propylene glycol was from Fisher
Scientific (Fair Lawn, NJ); acetonitrile (high
performance liquid chromatography [HPLC] grade),
Tween 80, and phosphoric acid were from Aldrich
Chemical Co (Milwaukee, WI). Five percent dextrose
injection (USP) and 0.9% sodium chloride injection
(USP) were obtaned from Baxter Hedthcare
(Deerfield, IL). The USP Type | glass vids and the
rubber stoppers were obtained from Kimble Glass
Company (Vindand, NJ) and The West Company
(Lionville, PA), respectively.

PREFORMULATION STUDIES

Analytical Techniques: HPLC analysis
of VNP40101M

A stability-indicating HPLC (model 1090, Hewlett
Packard, Avondae, PA) assay was developed and
vaidated to andyze VNP40101M in formulation
samples. The separation was conducted on a reverse
phase Prodigy ODS-3 (250 x 4.6 mm, 5 pum) column
(Phenomenex, Torrance, CA) a 40°C. The mobile
phase consisted of 35% acetonitrile and 6% water
with 0.1% phosphoric acid. The flow rate was 1
mL/min, and the injection volume was 10 mL.
VNP40101IM (retention time, approximately 6.7
minutes) was monitored at 200 nm. Prior to HPLC
anaysis, the formulation samples were diluted 10-fold

in acetonitrile. The quantitation of VNP40101M was
conducted using an external calibration method based
on integrated peak area. Calibration standards were
prepared in acetonitrile containing 10% of formulation
vehicle and were analyzed with the samples. All
andysis was done in duplicate, and the mean peak
concentration was used to determine the concentration
of VNP40101M in the formulation.

Liquid Chromatography/Mass Spectrometry
Analysis of 90CE

90CE 12 Big(methylsulfonyl)-1-(2-
chloroethyl)hydrazine) is a known degradation product
of VNP40101M. To control the quality of VNP4010M
drug product, a method for the determination of 90CE
in formulation samples was developed and vaidated
using LC/MS with eectrogpray ionization. An HPLC
device (model 1100, Hewlett Packard) and a Navigator
mass spectrometer (Finnigan, San Jose, CA) were used.
Using a Prodigy ODS 3 (Phenomenex, Torrance, CA)
column (250 © 2 mm, 5 um) a 40°C, 90CE was
separated from the parent compound VNP40101M. An
isocratic eution with 30% acetonitrile in 10 mM acetic
acid solution was performed a a flow rate of 0.25
mL/min. The injection volume was 5 pL. Under the
negative ion mode, 90CE was monitored a m/z 248.9.
The M S operation parameters were capillary voltage, -
2.2 kV; ion source temperature, 180°C; cone voltage, -
40 V; and drying gasflow rate, 350 L/h.

Solubility studies in different solvents

The solubility of VNP40101M was determined by
mixing an excess quantity of drug with approximately
2 mL of the solvent taken in a screw-capped bottle. The
bottles were rotated on a Glas-Col (Terre Haute, IN)
laboratory rotator a 30 rpm for 24 hours a room
temperature. Preliminary studies indicated that this time
period was adequate to obtain equilibrium solubility.
After the particles had sttled, the supernatant was
carefully withdrawn and filtered through a 0.22-pm
filter and analyzed by HPLC.

Partition coefficient

The octanol-water partition coefficient of VNP40101M
was determined by the shake flask method. The drug
was added to 2 mL of water and 2 mL of octanol in a
glass bottle. The mixture was shaken for 24 hours at
22°C to 23°C. The two phases were carefully separated
and andyzed for VNP40101M by HPLC.



pH solubility profile

The pH solubility of VNP40101M was determined @ a
pH ranging from 3 to 7.7 in phosphate-citric acid buffer
adjuged to condant ionic drength of 05 M with
potassum chloride. An excess quantity of drug was
mixed with 4 mL of the buffer solutions and stirred for
24 hours a room tempeaure (22°C-23°C). The
sugpendon wes filtered with a 022 pm filter and
andyzed by HPLC.

Forced degradation study

The dability of VNP4A010IM was assessd by
subjecting it to thermd, acidic, basc, and oxidative
dress. A 1 mg/mL solution was prepared in a 10:90
acetonitrilewater mixture and heated to 100°C for 30
minutes and then assayed. Acidic dress was performed
by mixing 0.1 mL of a 10 mg/mL VNP40101M in
acetonitrile solution with 0.1 mL of ether 1N or 121 N
hydrochloric acid and alowed to reect for 24 hours. For
the basc dress, VNP40101M solution in acetonitrile
was trested with TRISbuffered sdine with a pH of 8.
Samples were removed at 0, 25, 60, and 90 minutes for
assay. Oxidative dress was induced by mixing an equd
volume of drug solution in acetonitrile with 30%
hydrogen peroxide solution and dlowed to reect for 24
hours. The find concentration of dl the samples
prepared for this sudy was 1 mg/mL. The samples were
andyzed for VNP40101IM by HPLC.

FORMULATION DEVELOPMENT

Preparation of VNP40101M solution

Solutions of VNP40101M were prepared by dissolving
the drug in a mixture of 30% ethyl dcohol and 70%
PEG-300. In the case of solutions containing a Sabilizer,
the dabilizer was dissolved in ethyl dcohol prior to
adding PEG-300.

Compatibility of rubber closures with
VNP40101M injection

The formulaion was filled in 10-mL glass vids and
stoppered with West gray butyl 4432/50 S127 serum
doppers. Vids were dso stoppered with West 4432/50
gray Tefloncoated stoppers and served as controls. The
vids were placed upright and inverted in the stability
chambers maintained at 60°C, 40°C with 75% RH, 25°C
with 60% RH, and 5°C (refrigeration). The vids were
inverted to obtain maximum exposure of the rubber
closure to the formulation. The contents of the vids were
periodicaly analyzed for VNP40101M.

Effect of silastic tubing on VNP40101M
injection

In pharmaceuticd manufacturing, dSlicone tubing is
typicaly classfied as a process ad. It is used in transfer
processes and as such should not interact with the drug
product. The effect of slagtic tubing on VNP40101M
formulation was tested by immersing the tubing in the
drug solution for 24 hours & room temperature. The
tubing was dso immersed in the formulation vehicle
(PEG-300/ethyl dcohal) for the same amount of time
and served as a control. The solution was andyzed by
HPLC to determine any loss of drug via adsorption.
Because the VNP40101M injection was formulated in a
nonagueous olvent vehicle, the tubing usad for filling
operdtions may lose its dadticity and thus cause filling
problems. Sladic tubing was tesed for its ability to
digpense the solution into vids consgtently without
vaidion in fill volumes An Adtech 4 head filling
meachine (Hulmeville, PA) was used to dipense 5 mL or
10 mL into vids. Vids were removed periodicdly and
ther fill weights were determined.

Effect of sterilizing filters

To evduae the effect of a deilizing filter on
VNP4010IM solution, the solution was filtered twice
through a Millipore (Bedford, MA) 0.2-um Durapore®
polyvinylidene fluoride (PVDF) membrane filter. The
olution was andyzed before and after filtration by
HPLC.

Cleaning method development

A deaning method was established using isopropanal

(IPA) as the solvent. The formulation was drained off
from a dainless sed besker and then rinsed 3 times with
IPA, washed and scrubbed with Alconox detergent, and
triple rinsed with water for injection (WFI). After each
IPA rinse and the find WH rinse, a rinse sample was
collected. An area of the besker was aso swabbed. Both
the rinse samples and swab samples were andyzed by
HPLC for VNP40101M, and the find WFI rinse sample
was a0 andyzed for totd organic carbon (TOC).

Compatibility with infusion solution

Admixtures of VNP40101IM were prepared in 0.9%
sodium chloride injection (norma sdine) and 5%
dextroe injection (D5W) in glass contangs. The
nomind concentration of VNP4010IM in the
admixtures was 0.1, 0.5, 1, and 2 mg/mL. At periodic
intervals, the diluted solution was examined for visud



precipitation and pH and was assayed for VNP4A0101IM
and 90CE using HPLC and LC/MS, respectively.

Stability of VNP40101M injection

The find formulation of VNP40101M was put into USP
Type | dear glass vids and subjected to sability testing
following International Conference on Harmonization
(ICH) guiddines [13]. The vids were dored a 40°C
with 75% RH, 25°C with 60% RH, ad 5°C
(refrigeration). The solution was periodicaly andyzed
for VNP40101IM and 90CE by HPLC and LC/MS,
respectively.

RESULTS AND DISCUSSION

Preformulation studies:
method development

The devdlopment of a suitable sability-indicating assay
of a new drug is vey citicd for the successul
devdopment of a dosage form. Stability-indicating
methods for VNP40101M and its degradetion product,
90CE, were developed and vdidated according to the
ICH guiddines. The HPLC assay of VNP40101M was
found to be robust and linear over the concentration
range of 06 to 1.4 mg/mL with an r? of 0.9966. The
method quantitetion limit was 5 pg/mL for
VNP40101M. Precison of the assay determined from 6
repetitive injections of a solution containing 1 mg/mL
VNP4A010IM was found to be 05% expressed as
percent relative andard deviation (RSD).

Because of its poor ultraviolet (UV) absorption, the
degradation product 90CE could rot be andlyzed usng
HPLC-UV. An LC/MS method was therefore deve oped
to quatitae 90CE. Regresson andyss of 90CE
cdibration curves suggested a quadriatic (second order)
relationship between the MS response (totd ion current%
a m/z 248.9 and 90CE concentration Eigure 1). Anr

value of 0.997 wes obtained over the concentration
range of 0.1to 5 pg/mL. The average accuracy in terms
of recovery was 109% to 110%, and the precison in
terms of RSD was 5%.

Solubility of VNP40101M

The solubility of VNP40101M in various solvents was
edimated and is given in Table 1. The solubility of
VNP4010IM in waer was only 066 mg/mL.
VNP4A010IM was farly soluble in paenterdly
accepteble cosolvents. In ethyl dcohal, propylene
glycol, and 30% ehyl dcohol, VNP4A0101M was
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Figure 1. Calibration curve: total ion current versus
90CE concentration

Table 1. Solubility of VNP40101IM at room
temperature

Water 0.66
Propylene glycol 14
Polyethylene glycol 300 | 16.8
Ethyl acohol 14
30% ethanol 14
30% glyceral 0.47
50% glycerol 041
0.1% Tween 80 0.64

soluble to the extent of 1.4 mg/mL. In PEG-300, it was
soluble to the extent of 16.8 mg/mL.

The octanol-water partition coefficient of VNP40101M
was esdimated to be 0.75, suggesting poor solubility in
lipophilic solvents.

pH solubility profile of VNP40101M

To determine if an agueous formulation could be
prepared by adjuging the pH of the solution, the
solubility profile of VNP40101IM was investigated at
different pHs The solubility of VNP4010IM as a
function of pH is given in Figure 2 The solubility of
VNP40101M showed a gradud but dow decrease from
pH 3 to pH 6. At pH 343, the solubility was 0.63
mg/mL, but solubility decreased to 0.58 & pH 6.16. The
solubility dropped to 0.36 and 0.1 mg/mL a pH 7.18
and pH 7.77, respectively. At these high pH vaues,
rapid degradation of VNP40101M occurred, which was
evident from severd degradation peeks in the HPLC
chromatograms. This indicated that VNP40101M is
unstable at akaine pH.



Forced degradation study

Therma dress caused about 40% degradation of
VNP40101M (Table 2). Acidic stress with strong acid,
such as hydrochloric acid, did not degrade
VNP40101M. However, basc dress caused a time-
dependent loss of VNP40101M. No degradation was
Seen under oxidative stress. The above observations are
congstent with the degradation pathway reported in the
literature [8,9]. VNP40101M undergoes a pH-specific
base-catalyzed hydrolytic breakdown into 90CE and
methyl isocyanate (Eigure 3. Both 90CE and methyl
isocyanate react with water and break down further to
form gaseous nitrogen, sulfinic acid and chloroethanal,
methylamine, and carbon dioxide.

0.7 7
0.6
0.54
0.4 4

0.3

Solubility, mg/mL

0.2 4

0.14
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Figure 2. pH solubility profile of VNP40101M

Table 2. Effect of degradation stress on the stability
of VNP40101M
Duration

VNP40101M concentration

of dress (mg/mL) post dress
Heat at 100°C | 30 minutes | 0.58
Oxidation 24 hours 1.06
1NHCI 24 hours 111
12N HCI 24 hours 117
pH 8 buffer 0 hours 0.91
25 minutes | 0.79
60 minutes | 0.50
90 minutes | 0.45

Note: Initial concentration before stress for all samples
was 1 mg/mL

FORMULATION DEVELOPMENT
Formulation of VNP40101M

The low agueous solubility precluded development of
an agueous formulation. Many poorly water-soluble
drugs are maintained in solution by the use of water-
miscible solvents. Based on solubility characteristics,
PEG-300 and ethyl acohol were sdected as vehicles
for VNP40101M. Combinations of PEG-300 and ethyl
adcohol are common cosolvent vehicles that are
consdered safe for use in the preparation of parentera
solutions [14,15]. At aratio of 70% PEG-300 and 30%
ethyl acohol, VNP40101M could be dissolved to a
high concentration of 10 mg/mL.

This formulation presented a processng problem.
Because VNP4010IM  undergoes  hydrolytic
breakdown, it was essential to avoid contact with
moisture. However, both the vehicles are redtivey
hygroscopic, and the prevention of moisture absorption
during the norma course of manufacturing was
difficult. Dissolution of VNP40101M in the vehicle
was dow and required overnight mixing. Mixing in an
open vessH resulted in gpproximately 2.5% moisture
ingress. Covering the manufacturing vessdl containing
an overhead mixer was at best incomplete and provided
only partia protection. On assay, the formulation was
found to contain 3% to 4% of 90CE as a degradation
compound.

Because the hydrolytic breakdown of VNP40101M is
base catalyzed, hydrolysis can be minimized with the
incluson of a smal amount of a weak acid.
Formulations of VNP40101IM (10 mg/mL) were
therefore prepared in PEG-300 and ethyl acohol with
0%, 0.3%, and 0.6% citric acid in a closed system.
Figure 4 shows the markedly decreased level of 90CE
in formulation containing 0.6% citric acid as compared
to the control. A smilar result was obtained with
formulation containing 0.3% citric acid. The
concentration of 90CE as a percentage of 101 M label
was found to be 2.2%, 0.02%, and 0.015% for
formulations containing 0% (contral), 0.3%, and 0.6%
citric acid, respectively. It is clear from this result that
acidifying the formulation minimized 90CE formation.
Based on these results, 0.6% citric acid was included in
the formulation as a sabilizer.
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Figure 4. Effect of citric acid on stability of
VNP40101M

Compatibility with rubber closures

Sdection of rubber closures should be based on
universal  acceptability in al markets (European
Union/Japan/United States) as well as on compatibility
with the drug solution. West gray butyl stopper
4432/50 was sdected for evaluation because of its
global acceptability, as it meets European
Pharmacopoeia (EP), Japanese Pharmacopeia (JP),
and USP requirements. Adsorption of drug to rubber
closures is a common problem associated with
injectable solutions. Further, incompatibility could also
arise between the vehicle components and the rubber
formulation that could result in deformation of the
rubber closure with subsequent loss of container-
closure integrity. Adsorption is generdly prevented by
usng a Teflon-coated stopper that forms a barrier
between the solution and the rubber components. The
results of this study indicated that the formulation was
compatible with the rubber stoppers studied. The
recovery of VNP40101M was nearly 100% from
solutions stoppered with ether Teflon-coated or
uncoated stoppers and stored for 2 months a
accelerated temperatures. Further, the sealability of the
rubber closures was undtered as determined by
absence of leskage from vids punctured and stored



inverted. Also, a low extractable profile was reported
for this stopper with polyethylene glycol and 20%
ethanol [16].

Effect of silastic tubing

Siladtic tubing is generally used to transfer the product
from one container to another and for via filling
operations. Drug adsorption into these tubing materias
may result in substantia loss of potency. The recovery
of VNP40101M from a solution that had been in
contact with slagtic tubing for 24 hours was 100%,
indicating no loss of drug via absorption into the
tubing.

The naure of solvents may affect the ability of the
tubing to dispense the solution uniformly during the
filling operation. When silastic tubing alone was used,
sgnificant drifts in fill volume were observed over 20
minutes. This was probably caused by the softening of
the tubing due to interaction with the nonagueous
vehicle. Replacing the slastic tube with a more rigid
polypropylene tube presented a different problem. The
pinching clamps at the dispensing nozzle could not be
completely closed due to the rigidity of the tubing. Asa
result, the solution dripped extensively from the filling
nozzle. When a combination of the rigid polypropylene
tubing extending from the filling tank and joined to the
filling nozzle via slagtic tubing was used, fill volume
drifts were minimized. The average fill weights after
filling 1000 vias with 5 mL each using the above
combination of tubings was 5.12 mL with a standard
deviation of 0.03 and a CV% of 0.58.

Filter sterilization

The forced degradation study indicated that the drug is
heat sendtive (Table 2). Further, the formulation
contains 30% ethyl acohol, which does not dlow for
termind sterilization by hest. Therefore, sterilization by
filtration was opted for VNP40101M injection using
the gterilization decision tree for nonaqueous liquid or
dry powder products [17]. However, loss of drug to
filter surfaces could be a problem leading to out-of-
gpecification results. In this study, filtration through a
Durapore® PVDF membrane filter did not dter the
drug concentration. The recovery of VNP40101M after
filtering twice through the filter was 100%, indicating
absence of adsorption by the filter. Filtration through a
Millipore Opticap® hydrophilic PVDF membrane
filter was recommended on the basis of this study.

Table 3. Accelerated stability of VNP40101M

Storage Storage = VNP40101M | 90CE
conditions | interval ~ Recovery Formation
(months) | (n=4) (n=2
(% + SD) (% + SD)
5°C Initial 100.5+04 0.04+0.00
1 1053+ 0.6 0.10+0.14
3 101.7+1.1 0.12+0.01
6 1045+10 0.16+0.00
25°Cwith | Initid 100.5+04 0.04+0.00
60% RH
1 101.0£25 0.17+0.03
3 101.7+1.8 0.37+0.02
6 101.8+0.3 0.75+0.01
40°Cwith | Initid 100.5+04 0.04+0.00
70% RH
1 1049104 0.64+0.03
3 101.1+04 1.24+0.02
6 1009+ 0.5 2.06+0.03

Cleaning studies

The ability to adequately clean equipment and vessels
used in the clinica manufacture of drugsis an essentid
step in the drug development program. Product-specific
assay and TOC analyss were used to evaluate the
adequacy of cleaning. Ringng with isopropanal 3 times
followed by a detergent wash with water adequately
removed al traces of VNP40101M. No VNP40101M
was detected in the HPLC assay, which has a limit of
detection of 0.05 mg/mL. TOC reaults of rinse and
swab samples were below the USP purified water
specification of 0.5 ppm. A cleaning method was
established on the basis of these results.

Stability of VNP40101M injection

The find formulaion was subjected to acceerated
dability testing. VNP40101IM was chemicdly and
physcaly sable a 5°C for 6 months, and no messurable
degradation product was observed as tabulated in Table
3. On the othe hand, a dight degradation of
VNP40101M to 90CE was observed at 25°C and 40°C.
A long-term stability study isin progress.

Compatibility with LVP solutions

VNP40101M injection is a nonagueous solution that
should be diluted prior to intravenous infuson. The
compatibility of VNP40101M with LVP solutions was
assessed. Dilution of VNP40101M formulation up to a
concentration of 1 mg/mL in normd sdine or D5W and



dored a room temperature was found to be dable
without drug loss for up to 24 hours (Tables 4and 5).
When diluted to 2 mg/mL or above, precipitation was
seen a 8 hours (admixture in D5W) and 24 hours
(normd sdine) with a consequent drop in VNP40101IM
concentration. In 4 mg/mL dilutions, precipitation was
Seen sooner (2 hours after dilution) for both admixtures.
The pH of dl the dilutions in ether admixture ranged
between 3 and 4 and remained unchanged during the 24-
hour period.

Dilutions greater than 2 mg/mL showed a decrease in
VNP40101M concentration over time as a result of drug
precipitation. The 90CE concentrations did not
ggnificantly increase in any of the dilutions. Further, the
90CE vaues represent less than 0.1% of the tota
VNP40101M concentration in the total admixture.

The admixture sudy indicates that the drug could be
diluted in normd sdine or D5W up to 2 mg/mL and
should be administered preferably within 2 to 4 hours of
preparation. Solutions containing nonagueous solvents
ae reported to extract plagticizers from polyvinyl
chloride (PVC) containes and infuson sets [18].
Therefore, it is recommended tha VNP40101M
injection formulation should be diluted and administered
usng polypropylene rather than PVC containers and
adminigtration sts.

CONCLUSION

In summary, the <solubility and d<ability of
VNP40101IM was evaluated to design a suitable
parenteral formulation. Because of its poor agueous
solubility, the formulation was prepared in a totaly
nonagueous system congisting of 70% PEG-300 and
30% ethyl acohol. Incluson of citric acid helped in
minimizing hydrolytic degradation of VNP40101M to
90CE. Manufacturing issues such & cleaning, filling
studies, and compatibility with silastic tubing were aso
addressed. Compatibility studies with LVP solutions
indicated that the formulation could be readily diluted
in D5W or norma sdine up to a concentration of 2
mg/mL for a least 8 hours. Although a dight
degradation was seen at higher temperatures (25°C and
40°C), greater than 95% of the drug was intact at 4°C
for 6 months. The formulation was successfully
manufactured for Phase | clinicd trials.
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Table 4. Effect of dilution with D5W on the stability of VNP40101M injection

Theoretical | Concentration of Concentration of 90CE (ug/mL)
admixture | VNP40101M (mg/mL) after after storage for
oonoantration | storage for
(mg/mL)

Oh |2h |4h |8h [24h|0h |2h |[4h [8h |24h
0.1 010]0.10] 010|010 | 0.10| 0.04 | 003 | 0.03 | 0.04 | 0.02
1.0 099(099|099|098(099| 049|052 | 048 | 035 | 041
2.0 2021201199187 |119| 104|144 |.03 |0.74 | 0.87
4.0 406392363309 |171]| 223|268 |2.08 | 133 | 206

Table 5. Effect of dilution with normal saline on the stability of VNP40101M injection

Theorgticadlk  Concentration of

Concentration of 90CE (ug/mL)

admixture  VNP40101M (mg/mL) after after storagefor

conoatration  storage for

(mg/mL)

Oh [{2h |[4h |8h |24h|{0h [2h |4h |[8h |24h

0.1 0.09 | 0.09 | 0.09 | - 009 | ND |ND |ND |ND |ND
1.0 100101102 |101|101]|023]|048 | 067 | 054 | 0.28
2.0 201(202|200{201|180(051 |18 |118 |[091 | 061
4.0 4.00 | - 308(233]|140|222|233 | 232 | 233 | 1.87

ND = not determined
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