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Treatment of Invasive Fungal Infections: Sability of Voriconazole Infusion Solutions in PVC Bags
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Voriconazole is a novel broad-spectrum antifungal drug, employed in the treatment of invasive fungal infections,
and represents an alternative to amphotericin B treatment. The manufacturer recommends that any unused
reconstituted product should be stored at 2°C to 8°C, for no more than 24 h, but no recommendations about i.v.
infusion solutions are given. Previous works have reported on the stability of voriconazole in polyolefin bags and
just onein 5% dextrose polyvinyl chloride (PVC) bags, at a 4 mg.mL ! concentration. In thiswork, the stability of
voriconazole as an i.v. infusion solution in 0.9% sodium chloride and in 5% dextrose, in PVC bags, at 0.5 mg.mL ",
stored at 4°C and at room temper ature, protected from light, was evaluated. Theseinfusion solutions wer e analyzed
for a21-day period. Chemical stability wasevaluated by HPL C assay. Visual inspection was performed and pH of the
solutionswas measured. No color change or precipitation in the solutions was observed. The drug content remained
above 90% for 11 daysin 0.9% sodium chloride and for 9 daysin 5% dextrose solutions. Thei.v. infusion solutions
stored at room temperature were not stable. At room temperature, the voriconazole content dropped down to 88.3
and 86.6%, in 0.9% sodium chloride or 5% dextrose solutions, respectively, two days after admixture. Assays
performed at the end of the study suggest the sorption of voriconazole by the PVC bags. The results of this study
allow cost-effective batch production in the hospital pharmacy.
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The past two decades have witnessed an increase in the
incidence of nosocomial fungal infections. Fungal sepsishas
increased by morethan 200% in this period [ 1] and represents
a major problem, given the relatively poor response rates,
especialy for aspergillosis, and the high cost of the therapies
[2]. Theincreaseintheincidence of fungal infections may be
attributed primarily to increased numbers of critically ill and
immunocompromised patients, including those with AIDS,
cancer patients undergoing chemotherapy, and organ
transplant recipientstaking immunosuppressive drugs. Other
possible reasons for the increased incidence of fungal
infectionsinclude the growing number of patientsundergoing
invasive medical procedures, receiving broad-spectrum
antibiotics or long-term corticosteroid therapy and receiving
parenteral nutrition or hemodialysis[3].

Candidaisresponsiblefor ca. 80% of nosocomial fungal
infections, with Candida albicans being the predominant
Candida pathogen [4]. Aspergillus spp. are less common,
causing ca. 4% to 5% of nosocomial fungal infections [3].
These pathogens are related to an extremely high mortality
rate: around 40% to 60% for Candida [5] and 85% for
Aspergillus [3], even with aggressive antifungal therapy.
Although Candida and Aspergillus species still represent
the vast mgjority of fungal isolates encountered in human
pathology, a number of new species — both yeasts and
filamentous fungi — are increasingly recognized as
opportunistic pathogens [6,7].
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The number of available antifungal agents suitable for
treating systemic fungal infectionsis limited. Until recently,
thearsenal that was avail able consisted mainly of the polyene
antibiotic amphotericin B, some azole derivatives, the
allylamines-thiocarbamates and 5-flucytosine. In the past
decade, however, new compounds were licensed, including
azole compoundsand the candins[7]. Voriconazole (Figure 1)
isan azole compound, structuraly related to fluconazole, where
oneof thetriazole moietieswas replaced by afluoropyrimidine
group and an alpha methyl group was introduced. These
modifications resulted in an enhanced spectrum of antifungal
activity and in increased in vitro potency [8].

Amphotericin B deoxycholate and voriconazole are the
only two antifungal medicationscurrently approved asprimary
therapy for invasive aspergillosisinfectioninthe U.S.. Second
line treatments include lipid-based formulations of
amphotericin, itraconazole and caspofungin [9,10].

Figurel1. Chemical structure of voriconazole.
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Voriconazole was authorized for use by the FDA inthe U.S.
and by ANVISA in Brazil in 2002, for the treatment of invasive
fungal infections [6]. It is especialy recommended for the
treatment of invasive aspergillosis and of infections caused
by Scedosporium, Fusarium spp and resistant Candida
species[11].

Voriconazole is available as an injection, tablets and oral
suspension. The i.v. product is supplied in a single-use vial
containing 200 mg of voriconazoleand 3,200 mg of sulfobutyl
ether beta-cyclodextrin sodium, which makesthe drug soluble
and allowsits parenteral administration. The powder must be
reconstituted with sterile water for injection and thissolution
must be diluted to afinal concentration of 0.5to 5 mg/mL with
suitable diluents, such as0.9% sodium chloride or 5% dextrose
[12].

The manufacturer recommends that any unused
reconstituted solution should be discarded after 24 h, sinceit
has been demonstrated to be stable for this period, stored at
210 8°C. Thereare no recommendations about the stability of
the infusion solutions or about their compatibility with
different polymers of infusion bags [12]. In relation to the
stability of infusion solutions, it was reported that 2 mg.mL*
voriconazolein 0.9% sodium chlorideinfusion bagsis stable
at 2-8 °C for 32 days; the same shelf life was verified for the
reconstituted product [13]. It was also reported that 2mg.mL*
voriconazole, protected from light, was stable for eight days
when stored at 4 or 25 °C diluted in 0.9% sodium chloride
solution, and for six daysat 4 °C and four daysat 25°Cin 5%
dextrose solution [14]. In both studies, voriconazolewas stored
in multilayer polyolefin bags. The stability of voriconazole
was studied in PV C bags, at 4 mg.mL*in 5% dextrose, stored
at 4 °C. Under these conditions, voriconazole solutions are
stablefor 15 days[15].

The role voriconazole plays in the treatment of fungal
infections, the high cost of the therapy, and the dose
adjustments which produce residual product justify more
studies on its stability. The aim of thiswork wasto study the
stability of voriconazoleasi.v. infusion solutionsin PV C bags,
in adiluent other than dextrose, since for some patients this
diluent is not recommended. The chemical stability of
voriconazole was determined as infusion solutions in 0.9%
sodium chloride and 5% dextrose, stored in PV C bagsover 21
days, maintained at 4-7 and 19-24 °C, at 0.5 mg.mL%. This
concentration represents the lowest concentration
recommended for ani.v. infusion solution.

Material and M ethods
Reagents and Drugs

Vialsof lyophilized voriconazol e powder (Vfend® 200 mg,
Pfizer, ot 5163904) were reconstituted with 19 mL of sterile
water forinjectiontoyield 20 mL of 20mg.mL - solution. PVC
bags containing 0.9% sodium chlorideinjection (50 mL, Halex
Istar, lot 1B 607/05) and 5% dextroseinjection (100 mL, Halex
Istar, lot I B 631/03) were used. Voriconazol e standard, with an
assigned purity of 99.75% was provided by Gencor Pacific

Limited, Hong Kong. For high-performance liquid
chromatography assay, methanol (HPLC grade, Merck,
Germany), triethylamine and orthophosphoric acid reagent
grade (Merck, Germany), and distilled water purified by aMilliQ
Pluswater system (Millipore, USA) were used.

Chromatographic Apparatus and Conditions

A Shimadzu HPL C system (Kyoto, Japan) provided with a
LC-10AD,, pump, aRheodyne® manual injector (model 7725i),
aSPD-M10A  , diode array detector, DGU-14A degasand an
SCL-10Acontroller with CLASS-V Psoftware wasemployed.
The chromatographic analyses were performed on a Merck
LiChrospher® 100 RP-8 (125x 4.6 mm|.D., 5mm particlesize)
column. The maobile phase was composed of methanol/0.6%
triethylamine, pH 6.0 (50:50 v/v), at aflow rateof 1 mL.min?,
and the injection volume was 20 uL. UV detection was
performed at 255 nm and theidentity of peakswas determined
by comparing the elution times and ultraviolet spectra of
samples and standard solution, supplied by the PDA detector.

HPLCAnaysis

Voriconazole concentrations were determined by a
stability-indicating HPL C method previously described in the
literature [16], employing exactly the same conditionsthat are
described in the Chromatographi c apparatus and conditions
section. Chromatographic parameters which allow the
adjustment of system performance, were monitored.

The applied method was linear in the range of 0.02t0 0.1
mg.mL %, with acoefficient of correlation of 0.9999 and alinear
regression equation of y =-923.76 + 27569.82x. The method
was examined for specificity by carrying out forced
degradation studies which demonstrated that voriconazoleis
sensitiveto alkali, acid and oxidizing media, where degradation
in akaline conditions is faster and more intense. In al the
conditions employed, peaks of degradation products, when
observed (retention times: 2.6 to 7.7 min) wereresolved from
thevoriconazole peak (retention time: 8.4 min) [16].

In this study, specificity and precision of the assay were
evaluated again. The specificity was assessed by the peak
purity of all voriconazole peaks, given by the PDA detector.
To be considered pure, the peak purity index should be higher
than 0.99[17]. The precision of the method was evaluated by
theintra-day relative standard deviation values (RSD) between
all the duplicate samples assayed, where RSD values< 2.0%
were considered acceptable.

Stability Study

For the preparation of thei.v. infusion solutions, 2.5 mL of
freshly prepared reconstituted product wereintroduced into 50
mL of 0.9% sodium chlorideor 100 mL of 5% dextrose PVC
bags, fromwhich25mL and52.5mL wereprevioudy withdrawn,
respectively, to obtain a voriconazole concentration of 0.5
mg.mL L. The bagswerethen shaken to ensure thorough mixing.
Three bags of voriconazole were prepared for each of the
infusion solutions and temperatures assayed.
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Thei.v. infusion solutionswere stored under refrigeration
(4-7°C) or at room temperature (19-24 °C), inthe dark. They
wereanalyzed at 0, 2, 4, 7, 9, 11, 14 and 21 days. Before the
analysiswas conducted, the bags were allowed to reach room
temperature and mixed well before sample collection. One
milliliter was taken from each of the three bags and diluted
with water to 0.05 mg.mL, and each bag was assayed in
duplicate. Sincethe method waslinear in therange of 0.02 to
0.1 mg.mL"1[16], even if degradation occurred, the solution
concentrations remained in the linear range of the analytical
method. The voriconazole reconstitution, the preparation of
thei.v. infusion solutions and the sampling at each time were
performed using aseptic technique.

The quantification was performed comparing the mean
areas of the standard solutions at a concentration of 0.05
mg.mL-* with the sample solutions. Theinitial concentrations
(day 0) were defined as 100% and subsequent concentrations
were expressed as percentages of the initial concentration.
Theresultswerereported asmeans + S.D. of the percentages
of theinitial concentration. The drug solutions were defined
as stable if more than 90% of the initial concentration was
maintained. The pH was measured with a pH meter at the
beginning and at the end of the study (DM 20-Digimed). The
appearance and color were accessed by observing samples
against black and white backgrounds.

At the end of the study, the bagsweretotally emptied and
washed severa timeswith water, wherethelast portion of the
washing solutions was saved. A-20 mL volume of methanol
was added to the bags, which were maintained in ahorizontal
position and allowed to be in contact with the solvent for 5
days. After this period, an aliquot of the methanol solution
and thefinal washing solution were analyzed by HPL C assay.

Resultsand Discussion

Considering the clinical relevance of voriconazole in the
treatment of invasive fungal infections, the high cost of this
therapy and the lack of studies about its stability, this study
was carried out to determine drug stability in the diluentsand
storage conditions usually employed in Brazilian hospitals.
Voriconazole powder for i.v. infusion solutions must be first

reconstituted with sterile water for injection and then diluted
with appropriate diluents. There are no recommendationswith
regard to the stability of the infusion solution or about its
compatibility with different polymers of infusion bagsin the
package insert [12]. Two studies reported in the literature
employed polyolefin bags (PV C-free) [ 13,14] and another one
used PV C bags[15]. Thelatter reported voriconazol e stability
in 5% dextrose solution, adiluent not recommended for some
patients. In the present study, drug stability in PVC bags
containing 0.9% sodium chloride injection was al so studied.
The cost of polyolefin bags is twice that of PVC bags. In
Europe, around 60% of the bags used aremade of PV C, and in
the U.S., around 80%. In Brazil, closed system PV C bags are
being introduced, which will reduce the most important
problem related to the open system bags currently used: the
risk of contamination.

The degradation of voriconazole was determined by a
stability indicating method, previously validated [16].
Moreover, chromatographic parameters and specificity of the
assay were monitored. The chromatographic parameters
determined indicatethat the conditionstested provided awell-
behaved chromatographic system, essential for accurate and
precise results. Thefollowing valueswere obtai ned: theoretical
plates> 2,500, tailing factor < 1.6 and capacity factor < 7.6, all
of which arein accordance with established values[18]. The
specificity of theassay was evaluated again in thisexperiment,
employing a PDA detector. To be considered specific, which
is an essential characteristic for stability studies, an assay
method should demonstrate that it is able to separate and
quantify the drug from a physical mixture of the drug,
degradation products and excipients. As mentioned in the
HPLC analysis section, the voriconazole peak was resolved
from the peaks of the degradation products, obtained in the
forced degradation studies[16]. Besides, the peak purity index
was determined by the PDA detector, the most popular
technique used to assay it. The purity of the peak attributed
tovoriconazolewas higher than 0.9999 in all assays, showing
that no impurities or degradation products or excipients
coel uted with the parent drug, indi cating the specificity of the
analytical method [17]. The precision of the assay was

Table 1. Stahility of 0.5 mg/mL voriconazolein 0.9% sodium chloride and 5% dextrose at 4-7 and 19-24 °C.

% initial drug concentration remaining = SD?

Diluent and Initial Day 2 Day 4 Day 7 Day 9 Day 11 Day 14 Day 21
storagetemperature  concentration
(mg/mL)
0.9% sodium chloride
4-7°C 052+003 923+12 91.7+12 91.7+06 91.2+19 915+12 891+10 87.3+06
19-24°C 047+002 883+13 832+11 764+07 752+13 76.0+13 716+08 636+24
5% dextrose
4-7°C 050+001 924+09 936+10 922+07 929+12 87.7+19 89.2+25 880+04
19-24°C 051+001 86.6+07 879+21 824+09 809+31 759+13 755+05 69.7+23

2 Standard deviation.
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confirmed by intra-day relative standard deviation (RSD)
values less than 2.0%.

No color changes, haziness or preci pitation were observed
in the infusion solutions until the end of the study. The pH
values decreased dlightly during the period of analysis: from
5.93+0.09t05.80+ 0.10and from 5.90+ 0.12t05.60+ 0.08, for
0.9% sodium chloride solutions, maintained at 4 °C or at room
temperature, respectively. Similar results were observed for
the dextrose sol utions, which showed adecrease from 4.42 +
0.10t04.30+0.13andfrom4.29+ 0.09t04.15+ 0.06, stored at
4°C or at room temperature, respectively.

Table 1 presents the results obtained in the stability test.
The percentages of theinitial concentration indicate that the
compound was stable in 0.9% sodium chloride for 11 days
and for 9 daysin 5% dextrose solutions, stored at 4°Cin PVC
bags, protected from light. Theinfusion solutions maintained
under refrigeration were more stable than those maintained at

room temperature, an effect observed in both diluents. At
room temperature, the drug content percentages dropped to
88.3 and 86.6, in 0.9% sodium chloride and 5% dextrose
solutions, respectively, only two days after preparation. The
faster decrease of drug content in the bags stored at room
temperature was al so observed by Sahraoui et al. (2006) who
studied the stability of voriconazolein polyolefin bags[14].
No degradation products were formed in the samples
stored at 4°C or room temperature, which can be observed in
chromatograms obtained at day 21 (Figure 2). This result
suggests that the degradation products do not have a
chromophore group, that voriconazole was decomposed to
low molecular weight fractionsor that sorption of voriconazole
by the PVC bags occurred. In order to confirm the latter
possibility, the PV C bags were totally emptied, washed with
water, where the last portion of washing solution was saved.
Methanol wasintroduced and kept inside the bagsfor 5 days,

Figure 2. Chromatograms of voriconazoleinfusion solutionin 0.9% sodium chloride (A) and in 5% dextrose (B) at zero time and

day 21 after admixture, maintained at 4-7 °C.
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Figure 3. Chromatograms of voriconazole, extracted with
methanol from PV C bags that previously contained
voriconazole in 0.9% sodium chloride, after 5-day period of
contact (A); last washing aqueous solutions (B).
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methanol from PV C bags that previously contained
voriconazole in 5% dextrose, after 5-day period of contact
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inorder to extract any bound drug from the bags. Voriconazole
was detected in the methanol solutions (Figures 3A and 4A),
but not in the washing solutions (Figures 3B and 4B). This
fact suggeststhat the amount in the methanol solutions came
exclusively from adsorbed and/or absorbed drug. Asnoted in
previous works, the pH of the solution is an essential factor
that influences the sorption of drugs by PV C bags. The non-
ionized drug species are more lipophilic and thus, more
favorably absorbed by the plastic[19-22]. Therelative amount
of non-ionized form depends on the solution pH and on the
drug pKa. Voriconazoleisaweak base (pKa1.76) [23] andin
the range of pH values obtained at the end of the study (5.93
to 4.15), the percentage of non-ionized drug form is higher
than 99.5%. A faster decreasein pH wasobserved ininfusion
solutions stored at room temperature. As previously reported
[21], higher temperatures can increase the solute diffusion
rate through the plastic matrix, increasing drug binding.

Analysis made by PDA detector at day 21 showed no
other peaks in the visible and UV range and the purity of
voriconazole peak, which reinforces the notion of drug
sorption by the bags.

Theresult obtained here differs, in part, from that obtained
by Cadrobbi et a. [16]. They found that voriconazole in 5%
dextrose solution, stored at 4°C, at aconcentration of 4 mg.mL,
wasstablefor a15-day period, whilewefound a9-day stability
period. This difference can be an effect of the voriconazole
concentration, since we used the lowest concentration
recommended by the manufacturer, 0.5 mg.mL*. Moorhatch
and Chiou [19] reported different sorption effectswith PV C bags
depending ob drug concentration. For vitamin A and methohexitd,
the bound percentage is not influenced by concentration. On
the other hand, an increasein warfarin concentration resultsina
decrease in the bound percentage. Thus, in the last case, more
dilute solutionslost a higher percent of total drug to the plastic,
asobserved inthe present study. However, other studies showed
no correlation between drug sorption and concentration [20,21].
Therefore, the question about concentration effect posed here
should be examined by additional studies, employing other
voriconazole concentrations.

Conclusion

The present study showsthat voriconazole asan infusion
solution in PVC bags, at 0.5 mg.mL?, stored at 4-7°C and
protected from light, is stable for 11 days in 0.9% sodium
chloride and for 9 days in 5% dextrose solutions. At room
temperature, storedin PV C bagsand protected from light, i.v.
solutions are stable for lessthan 2 days, suggesting that they
should be administered immediately after their preparation.
These results alow areduction of costs by batch production
at the hospital pharmacy. Considering that there is no
preservativein voriconazoleinjection, the reconstitution and
i.v. admixtures should be carried out in aseptic areas, in order
to avoid microbia contamination and to allow itsuse for the
suggested periods, for which its chemical stability was
determined.
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