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ABSTRACT T 
Thee stability of the antimycotic drug flucytosine (5-FC) and the extent of 5-fluorouracil 

(5-FU)) formation in 5-FC intravenous solution was studied in an accelerated stability 

experiment. . 

5-FCC intravenous solution (10 mg/mL) was heated at 40, 60, 70, 80 and C for a 

maximumm of 131 days. At appropriate time intervals samples were taken and the 

concentrationss of 5-FC and 5-FU were determined using a newly developed, stability 

indicatingg HPLC-UV method. 

Heatingg the 5-FC intravenous solution at 40, 60, 70, 80 and C led to 5-FC 

decompositionn of respectively 0, 8.9, 14.4, 52.5 and 61.6%. The Arrhenius plot of the 

5-FCC decomposition is described by In k(5-FC decomposition) = 80.1892-l/T-0.2396 

andd the 5-FU formation is described by In k(5-FU formation) = -13087-1/T+34.4028. 

Itt is concluded that 5-FC is very stable in intravenous solution at regular storing 

temperaturess and can therefore be stored at ambient temperatures for several years 

beforee the critical border of 95% 5-FC is reached. However, the toxic and teratogen 

degradationn product 5-FU may be present in the product, due to both impurities in the 

raww material and the formation from 5-FC upon sterilization and storage. 
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INTRODUCTION N 
Flucytosinee (5-FC) is a systemic antimycotic drug, which is active against mycotic 

infectionss caused by Candida species and Crypfococcus neoformans as well as in 

chromoblastomycosis.11 The drug can be administered both orally and by intermittent 

orr continuous infusion. For the intravenous route of administration 5-FC is marketed 

ass Ancotil® which is an isotonic solution existing of 1.0% 5-FC (10 mg 5-FC/mL) and 

0.805%% NaCI.1 

Att temperatures below C 5-FC is known to precipitate which can be reversed 

byy heating the solution at . The manufacturer advises to heat the solution 

underr these circumstances for a maximum of half an hour. Storage of the solution 

abovee a temperature of C however is known to cause degradation of 5-FC into 

5-fluorouracill (5-FU).1 

5-FUU is a widely used antineoplastic drug mainly prescribed for the palliative treatment 

off carcinoma of the colon, rectum and mammae.1,2 Furthermore, it is known that 5-FU 

iss not only formed as a decomposition product of 5-FC but it is also used as precursor 

inn the synthesis of 5-FC.3 These two reasons might explain the presence of 5-FU 

impuritiess in 5-FC products. As 5-FU is a heavily toxic and teratogen substance its 

concentrationn in 5-FC intravenous solutions must be kept to a minimum in order to 

reducee the exposition of this drug to patients treated with 5-FC. 

Untill so far there have only been shelf life studies with 5-FC in extemporaneously 

compoundedd oral liquids4,5 and according to our knowledge published data for the 

stabilityy of 5-FC in intravenous solutions is lacking. However, for the preparation and 

storagee of 5-FC intravenous solutions at our pharmacy, information about the 5-FC 

stabilityy in infusion fluids is warranted. 

Wee studied the stability of 5-FC in intravenous solutions by an accelerated stability 

testingg experiment and selectively measured the concentrations of 5-FC as well as 

5-FUU in 5-FC intravenous solution. 

MATERIALL AND METHODS 
Drugss and Chemicals 
5-FCC (Ancotil*) infusion solution was obtained from Roche (Roche Nederland B.V., 

Mijdrecht,, The Netherlands). 5-FU (C4H3FN202) and 5-FC (C4H,FN30) (Figure 1) were 

purchasedd from Sigma Chemical Co. (St. Louis, U.S.A.). 
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Thee ion-pare reagent used for HPLC, 1 -heptanesulfonic acid (sodiumsalt, monohydrate; 

C7H1503SNa.H20)) was obtained from Sigma-Aldrich Chemical Co. (St. Louis, U.S.A.). 

Ammoniumm dihydrogen phosphate ((NH4)H2P04) was purchased from Merck (Merck, 

Darmstadt,, Germany) and distilled water was obtained from Braun-NPBI (Medispoel®, 

Emmer-Compascuum,, The Netherlands). 

Figuree 1. Chemical structures of 
5-FCC and 5-FU. 

NH,, O 

Flucytosinee (5-FC) Fluorouracil (5-FU) 
Mw== 129.9 Mw= 130.8 

Assay y 
Forr the heating of the 5-FC intravenous solution waterbaths with Type EM Jujabo 

heatingg elements (Jujabo labortechnik, Seelbach, Germany) and two stoves (Model 

4000 Memmert; Memmert GmbH, Schwabach, Germany and Heraeus; Dijkstra B.V., 

Thee Netherlands) were used. 

Thee concentrations of 5-FU and 5-FC were determined using a newly developed HPLC 

methodd with UV detection. A Supelcosil LC-18-DB column (150 mm x 4.6 mm I.D.) 

(Art.. No. 5-8348; Supelco Inc., Supelco Park, Bellefonte, U.S.A.), a Model 7125 

Rheodynee Injector system (Rheodyne Inc., Cotati, U.S.A.), a Shimadzu® LC-6A Liquid 

Chromatographh (Shimadzu Co., Kyoto, Japan) (flow rate 1 mL/min; pressure 120 

kgf/cm2),, a Shimadzu® C-R6A Chromatograph (Shimadzu Co., Kyoto, Japan) and a 

Shimadzu** SPD-6A UV Spectrophotometric Detector (Shimadzu Co., Kyoto, Japan) 

weree used. Absorption was measured at a wavelength of 266 nm. 

Thee mobile phase consisted of 0.03 M (3.45 g/L) ammonium dihydrogen phosphate 

(pHH 3.5) and 0.005 M (1.1015 g/L) 1-heptanesulfonic acid, filtered before use over a 

SM-111177 0.2 fM. filter (Sattorius GmbH, Göttingen, Germany). 

Standardss were prepared by accurately weighting of 5-FU and 5-FC followed by 

dissolvingg in distilled water and dilution to a final concentration of 10 //g/mL and 100 

/ig/mLL for 5-FU and 5-FC, respectively. Five-microliter samples or standard solutions 

weree injected into the HPLC. Concentrations were determined by calculation of 

peakheightt ratios of samples and corresponding standards. 

Calibrationn curves were prepared for 5-FU at concentrations of 1, 5, 10, 15 and 20 

//g/mLL and for 5-FU at concentrations of 20, 40, 60, 80 and 100 /yg/mL. 
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Infusionn Preparation and Sampling 
Thee procedure for performing an accelerated stability study as described by the Dutch 

Associationn of Hospital Pharmacists was applied.6 Briefly, 5-FC decomposition and 5-FU 

formationn in time are analyzed at five different temperatures {40, 60, 70, 80 and ) 

byy means of a HPLC-UV method. At each of the investigated temperatures two bottles of 

5-FCC intravenous solution were used. At the two lowest temperatures the heating was 

carriedd out with waterbaths, whereas at 70, 80 and C stoves were used. 

Upp to 8 days after starting the heating process samples were taken from all the bottles 

att corresponding time intervals: 0, 0.5, 1, 2, 4, 8, 24, 96 and 192 hours after start of 

thee heating. After this period samples were taken at different time intervals from the 

bottless depending on the applied temperature and the expected rate of 5-FC 

decomposition. . 

Sampless of 1 mL of 5-FC intravenous solution were taken from the bottles with a 1-mL 

syringee and a 19G11/2 (1,1*40 TW.PM) injection needle and transferred to a glass 

test-tube.. From each of the samples four appropriate dilutions were prepared with 

distilledd water for the measurement of the 5-FC concentration and the 5-FU 

concentration,, both in duplicate. Dilutions were chosen as to achieve similar 

peakheightss for the sample of 5-FC infusion solution and the standards. 

Dataa Analysis 
Thee accelerated stability study is based upon the equation of Arrhenius, which relates 

thee rate of a decomposition (or formation) reaction to temperature:7 

lnklnk = lnA-(--T\ 

wheree A is the frequency factor (no dimension), k is the reaction rate constant 

(mg/mLday'1),, E is the activation energy (J-mol1), R is the gas constant (8.314 

J-mol"1-K'1),, and T is the absolute temperature (K). 

Thee order of the reaction was assessed by the graphical method and by calculation of 

thee coefficients of correlation (R2) for zero- and first-order reaction kinetics. Reaction 

ratee constants (k) at several temperatures were calculated from the slopes of the (linear 

orr logarithmic) concentration-versus-time curves. The linear relationship of In k versus 
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thee reciprocal of absolute temperature offers the opportunity to calculate A and £. 

Thesee values were obtained by regression analysis by the method of the least squares. 

Furthermore,, the reaction rate constant at any desired temperature can be calculated 

fromm the Arrhenius equation by substitution. 

RESULTS S 

Chromatography y 

Thee HPLC-UV method used in this accelerated stability study offers the opportunity to 

measuree 5-FU and 5-FC selectively and is stability indicating. 5-FC has a retention 

timee of 8.0 min and a new peak appears at a retention time of 3.8 min as 

decompositionn increases. The peak at 3.8 min was identified as 5-FU by analysis of a 

decomposedd sample with a Photodiode Array Detector (DAD) and by injecting a 

mixturee of 5-FU standard and decomposed sample into the HPLC-UV system. 

Chromatogramss of a fresh and a decomposed sample are depicted in figure 2. 

Thee calibration curves of 5-FU and 5-FC were found linear in the concentration range 

off 1-20 //g/mL and 20-100 ,ug/mL, respectively. The mean coefficients of correlation 

weree 0.9973 (n = 4) and 0.9999 (n = 4) for 5-FU and 5-FC, respectively. 

Figuree 2. Chromatogram 
off a fresh and a 
decomposedd sample of 
5-FCC intravenous infusion; 
AA = 5-FC (Rt = 8.0 min) 
andd B = 5-FU (Rt = 3.8 
min). . 

L_ _ 
88 lOmin 88 lOmin 



Ann Accelerated Stability Study of Flucytosine 143 

Stability y 
Thee mean concentrations of 5-FC and 5-FU in the intravenous solution in time are 

presentedd in figure 3. Each mean consists of four separate measurements: two bottles 

off 5-FC intravenous solution from which the samples were injected into the HPLC in 

duplicate. . 

500 100 

Timee (days) 

500 100 

Timee (days) 

150 0 

Figuree 3. The mean 5-FC and 5-FU concentrations in time during heating at 40 (o), 60 (0) , 

70 (A ) ,, 80 (X) and C (*) . 

Thee mean initial 5-FC concentration was 9.92 mg/mL (range 9.73-10.14). After 

heatingg at C for a total of 131 days no significant decrease in 5-FC concentration 

appearedd while the concentration of 5-FU increased to 103-10'3 mg/mL. When heated 

att C for a total of 103 days the concentrations 5-FC and 5-FU were 9.02 and 

806-10"33 mg/mL for 5-FC and 5-FU, respectively (8.9% 5-FC decomposition). Heating 

att C for a total of 75 days resulted in a 5-FC concentration of 8.41 mg/mL (14.4% 

5-FCC decomposition) and a 5-FU concentration of 1.25 mg/mL. After heating at C 

forr a total of 50 days the 5-FC concentration is 4.82 mg/mL (52.5% 5-FC 

decomposition)) and the 5-FU concentration has increased to 2.93 mg/mL, whereas 

afterr heating at C for a total of 47 days these concentrations are 3.83 and 2.97 

mg/mLL for 5-FC and 5-FU, respectively (61.6% 5-FC decomposition). The percentages 

off 5-FC decomposition at the different temperatures were calculated relatively to the 

correspondingg initial 5-FC concentration. 

Duee to the very low decomposition rate of 5-FC at C the data do not allow 

calculationn of a reliable 5-FC decomposition rate constant at this temperature. For this 
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reasonn the results of the experiment at C are left out of the further analysis in the 

acceleratedd stability study. However, the stability data at C might be considered as 

shelff life stability data to validate the findings of the accelerated stability study. 

Thee mean coefficient of correlation corresponding with the linear presentation of the 

5-FCC concentration-versus-time curves at the investigated temperatures is -0.9933 

(rangee -0.9916 to 0.9952), whereas logarithmic presentation results in a mean 

coefficientt of correlation of -0.9940 (range -0.9930 to 0.9963). Assuming first order 

reactionn kinetics results in the best fit although the differences in the coefficients of 

correlationn between using linear and logarithmic presentation of the 5-FC 

concentrationn are small. 

Logarithmicc regression analysis of k versus 1/7 leads to the Arrhenius plot (R2 = 

0.9592)) and the corresponding Arrhenius equation for 5-FC decomposition: 

\nk(5-FC\nk(5-FC decomposition) = 80.1892 l/T-0.2396 

Byy means of this Arrhenius equation the reaction rate constants of 5-FC decomposition 

att 18, 25 and C were calculated to be respectively 1.0366, 1.0299 and 1.0167 

mg/mL-days'1.. These calculated values are very low indicating that 5-FC is very stable 

att these temperatures. The extrapolation of 5-FC decomposition at C leads to a 

veryy low 5-FC decomposition rate corresponding to the actual findings at this 

temperature. . 

Thee 5-FU concentration-versus-time curves at 80 and C show a linear shape until 

approximatelyy 8 days after start of the heating. From this moment the 5-FU 

concentrationn reaches a plateau. Approximately at the same time the 5-FC intravenous 

solutionn starts to color brownish and a black precipitation is formed in the solution. 

Thee same situation occurs after approximately 53 days of heating at . 

Thee situation at 70, 80 and C was simulated to investigate the possibility that these 

observationss are the result of saturation of the 5-FC intravenous solution with 5-FU. 

Forr this purpose the 5-FC intravenous solution was diluted with normal saline to a 

concentrationn of 7 mg/mL 5-FC and "titrated" with a 50-mg/mL solution of 5-FU until 

aa concentration of approximately 6.5 mg/mL 5-FU. No visible precipitation was 

formedd at C or at room temperature. 

Linearr presentation of the 5-FU concentration-versus-time curves results in a better fit 

inn comparison to logarithmic presentation: the mean coefficient of correlation 
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correspondingg with the linear presentation of the 5-FU concentration-versus-time 

curvess at the investigated temperatures is 0.9994 (range 0.9985-0.9998), whereas 

logarithmicc presentation results in a mean coefficient of correlation of 0.9394 (range 

0.92111 -0.9895). In the cases of heating at 70, 80 en C the results after 53, 8 and 

88 days respectively of heating have been left out of this analysis since after this point in 

timee the 5-FU concentration-versus-time curves lose there linear shape and the 5-FU 

concentrationn reaches a plateau. 

Logarithmicc regression analysts of k versus 1/7 leads to the Arrhenius plot (R2 = 

0.9908)) and the corresponding Arrhenius equation for 5-FU formation: 

Inn k(S-FU formation) = -130871/T+ 34.4028 

Byy means of this Arrhenius equation the reaction rate constants of 5-FU formation at 18 

andd C were calculated to be respectively 2.5710"5 and 7.39*10* mg/mL-days'. 

Fromm these extrapolated reaction rate constants of 5-FU formation at ambient 

temperaturess it can be calculated that a maximum tolerated amount of 0.1 mg/mL 5-FU 

(1%% 5-FU) has been formed after 7.7 and 2.7 years for respectively 18 and , 

whereass it takes 50.3 and 17.5 years before 0.5 mg/mL 5-FU (5% 5-FU) is present in the 

5-FCC intravenous solution (Table 1). 

Att the start of the heating process (t = 0) 5-FU concentrations between 21.56-10"3 

mg/mLL and 28.46*10"3 mg/mL were measured in the various bottles of 5-FC 

intravenouss solution. From the Arrhenius plot of the 5-FU formation it can be calculated 

thatt during the sterilization procedure which is performed by the manufacturer (30 min 

att ) a concentration of 10.52-10'3 mg/mL 5-FU is formed. The small quantity of 

5-FUU which is present in the 5-FC intravenous solution at t = 0 has been taken in 

accountt for the calculation of the values presented in table 1. 

Tablee 1 . The period of time during which 0.1 and 0.5 mg/mL 5-FU are formed. 

Temperaturee 0.1 mg/mL 5-FU 0.5 mg/mL 5-FU 

)) (years) (years) 

188 7.7 50.3 

255 2.7 17.5 
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DISCUSSION N 
Thiss study reveals that 5-FC intravenous solution (10 mg/mL) is very stable at ambient 

temperaturess and can be stored for several years before the concentration has 

decreasedd to 95% of the initial concentration. These extrapolated results from the 

acceleratedd stability study are confirmed by the findings from the shelf life experiment 

forr 131 days at . Until so far there have only been shelf life studies with 5-FC in 

extemporaneouslyy compounded oral liquids but the results of our study comply with 

thee scarce stability data of 5-FC in the literature.4,5 

However,, the formation of the toxic decomposition product 5-FU is of great concern 

andd therefore the normally accepted limits of 95-105% cannot be applied. There are 

noo documented or prescribed standards for the maximum tolerated amount of a 

toxicc decomposition product such as 5-FU. A comparison can be made between the 

5-FUU exposition by patients who are being treated with 5-FC and the 5-FU exposition 

byy patients receiving a standard dose of 5-FU as a cytotoxic drug treatment. The 

regularr dose of 5-FC (Ancotil®) intravenous solution is 37.5 mg/kg 4 times a day, 

whichh is equivalent to 10.5 g 5-FC/day for a standard person (70 kg). Assuming a 

treatmentt with 5-FC of 3 weeks (220.5 g 5-FC) and a 5-FU concentration of 0.1 

mg/mLL ( 1 % 5-FC decomposition) a patient would be exposed to 2205 mg 5-FU 

duringg this period. In comparison, a normal dose of 5-FU as an antineoplastic drug 

iss 1000 mg/m2 every three weeks resulting in a cumulative dose of 1730 mg 5-FU 

forr the standard person (1.73 m2). This leads to the conclusion that a patient treated 

withh 5-FC intravenous solution that has been decomposed for 1% is exposed to 

similarr amounts of 5-FU as applied in anticancer therapy. 

Thee amount of 5-FU, which is present in 5-FC intravenous solution, depends on three 

factors:: the 5-FU which is already present in the raw 5-FC material, the 5-FU 

formationn during the sterilization procedure, and the 5-FC decomposition upon 

storage.. Our study shows that the 5-FU formation itself is extremely slow at ambient 

temperaturess and that approximately 35-50% of the initially present amount of 5-FU is 

formedd during the sterilization procedure. The remaining fraction of the initially 

presentt 5-FU (50-65%) probably comes from the raw 5-FC material. Thus, the quality 

off the raw 5-FC material and the sterilization procedure must be carefully monitored 

becausee quantitatively 5-FU in raw 5-FC material and 5-FU formed during sterilization 

aree the most important sources of 5-FU in 5-FC intravenous solution. 

Inn the current study the 5-FU formation proceeds in a linear fashion but bends to a 

plateauu concentration. This situation in not due to saturation of the 5-FC intravenous 
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solutionn with 5-FU as proven by the described simulation experiment, but is probably 

causedd by the degradation of 5-FU into another substance which could not be 

detectedd by the analytical method applied in this study. 5-FU is decomposed by 

ultraviolett light but when protected from light the stability of 5-FU has been reported to 

bee reasonably in aqueous solutions.8 In a few studies the stability of 5-FU has been 

testedd in portable infusion pumps, PVC bags, ambulatory pump reservoirs and in 

plasticc containers used for infusion at home and 5-FU is stable in aqueous intravenous 

solutionss up to 14 days when stored at C and up to at least 16 weeks when stored 

att C in 5% dextrose injection.9'13 Milovanovic ef a/.8 showed that 5-FU is stable in 

amberr glass bottles at 30 and C for eight weeks but they also report that at C 

thee samples withdrawn for analysis were slightly colored. Furthermore, in the study by 

Rochardd ef a/.11 the authors mention the fact that they determined the stability-

indicatingg capability of their method by using solutions of 5-FU which were partly 

decomposedd by heating at . 

Ourr study enables to predict both the amounts of 5-FU formation and 5-FC 

decompositionn in 5-FC intravenous solution at regular storage conditions by using the 

reactionn rate constants of 5-FU formation and 5-FC decomposition. 

CONCLUSIONS S 
5-FCC is very stable at regular storage temperatures and can be stored at ambient 

temperaturess for several years before the critical border of 95% 5-FC is reached, but 

theree must be taken sharp notice of the amount of the toxic and teratogen 5-FU in the 

product. . 
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