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ABSTRACT T 
Thee objective of this in vitro study is to investigate the rate of active conversion of 

flucytosineflucytosine (5-FC) to 5-fluorouracil (5-FU) by microorganisms in the intestinal microflora. 

Thee active conversion of 5-FC to 5-FU was studied by incubating Escherichia co/i 

(ATCCC 23922) with several 5-FC concentrations (0.1, 1, and 10 mM 5-FC). In 

addition,, the 5-FC conversion by E. co/i exposed to ciprofloxacine prior to 5-FC 

incubationn was also studied in order to investigate whether viability is necessary for the 

conversionn of 5-FC to 5-FU. Furthermore, fecal samples of 3 patients having selective 

bowell decontamination (SBD) were studied for their ability to converse 5-FC. 

Itt was shown that the 5-FC level decreased by an average of 72, 7 1 , and 72% 5-FC 

afterr incubation for 48h of 1010 E. co/i/mL suspensions containing 0 .1 , 1, and 10 mM 

5-FC,, respectively, indicating that this process is described by linear first-order kinetics. 

Furthermore,, a 66% decrease in 5-FC level was shown after 48h of 5-FC incubation of 

E.. co/i that was exposed to ciprofloxacine prior to 5-FC incubation. Investigation of 

fecall samples of 2 patients prior to SBD showed significant 5-FC conversion, whereas 

thiss conversion was not observed in the corresponding fecal samples 1 week after 

startingg SBD. A third patient was used as a negative control and only minor and 

comparablee 5-FC conversion was noted in the fecal samples 1 week and 2 weeks 

afterr starting SBD. 

Inn conclusion, our in vitro experiments using E. co/i and fecal samples from patients 

showedd that extensive 5-FC conversion occurs by microorganisms in the human intestinal 

microflora.. In case the anaerobic part of the microflora is not involved in the 5-FC 

conversion,, oral 5-FC treatment of SBD patients may result in less 5-FC-induced toxicity. 
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INTRODUCTION N 
Initially,, flucytosine (5-fluorocytosine; 5-flucytosine; 5-FC) was supposed to possess 

antitumorr activity, but it appeared to be ineffective for this purpose.1,2 Its antifungal 

propertiess were discovered shortly after and 5-FC treatment of patients with 

candidiasiss and cryptococcosis started a few years later.3"5 Single agent use of 5-FC is 

limitedd due to the development of resistance of various fungi to this antifungal agent.6,7 

Therefore,, 5-FC is often used concomitantly with other agents, mainly amphotericin B, 

forr the treatment of systemic mycoses.8,9 

Forr its antifungal activity 5-FC is taken up by fungal cells by means of cytosine permease 

andd specifically converted into fluorouracil (5-fluorouracil; 5-FU) by cytosine deaminase 

(Figuree l).6-1012 Further metabolism of 5-FU leads to the formation of 5-fluorouridine 

triphosphatee (FUTP) and 5-fluorodeoxyuridine monophosphate (FdUMP). Once 

incorporatedd into fungal RNA, these compounds result in inhibition of protein and 

DNAA synthesis of the fungal cell (Figure l).11"15 Human cells lacking the enzyme 

cytosinee deaminase are unable to convert 5-FC into 5-FU. 

Besidess its good potential as an antifungal agent, 5-FC is also capable of causing dose-

limitingg toxicity, such as bone-marrow depression and hepatotoxicity. Several studies 

havee pointed out that at 5-FC levels exceeding 100 mg/L the risk of toxicity is 

increased.916'200 Although the mechanism of toxicity of this antifungal drug is still not fully 

understood,, it has been postulated that conversion of 5-FC to certain metabolites, 

especiallyy to 5-FU, is involved in the development of 5-FC-associated toxicity.21*23 5-FU 

andd 5-FU catabolites have been detected in urine and serum of 5-FC treated patients, 

althoughh the reports in literature are scarce'U4,25 and it has been documented that 5-FU 

cann cause bone-marrow depression as seen with 5-FC therapy.21,26,27 

Conversionn of 5-FC to 5-FU can occur passively as well as actively. We have found that 

5-FUU can be present in 5-FC intravenous fluid as a result of impurities from 5-FC 

manufacturingg as well as from 5-FU formation during sterilization and storage.28 

Furthermore,, the human intestinal microflora has been shown to be capable of 

convertingg 5-FC to 5-FU in in vitro experiments using a semicontinuous culture system.22 

Inn addition, Malet-Martino and colleagues showed a possible relationship between the 

gutt flora level and the conversion of 5-FC to 5-FU by using fluorine-19 magnetic 

resonancee spectroscopic analysis of the urine of two patients treated with 5-FC and 

amphotericinn B.23 However, it yet remains unknown whether this conversion is due to the 

aerobicc or anaerobic microflora. 
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5-FCC is administered to patients either orally or intravenously depending on the 

individuall patient and the specific microorganism. It may be possible that oral 5-FC 

therapyy results in high 5-FU levels in the gastrointestinal tract as compared to 

intravenouss 5-FC administration. Assuming that 5-FU plays a role in 5-FC-related 

toxicity2'"233 it can be hypothesized that due to the active conversion of 5-FC to 5-FU by 

thee intestinal microflora, oral 5-FC therapy would put a patient at significantly greater 

riskk for developing toxicity instead of intravenous 5-FC therapy. 

Manyy of the 5-FC treated patients also receive antibiotic therapy (for example, 

selectivee bowel decontamination; SBD) and therefore may undergo an alteration in the 

compositionn of their intestinal microflora. As a result the active intestinal conversion of 

5-FCC to 5-FU may be affected and thereby possibly also the occurrence of 5-FC-

relatedd toxicity. 

Inn the present study we describe the results of an in vitro study that was performed in 

orderr to investigate the active conversion of 5-FC to 5-FU by the intestinal microflora. 

Experimentss were performed with viable Escherichia coli as well as E. co/i exposed to 

ciprofloxacinee in order to investigate whether viability is necessary for the active 

conversionn of 5-FC to 5-FU. Furthermore, fecal samples from 3 patients receiving SBD 

weree investigated for their ability to converse 5-FC to 5-FU. In this manner, an 

indicationn of the active rate of conversion of 5-FC to 5-FU by the intestinal microflora 

wass obtained. 

incorporationn inhibition 
FUDPP —*- FUTP  i n t 0 RNA ""*" of protein 

synthesis s 

inhibitionn of inhibition 
thymidylatee synthetase o f D N A 

synthesis s 

cell l 
membrane e 

Figur ee 1 . Intrafungal pathway and mode of action of 5-FC. 

Abbreviations:: 5-FC, flucytosine; 5-FU, 5-fluorouracil; FUMP, 5-fluorouridine monophosphate; FUDP, 

5-fluorouridinee diphosphate; FUTP, 5-fluorouridine triphosphate; FdUMP, 5-fluorodeoxyuridine 

monophosphate. . 

FUMP P 

5.FCC fH^^f,  5-FC - ^ ^ * - 5-FU 
permeasee deaminase 

FdUMP P 
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MATERIALL AND METHODS 
Chemicals ,, Reagent s and Media 
5-FCC (purity >99%) was obtained from Fluka® (Zwijndrecht, The Netherlands). Sodium 

chloridee (NaCI), disodium hydrogen phosphate dihydrate (Na2HP04.2H20), sodium 

dihydrogenn phosphate dihydrate (NaH2P04.2H20) were purchased from Merck* 

(Darmstadtt Germany). Sterilized phosphate buffer solution (PBS) was prepared by 

dissolvingg 82g NaCI, 17g Na2HP04.2H20 and 2.7g NaH2P04.2H20 in 10L 

demineralizedd water (pH = 7.4; sterilization by heating at C for 15 min). 

EscherichiaEscherichia  coli  and 5-FC Conversio n Measurement s 
E.. coli (ATCC 23922) was selected as a common aerobic/facultative anaerobic species 

off the intestinal microflora to investigate the active conversion of 5-FC to 5-FU by the 

humann intestinal microflora. E. coli was cultured overnight at C on nonselective 

bloodd agar plates and resuspended in PBS until a concentration of 1010 cells/mL using 

McFarlandd standard tubes. Three different 5-FC concentrations were investigated (i.e. 

0.11 mM (  13 mg/L) ; 1 mM (  130 mg/L) ; and 10 mM (  1300 mg/L) 5-FC). The 

incubationn temperature was held constant at C in all experiments. 

AA suspension of approximately 1010 viable E. co/i/mL in PBS (450 //L/sample) was 

incubatedd at C in duplicate with 1, 10, and 100 mM solutions of 5-FC in PBS 

(500 ^L/sample) for 0, 1 ,4 , 24, and 48h. Two sets of negative controls were used 

assuringg that no conversion of 5-FC to 5-FU took place in case either E. coli (control 

sett 1) or 5-FC (control set 2) are absent. Controls of set 1 consisted of PBS (450 

//L/sample),, incubated at C in duplicate with 5-FC (1 , 10, and 100 mM 5-FC in 

PBS;; 50 //L/sample) for 1, 24, and 48h. Controls of set 2 consisted of a suspension 

withh 1010 viable E. coli (450 //L/sample) in PBS (50 //L/sample) incubated at C in 

duplicatee for 1, 24, and 48h. 

AA second series of experiments was performed investigating whether viable 

microorganismss are necessary for the active conversion of 5-FC to 5-FU by the 

enzymee cytosine deaminase. A suspension of 1010 E. co///mL is PBS was exposed to 

1000 mg/L ciprofloxacine at C for 4 hours. Afterwards, the E. co/i-ciprofloxacine 

suspensionn was incubated at C in duplicate with 5-FC in a final concentration of 1 

mMM (450 fA. E. co/i-ciprofloxacine suspension and 50 fA. 10 mM 5-FC solution) for 0, 

1,, 4, 24, and 48h. In order to assess the viability of the ciprofloxacine treated E. coli, 

10-//LL samples were taken for subcuituring onto agar plates at 0, 1, 4 , 24, and 48h. 
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Twoo sets of controls were included in this experiment. The positive control consisted of 

aa 1010 E. co///ml_ suspension without ciprofloxacine (450 //L7sample) that was 

incubatedd at C in duplicate with 10 mM 5-FC (50 /^L/sample) for 0, 1,4, 24, and 

48h.. The negative control consisted of PBS (450 /A/sample), incubated in duplicate 

withh 10 mM 5-FC (50 /H/sample) for 0, 1, 4, 24, and 48h. 

Afterr incubation all samples were centrifuged for 3 min (10,200 rpm) and 300 jul of 

thee supernatants was transferred to plastic tubes that were stored at . After 

collectingg all of the samples, 5-FC and 5-FU levels were measured at the department 

off Clinical Pharmacy. 

Fecall  Sample s and 5-FC Conversio n Measurement s 
Fecall samples from 3 patients having SBD while being treated for hematological 

malignanciess at the department of Hematology of the Academic Medical Center were 

usedd in order to assess whether other intestinal microorganisms than E. co/f were able 

too converse 5-FC to 5-FU. Fecal samples were stored at C before starting the 

experiments.. The clinical data and culture results from the patients of whom fecal 

sampless were studied are reported in table 1. 

Fromm patients A and B fecal samples were obtained prior to SBD and a week after starting 

SBD.. Patient C was used as a negative patient control in order to investigate the possible 

influencee of storage of fecal samples at C on the rate of 5-FC conversion. For this 

purposee fecal samples from this patient were derived 1 and 2 weeks after starting SBD. All 

fecall samples were cultured on selective solid media and in enrichment broth for 

coliformicc bacteria, Staphylococcus aureus, Pseudomonas spp., yeasts and fungi. 

Forr investigation of the extent of conversion of 5-FC to 5-FU, fecal suspensions were 

preparedd in PBS (1.5 g/15.0 mL) and 450 /A. of these suspensions was transferred to 

plasticc tubes and incubated in duplicate with 50 /A. 10 mM 5-FC at C for 0, 1,2, 

4 ,, and 6 days. Both negative as well as positive controls were included. The negative 

controlss consisted of PBS (450 //L/sample), incubated at C in duplicate with 50 //L 

100 mM 5-FC for 0, 1 ,2, 4, and 6 days. The positive controls consisted of a 1010 E. 

co///mLL suspension in PBS (450 //L/sample), incubated at C in duplicate with 50 fA. 

100 mM 5-FC for 0, 1, 2, 4, and 6 days. 

Afterr incubation all samples were centrifuged for 3 min (10,200 rpm) and 300 /A. of 

thee supernatants was transferred to plastic tubes that were stored at . After 

collectingg all of the samples, 5-FC and 5-FU levels were measured at the department 

off Clinical Pharmacy. 
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Determinatio nn of 5-FC and 5-FU Level s 

5-FCC and 5-FU levels were measured using a sensitive and precise high-

performancee liquid chromatography (HPLC) technique that was developed at the 

departmentt of Clinical Pharmacy.29 This assay allows simultaneous quantification of 

5-FCC and 5-FU using spectrophotometric diode array detection and 5-methylcytosine 

(5-MC)) and 5-chlorouracil (5-CU) as internal standards for quantification of 5-FC 

andd 5-FU, respectively. The limits of quantitation of this assay are 0.3 mg/L and 

0.055 mg/L for 5-FC and 5-FU, respectively. A representative chromatogram is shown 

inn figure 2. 

Figur ee 2 . Chromatogram showing 

conversionn of 5-FC to 5-FU in an in vitro 

experimentt using £. co/i. 

Thee presented chromatogram shows that 

approximatelyy 15% conversion of 5-FC to 

5-FUU occurred after incubation of 1010 E. coli 

(ATCCC 23922) with 5-FC during 4 hours at 

.. Abbreviations: 5-FC, 5-fluorocytosine; 

5-FU,, 5-fluorouracil; 5-MC, 5-methylcytosine; 

5-CU,, 5-chlorouracil. 

 i i i i i i i i  i l i i i 

0.000 5.00 10.00 
Min n 
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RESULTS S 
Conversio nn of 5-FC by Escherichia  coli 
Thee 5-FC level decreased by an average of 72, 7 1 , and 72% 5-FC after incubation 

forr 48h of TO10 £. co/f/mL suspensions containing 0 .1 , 1, and 10 mM 5-FC, 

respectivelyy (relatively to the mean 5-FC concentration in control set 1 ; table 2). 

Conversionn of 5-FC to 5-FU was not detected in either set of controls (Table 2). The 

decreasee in 5-FC concentration is described by linear first-order kinetics since the 

proportionall decrease of the three 5-FC concentrations, expressed as the mean 

logarithmicc 5-FC concentration per unit of time, is similar. The 5-FC half-life (V/T) of 

activee conversion of 0 .1 , 1, and 10 mM 5-FC is 26.7, 26.8, and 26.2h, respectively. 

Thee mean value of the reaction rate constant for active conversion of 5-FC to 5-FU 

calculatedd from this result is 0.02608 h \ 

Inn order to assess the effect of the viability of £. coli on the 5-FC conversion, E. coli 

weree exposed to 100 mg/L ciprofloxacine. The number of viable £. coli in PBS 

decreasedd to less than 106 cells/mL (>4 log reduction) after ciprofloxacine exposure 

forr 4h, as shown by culturing results on agar plates. After 8h exposure no £. coli 

weree cultured anymore. In the £. coli suspension containing ciprofloxacine the 5-FC 

levell decreased by an average of 66% after 48h, whereas the 5-FC concentration 

decreasedd by 86% in the 1010 viable £. co///mL suspension in PBS. No conversion of 

5-FCC to 5-FU was detected in the negative controls (Table 3). 

Conversio nn of 5-FC in Feces Sample s 
Inn the fecal sample of patient A prior to SBD, the 5-FC level had decreased by 

approximatelyy 50% after 6 days, whereas in the SBD fecal sample no decrease in 5-FC 

levell was noted. In the fecal sample of patient B prior to SBD more than 95% of the 

initiallyy supplemented 5-FC was conversed after 6 days, whilst in the SBD fecal sample 

noo decrease in 5-FC level occurred after 6 days. In addition, 5-FU levels up to 23.88 

mg/LL were measured in the fecal samples of patients A and B prior to SBD, whereas 

5-FUU remained undetected in their fecal samples obtained one week after the start of 

SBD.. In the fecal samples of patient C that was used as a negative patient control, 

comparablee 5-FC concentrations were observed in both SBD fecal samples. 

Furthermore,, small amounts of 5-FU were present in these SBD fecal samples (Table 4). 
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DISCUSSION N 
Besidess assuring effective 5-FC levels and avoiding resistance in the individual patient, 

therapeuticc drug monitoring (TDM) of 5-FC is routinely performed in many institutions 

too avoid high 5-FC levels in order to prevent serious side effects such as bone-marrow 

depressionn and hepatotoxicity. It is known that 5-FC-related toxicity is significantly 

moree frequent in case 5-FC levels exceed 100 mg/L9,16"20 However, the complete 

mechanismm of toxicity of this antifungal drug is still not elucidated. 

Onee of the possible mechanisms of 5-FC-induced bone-marrow depression and 

hepatotoxicityy is the conversion of 5-FC to certain metabolites, especially 5-FU. 5-FU is 

capablee of causing bone-marrow depression similar to that reported in patients 

receivingg 5-FC therapy.21'26,27 Moreover, a therapeutic range of 2 to 3 mg/L has been 

reportedd for 5-FU and toxicity was shown to be related to plasma levels greater than 3 

mg/L.300 Furthermore, scarce literature reports have shown 5-FU and 5-FU catabolites 

inn urine and serum of patients treated with 5-FC.11,24,25 

Besidess passive conversion of 5-FC to 5-FU, also active conversion of 5-FC can occur.22 

Thee present in vitro study using £. co/i and fecal samples from patients having SBD was 

performedd in order to investigate whether microorganisms in the human intestinal 

microfloraa are involved in the conversion of 5-FC into the cytotoxic agent 5-FU. 

Thee in vitro experiments using E. coli revealed that 5-FC is rapidly converted into 5-FU 

andd that this process follows linear first-order kinetics. In addition, it was shown that E. 

colicoli can also converse 5-FC to 5-FU by cytosine deaminase during exposure to 

ciprofloxacine.. In suspensions containing nonviable E. coli during exposure to 

ciprofloxacinee 77% of the extent of 5-FC was conversed as compared to suspension 

containingg only viable E. coli. Furthermore, the fecal samples of the two patients 

havingg SBD showed that 5-FC conversion was strongly reduced since in the SBD fecal 

sampless no decrease in 5-FC level was observed, whereas significant decreases in 5-

FCC concentration occurred in their fecal samples prior to SBD. Storage of fecal 

sampless at C for 1 weak had no significant effect on the rate of 5-FC conversion 

sincee only minor and comparable 5-FC conversion occurred in the fecal samples 

obtainedd from patient C 1 week and 2 weeks after starting SBD. 

Thee influence of the anaerobic part of the intestinal microflora on the conversion of 

5-FCC to 5-FU was not studied since all fecal samples were stored in PBS at C for 

att least 24h, by which the anaerobic bacteria became nonviable. 

Itt was shown in the in vitro experiments using E. coli that 5-FC is converted into 5-FU. 

However,, in the fecal samples the increase in 5-FU levels was always less than the 



Activee Conversion of Flucytosine by Microorganisms 161 1 

decreasee of the 5-FC levels. These observations may be attributable to the different 

matricess applied in this study. It is not unlikely that in some of the fecal samples 5-FU 

levelss remain low due to binding of this cytotoxic agent to certain compounds present 

inn the feces. Alternatively, 5-FU on its turn may be rapidly metabolized into other 

compounds,, which remain undetected with the HPLC assay applied in this study. 

Inn conclusion, our in vitro experiments using £. coli and fecal samples from patients 

showedd that extensive 5-FC conversion occurs by microorganisms in the human 

intestinall microflora. Consequently, high 5-FU levels may occur putting the 5-FC 

treatedd patient at increased risk for developing 5-FC-related toxicity. Future studies 

shouldd also address the possibility to study the conversion of 5-FC into its metabolites, 

includingg 5-FU, by the anaerobic part of the intestinal microflora. In case this 

anaerobicc part of the microflora is not involved in the 5-FC conversion, oral 5-FC 

treatmentt of SBD patients may result in less 5-FC-induced toxicity. 
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