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Ribavirin has recently been demonstrated to have efficacy in combination with alpha interferon for treatment
of relapsed hepatitis C. The marked improvement in the response rate after treatment with the combination
regimen (10-fold higher versus that from monotherapy with alpha interferon) highlights the importance of
determining the absolute bioavailability of ribavirin as a first step in beginning to investigate the pharmaco-
dynamics of the combination. The objective of this study was to determine the absolute bioavailability of
ribavirin with an intravenous formulation containing ribavirin labeled with the stable isotope 13C3 (13C3-
ribavirin) and unlabeled oral ribavirin. Six healthy volunteers received 150 mg of intravenous 13C3-ribavirin
followed 1 h later by a 400-mg oral dose of ribavirin. Samples of blood and urine were collected up to 169 h
postdosing. Concentrations of 13C3-ribavirin and unlabeled ribavirin were determined by a high-performance
liquid chromatography tandem mass spectrometric method. All plasma and urine data were comodeled for
labeled and unlabeled ribavirin by using both the two- and three-compartment models in the program ADAPT
II. A three-compartment model was chosen for the pharmacokinetic analysis with the Akaike Information
Criterion. The mean maximum concentrations of drug in plasma for intravenous and oral ribavirin were 4,187
and 638 ng/ml, respectively. The mean bioavailability was 51.8% 6 21.8%, and the mean g-phase half-life was
37.0 6 14.2 h. The mean renal clearance, metabolic clearance, and volume of distribution of the central
compartment were 6.94 liters/h, 18.1 liters/h, and 17.8 liters, respectively. The use of the stable-isotope
methodology has provided the best estimate of the absolute bioavailability of ribavirin that is currently
available, as there was neither a period bias nor a washout effect to confound the data. The study demonstrated
that the mean bioavailability for a 400-mg dose of ribavirin was 52%, which is higher than that previously
reported in other investigations.

Hepatitis C virus produces a chronic viral infection which is
widespread throughout the world and which is a cause of
serious morbidity and some mortality if it is left untreated. The
cornerstone of therapy for this condition, alpha interferon, has
traditionally yielded response rates of 15 to 25% (10). More
recently, clinical studies of the combination of ribavirin and
alpha interferon suggested that the combination has a clinical
benefit, with response rates reported to be 36 to 77% (1, 4, 12,
19). Most recently, a randomized, double-blind, placebo-con-

trolled trial of the combination of oral ribavirin and alpha 2b
interferon versus alpha 2b interferon alone demonstrated a
response rate 10-fold higher with the combination than with
alpha 2b interferon alone (50 versus 5%, respectively) in pa-
tients who had relapses after being given alpha interferon
alone (7). On the basis of these and other data, ribavirin in
combination with interferon is currently approved as treatment
for hepatitis C.

The marked improvement in response rate with the addition

TABLE 1. Demographic data for individual volunteersa

Subject no. Age (yr) Wt (kg) Ht (cm) SCr concn
(mg/dl)

CLCR
(ml/min)

Hb concen
(g/dl)

1 33 84.5 171.4 1.1 114.2 16.5
2 33 82.0 174.0 0.9 135.4 15.9
3 31 83.0 184.2 1.1 114.2 15.3
4 42 89.9 175.0 0.9 136.0 14.4
5 44 71.8 176.5 0.8 119.7 16.4
6 38 58.7 158.0 0.9 92.4 14.3

Mean 6 SD 36.8 6 5.3 78.3 6 11.3 173.2 6 8.6 0.95 6 0.12 118.6 6 16.2 15.5 6 0.96

a SCr, creatinine in serum; CLCR, estimated creatinine clearance by the Cockcroft-Gault (5) equation; Hb, hemoglobin in serum.
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of ribavirin highlights the importance of understanding the
absolute bioavailability of ribavirin. While this has been esti-
mated in the past (13, 14, 17), these findings may be questioned
because of the properties of ribavirin. Ribavirin partitions into
all cells rapidly and is phosphorylated to monophosphate,
diphosphate, and triphosphate nucleotides (16). In nucleate
cells, there is a slow dephosphorylation process (9) which con-
tributes to an extremely long terminal phase (11). Anucleate
erythrocytes lack the ability to dephosphorylate ribavirin nu-
cleotides (16), which are sequestered intracellularly until the
erythrocytes are destroyed in the reticuloendothelial system
(20). In vitro studies have determined that the intracellular
concentrations of ribavirin and its nucleotides are approxi-
mately nine times those seen in plasma by 6 h postdosing (13).
This depot of ribavirin makes it difficult to interpret the results
of studies with a traditional crossover design for the determi-
nation of absolute bioavailability. The life span of an erythro-
cyte is approximately 120 days, although this may be reduced
by ribavirin (3, 20). Studies with a washout period that is too
short can be difficult to interpret because the effects of preex-
isting ribavirin stores in the erythrocytes and the slow release
of ribavirin from other nucleate cells may affect the pharma-
cokinetics of ribavirin given during the second period of the
crossover study. This may have occurred in two previous stud-
ies that have estimated the bioavailability of ribavirin (14, 17),
in which the washout periods were 10 and 14 days, respectively.
In addition, Lertora et al. (14) estimated bioavailability by
calculating the ratio of orally administered ribavirin to intra-
venous drug using concentrations in urine rather than concen-
trations in serum. In that study, the urine collection was carried

out for 48 h, which is considerably shorter than ribavirin’s
half-life (11). In a crossover study, administration of the sec-
ond dose of ribavirin after a sufficient wait can lead to signif-
icant period bias, casting doubt on whether the patient is phys-
iologically unchanged from the first administration. A way to
avoid this problem is not to use a crossover design but, instead,
to use different patients in the intravenous and oral dosage
form groups (parallel group design), as was done in the study
by Laskin et al. (13). The limitation of this design, however, is
that interindividual pharmacokinetic differences may bias ab-
solute bioavailability estimates.

Our objective was to determine the absolute bioavailability
of ribavirin using stable-isotope methods (22). Stable-isotope-
labeled ribavirin in an intravenous formulation and unlabeled
ribavirin in an oral formulation were coadministered to sub-
jects, 1 hour apart, obviating the need to use different patients
for each dosage form or to have a prolonged washout period in
a crossover study.

MATERIALS AND METHODS

Subject selection. Six healthy male volunteers with a mean age of 36.8 years
(age range, 31 to 44 years) and a mean weight of 78.3 kg (weight range, 58.7 to
89.8 kg) were entered into the study at the Albany Medical Center. All volun-
teers had normal hematologic, renal, and hepatic laboratory parameters at
screening and on the day of dosing. All volunteers were negative for human
immunodeficiency virus antibody, hepatitis B virus surface antigen, and hepatitis
C virus antibody and had negative urine drug screens for illicit drug use. Elec-
trocardiograms were performed at screening and were also normal. No subjects
were receiving any concurrent medications, and all subjects were nonsmokers.
The demographic data for these subjects are provided in Table 1. Informed
consent was obtained from each subject prior to entry into the study according to
Albany Medical Center Institutional Review Board guidelines.

Drug administration and dosage. The 13C3-labeled ribavirin (13C3-ribavirin)
and unlabeled ribavirin were supplied by Schering-Plough Research Institute,
Kenilworth, N.J. After a 10-h overnight fast which continued until 5 h after
administration of the intravenous dose, subjects received 150 mg of 13C3-ribavi-
rin intravenously over 1 min (5 ml of a 30-mg/ml solution in phosphate buffer),
and the drug administration cannula was flushed with 10 ml of normal saline
after dosing. One hour later, the subjects received orally two 200-mg capsules of
unlabeled ribavirin with 200 ml of tap water.

Collection of blood and urine specimens. Venous blood samples were col-
lected through an indwelling catheter in the arm opposite that into which drug
was infused. Catheters were flushed with normal saline after each blood draw.
After drawing a separate 3-ml sample to clear the catheter of any remaining
saline flush, blood samples for ribavirin concentration determinations were col-
lected in a syringe and were immediately transferred to a prechilled heparinized
tube. The tubes were retained on ice until they were centrifuged. Sampling times
were based on the time of intravenous drug administration and were time zero
(predosing) and then 5, 10, 20, 30, and 45 min and 1, 1.5, 2, 2.5, 3, 4, 5, 7, 9, 11,
13, 17, 25, 37, 49, 61, 73, 97, 121, 145, and 169 h postdosing. Within 15 min of
collection, all venous blood samples (3 ml each) were centrifuged at 1,000 3 g at
4°C for 5 min. Plasma was pipetted into a freezer tube, and the tube was frozen
at 280°C until analysis.

Urine samples were collected just prior to intravenous drug administration at
time zero and then in block samples at 0 to 1, .1 to 3, .3 to 7, .7 to 11, .11
to 17, .17 to 25, .25 to 49, .49 to 73, .73 to 97, .97 to 121, .121 to 145, and

TABLE 2. Cumulative recovery of 13C3-ribavirin and unlabeled
ribavirin in urine from time zero to 169 h postdosing

Subject no.

Amt (mg)

13C3-ribavirin Ribavirin
Ribavirin

adjusted to
150-mg dose

1 37,296 39,255 14,720.6
2 42,790 44,030 16,511.2
3 34,729 58,535 21,950.6
4 36,978 88,487 33,182.6
5 45,729 86,211 32,329.1
6 42,784 58,387 21,895.1

Mean 40,052.5 62,484.2 23,431.5
CVa (%) 10.7 33.2 33.2
% of dose 26.7 15.6 15.6

a CV, coefficient of variation.

TABLE 3. Values of pharmacokinetic parameters for ribavirin obtained with comodeled data for plasma and urinea

Subject no. CLmet (liters/h) CLR (liters/h) Vc (liters) Vss (liters) V2 (liters) V3 (liters) ka (h21)

1 8.894 5.359 6.080 873.4 844.5 22.86 0.383
2 23.29 8.323 39.46 669.3 619.4 10.40 0.312
3 30.38 8.797 12.80 1,113.6 1,047.0 53.82 0.208
4 19.20 6.815 14.52 1,120.1 1,077.0 28.60 0.325
5 20.05 8.139 11.49 607.0 566.3 29.21 0.340
6 6.454 4.239 22.42 711.5 667.3 21.27 0.298

Mean 6 SD 18.06 6 8.991 6.94 6 1.823 17.80 6 11.86 849.20 6 2253 803.67 6 221.1 27.69 6 14.49 0.31 6 0.058

a VSS, volume of distribution at steady state; V2, volume of distribution of the second compartment; V3, volume of distribution of the third compartment. The other
abbreviations were defined in the text.
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.145 to 169 h postdosing. In order to ensure adequate urine output, subjects
drank 500 ml of tap water immediately after the intravenous infusion at time
zero, 200 ml of tap water at hour 1, and 100 ml of tap water hourly from hours
2 to 13. Samples collected during each collection period were refrigerated. After
thorough mixing of each block sample, the volume of the total block sample was
recorded, and then two 15-ml aliquots were transferred to freezer containers and
were frozen at 280°C until analysis.

Ribavirin concentrations. The concentrations of 13C3-ribavirin and unlabeled
ribavirin in plasma and urine were determined by a validated high-performance
liquid chromatographic tandem mass spectrometric method. Five curves were
generated for each quality control analysis, and the interassay precisions of the
assay for determination of the 13C3-ribavirin concentration in plasma at 0.129,
2.057, and 4.002 mg/ml were 65.9, 67.2, and 68.3%, respectively. The interassay
precisions of the assay for determination of the 13C3-ribavirin concentration in
urine at 0.617, 10.3, and 21.8 mg/ml were 64.1, 63.6, and 61.5%, respectively.
The lowest quantifiable limits for the concentrations of 13C3-ribavirin in plasma
and urine were 0.0499 and 0.242 mg/ml, respectively. The interassay precisions of
the assay for determination of the unlabeled ribavirin concentration in plasma at
0.130, 2.088, and 4.218 mg/ml were 65.7, 62.0, and 67.6%, respectively, and
those for determination of the unlabeled ribavirin concentration in urine at
0.861, 10.2, and 20.5 mg/ml were 61.8, 62.6, and 61.3%, respectively. The lowest
limits of detectability of unlabeled ribavirin in plasma and urine were 0.0496 and
0.248 mg/ml, respectively.

Adverse event monitoring. All subjects had a complete history and a physical
at the time of screening and at the end of the study, on day 8 postdosing.
Laboratory test results were monitored and included a complete blood count
plus differential and reticulocyte count, chemistry panel, and urinalysis on the
evening prior to dosing, day 4, and day 8. An electrocardiogram was done at
screening and on study day 8. Vital signs, including resting blood pressure, pulse,
respirations, and oral body temperature, were obtained just prior to intravenous
drug administration at time zero and at 1, 2, 3, 4, 5, 7, 9, 11, 13, 17, 25, 37, 49, 61,
73, 97, 121, 145, and 169 h postdosing.

Pharmacokinetic analysis. Two- and three-compartment models were fit to
the data. A three-compartment model best fit the data on the basis of Akaike’s
Information Criterion (23). The parameters identified included volume of dis-
tribution of the central compartment (Vc), the absorption rate constant (ka), the
intercompartmental rate constants from the central to second (k12), second to
central (k21), central to third (k13), and third to central (k31) compartments,
metabolic clearance (CLmet), renal clearance (CLR), and bioavailability (F). a, b,
and g half-lives (t1/2) were calculated from the estimated parameters. All data for
labeled and unlabeled ribavirin concentrations in plasma and urine data were
comodeled by using the following differential equations:

dX1/dt 5 R~1! 1 k21 z X2 1 k31 z X3 2 @~CLmet/Vc 1 CLR/Vc! 1 k12 1 k13# z X1 (1)

dX2/dt 5 k12 z X1 2 k21 z X2 (2)

dX3/dt 5 k13 z X1 2 k31 z X3 (3)

dX4/dt 5 2 ka z X4 (4)

dX5/dt 5 ka z X4 1 k21 z X6 1 k31 z X7 2 @~CLmet/Vc 1 CLR/Vc! 1 k12 1 k13# z X5 (5)

dX6/dt 5 k12 z X5 2 k21 z X6 (6)

dX7/dt 5 k13 z X5 2 k31 z X7 (7)

dX8/dt 5 ~CLR/Vc! z X1 (8)

dX9/dt 5 ~CLR/Vc! z X5 (9)

where R(1) is the dose rate of labeled drug, X1 is the amount
of labeled drug in the central compartment, X2 is the amount of
labeled drug in the second compartment, X3 is the amount
of labeled drug in the third compartment, X4 is the amount of
unlabeled drug in the absorption compartment, X5 is the
amount of unlabeled drug in the central compartment, X6 is
the amount of unlabeled drug in the second compartment, X7
is the amount of unlabeled drug in the third compartment, X8
is the cumulative amount of labeled drug excreted renally, and
X9 is the cumulative amount of unlabeled drug excreted re-
nally. Bioavailability entered into the model through the sys-
tem outputs for unlabeled drug for determination of the con-
centration in plasma and cumulative urinary recovery in urine.
Data were analyzed by use of a maximum-likelihood estimator
with linear variance models in the identification subroutine of
ADAPT II (6). A separate and independent variance model
was used for each output.

RESULTS

Concentrations in plasma. Six healthy volunteers were stud-
ied, and demographic data are shown in Table 1. The mean
maximum concentrations in plasma (Cmaxs) for the intrave-
nous labeled compound and oral unlabeled compound were
4,187 6 199.4 ng/ml (mean 6 standard deviation [SD]) and
638 6 15.95 ng/ml. The dose-normalized (to 150 mg) Cmax for
the oral dosage form was 239 6 5.98 ng/ml, with a time to Cmax
of 1.33 6 0.034 h after oral dose administration. The mean
area under the concentration-versus-time curve from time zero
until time of final quantifiable sample for the intravenous form
was 4,263 6 99.14 ng z h/ml and that for the dose-normalized
oral form was 2,758 6 48.38 ng z h/ml.

Excretion in urine. The mean amount of ribavirin excreted
in the urine from time zero to 169 h postdosing was 40,052.5 6
3,743.2 mg for the intravenous form (26.7% of the dose) and
62,484.2 6 1,882.0 mg (15.6% of dose) for the oral form (Table
2).

Pharmacokinetic parameters. The values of the ribavirin
pharmacokinetic parameters for each individual are summa-
rized in Table 3. The mean 6 SD a-, b-, and g-phase t1/2s in
plasma were 0.040 6 0.032, 0.480 6 0.172, and 37.00 6 14.20
h, respectively. The mean 6 SD Vc was 17.80 6 11.86 liters.
The mean 6 SD F was 51.80% 6 21.8%. The concentration-
versus-time profiles of the oral and intravenous forms of riba-
virin in serum for all subjects are shown in Fig. 1. Figure 2
demonstrates the cumulative recovery of both dosage forms of
ribavirin in urine for the subjects.

Adverse drug reactions and toxicity. No significant adverse
drug reactions occurred during the study.

TABLE 3—Continued

k12 (h21) k21 (h21) k13 (h21) k31 (h21) F (%)
t1/2 (h)

a b g

13.22 0.095 17.64 4.691 28.2 0.019 0.332 49.64
1.981 0.126 7.095 26.93 33.1 0.020 0.308 19.87
3.415 0.042 15.62 3.715 58.4 0.028 0.703 35.76
5.279 0.071 14.14 7.179 84.6 0.026 0.354 39.33
4.479 0.091 7.512 2.955 66.5 0.043 0.530 22.24
2.165 0.073 2.447 2.579 40.0 0.104 0.649 55.17

5.09 6 4.184 0.083 6 0.028 10.74 6 5.924 8.01 6 9.415 51.80 6 21.8 0.040 6 0.032 0.480 6 0.172 37.00 6 14.20
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DISCUSSION

Use of stable-isotope methodology in a bioavailability study
offers several advantages over the traditional crossover meth-
odology (2). Intrasubject variabilities in drug dissolution, ab-
sorption rate, and metabolism are eliminated as potential con-
founding variables. Also, the duration of the study is decreased
by half.

Bioavailability studies with stable isotopes assume that the
metabolism and pharmacokinetics of the labeled and unla-
beled drugs are the same, i.e., that there are no isotope effects.
Isotopic substitution can cause changes in physiochemical
properties, such as lipophilicity (8) and changes in the rates of

enzymatic transformations (21). Changes in physiochemical
properties are generally seen only with heavily deuterated
compounds and are usually small. Changes in the rates of
metabolic transformations, kinetic isotope effects, are more
common and critical. Reaction rates of deuterated compounds
can be substantially lower compared with those of the unla-
beled compounds, with rate constant ratios kheavy/klight up to 8
being common (15). The much smaller difference in mass be-
tween 12C and 13C leads to k12C/k13C rate constant ratios less
than 1.1. The stable-isotope-labeled compound used in our
study, 13C3-ribavirin, is unlikely to exhibit any detectable iso-
tope effects.

FIG. 1. Concentration-versus-time profile of intravenous and oral ribavirin. The log-transformed average concentrations of intravenous (IV) (Œ) and oral (■)
ribavirin versus time were obtained for subject 1 (A), subject 2 (B), subject 3 (C), subject 4 (D), subject 5 (E), and subject 6 (F).
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The use of the comodeling technique allowed data for both
plasma and urine to be used in the estimation of F and other
pharmacokinetic parameter values. Also, as the variance struc-
tures were different for the assays with plasma and urine, we
were able to obtain proper relative weighting by using maxi-
mum-likelihood estimation with different variance models for
each of the matrices (plasma and urine) as well as for the cold
and labeled forms of the drug. We had used the assay perfor-
mance data prior to the analysis to indicate that a linear vari-
ance model was an acceptable form (higher-order polynomials
were checked), under the assumption that assay variance is an
important component of total observation variance.

We observed that the total clearance of ribavirin averaged
25 liters/h (coefficient of variation, 43%), with approximately
30% (coefficient of variation, 26%) of the total clearance being
accounted for as CLR. The actual value of CLR (circa 7 li-
ters/h) is quite close to the estimated creatinine clearance in
this patient population (7.12 liters/h). Whether there is any net
tubular handling of ribavirin cannot be determined directly
from our data, but it is doubtful that major tubular handling
takes place. It remains a possibility that counterbalancing tu-
bular reabsorption and excretion occur, but it should be noted
that Laskin et al. (13) identified a mean ratio of CLR/creatinine
clearance of 0.97, which is essentially identical to the ratio of

FIG. 2. Cumulative recovery of intravenous and oral ribavirin in urine versus time. The cumulative recoveries of intravenous (IV) (Œ) and oral (■) ribavirin in urine
versus time were obtained for subject 1 (A), subject 2 (B), subject 3 (C), subject 4 (D), subject 5 (E), and subject 6 (F).
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0.98 that we identified. In both studies, creatinine clearance
was estimated by the method of Cockcroft and Gault (5).
These findings are different from those of Lertora et al. (14),
who identified a ratio greatly in excess of 1.0.

The rest of the total clearance is labeled as CLmet, but it
should be realized that a fraction of CLmet involves partition-
ing of the drug into cells, with further anabolism to various
nucleotides of ribavirin.

The finding of an overall clearance of approximately 25
liters/h with 30% being accounted for as CLR is quite in line
with previous determinations of ribavirin’s pharmacokinetics
(13, 17).

Of interest, ka was very reproducible, with a mean of 0.311
(coefficient of variation, 18.8%), giving an average absorption
t1/2 of 2.3 h. This indicates that some absorption is ongoing
throughout most of a 12-h dosing interval and suggests that
absorption occurs at multiple sites throughout the length of the
gastrointestinal tract. One mechanism for gastrointestinal ab-
sorption has already been identified and involves N1-sodium-
dependent nucleoside transporters (18).

Our data suggest that ribavirin may exhibit a first-pass me-
tabolism, as the amount of the oral form of the drug excreted
in urine collected for 0 to 144 h was 15.6%, whereas with the
intravenous form of the drug collected for 0 to 144 h, the
amount excreted in urine was 26.7%. Other data were also
suggestive of this, demonstrating urinary excretions of 4.4 and
16.7% for urine collected from 0 to 48 h after dosing of the oral
and intravenous forms of ribavirin, respectively (9). While the
ratios in the two studies differ (58 versus 26%), this may have
been due to the different collection intervals.

The F of 52% is higher than that identified previously, but it
is still in the range of that described previously by Lertora et al.
(14) as well as by Laskin et al. (13) (45%). However, as noted
previously, Lertora et al. (14) determined ribavirin’s F by ex-
amining the urinary excretion and did so with a short period
between drug administrations. Laskin et al. (13) recognized the
difficulties in performing a study with this drug with a two-
period design and used a parallel-group design. Our study, then,
is the only one which was able to circumvent the problems
associated with ribavirin’s complex pharmacology through the
use of a stable-isotope methodology and the application of
sophisticated modeling techniques.

In summary, this study has defined a number of single-dose
pharmacokinetic characteristics of ribavirin. The clearance is
approximately 25 liters/h and has a between-patient coefficient
of variation of 43%. CLR accounts for 30% of total clearance.
The F of ribavirin is 52%, and F is modestly higher than those
previously reported in other studies. This estimate of F is likely
to be the most accurate on the basis of the methodology used.
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