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WHAT IS ALREADY KNOWN ABOUT
THIS SUBJECT
• Albendazole is used in several anthelminthic

drug programs.
• It may be necessary to include sectors of the

community (such as breastfeeding women) not
previously involved in community or clinical
programmes (e.g. filariasis, hydatid disease) to
achieve a reasonable level of elimination of the
worm.

• However, there are no studies in which the
amount of the drug and/or its metabolites in the
milk of lactating women was analysed, so as to
assess the possible exposure of the breastfed
infant.

WHAT THIS STUDY ADDS
• In the present study, the concentrations of

albendazole and its active metabolite
(albendazole sulphoxide) were analysed in the
milk of lactating women through 36 h after
administration of a single (400 mg) oral dose of
albendazole.

• Albendazole was barely secreted in milk as such.
• On the other hand, albendazole sulphoxide was

analysed through the 36 h of the study, and it
was concluded that albendazole and albendazole
sulphoxide attain levels in breast milk that are
unlikely to be considered harmful for the
breastfed infant.

• These findings would help in deciding whether
to involve breastfeeding mothers in albendazole
mass drug administration programmes.

AIMS
Albendazole (ABZ) is used in several anthelminthic drug programmws.
ABZ side-effects are generally mild, but ABZ-induced pancytopenia
may be serious. In filariasis programmes, it may be necessary to
administer ABZ to breastfeeding women. Few data are available on
safety of ABZ for breastfed infants. In addition, the pharmacokinetics of
ABZ and its metabolites in human milk is insufficiently investigated.
The aim was to study pharmacokinetics of ABZ and its metabolites
[ABZ sulphoxide (ABSX) and ABZ sulphone] in the breast milk lactating
women after one single oral dose of ABZ.

METHODS
Thirty-three lactating women (age 18–40 years) participated in the
study. They received a single oral 400-mg dose of ABZ. Five milk
samples were taken at 0, 6, 12, 24 and 36 h. One serum sample was
taken after 6 h. Samples were analysed using high-performance liquid
chromatography and pharmacokinetic analysis was performed.

RESULTS
ABZ was detectable in milk samples 6 h after the oral dose. The
mean concentration of serum ABZ was 63.7 � 11.9 ng ml-1. The
pharmacokinetic parameters for ABSX were calculated as follows: 351.9
� 32.4 ng ml-1, 6.9 � 0.5 h, 12.4 � 2.2 h and 5190.3 � 482.8 ng*h ml-1

for Cmax, Tmax, t1/2 and AUC0–36, respectively. The milk-to-serum ratios
(range) for ABZ and ABSX were 0.9 (0.2–6.5) and 0.6 (0.1–1.5),
respectively.

CONCLUSIONS
After an oral dose of 400 mg, ABZ and ABSX attain low concentrations
in breast milk that are unlikely to be considered harmful for the
breastfed infant.
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Introduction

Albendazole (ABZ) is a long-established anthelminthic
drug for both human and veterinary use having a broad
spectrum of indications [1–3] including programmes to
eliminate lymphatic filariasis [4]. In the latter case, the effec-
tiveness of the elimination programmes necessitates high
community treatment coverage as suggested by math-
ematical modelling [5]. The mass coverage should include
70–95% of the population, depending on the rate of ende-
micity, to achieve a 0.5% microfilarial prevalence within,
optimally, a period of 5–6 years. This raises the question of
the safety of involving sectors of the population not
usually involved in mass drug treatments, such as breast-
feeding women.

ABZ minor to moderate adverse effects (headache,
fever, gastrointestinal upset, body aches, severe scrotal
pain and shock) were reported in mass treatment of filari-
asis (when ABZ was used with diethylcarbamazine) [6].
Also, a case report of death due to ABZ-induced pancy-
topenia was reviewed [7] and suggested to be related to
high and prolonged serum concentration of ABZ sulphox-
ide (ABSX). Almost 90% of breastfeeding women take a
prescription drug during the first week post partum [8].
The rate of breastfeeding is considerably decreased if the
woman requires a drug with uncertain impact on her
breastfed child [9]. Although the use of ABZ for children as
young as 12 months has been suggested [10], the safety of
exposing younger children to ABZ is questioned [11].
Moreover, evidence as to whether ABZ is safe for breastfed
babies is only suggestive [12].

ABZ is erratically absorbed from the intestine, being
dependent on the type of meal and pH of the stomach,and
is then rapidly metabolized to the active ABSX, which, in its
turn, is further metabolized to the non-active sulphone
(ABSO) [13]. Whereas detecting ABZ for pharmacokinetic
analysis is difficult, ABSX is more likely to be detected, and
is more informative than the inactive ABSO metabolite
[14].The amount of ABSX excreted in the milk of a lactating
woman should reflect the potential impact of ABZ admin-
istered to the mother on her breastfed child.

Our purpose was to study the pharmacokinetics of ABZ
and its metabolites (ABSX and ABSO) in the breast milk of
lactating women after one single oral dose of ABZ and to
estimate the ABZ dose that an infant might consume if
breastfed.

Materials and methods

Subjects
Lactating women, who were breastfeeding a healthy full-
term infant aged between 2 weeks and 6 months, postpar-
tum, giving informed written consent to participate and
able to provide milk samples for the duration of the study
period, were included; all women were participating in

the Egyptian Government ABZ/diethylcarbamazine (DEC)
administration programme for lymphatic filariasis control
and were not pregnant as determined by pregnancy test.

Women were excluded if:

1 Pregnant (determined by pregnancy test);
2 Using an investigational drug within 30 days or five half-

lives (whichever was longer) preceding the first dose of
study medication;

3 Presenting with clinical signs of hepatic or renal
dysfunction;

4 Suffering from any significant clinical condition that
would require treatment, or any intercurrent illness, e.g.
diarrhoea or respiratory infection in either the mother or
child;

5 Receiving treatment with a benzimidazole anthelminthic
(ABZ, mebendazole, flubendazole, thiabendazole and
triclabendazole) in the last 7 days; or treatment with
praziquantel or cimetidine.

Thirty-three women with ages ranging from 18 to 40
years were included in the study. Every participant was
administered 400 mg ABZ, orally at 08.00–09.00 h.

The ethical aspects of the study were approved by the
Faculty of Medicine, Ain Shams University Research Ethics
Committee (FMASU REC)*.

Collection of samples
Milk and blood samples were collected from the partici-
pants as follows.

Milk samples M1 samples (first): collected immediately
before drug administration. M2, M3, M4 and M5 samples:
collected 6, 12, 24 and 36 h after drug administration,
respectively.

In most cases, milk was collected by breast pump and
milk was evacuated from the same breast each time. A few
participants decided to evacuate their breasts manually.
Participating women abstained from breastfeeding their
infants during the study and a replacement infant formula
was provided to all participants.

Blood samples Blood samples were collected 6 h after
drug administration, and centrifuged on-site. Serum was
stored in 2 ml Eppendorf tubes.

Samples (milk and serum) were immediately trans-
ferred to a box filled with dry ice, before transportation for
storage. Samples were stored at -70°C for 4–6 months.

Chemicals
Ethylacetate, dimethylsulphoxide (DMSO), acetonitrile
[high-performance liquid chromatography (HPLC) grade],

*The Committee was not formally in existence at the time of formulating
the study proposal and its conduct. On its establishment, it reviewed the
protocols of all the studies that had been implemented before its forma-
tion and prior to the authors submitting this manuscript, which could not
have been submitted without the Committee’s approval.

A.M. Abdel-tawab et al.

738 / 68:5 / Br J Clin Pharmacol



orthophosphoric acid (all from Honil Ltd, London UK);
tetra-butyl-ammonium hydrogen sulphate (Sigma, Poole
UK); sodium hydroxide (Merck, Darmstadt, Germany); ABZ,
ABSX and ABSO; and proguanil (internal standard), all pro-
vided by GlaxoSmithKline (Brentford, UK).

Sample processing and extraction procedures
Milk samples were thawed at room temperature, and then
sonicated for 10 min.One millilitre of each milk sample was
pipetted, and then 5 ml of the 5 mg ml-1 of the internal
standard was added. One hundred microlitres of 0.4 M

NaOH was added to each tube and vortexed for 30 s. Ethy-
lacetate (6 ml) was then added to each tube, followed by
vortexing for 30 s.The mixture was centrifuged at 1565 g for
5 min, 5 ml of the supernatant was aspirated into another
test tube, where 1 ml of HPLC grade water was added, and
then vortexed for 30 s.The mixture was centrifuged at 880 g
for 2 min. The top organic layer was aspirated (4 ml) into
another test tube and then dried in a water bath (50°C)
under a nitrogen stream for 20 min. The dried residue was
reconstituted in 500 ml mobile phase, vortexed, and then
100 ml was injected into the HPLC system.

HPLC apparatus and conditions
The HPLC system used consisted of a Hewlett Packard 1050
series pump; Hewlett Packard 1050 series column oven;
Hewlett Packard 1050 series UV-Vis detector and Hewlett
Packard 1050 series online degasser (Hewlett Packard,
Bracknell, UK). The system was equipped with a Rheodyne
injector with a 100-ml loop.

The extraction and the chromatographic conditions
were according to those described by Fletouris et al. [15].
An internal standard (proguanil) was selected according to
Hoaksey et al. [16]. The separation of ABZ and its metabo-
lites was carried out on Phenomenex® 250 ¥ 4.6 mm,
Nucleosil C18, 5 mm, 120A°. The mobile phase consisted of
acetonitrile/0.01 M phosphoric acid solution (20 : 80, v/v)
containing 5 mM tetra-butyl-ammonium hydrogen sul-
phate. The mobile phase was pumped at a flow rate of
1.5 ml min-1. The column temperature was adjusted to 50
� 0.1°C. The analytes were detected at 292 nm.

Preparation of standards and calibration
curves
ABSX, ABSO and the internal standard, proguanil, were pre-
pared as 5-mg stocks, dissolved in 1 ml DMSO. Working
standards were prepared as 10 ml of the stock solution
added to 10 ml of the mobile phase (final concentration of
500 ng per 100 ml) and then further diluted as needed for
calibration.

Concentrations of ABSX standards ranged from 0.625
to 199.6 ng per 100 ml. For ABZ, the range was 1.25–99.6 ng
per 100 ml, and that for ABSO was 5–199.6 ng per 100 ml.
For each concentration of the standards, 5 mg of the inter-
nal standard proguanil was added. Standard curves were
plotted with graded concentrations of each standard

against the ratio of the area of the respective standard to
the area of the internal standard.

Pharmacokinetic analysis
From milk samples, the maximum concentration (Cmax),
time at maximum concentration (Tmax) and half-life (t1/2)
were determined using a noncompartmental model. To
calculate the area under concentration–time curve (AUC),
the trapezoidal sum of squares under the curve method
was used. AUC reflects the total amount of drug to which
the infant would be exposed over a 36-h period should it
be breastfed. Pharmacokinetic calculations for ABSX were
done for every individual participant,and then the mean �
SE of all participants’ parameters were reported.

Statistical analysis
Descriptive statistics, linear regression and nonparametric
Spearman correlation tests were done using Instat, version
3.05 (2002) (GraphPad Software Inc., La Jolla, CA, USA;
http:\\www.graphpad.com). Pharmacokinetic parameters
were calculated and graphed using Kinetica 2000, version
3.0 (InnaPhase Corp.,Waltham, MA, USA) and Prism, version
3.0 (1999) (GraphPad Software Inc.).

Results

Method validation
The retention times for ABSX, internal standard, ABSO and
ABZ were 2.6, 4.0, 5.5 and 8.5 min, respectively. The limit of
quantification (LOQ) was 2.5, 12.5 and 5.0 ng ml-1 for ABSX,
ABSO and ABZ, respectively. Linearity of the calibration
curve was determined by plotting peak area ratio of the
three analytes to internal standard against the analyte con-
centrations. A linear response was obtained for the three
analytes with r2 = 0.9945 for ABSX, 0.9993 for ABSO and
0.9972 for ABZ. The average recovery of ABZ and its
metabolites in authentic milk samples � SD was calculated
to be 62.1 � 17.6%. Within-day imprecision was <3% and
between-day imprecision <6%. Inaccuracy was <15% of
the nominal values of two spiked controls.

Albendazole and its metabolites in serum
Serum concentrations of ABZ and its two metabolites
(ABSX and ABSO) were determined in the serum of all
participants to ensure compliance and to have an idea of
the systemic concentrations attained.

The mean (�SE) of the concentrations of ABZ, ABSX
and ABSO were 63.7 � 11.9, 608.0 � 63.4 and 100.7 �
10.7 ng ml-1, respectively.

Six hours after oral administration, the median ratio of
serum concentrations of ABSX to ABZ was 11.4, with wide
individual variation (2.2–100.0).

Albendazole and its metabolites in milk
In analyses of ABZ and ABSO, the concentrations detected
in most samples after 24 h were below LOQ. There were

Albendazole in human breast milk
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insufficient points (three at least were required) for linear
regression, and pharmacokinetic parameters could be
calculated only for ABSX.

ABZ, ABSX and ABSO concentrations in the breast milk
of participants are shown in (Table 1).

Pharmacokinetic parameters (Cmax, Tmax, t1/2 and AUC0–36)
were calculated from the individual data from 20 partici-
pants who provided data for at least three time points for
regression analysis. The mean � SE of the selected param-
eters were: 351.9 � 32.4 ng ml-1, 6.9 � 0.5 h, 12.4 � 2.2 h,
3932.0 � 455.5 ng h-1 ml-1 and 5190.3 � 482.8 ng*h ml-1

for Cmax, Tmax, t1/2,AUC0–24 and AUC0–36, respectively (Figure 1).

Milk–serum ratios of albendazole and its
metabolites
Ratios of milk–serum concentrations at 6 h after oral
administration of ABZ were calculated and the medians
(range) were: 0.9 (0.2–6.5) (n = 16); 0.6 (0.1–1.5) (n = 23) and

0.7 (0.2–1.9) (n = 18) for ABZ, ABSX and ABSO, respectively.
In many instances, the concentrations were below LOQ.
Thus, the number of calculated ratios varied.

Only for ABSX was there a significant (P = 0.0029,
two-tailed) correlation (n = 23, Spearman r = 0.6, 95% con-
fidence interval 0.2, 0.8) between milk and serum concen-
trations, 6 h after oral administration of ABZ (Figure 2). No
significant correlation between milk and serum concentra-
tions of ABZ (n = 16, Spearman r = 0.3, P = 0.2639) or ABSO
(n = 18, Spearman r = 0.1, P = 0.6568) was found.

Discussion

In the present study, the pharmacokinetic parameters of
ABZ and its major metabolites (ABSX and ABSO) in the milk
of lactating women were determined after administration
of a single oral (400 mg) dose of ABZ.

In the present study, the recovery of ABZ and its
metabolites in milk and serum was similar to that in other
studies using comparable methods. De Ruyck and col-

Table 1
Mean � SE in ng ml-1 of the concentrations of albendazole (ABZ), albendazole sulphoxide (ABSX) and albendazole metabolized to the non-active sulphone
(ABSO) in the breast milk of lactating women who administered one single oral dose of 400 mg ABZ at 0 (M1), 6 (M2), 12 (M3), 24 (M4) and 36 (M5) hours after
drug administration

M1 M2 M3 M4 M5

ABZ mean � SE 0 31.9 � 9.2 18.8 � 6.7 7.5 � 2.9 ND*
n 33 23 27 28 14

ABSX mean � SE 0 312.8 � 30.6 225.2 � 27.7 94.1 � 7.0 57.1 � 11.1
n 33 23 25 23 15

ABSO mean � SE 0 52.0 � 8.1 56.0 � 12.0 19.9 � 5.8 ND*
n 33 24 25 28 14

*ND, not-detected (below LOQ).
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Figure 1
Concentrations–time curve of albendazole sulphoxide (ABSX) in the
milk of lactating women after one single (400 mg) oral dose of ABZ.
*Area under ABSX concentration–time curve (AUC)0–36 in milk =
5190.3 ng*h ml-1
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Figure 2
Nonparametric correlation of the concentrations of serum albendazole
sulphoxide (ABSX) in ng ml-1 to its concentrations in milk (n = 23; Spear-
man r = 0.6, 95% confidence interval 0.2, 0.8; P = 0.0029, two-tailed)
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leagues [17] reported a recovery of 74 � 1% for ABZ alone
in cows’ milk [compared with an estimated general (for
ABZ and its metabolites) recovery of 62.1 � 17.6% (mean
� SD) in the present study]. Moreover, Mirfazaelian and
colleagues reported a recovery of 65% for ABSX in serum.

There are relatively few studies of ABZ pharmacokinet-
ics in healthy subjects, probably due the difficulty of assay,
and the high variability between individuals [15, 16].

In the present study, the milk–serum ratio of ABZ and
ABSX were 0.9 and 0.6, respectively. While these figures
reflected the median values, there was wide variability
between the tested women. Besides the infant drug clear-
ance, the milk–serum ratio is an important determinant of
infant drug exposure [18]. In many instances, drugs are
transferred into breast milk through passive diffusion and
this is largely determined by the degree of ionization, lipo-
philicity and molecular weight [19].Active,carrier-mediated
mechanisms might be involved when the rate of transfer is
greater than expected by passive diffusion [20]. Addition-
ally, the breast cancer resistance protein ‘BCRP/ABCG2’ is
involved in the transport of ABZ and ABSX into breast milk
[21] and is reported to be regulated by several endogenous
[22] and environmental [23] agents. So the implications of
this regulation on the availability of ABZ and/or ABSX in the
milk of breastfeeding mothers is not clear.

Drug clearance in infants develops at different rates
depending on the system involved. Ito and Lee [18]
reported that glomerular filtration rate takes 2–3 months
to reach adult levels, starting from 25% at birth. Variable
patterns are observed with CYP450 isozymes in infants.

ABZ is metabolized to the active sulphoxide (ABSX)
through CYP3A4 [24]. Although CYP3A7 is expressed in
fetal liver, it is largely replaced by the CYP3A4 isoform
after birth [25]. CYP3A4 reaches 30–40% of adult activity 1
month after birth, while it is variable among neonates with
different gestational age [26].The intersubject variability in
CYP3A4 activity is 5–10-fold [27] in adults, which probably
could be responsible for the frequently observed wide vari-
ability of ABSX formation. Similar development and vari-
ability patterns apply to the intestinal CYP3A4 isoform [28].

ABSX (the main ABZ metabolite in milk, as shown in the
present study) is expected to be less likely to be absorbed
than the more lipophilic parent molecule.

The expected ‘dose’ of a drug that an infant would be
exposed to after breastfeeding would be determined from
the following equation [29]:

D mg kg  day mg l
M P V l kg

infant maternal

AUC infant

− − −( ) = ( ) ×
×

1 1 1C
−− −( )1 1 day

where Dinfant is the dose ingested by infant, Cmaternal is the
maternal plasma concentration, M/PAUC is the AUC ratio in
maternal milk and plasma and Vinfant is the volume of milk
ingested by the infant daily (estimated as 0.15 l kg-1 day-1).
If we collate the figures of ABSX from the different studies
cited above and the findings of the present work, an esti-
mated exposure of a breastfed infant to ABSX through 36 h

(after a single maternal oral dose of 400 mg) would not
exceed 0.1 mg kg-1 (of infant weight). Much lower expo-
sure concentrations would be expected as regards ABZ,
the parent drug, when secreted unchanged in milk. Inter-
estingly, multiple dosing of ABZ could result in lower
serum concentrations of ABSX (and hence in milk), due to
the induction of its metabolism into the inactive sulphone
metabolite [30].

Although the report of the Committee on Drugs of the
American Academy of Pediatrics [31] did not include ABZ
among the drugs that should be avoided by breastfeeding
women, of special concern would be an effect of ABZ on
growth. In a randomized clinical trial published in the
Lancet, Forrester and colleagues [32] reported a decrease
in selected markers of children’s (between 2 and 10 years
old) growth after administration of ABZ total doses up to
1200 mg (over 3 days) for the treatment of Trichuris trichi-
ura (whipworm) infection.These findings, however, were in
marked contrast to a number of other studies (e.g. Adams
et al. in Kenya [33] and Hadju et al. in Indonesia [34]), where
the growth of infants and young children was not affected
and even increased following clearance of the helminth
infection. Thus, the results of the Forrester study appear
controversial, and the reduction in the selected growth
markers could have resulted from the disease itself [35]
rather than being an effect of ABZ treatment.

In conclusion, the results of the present study suggest
that breastfed infants of breastfeeding mothers, who are
administered a single 400-mg oral dose of ABZ, will be
exposed to minimal concentrations of ABZ and to its active
metabolite ABSX.
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